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Corona Virus Disease-19: The New Challenge for
Saving the Human Race
Mohammad Miraj* and Shaima Ali Miraj*
College of Applied Medical Sciences, Majmaah University, Majmah, Saudi Arabia and
Public Health Department, College of Health Sciences, Saudi Electronic University, Riyadh Saudi Arabia
The Prologue:
The worldwide research being carried out so dedicatedly
by those who are affected: The US, China, Canada, UK and
the rest of the world will certainly outpace and defeat the
viral epidemic. There is light despite all the darkness!
Mankind has witnessed three epidemics recently – severe
acute respiratory syndrome (SARS) in China in 2002-04,
the Middle East respiratory syndrome (MERS) which
started in Saudi Arabia in 2012, and the latest, Corona
Viral Disease (Co-ViD19) which started in China too in
Nov 2019. It has affected more than 8,00,000 people
over 170 countries till date - the common thread lies
in the fact that all of them belong to the same family,
“Corona Viruses”. The crown shaped viruses (hence the
name Corona) measures approximately 60 - 140 nm in
diameter, has a single long stranded RNA of a genome
and a nucleocapsid of helical symmetry (genome size
ranging from 27 - 34 kilobases in length). It has spike of
glycoproteins on the envelope and is a group of related
viruses that causes diseases in mammals and birds and
recently is creating a havoc in humans too. Based on
genetic and antigenic criteria, CoVs have been organised
into four groups: α-CoVs, β-CoVs, γ-CoVs and ∆-CoVs
and till date seven human CoVs (HCoVs: HCoV-OC43,
and HCoV-HKU1 (beta CoVs of the A lineage); HCoV-
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229E, and HCoV-NL63 (alpha CoVs); SARS-CoV, SARSCoV-2, and MERS-CoV (beta CoVs of the B and C lineage,
respectively) capable of infecting humans have been
identified (Chen, Liu and Guo, 2020; Chan et al., 2020).
Novel Covid-19 is the most dreadful among all types
of Corona viruses so far. The first wave of coronavirus
disease 2019 (COVID-19) pandemic is currently invading
the world, and several countries are now struggling to
fight it or trying to delay its start to help smooth its peak
size for the purpose of lowering morbidity and mortality,
and thereby reduce the overall tension on their healthcare system, (Flahault, 2020). Since then, the virus has
spread over 170 countries and WHO has declared it as
global public health emergency on Jan 30th,2020. By
Feb 9th, death toll in China surpassed that of 2002-2003
SARS epidemic with 811 deaths recorded and by Feb 12th
2020, corona virus cases started to spike in South Korea
and by Feb 19th and 21st 2020 both in Iran and Italy
respectively, the outbreak began on a horrible note. Since
then after one month i.e on March 20 and 21st, Italy has
reported its highest death toll of 627 and 793 respectively
on a single day (Secon et al 2020).
Despite, the original source of the outbreak remains
unknown and during the past three weeks, new major
epidemic foci of coronavirus disease 2019 (COVID-19),
some without traceable origin, have been identified
and are rapidly expanding in Europe, North America,
Asia, and the Middle East. On the basis of alarming
levels of spread and severity, and by the alarming
levels of inaction”, on March 11, 2020, the DirectorGeneral of WHO characterised the COVID-19 situation
as a pandemic. Currently, authorities have reported with
8,03,696 positive cases with about 5,92,192 being active
and among ongoing cases, there are roughly, 1,72,434
recoveries and 39,070 deaths as per the report on 31st
March, 2020 (Worldometers Info, 2020).

Received 10/01/2020 Accepted after revision 19/03/2020

Published: 30th March 2020 Pp- 01-05
This is an open access article under Creative Commons License,
Published by Society for Science & Nature, Bhopal India.
Available at: https://bbrc.in/
Article DOI: http://dx.doi.org/10.21786/bbrc/13.1/1

I

Miraj & Miraj
Since the advent of SARS which affected more than 8000
cases around 26 countries in 2003, an upsurgence in the
infectious disease is evident worldwide. MERS (Middle
east Respiratory Syndrome) Viral outbreak in 2012
affected Saudi Arabia and other countries in the GCC
whereas Ebola Virus (2013-2016) affected West Africa
particularly the countries of Guinea, Liberia and Sierra
Leone. Later in 2015-16, Zika Virus epidemic affected
hundreds and thousands of people in Brazil and South
and North America in 2015-16, (Marston et al., 2017).
However, this time with Corona infection, which has
taken the shape of a pandemic, the impact is devastating
that has shattered businesses, stilled production, stopped
travel, emptied public spaces, crashed economies and
broken healthcare systems across the world, however the
full blown impact is yet to be evaluated. The underlying
fact across all these uprisings is to understand what
makes the viruses potentially so threating and what needs
to be done to curb them. Among all the potential causes,
reported in large number of literature, one common
factor that has been observed is that the interaction
of the modern human beings with the environment
around them has contributed to the success of dangerous
viruses.
It is a well-known fact that any virus will replicate only
when its been inside the cell of a living being, and spreads
most efficiently when there is contact between two
individuals. This one the COVID 19, hijacks human lung
cells to produce more viruses and their copies, attaching
by its spikes to the receptors on human respiratory cells.
The viruses in suitable environments can replicate almost
instantaneously and in huge numbers, contributing to
high rate of mutations. Nevertheless, this invisible, very
intelligent predator has been also known to adapt quite
quickly to an adverse environment, such as the human
immune system or drugs thereby allowing the virus to
jump from an animal host to humans contributing to
the spread of disease, which might have happened most
likely in the case of the spread of Covid-19 and therefore
has been seen as the most reliable explanation for the
match of the corona virus genome of humans with that
of bats and pangolins with 95% and 99% accuracy,
(Burki 2020).
The impact of the global pandemic can be assessed from
the fact that this virus took 67 days to infect the first
100,000 people while the next got infected in only 11
days. The number reached to 300,000 in another 4 days
whereas the 400,000 figure touched in meagre 3 days.
The number touched 5 lakhs in just 2.5 days and in
the next 48 hours infected the next lakh taking the toll
to 6 lakh people, a phenomenon quite unprecedented,
(Business Today Report 28th March,2020).Among the
various countries, on one hand the developed economies
such as Italy, Spain, UK, Iran and now USA are facing
their biggest humanitarian crisis, the developing nations
in South Asia including India, Pakistan, Bangladesh
and the Africa in the West which account for almost
14% of the world population are bracing for a head on
collision with the corona virus and effects would be
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known only in next few weeks, (Kumar 2020; Signe
and Fakim 2020).
Having said and done, the intricating questions are
what defiance’s lies ahead and what needs to be done?
The challenges are multiple: Epidemiological, Social,
Economical and Mental. As COVID 19 has become
pandemic, epidemiological challenge lies in the fact how
to halt its spread and prevent it to move to Stage 3 and
above, (community transmission) of the disease. In the
light of the fact, even the most effective and draconian
containment strategies have only slowed the spread
of Covid-19, all eyes have turned to the prospect of a
vaccine, because only a vaccine can prevent people from
getting sick. The critical issue remains here, how early the
vaccine against Covid 19 can be developed and what are
the bottlenecks. Rapid development of a vaccine against
the deadly virus requires basic scientific understanding
of the virus its structure, biology, including areas such
as genomics. With prior experiences from SARS, H1N1
influenza, Ebola, Zika, the scientific community as well
as the vaccine industry were asked to respond urgently
to the epidemics. It was noticed that earlier with SARS
and later with Zika, the epidemics ended before vaccine
development was complete, (Laura 2020; WHO Report
2020).
Therefore, the funds allocated for vaccine development
were diverted to other social projects, leaving
manufacturers with huge financial losses thereby
impeding other vaccine-development programs as well.
However, during H1N1 influenza epidemic, the story
was different. The vaccine manufacturers were able
to be develop the antidote rather rapidly because the
influenza-vaccine technology was already matured as
well as the legislations regarding vaccine manufacturing
using egg- and cell-based platforms for licensing as well
as rules used for a strain change were pre-decided. For
Corona vaccination, multiple DNA and RNA platforms
including recombinant units are under development. The
entire process is time-consuming with diversified checks
and balances to prevent any mishaps. No RNA vaccines
are approved till date however the vaccines have entered
clinical trials with regulators reviewing the clinical trial
applications and the time span might range from few
months to almost a year, (Laura 2020).
Other potential problems likely would be commercial
production of the vaccine. As soon as the vaccine would
be approved, it will be required in vast quantities and
many of the organisations in the COVID-19 vaccine race
simply don’t have the necessary production capacity.
In business terms, vaccine development is a risky
proposition. So, on one hand while virus biology and
vaccines technology are potential limiting factors, the
politics and economics surrounding it would far likely
to be other key barriers to immunisation. The recent
viral pandemic has posed gargantuan challenges to the
world-wide health systems. The escalation of the scale
of masses evident from numerous examples of Italy, Iran
and now currently US points to the fact that irrespective
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of the best of the healthcare available, inability of the
national health systems to respond well in time and
without adequate preparedness, the consequences can
be devastating. On the contrary, China which is the
epicentre of the pandemic has been able to counter
the challenges effectively where other nations failed
miserably irrespective of having developed economies.
As more and more cases of COVID-19 have been reported
since somewhere January 2020 in China, the entire public
health machinery responded swiftly with immaculate
planning and disciplined execution. Enormous health
infrastructures have been raised, resources and manpower
were mobilized for affected patients at lightning speed
within a couple of days, a feat which no other country
can achieve till now (Lai et al 2020).
The Chinese authorities have introduced numerous
unprecedented measures including complete curb on
people’s movement in and out of Wuhan, the centre
of the epidemic, as well as other 15 cities in the Hubei
province, home to more than 60 million people. All
means of transports were suspended including flights
and trains as well as the roads were blocked. Soon
after, disciplined enforcement of residential lockdown
were extended to other cities with (~760 million people)
roughly half of the country’s population was asked to be
confined to their homes for a period of around 2 months
with the condition to venture out only to get food or for
medical help. Besides this, rapid testing, rapid diagnosis,
social distancing, quarantine of affected individuals as
well as along with hospital preparedness to cater to the
patients requiring both emergency respiratory care as
well general medical care were key winning initiatives
for the successful outcomes, (Chen et al 2020).
On Health Intelligence front, beforehand, epidemiologists
in China using data and modelling estimated that
probability of each corona infected person to pass the
viral infections is to two people or more, making it
highly contagious. Therefore, strict implementation of
such measures helped to reverse the escalating cases.
According to a published research paper, using multiple
analyses model it was estimated that cutting off Wuhan
delayed the spread of disease to other Chinese cities by
roughly four days, whereas the ban on air travel stopped
four of five cases from being exported from China to
other countries for about two to three weeks. However,
irrespective of all these measures taken, it was suggested
that blocking travel could effectively only slow down
the spread but cannot completely curb it. According to
another recent study by Lai et al.,(2020), it was predicted
that the combined effect of early detection and isolation
along with drop in contact between people as well as ban
on intercity travel prevented cases from increasing by
67-fold else China would had nearly received 8 million
cases by the end of February alone, (Lai et al. 2020;
Chen et al 2020).
It is worthwhile to cite the ELVIS (Edenborough and
Lothians Viral Intervention Study) which showed that
NaCl, sodium chloride can inhibit all types of viruses of
common cold. The prevention of viruses is caused by the
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

chloride component of salt, not the sodium, this evidence
of chloride-ion dependent innate antiviral response in
epithelial cells was used by an open pilot study to treat
common colds by Ramalingam et al., (2019). Similar
lessons on early detection paid off for both Singapore
and South Korea where Diagnostic Testing, Quarantine
and Social Distancing were made standard preventive
models to curb the rising menace. These models are
now being used as standard model for countries such
as India, where aggressive social distancing can be one
of the prevention methods of this viral epidemic as well,
which has been implemented in a complete lockdown for
21 days from 25th March 2020. This has shown positive
results so far, as the number of cases has not increased
so dramatically. However, reports have also suggested
that non-compliance to strict adherence to lockdown
can result in humanitarian crisis with mass causalities
as visible in Italy, Iran and slowly USA too which has
reported the maximum number of cases now.
Though new cases of COVID-19 have slowed dramatically
in China, but another fear that some epidemiologists
suggest that once the country fully eases its control
measures, the virus could start circulating again, which
can turn out to be catastrophic, if proper measures are
not taken, (Cyranoski 2020). On the social fronts, on
one hand catering to the people need irrespective of their
social strata is a major challenge, even distribution of
the relief measures along with delivering monthly grains
and lentil rations to the astonishing 800 million poor
(60% of India’s population) is a Herculean task, which at
present is being taken care of. At a time of humanitarian
crisis of such a magnitude, it becomes strangulating for
the poor people and daily wagers to get both ends meet,
especially in cases of lockdown.
However large scale voluntary work across the nations is
taking shape and we look forward for a positive response.
Reports suggest that the impact of lockdown on the
masses especially the BPL(below poverty line) category
people is devastating, as 1.8 million people in the country
are homeless and almost 85% of the population work
in the informal sector. Besides this, the other health
challenges lie in the fact of relatively low numbers
of testing levels. To add to these, the poor sanitary
conditions in many isolation wards in the government
hospitals might force some of those quarantined to escape
these facilities. (Chaudhary and Prasad 2020).
Similarly, fake news on social media including
misinformation and conspiracy theories as well as
sensationalist reporting are key challenges on the
information front and can dampen the efforts. To curb the
menace of fake news and related information on health
or other related information, WHO has recommended a
“four-pronged approach,” using its WHO Information
Network for Epidemics platform to track misinformation
in multiple languages and collaborating with social and
digital companies such as Facebook, Weibo, and Twitter
to rapidly filter out false information, (Ying et al. 2020,
WHO 2020). The new coronavirus menace has proved to be
an enormous stress test for globalization on the economic

					

Corona Virus Disease

III

Miraj & Miraj
front. As whole world is interconnected with business
interests, production and customers of the various MNCs
spread across the globe, the pandemic has disrupted the
travel industry unprecedentedly both at international
and national level, causing unexpected free fall in the
global oil prices, affecting industrial production, supply
chains been broken down, share markets crashing and
henceforth the crisis is forcing a major re-evaluation
of the interconnected global economy. The economic
interrelationships between the various stakeholders
are not only complex but intertwined. On one hand,
while globalization has allowed for the rapid spread of
contagious disease, at the same time it has fostered deep
interdependence between firms and nations that makes
them more vulnerable to unexpected shocks, (Bingham
and Hariharan 2020).
The economic challenges thrown up have an important
lesson for the world economic forum that globalization
is fragile, irrespective of its benefits. For decades, the
rigorous efforts of the corporate enterprises to eliminate
redundancy has generated unprecedented wealth. But
these relentless pushovers have also reduced the amount
of unused resources referred to as “slack” in the globalized
economy. The presence of too little slacks in this time
of global crisis, points towards eliminating critical failsafes causing supply chains to break down. With 26% of
the world production been localized to China, majority
of the countries have faced critical shortages ranging
from medical equipment as simple as face masks or hand
sanitizers to complex items such as electronics and other
goods. This could be illustrated by the fact that partly as
a result of supply chain problems, global production of
laptops fell by as much as 50 percent in February, and
production of smartphones could fall by 12 percent this
coming quarter. Both products are built with components
produced by specialized Asian manufacturers i.e China.
With tens of millions of workers now in quarantine and
parts in short supply, it is struggling to get economic
activity back on track. Countries with well-honed crisis
risk-management arrangements such as South Korea
are faring better at slowing the spread of infection,
although that does not make them immune to political
and economic pressures (Cheung 2020).
As policymakers around the world struggle to deal with
the new coronavirus and its aftermath, they will have to
confront the fact that the global economy doesn’t work as
they thought it did. For developing economies like India,
the economic impact from Corona pandemic is multiple.
Post 2016, demonetization and GST implementation
have made the Indian economy down, bringing the 8.5
% of GDP in 2016 to 4.5% in 2020. The countrywide
implementation of lockdown as a result of corona
pandemic is expected to bring the GDP to as low as 2.5%
as predicted by Moody’s Report (Business Today 2020). It
is a known fact that even 1% loss in GDP results in loss
of lakhs jobs, however there is always a better bounce
back of economy in and after such crises, (Kannan and
Raveendran 2019). Similarly, mass quarantines in cities
or in border areas or stigmatize under lockdown, all
these factors have contributed to increase mental health
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risks as people experience stress, anxiety and a sense
of isolation and loss of control over their lives. Even
for the affluent class, residential lockdown, travel bans,
loss of jobs have resulted in a greater social vacuum.
Similarly, suffering from already existing disease/spread
of infection or coping with surging care needs, further
reduces confidence in the competence level adding to
predisposing stress level (Chaudhary and Prasad 2020).
The recent Chinese experience of combining nonpharmaceutical interventions to curb outbreak trends
seems rather convincing. Although starting late in the
process, authoritarian Chinese authorities succeeded in
combining forced isolation of the population with all
available social distancing interventions. To what extent,
at which pace, and how should they start lifting their
intervention and allow people to resume normal social
and economic life is a matter of speculation, (Flahault,
2020).
Despite all the challenges, the silver linings lies in the fact
that the Corona Infection would be short lived and very
soon will be taken over by multitudes of humanitarian
efforts. Since the human civilization has not come across
a pandemic of such a scale in the last 70 – 80 years of
human existence, therefore it has taken people by shock
and awe. Nevertheless, Mans indomitable spirit, coupled
with science and technology and his great struggle for
survival will overcome this difficult challenge very soon.
Hope is the only road forward.
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ABSTRACT

The present study has been aimed to evaluate the anti-inflammatory property of P. guajava leaves by in-vitro
using HRBC membrane stabilization method and anti-aging potential by in-silico method using AutoDock. The
anti-inflammatory and anti-aging activity of leaf extracts of Psidium guajava collected from North Chennai region,
India were evaluated in the present study. The in-vitro method showed significant anti-inflammatory property
and anti-aging potential by binding with the target. The maximum membrane stabilization depicting the antiinflammatory activity of P. guajava extracts was found to be 50% at a dose of 750 ug/ml. The effect of ascorbic
acid from P. guajava leaves extract for preventing skin aging showing minimal binding energy for binding ligand
(ascorbic acid) with the target protein (AP-1) was observed.
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INTRODUCTION
Medicinal plants have a key role in combating human
health issues since the Stone Age. They act as restorative,
defensive and supportive agents for human body. The
World Health Organization (WHO) reports revealed that
80% of populations in Asian and African countries rely on
traditional medicines for primary health care necessities
(Kim et al., 2012). A pivotal role of plants in the health
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scenario is attributed to bioactive compounds, which
could delay or inhibit the inception of degenerative
diseases and increase life expectancy (Jagadish et al., 200,
Lakkadi et al 2018, Korkina et al., 2018 Aleksandra et al
2020). Antioxidant medicinal plants, including phenolic
and flavonoid are considered beneficial because of their
protective actions in diseases as cancer. Phenol and
flavonoids have been showed a wide range of biological
activities (Bravo et al., 1998), including anticarcinogenic
actions. Most of the beneficial health effects of flavonoids
are attributed to their antioxidant and chelating abilities.
Over product ion of reactive oxygen species (ROS) has
shown to have detrimental effects on human health
leading to cell/tissue damage and degenerative disorders
such as inflammation, cardiovascular and neurogenic
diseases, cancer, and aging related disorders.

10

Raghavi et al.,
Many reports suggest that ROS are principal mediators
of apoptosis (Simbula et al., 2007, Korkina, et al., 2018
Aleksandra et al 2020). Antioxidants are added to food
to slow the rate of oxidation and, if used properly,
they can extend the length life of the food. ROS are
produced by mitochondrial electron transfer processes
and cytochrome P450 systems in hepatocytes (Robertaet
al., 2005). Human hepatoma cell line (HepG2) is quite
suitable for cytotoxicity evaluation due to the quality
and stability of its enzymes and metabolic background
(Ossenieet al., 2000). Many biological, chemical, and
physical agents can generate inflammation with
increased danger of human cancers (Nadia et al., 2016)
many studies are currently going to develop inhibitors
from medicinal plants to prevent or cure chronic
inflammatory conditions for minimal side effects (Ashraf
et al.,2016).
Among the numerous traditional medicinal herbs,
Psidium guajava l. (myrtaceae), commonly known as
guava, has long been used in folk medicines as a
therapeutic agent for the treatment of a number of
diseases (Venkatachalam et al., 2012). The main
constituents of Psidium guajava leaf extract are a
variety of polyphenolics, flavonoids and triterpenoids,
(korkina et al., 2018 Aleksandra et al 2020). Plants have
long been used in the cosmetic industry as amongst
others, skin lighteners and sun-screen agents. Dietary
and topical ascorbic acid have beneficial effects on skin
cells, and some studies have shown that vitamin C may
help prevent and treat ultraviolet (UV)-induced photo
damage (gulluce et al.,2007). The present study aimed to
evaluate the traditional anti-inflammatory, anti-oxidant
and anti-aging potential of this species.

MATERIALS AND METHODS
Sample collection and extraction: The Psidium
guajava l. (myrtaceae) plant leaves were collected
from North Chennai region, India and were shade
dried for 24 hours. The dried leaves were powdered
and 25gm of the powdered leaves were subjected to
soxhlet extraction using ethanol as the solvent.
Phytochemical screening: The ethanol extract and its
fractions were tested by the Liberman Burchard, lead
acetate, ferric chloride, magnesium tracings, Vanillin
sulphuric acid, Dragandroff’s reagent, millon’s reagent
and liquid ammonia tests to determine the presence
of steroids, phenolic compounds, tannin, flavonoids,
saponins, alkaloids, proteins and anthraquinones
respectively (korkina et al., 2018).
Purification using thin layer chromatography: TLC plates
were prepared by the application of a uniform layer of
adsorbent (silica gel) on to 25mmX75mm glass slide.
The plates were heated at 100 for 15 minutes to activate
the silica gel. The sample is loaded on the plates leaving
1.5 cm from the bottom of the plates. The plates were
inserted into the beaker containing the mobile phase
(ethyl acetate and hexane). After the development of
the chromatogram, the compounds were located and

the retention factor for each compound was calculated
using the following formula
Rf value = distance travelled by the sample/ distance
travelled by the solvent.
Total Phenol Content: Total phenolic content was
estimated by FolinCiocalteu’s method. One milliliter
of aliquots and standard gallic acid (100, 200, 300
μg/ml) was positioned into the test tubes and 5 ml of
distilled water and 0.5 ml of Folin Ciocalteu’s reagent
was mixed and shaken. After 5 minutes, 1.5 ml of 20
% sodium carbonate was added and volume made up
to 10 ml with distilled water. It was allowed to incubate
for 2 hours at room temperature. Intense blue color was
developed. After incubation, absorbance was measured
at 750nm spectrophotometer. The blank was performed
using reagent blank with solvent. Gallic acid was used
as standard. The data for total phenolic contents of
polyherbal formulation were expressed as mg of gallic
acid equivalent weight (GAE) per 100gram of dry
mass.
Antimicrobial Activity: Antibacterial activity was carried
out by the disc diffusion method (Aliero et al., 2006).
First, the different extracts of plant parts tested were
dissolved in DMSO at a concentration of 100 mg/mL
and filtered through 0.45 µm sterile filter membranes.
Then, 100µL of bacterial inoculums containing 108 CFU/
ml were spread over plates containing Mueller Hinton
agar, and discs (6 mm in diameter) impregnated with 10
µL of the extracts (1 mg/disc) were placed on the surface
of the media. Two control discs were used containing
DMSO and Gentamicin (10 µg/ disc) as negative and
positive controls, respectively. The plates were incubated
for 24 h at 37 °C, and the experiments were performed
in duplicate. The diameters of inhibition zones were
measured and antibacterial activity was considered
for diameters of inhibition zone greater than 9 mm.
Antibacterial and Antifungal activities were determined
using agar diffusion methods against gram positive
bacteria (Bacillus subtilis), gram negative bacteria
(Escherichia coli) and a fungal species A spergillus niger.
Nutrient agar medium was prepared and the organisms
were separately inoculated in the respective petri plates.
Different concentration of the sample ranging from 2080µl were added to the disc prepared from Whatman filter
paper. It was incubated 24 hrs for bacterial pathogens and
48hrs for fungal pathogen and the results were observed.
The diameter of the zone of inhibition was measured
(Dharmanda et al., 2003).
Anti-inflammatory Activity: The blood was collected
from healthy human volunteers and mixed with equal
volume of Alsever’s solution (2% dextrose, 0.8% sodium
citrate, 0.5% citric acid and 0.42% NaCl) and were
centrifuged at 3,000 rpm. The packed cells were washed
with iso saline and a 10% suspension was made. Various
concentrations of extracts were prepared (250, 500 and
750 mcg/ml) using distilled water. To each concentration
1 ml of phosphate buffer, 2 ml hyposaline and 0.5 ml of
HRBC suspension were added. It was incubated at 37°C
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for 30min and centrifuged at 3,000rpm for 20min. The
haemoglobin content of the supernatant was estimated
spectrophotometrically at 560 nm. Diclofenac (50 mcg/
ml) was used as reference standard and a control was
prepared by omitting the extracts. The percentage
inhibition of lysis was calculated as follows:% hemolysis=
(OD of test sample/ OD of control) X100
% protection= 100 - [(OD of test sample/ OD of control)
X 100]
Antioxidant Activity: The antioxidant activity of ethanol
leaves extract was measured in terms of hydrogen
donation or radical scavenging activity using the stable
radical DPPH (2,2-diphenyl-1- picrylhydrazyl) assay.
DPPH radical scavenging activity of the samples was
estimated according to the methods of (Venkatachalam
et al., 2012). Different concentration of samples (100
and 200 μl) and DPPH solution (200 μM) were prepared
using methanol. DPPH solution was mixed with sample,
and the reaction mixture was left to stand for 30 min at
room temperature in the dark. The scavenging activity
of samples was estimated by measuring the absorption
of the mixture at 515nm, which reflects the amount of
DPPH radical remaining in the solution. The percentage
of antioxidant activity was calculated using the following
formula.
% of antioxidant activity = [Abs (control) – abs (sample)]
x 100/ Abs (control)

steroids and phenol by positive reaction. similarly,
tannin, saponins, alkaloids, phenols, saponin, cardiac
glycosides and carbohydrates found in the leaves of
Psidium guajava L (garode et al.,2014).
High performance liquid chromatography method has
been validated to compare the ascorbic acid content in
ethanolic extract of Psidium guajava leaves with the
standard. The retention time is 4.728 min proved that
ascorbic acid presence in the P.guajava leaves extracts.
(figure 1). similarly (Rahmanet al., 2018) reported that,
HPlC analysis of P. guajava leaves exhibited the presence
of gallic acid, in a high amount.The phenolic content was
estimated as 49 mg of gallic acid equivalent/ g of dry
material at 200ml concentration of the sample. similarly,
(Weni et al.,2011 ) reported that the ethanol extract of P.
guajava leaves showed 201 mg/g of phenolic content.
The extracts of Psidium guajava leaves showed potent
antimicrobial activity against gram positive strains than
gram negative strain and considerable activity against
the fungal strain. As the concentration of the sample was
increased, the radius of the zone of inhibition also increased
(Table 1). similarly,Harbone et al., (1984) showed the
antibacterial activity of leaves extract of chloroform and
ethanol of Psidium guajava l. against staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa and
Figure 1: HPLC Analysis of Sample (A) and Ascorbic
acid (B)

Anti-aging activity: 3D Structure of the target protein,
AP-1 was retrieved from the protein data bank (PDB), with
PDB ID of 1FOS. The DNA bound with the transcription
factor was removed to prevent the interference during
binding site prediction using Chimera software. The 3D
structure of the active ingredient (Ascorbic Acid) are
obtained from Pubchem in the SDF file format (*.sdf). A
part from the active ingredient from natural source, 3D
structure of SP100030, and a synthetic AP-1 inhibitor
also retrieved which was used as a control. AutoDock
is a suite of automated docking tools. It is predicted to
design how small molecules, such as substrates or drug
candidates, bind to a receptor of known 3D structure.

RESULTS AND DISCUSSION
Phytochemical methods could provide the needed
preliminary observations necessary to select among
crude extracts, those with potentially useful properties
for further chemical and pharmacological investigations
(Joseph et al., 2010). A large variety of phytochemicals
that have been reported from natural product research
has been proven successful as anticancerous agents
(Androutsopoulo et al., 2008). elucidation of the chemical
structures of these compounds can lead to the synthesis
of more potent drugs with minimal toxicity. Plant
parts that contain tannins are astringent in nature and
have important roles as stable and potent antioxidants
(Díaz-de-Cerio et al., 2016).The present results of the
phytochemical screening of the leaves of Psidium
guajava l. revealed the presence of tannin, saponin,
protein,
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Table 1. Antimicrobial activity of Psidium guajava leaves
Concentration		 zone of inhibition
(µg/ml)		(millimeter in diameter)
B. subtilis	A . niger
E. coli
20
40
60

7.5
12
15

7
15
30
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Salmonella typhi. It was found that ethanol extract
showed maximum activity against s. typhi and lowest
activity against s . aureus. Inflammation is a normal
protective response to tissue injury caused by physical
trauma, noxious chemicals or microbiologic agents.
Inflammation is body’s response to inactivate or destroy
the invading organisms, remove irritants and set stage
for tissue repair.
Inflammation is triggered by the release of chemical
mediators from the injured tissues and migrating
cells. The specific chemical mediators vary with the
type of inflammatory process and include amines
such as histamine, serotonin, and lipids such as
prostaglandins and small peptides such as kinins
(Jiménez-escriget al., 2001). The anti-inflammatory
activity of ethanolic extract of Psidium guajava leaves
carried out by HRBC stabilization method using diclofenac
sodium as a standard revealed that the percentage of
hemolysis decreases and the percentage of protection
Table 2: Anti-inflammatory activity
Concentration
(µg/ml)
250
500
750
Diclofenac
(100)

Hemolysis
(%)

Protection
(%)

76
56
50
8.8

24
44
50
91.2

Figure 2: DPPH free radical scavenging activity of
ethanolic extract of Psidiumguajava leaves

increases as the concentration of the sample increases
(Table 2). similarly, P. guajava extract reduced
inhibitory percentage activities by 40.81, 55.45 and
43.61% (p< 0.05) respectively (subbaRao et al., 2018).
DPPH assay is considered as a valid method to
evaluate scavenging activity of antioxidants, since the
radical compound is very stable and do not have to
generate as in other radical assays. DPPH radicals
react with suitable reducing agents and then electrons
become paired off and the solutions loses
colourstoichiometrically with the number of electrons
taken up such reactivity has been widely used to test
the ability of plant extract to act as free radical
scavengers. DPPH assay of ethanolic extract showed a
dose dependent increase in the percentage of
inhibition of free radicals (lakkadi et al., 2013;
siwarungson et al., 2013).
The ethanolic extract fraction was found to show a good
antioxidant potential.The extract of Psidiumguajava
leaves exhibited strong antioxidant activities and it was
observed that as the concentration of the sample increases,
the OD value decreases which indicates the increase in the
antioxidant activity (Figure 2). Antioxidants and antimelanoagents with redox properties can prevent or delay
skin pigmentation by scavenging reactive oxygen species
and reactive nitrogen species, known to induce melanin
synthesis. They can also reduce o-quinones and other
intermediates in the melanin biosynthesis thus delaying
oxidative polymerization. Antioxidants in particular can
prevent skin aging and degeneration of cells.
It has often been noted that combinations of antioxidants
and antimelanogents are more effective than one another
acting independently. Thus high levels and quality of
antioxidants and anti-melanogents, extracted from
our suggested varieties of Thai Guava can not only
be used as food supplements but also in cosmetic and
pharmaceutical industries for developing products
and drugs preventing skin aging and deterioration
(Siwarungson et al., 2013). The docking procedure was
carried out with the ligand ascorbic acid and the target
protein AP-1. 10 conformations were obtained out of
which the binding energy was found to be the minimum
for 10th conformation. The binding energy was found
to be -4.43 (Fig 8, 9, 10). Similarly Lakkadi et al., (2018)
reported that docking results reviled that molecules
12, 14 and 15 are the best active antioxidants for Poly
(ADP- ribose) polymerase.

CONCLUSION
Figure 3: Binding of ascorbic acid with AP-1 (a) Closer
view of binding (b) and Hydrogen bonding with amino
acids (c)

Psidiumguajava leaves are easily available and very
cheap with abundant medicinal values. Their medicinal
property such as antimicrobial and anti-inflammatory
property was increases as the sample concentration
increases. It exhibits strong antioxidant property by
scavenging the free radicals generated by UV exposure,
oxidative stress, environmental conditions etc., since it
exhibits antioxidant property, it may invariable have
antiaging property in which it maintains the healthy
and normal integrity of the skin there by protecting the
collagen network and reducing photo aging damages.
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ABSTRACT

The results of field experiments on the cultivation of Eastern galega (Galega orientalis Lam.) in pure form and in binary sowings
together with Hungarian sainfoin (Onobrychis arenaria (Kit.) DC) on eroded black soils of the south of European Russia were
given. It is established that the culture of O. arenaria does not cause great suppression of G. orientalis. By year 4 of cultivation
the aboveground dry phytomass of G. orientalis was 1012.3±58.1 g m-2 in binary sowings and did not differ significantly (at
P=0.95) from phytomass in single-crop sowings (1078.5±114.0 g m-2). The phytocenosis of binary sowing of G. orientalis and
O. arenaria has formed a more stable and productive phytocenosis for 2 cuts in total as compared to single-crop sowings, its
component crops. On average for 2012-2015 a binary sowing of G. orientalis + O. arenaria had productivity of dry substance
of aboveground phytomass of 1270.4 g m-2 (V=9.4%), a single-crop sowing of G. orientalis was 985.4 g m-2 (V=17.0%), and
a single-crop sowing of O. arenaria 1121.0 g m-2 (V=21.7%). Binary sowings form aboveground phytomass in the first 2 years
of the use by means of O. arenaria. At this time, its share in the phytocenosis is about 80.0%. Starting from the third year of
life, the above-ground phytomass of phytocenosis is formed by G. orientalis whose share increases to 60.3% and reaches more
than 80% by year 4 of the use (fifth year of life). It is noted that the weeds are most developed in single-crop sowings of G.
orientalis during in the first 2 years of grass stands use. At this time, a share of weeds reaches 79.2-59.9% in the phytocenosis.
Binary sowings are clogged much less. A share of weeds in the phytocenosis is within the range of 4.2-9.3% during the entire
period of studies. It has been concluded that there is a need to cultivate G. orientalis in binary sowings together with Hungarian
sainfoin in order to have success in the development of highly productive grass stands of this agricultural crop on the eroded
black soils in the southern part of the European Russia.
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phytomass, productivity, weediness crops.
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INTRODUCTION
From ecological considerations, it is necessary to expand
the species composition of cultivated legumes, including
non-traditional culture for many regions of the world
of G. orientalis (Adamovich, 2001; Baležentiene et al.,
2011; Guo et al., 2013; Bushuyeva, 2014a). The culture of
G. orientalis is of great scientific and practical interest.
The main advantages of this crop are high longevity and
productivity and high feed properties (Saloniemi and
Kallela, 1993; Faireych et al., 2000; Skorko-Sajko et al.,
2005; Wang et al., 2012; Bushuyeva, 2014b; Rymuza,
2017). In regions with developed animal husbandry under
changing climatic conditions, it is necessary to adjust and
revise the species composition of perennial grass sowings
in order to stabilize grass cultivation productivity and to
create uninterrupted green and raw material conveyor
(Dumacheva et al., 2018; Cherniavskih et al., 2019 a,b).
In addition, it is a honey plant. However, a deficiency of
G. orientalis is also found, which is its slow development
in the first years of life.
The sowings do not have required projective cover;
therefore, there are conditions for the introduction of
weed species, which reduces the quality of feed and its
profitability (Bardule et al., 2013; Meripõld et al., 2017).
One of the ways to overcome this disadvantage is to use
common sowings of G. orientalis jointly with cereals
and legumes (Bekuzarova et al., 2013; Rancane et al.,
2014).There are studies conducted in relation to common
sowings of G. orientalis together with timothy grass
(Phleum pratense L.), smooth brome (Bromopsis inermis
Holub.), meadow fescue (Festuca pratensis Huds.), reed
fescue (Festuca arundinacea Schreb.) and cocksfoot grass
(Dactylis glomerata L.). There is data available on the
cultivation of it as part of a mixture with the following
legumes: alfalfa (Mediago) and clover (Trifolium) are
reflected in a number of publications (Bull et al., 2011;
Povilaitis et al., 2016; Meripõld et al., 2017).
However, most studies are conducted in regions with
sufficient rainfall, where there are favourable conditions
for the development of grasses. There it is expedient
to use cereal-legume mixtures with G. orientalis.The
conditions of the south of the Central Russian Upland
are characterized by unstable humidification, and with
close occurrence of Cretaceous rocks (in stony and
rocky substratum), plant communities are formed in
association with xerophytic plants of stressed conditions
(Arora and Meena, 2016). Varieties of perennial grasses
are poorer under such conditions; cereal grasses do not
have high productivity and suffer from droughts. At the
end of the 20th and beginning of the 21st centuries, a
slight negative trend in precipitation changes is noted
in the region (Novikova et al., 2017). The modern
regional climate system is characterized by considerable
variability in annual precipitation (V=21%), which fits
into the rhythmic of 11-year cycles, which is determined
by helio-climatic relations (Ivanov and Lisetskii, 1995).
Climatic rhythm is refracted in the specifics of vegetation
periods and forms the features of interannual variation
in plant productivity (Lisetskii, 2007). Over the past 15

years, the overage rainfall factor was 0.87-0.94, which
made it possible to regard the climatic situation as
slightly arid.However, on eroded slopes, especially in the
south-facing part, the deficiency of soil moisture is as
a rule clearly manifested when compared with smooth
lands, (Lebedeva et al., 2019).
As a forage and nectariferous crop the sainfoin is
widespread in culture, especially on eroded slopes. Slopes
with inclines of more than 5o occupy 8% of the area of
the Central Chernozem region, a significant part of which
is occupied by the Central Russian Upland. However, the
Belgorod region has a more intense relief because slopes
with 5 degrees or more cover 13.4% of the territory
with soil cover erosion being about 60%. Agrogenic
transformation of soils with the active development of
erosion significantly changes the soil climate (Lisetskii,
2008). A significant proportion of slope soils occupied
by pastures are heavily eroded due to previous use in
ploughing. Therefore, post-agrogenic long-term fallow
land has its own specifics both in the manifestation
of autogenic succession (Lisetskii, 1998), and in soil
evolution (Lisetskii et al., 2013), which distinguishes them
from virgin slope soils.In the conditions of development
of ecological agriculture for the breeding of large and
small cattle (especially in goat husbandry) sainfoin has
been again gaining importance in the modern world as
a forage crop (James and PittsSinger, 2008; Dzyubenko
and Abdushaeva, 2012; Vazhov et al., 2013; Dzyubenko,
2015).
There are no studies in joint sainfoin and galega
sowings described in the literature, although it is of
significant scientific and practical interest for several
reasons:increased productive longevity of grass stands
due to G. orientalis culture;possible high productivity per
1 year of grass stands use due to sainfoin culture;nearly
the same quality of herbage (both cultures cause no
distention in animals, are well eaten by the same species
of animals, and being high-protein crops have roughly
the same stem coarseness);simultaneous onset of mowing
ripeness.However, it remains unclear whether it is
possible to cultivate and to grow them jointly. The aim
of the present studies is to look into formation dynamics
of aboveground phytomass of Eastern galega in binary
sowing with Hungarian sainfoin in comparison with
pure sowings of these crops and to assess the potential
productivity of these agrophytocenoses in the eroded
black soils of southern part of Russia. The objectives
of the study included an assessment of accumulation
dynamics of aboveground phytomass dry substance,
weed infestation of crops and evaluation of productivity
of agrophytocenoses in general.

MATERIALS AND METHODS
Study area: South-western slope of the Central Russian
Upland, which occupies about 14% of the area of the
European part of Russia. The research was carried out
in the Belgorod region, in the Krasnoyruzhsky district
(47920 ha). The climatic conditions of the study area
are characterized by the following indicators: sunshine
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duration – about 1800 hours, total solar radiation reaches
about 4000 MJ m-2, the average annual air temperature
is 5.8 ºC (in summer 18.4 ºC, in winter -6.5 ºC), frost-free
period on average 157 days. The average annual rainfall
is 560 mm, summer humidity averages 70%.

We determined the reliability of differences, the least
significant difference and the share of influence by the
studied factors on the resultant feature. To estimate how
close the relations were a pair correlation coefficient
was used.

Weather conditions during the years of research (20122015) were at the level of long-term average.The studies
were carried out as a stationary field experiment. Slope
northeast exposure, slope 5-7º. The soil is typical
moderately eroded black soil. Humus content – 3.9 %,
P2O5 – 108 mg kg-1 (by Chirikov), K2O – 106 mg kg-1
(by Chirikov), the content of easily hydrolyzable nitrogen
before laying experience 140 mg kg-1, pH HCl 6.0. The
experiment investigated Eastern galega (Galega orientalis
Lam.), Gale variety, and Hungarian sainfoin (Onobrychis
arenaria (Kit.) DC), Zernogradskiy grade.

RESULTS AND DISCUSSION

Experiment options
1.
Pure sowing of sainfoin (sowing rate of 5 million
germinating seeds per 1 ha).
2.
Pure sowing of galega (sowing rate of 2 million
germinating seeds per 1 ha).
3.
Binary sowing sainfoin and galega (sowing rate of
sainfoin 5 million viable seeds per 1 ha, galega – 2
million germinating seeds per 1 ha).
The method of experiment establishment – organized
replications. Total plot area 12 m2. The replication is
sixfold. The crops were sown in spring 2011 under the
cover of mustard seeds (mustard sowing rate of 6 kg
per 1 ha). The planting method - line one with 25 cm
inter-row spacing. A combined seeding of galega and
sainfoin was carried out crosswise at an angle of 15 cm.
Mixed samples for soil analyses were taken by a sampler
at 10 places (0-10 cm) on the plot and then prepared a
combined sample. Mixed samples were prepared from
each of the six plots. The soil was brought to air-dried
condition, ground down and analysed. The biological
repetition for all indicators is 2-fold and the total one
is 12-fold.The productivity of aboveground phytomass
(in a green form) was determined by mowing method
2 times a season during the budding phase. Land plot
4 m2. The replication is 6-fold.The proportion of each
component and weed vegetation was determined using
the method of sheaf analysis. Cut off the aerial mass from
an area of 1 m2 and separately weighed the stems of
crops and weeds. To determine the content of absolutely
dry substance a 1.5-2 kg sample was taken from the total
mass and then brought to air-dried condition in gauze
bags. The air-dry mass was completely crushed to powder
in the mill. From the mass obtained, 50-60 g samples
were taken out on a four-time repeated basis and dried
completely in a thermostat at a temperature of 105-106
ºC within 8 hours.
The dry matter content (percentage) was calculated for
each repetition and the average value was determined.
The results were statistically processed using singlefactor and two-factor analysis-of-variance methods
for field experiments (Dospekhov, 1985; Lakin, 1990).
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The theoretical basics of the formation process of
the combined crops productivity in comparison with
single-crop sowings were justified by the H.G. Tooming
works (1972, 1984). The principles of time sequence
of growth, component development and maximum
use of photosynthetically active radiation (PAR) make
the basis for sustainable growth and development of
combined plantings. Consistent co-growth and stability
of phytocenosis can be achieved subject to concurrent
fulfilment of two conditions. Firstly, phytocenosis should
consist of species, which have different specific radiation
intensity (SRI) (SRI means flux density PAR to achieve
maximum gas exchange efficiency factor (CP)). Secondly,
the maximum efficiency factors of these species should
be close (Tooming, 1984).Thus, to ensure a high degree
of use of solar radiation by the entire planting, the crops,
which have been included in the grass mixture with
similar biological and abiotic planting factors, should be
different in SRI and have very close efficiency factors
(Tooming, 1984).
As regard, our experience of G. orientalis Hungarian
sainfoin can be the most complementary related culture
in grass mixtures. This conclusion is based on four
arguments. First, the architectonics of sainfoin leaves
provides for significant penetration of photosynthetic
active radiation deep into the grass stand, which can
greatly reduce competition for the light. Secondly,
sainfoin generates up to 80% of its first mowing yield.
This makes lighted any crop planted in the second half
of the summer, which practically excludes competition
for the light. Thirdly, sainfoin has a tap-root system,
which is located in deeper soil horizons as compared to
G. orientalis's sprouted surface root system, which can
diminish competition for nutrients and root secretions
allelopathy. Fourthly, sainfoin can form primary
above-ground phytomass in 1 to 2 years of the use of
grass stands. In subsequent years, it can dramatically
decrease of productivity, which significantly reduces its
competitiveness.
Architectonics and structure of the G. orientalis bush
can be considered ideal from the point of view of the
rational use of photosynthetic active radiation since the
upper leaves of the plant are almost vertical and they
gradually move to a horizontal position at the bottom of
the stem (Tammers, 1970). Sainfoin plants have similar
leaf arrangement. Thus, one can be assume that these two
species will minimally compete for the light, and due to
this, the intensity of the main form of competition for
photosynthetic active radiation will be lower for mixed
sowing.The result should be ended in phytocenosis with
sainfoin being dominated at stage 1 and without strong
suppression of galega. By the time when less longeval
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sainfoin plant has fallen out of grass stand, the galega
will have already reached its maximum development and
further form its own multi-year grass stand.
The key efficiency indicator for the use of the environment
by plants is their ability to form phytomass. The higher
competition the species face from their neighbours, the
lower their ability to accumulate the above-ground
phyto mass. The research results have shown that in
single-crop sowings with significant level of probability
being equal to P=0.95 in the first 3 years of vegetation
the G. orientalis plants exceeded in terms of aboveground phytomass amount the first mowing of plants
grown in a mixture with Hungarian sainfoin. By year,
four of the use of grass stands the differences used to
become unreliable. In the second mowing significant
differences in the productivity of galega in pure form
and in a mixture with sainfoin were established at the
probability level of P=0.95 for years 2 and 3 of the use
of grass stands. No differences were found by the fourth
year of use (Table 1).
Table 1: Accumulation of aerial phytomass of G. orientalis
culture in single-species and binary crops with two
mowing of grass stands, g m-2 (absolutely dry matter)
Mowing Sowing			
Method			Year of research
		
2012 2013 2014 2015 2012						
2015
First

singlespecies
binary
average
	LSD05
Second singlespecies
binary
average
	LSD05
Just two singlespecies
mowing binary
average
	LSD05

145.0

235.8

512.5

639.0

383.1

124.6 193.1 402.9 609.7 332.6
134.8* 214.4* 457.7* 624.4 357.8*
15.4
24.8
41.7
42.6
38.6
27.8
90.2 313.5 439.5 217.8
24.7
26.3
4.4
172.8

74.9 260.4 402.6 190.6
82.6* 287.0* 421.1 204.2*
11.4
33.6
55.2
26.2
326.0 826.0 1078.5 600.8

149.3 268.0 663.3 1012.3 523.2
161.1* 297.0* 744.7* 1045.4 562.0*
6.9
23.8
47.3
86.0
41.0

Note: * differences between single-species and binary
crops are significant at P=0.95.

In general, a similar tendency was noted for two mowing.
The reliability of differences at the level of P=0.95 was
ascertained in the course of the first 3 years of research.
By year 4 of life, the differences were bridged.The
productivity of the second mowing of G. orientalis, when
cultivated in pure form, was 19.1% of the value of the
first mowing in 2012 and 68% in 2015. When cultivated
in binary sowing, its value was 19% in 2012 and 66.0%
in 2015 respectively. The reverse trend was observed for
sainfoin sowings. The largest aboveground phytomass

was formed in the first 2 years of grass strand use with a
sharp decrease by year 3 and 4 of life. The sainfoin plants
had much higher decreased in their productivity for
binary sowings in competition with to galega. Except for
the first mowing of year 1 of life (2012), in all other cases
a significant decrease in the productivity of this crop was
established for binary sowings at the level of P=0.95 as
compared with single-crop planting (Table 2).
Table 2. Accumulation of aerial phytomass of O. arenaria
culture in single-species and binary crops with two
mowing of grass stands, g m-2 (absolutely dry matter)
Mowing Sowing			Year of research
Method
		
2012 2013 2014 2015
						

20122015

First

552.9

single- 750.6
species
binary 711.4
average 731.0
	LSD05 41.8
Second single- 467.9
species
binary 382.6
average 425.3*
	LSD05 40.9
Just
single- 1218.5
two
species
mowing binary 1094.0
average 1156.3*
	LSD05 49.1

818.3

349.3

293.5

650.8 220.7 130.4 428.3
734.6* 285.0* 212.0* 490.6*
38.9
29.8
15.1
30.2
527.7 145.0 112.8 313.4
430.0 113.8
478.9* 129.4*
32.2
23.4
1346.0 494.3

48.1
80.5*
19.5
406.3

243.6
278.5*
29.1
866.3

1080.8 334.5 178.5 671.9
1213.4* 414.4* 292.4* 769.1*
37.8
27.1
27.2
35.2

Note: * differences between single-species and binary crops
are significant at P=0.95.
Table 3. The share of the influence of the studied factors
on the total variability of the productive trait “magnitude
of the aboveground phytomass” of G. orientalis and
O. arenaria when cultivated in clean and binary crops
(for a total of two mowings), %
Source of			Years of research
variation
2012
2013
2014
2015
Reiteration
Random errors
Options, including
Factor A – “Crop”
Factor B –
"method of
sowing"
Factor AB
- Interaction

0.48
0.35
99.17*
98.90*
0.25

0.42
0.08
99.50*
95.33*
2.96

5.21
1.28
93.51*
78.40*
14.10*

2.13
0.99
96.88*
92.30*
3.52

0.02

1.21

1.01

1.06

Note: * differences are significant at P=0.95.
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To study the extent of influence of such key organized
factors as A – “crop” (G. orientalis and O. arenaria),
B – “method of sowing” (single-crop and binary) and
the “yearly conditions” factor in the total variation of
resultant variable “overground phytomass size” we used
practical two-way analysis of variance. An analysis
of the data obtained over 4 years of research showed
that the share of influence by the studied factors in the
total variability is from 89.2% in 2014, up to 99.2% in
2012. The share of influence in the total variability for
the resultant variable “aboveground phytomass size”
was equal to 78.4% in 2014, up to 98.9 in 2012 for two
mowing by the key factor A – “crop”, and it has always
been reliable at the level of P=0.95. The share of influence
by the factor B – “method of sowing” varied from 0.25%
in 2012, up to 14.1% in 2014, and it has not been always
reliable at the level of P=0.95. The share of influence by
interrelated factors AB is unreliable (Table 3).
The Table 3 shows that the year of 2014 is noted for
significant share of influence by factor B – “method
of sowing”. This is year 3 of grass stands use when the
maximum level of mutual competition among sainfoin,
galega and weeds was observed. At that, time the sainfoin
crop already started to fall out of the grass stand and
the galega crop did not have sufficient mass yet. There
was competition emerged both inter-crops and between
the weeds and the crop.An analysis of the share of
influence by the studied factors in the total variability
of the resultant variable “aboveground phytomass size”
(by 2014) has showed that in the first mowing the studied
factors made 89.25%, and the share of repetitions was
10.36%. In the total variance of variants the share of
the studied factor A “crop” was reliably (at the level of
P=0.95) equal to 60.36%, and the share of the factor B –
“method of sowing” was 28.7%. The share of interaction
was negligible. This goes to prove that to the first cut 3
years of life the processes of the most intense competition
in the genotype-environment system occurred when the
influence of the environment became significantly high.
y the second mowing, the process was stabilized.
The share of influence by the factor decreased to
5.87% and the factor's A share increased up to
82.3%. Subsequently, the galega crop finally began to
dominate in joint sowings and dynamically increased
its vegetative mass.An analysis of the total vegetative
mass of phytocenoses showed that the binary sowing
formed a more stable phytocenosis over two mowing in
total as compared to single-crop sowings. In the first 2
years of the use of grass stands a single-crop sowing of
O. arenaria and a binary sowing of G. orientalis + O.
arenaria significantly exceeded a single-crop sowing of
G. orientalis at 456.9-620.4 g m-2 in terms of aboveground phytomass, thus not differing significantly from
each other by this indicator (Table 4).
The galega sowings and a binary planting under the
conditions of year 3 and 4 of the use significantly
exceeded the Hungaring sainfoin sowings in terms
amount of dry substance of above-ground phytomass.
The coefficient of variation of above-ground phytomass
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of binary phytocenosis of G. orientalis + O. arenaria was
9.4% on the average for the research years and that of
pure G. orientalis – 17.0%, and O. arenaria – 21.7%.
Over an average of 4 years of studies that monospecific
sainfoin sowings and binary plantings are significantly
superior to the single-crop sowing of G. orientalis
by above-ground phytomass size. The amount of
aboveground phytomass of monospecific galega sowing
and its binary planting together with sainfoin by year
4 of the use did not differ significantly.The share of the
main phytocenosis components in the total phytocenosis
productivity was analysed (Table 5). In general, based
on the experience available it has been found that the
share of Galega tends to increase in grass stands and
its sowings, both single-crop and binary ones tend to
be less infested as the grass stand becomes older.There
was a tendency found towards decreased productivity of
sainfoin and its share in the phytocenosis as the grass
stand became older and towards increased sainfoin
infestation.
Table 4: Accumulation of aboveground phytomass
by G. orientalis and O. arenaria phytocenoses in
(taking into account weed vegetation) in single-species
and binary crops with two mowing of grass stands, g m-2
(absolutely dry matter)
Crops 		Years of research
2012 2013 2014 2015
					
G. orientalis
O. arenaria
G. orientalis
+ O. arenaria
LSD05

20122015

832.2* 812.5* 1092.1 1204.6 985.4*
1289.1 1428.7 863.7* 902.5* 1121.0*
1305.6 1432.9 1099.8 1243.1 1270.4
38.7

21.5

38.1

49.3

38.6

Note: * differences are significant at P=0.95.

During the entire research period the binary sowings of
G. orientalis and O. arenaria were significantly infested
to a lower extent as compared to the pure sowings of G.
orientalis at the level of P=0.95. In the first 2 years singlecrop sowings of sainfoin did not differ significantly by
the level of infestation from binary plantings (P=0.95).
Starting from year 3 of life the sowings became more
infested as the main crop was gradually failed and the
proportion of weeds reached 42.8-55.0%.
We have established that any mixed sowing consistently
tends to have a reduced share of sainfoin in the
aboveground phytomass from 83.8 to 14.4% and an
increased share of galega from 11.4 to 81.4% over 4
years of joint cultivation against the background of a
stable proportion of weeds being at the level of 4.2-9.3%.
One can observe an actual succession change of plant
community dominant when one legume crop gradually
replaces another, and the share of the legume component
(cultural component of the community) remains stable
at 90.7-95% (V=2.1%).
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Table 5. Percentage of participation of various components in the
phytomass structure of phytocenoses of single-species and binary crops
of G. orientalis and O. arenaria (an average of two mowing), %

Crops

Phytocenosis		Years of research
components
2012 2013 2014 2015
						
crop
weeds
O. arenaria
crop
weeds
G. orientalis
crop of
+ O. arenaria everything,
including:
G. orientalis
O. arenaria
weeds
LSD05
crop
G. orientalis
O. arenaria
weeds

G. orientalis

20122015

20.8*
79.2*
94.5
5.5
95.2

40.1*
59.9*
94.2
5.8
94.1

75.6
24.4
57.2*
42.8*
90.7

89.5
10.5
45.0*
55.0*
94.8

56.5
43.5
72.7
27.3
94.0

11.4
83.8*
4.8
2.2
1.2
2.2
1.3

18.7
75.4*
5.9
3.0
1.4
3.8
1.3

60.3*
30.4
9.3
3.6
1.8
2.4
1.9

81.4*
14.4
4.2
3.1
3.0
1.8
1.7

43.0
51.0
6.0
3.0
1.9
2.5
1.6

Note: * differences are significant at P=0.95.

The coefficient of variation of the cultural
component in the single species crops of
G. orientalis and O. arenaria was higher, 61.0% and
48.4%, respectively. In general, based on the experiment
available we have found a weak negative correlation
between the value of absolutely dry substance in G.
orientalis phytomass and the value of absolutely dry
substance in O. arenaria phytomass as regards binary
sowings (r= – 0.318±0.128), there is also moderate negative
correlation between the value of G. orientalis phytomass
and the value of phytomass of weeds' absolutely dry
substance in plantings (r= – 0.534±0.130).

CONCLUSION
To create of sustainable high-yielding grass stands
with G. orientalis in the south of European Russia it is
necessary to have its binary sowings with O. arenaria.
In joint sowings, the O. arenaria crop causes no strong
suppression of G. orientalis. In binary sowings, the
productivity of G. orientalis above-ground phytomass
has weak dependence on the value of O. arenaria
aboveground phytomass, which results in favourable
conditions for their joint growth in grass mixtures.
When being used on a double-cutting basis the binary
sowings of G. orientalis and O. arenaria, tend to form
more productive and stable phytocenosis as compared
to single-crop plantings. Binary sowings can ensure
stable generation of above-ground phytomass in the
first two years of the use by means of O. arenaria.
During this period, it is part of the cultural part of 83.0%
phytocenosis. Starting from year 3 of life the aboveground phytomass of phytocenosis is formed by G.

orientalis whose share increases up to 60.3% and reaches
> 80% by year 4 of the use (fifth year of life). It is noted
that the weeds are most developed in single-crop sowings
of G. orientalis during in the first 2 years of grass stands
use. At this time, a share of weeds reaches 79.2-59.9%
in the phytocenosis. Binary sowings are clogged much
less. A share of weeds in the phytocenosis is within the
range of 4.2-9.3% during the entire period of studies.
In single-crop, sowings of O. arenaria weeds have been
noted to spread most widely in year 3 to 4 of the use of
grass stands and is 42.8-55.0%.
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ABSTRACT

Snakeskin gourami (Trichopodus pectoralis) has been considered as a valuable and suitable species for breeding in
fresh and brackish water regions in Vietnam. It has a high meat yield and favouritely consumed as dry-salted fish.
However the dry-salted snakeskin gourami quality has gone down very fast owing to rancidity and proteolytic
activity because it has high fat content and protease in its abdomen. It’s necessary to have an appropriate
processing and preserving approach to accelerate its commercial value in local and international markets. Edible
coating supports a natural cover on the product surface to control weight loss, oil rancidity and solute movements.
Biodegradability, edibility and barrier attributes are some benefits of edible coating superior to plastic bag. Storage
temperature and packaging procedure affected the rancidity and proteolytic activity in the dry-salted snakeskin
gourami (Trichopodus pectoralis). Purpose of this research demonstrated the efficacy of carrageenan coating on
storage of dry-salted snakeskin gourami (Trichopodus pectoralis). The dried snakeskin gouramis were coated by
various concentrations of carrageenan (0.5%, 0.75%, 1.0%, 1.25%, 1.5%). The efficacy of carrageenan coating
was defined via quality indicators of dry-salted snakeskin gouramis such as fat rancidity: Peroxide value (mEqO2/
kg), Thiobarbituric acid (mg maloaldehyde/ kg); proteolytic changes: total volatile base (TVB-N, mg N/100 g)
nitrogen content and trimethylamine (TMA, mg N/100 g). In 3 month-interval, all coated samples were periodically
analyzed during 12 months of preservation at ambient condition. Results showed that the carrageenan coating of
1.25% w/w, packed in vacuum bag and stored at 4oC could avoid microbial decomposition and fat oxidation of
the dry-salted snakeskin gouramis. From this investigation, the dry-salted snakeskin gouramis had shelf-life at
ambient storage for 12 months without deterioration. The research implied that the edible coating would be ideal
to extend the stability of this valuable oil fish by inhibition of proteolytic reaction, reduction of fat rancidity and
enhancement of overall acceptance.

KEY WORDS: Trichopodus pec

toralis , carrageenan, proteolytic reaction, rancidity, stability.

Article Information:*Corresponding Author: minh.np@ou.edu.vn
Received 13/01/2020 Accepted after revision 29/02/2020

Published: 30th March 2020 Pp- 01-05
This is an open access article under Creative Commons License,
Published by Society for Science & Nature, Bhopal India.
Available at: https://bbrc.in/
Article DOI: http://dx.doi.org/10.21786/bbrc/13.1/4

23

Nguyen

INTRODUCTION
Snakeskin gourami (Trichogaster pectoralis) is one of
the most common fish in paddy fields and rivers of
Vietnam. It lives in waters at low dissolved oxygen and
high organic accumulation and feeds on zooplankton,
crustaceans and insect larvae (Jafaryan et al., 2014).
It achieves good maturity stages after 3 months of
rearing. It has a high meat yield and is consumed as
a dried fish in Vietnam. Farming area of snakeskin
gourami has been opened dramatically in recent years
offering attractive income for local farmers (Minh et al.,
2019). The aquaculture sector contributes an important
source of nutritious food for human consumption. Fish
and fishery products are among the most important
agricultural commodities (Bharda et al., 2017). This
species is considered as an alternative species to shrimp
farming in rainy season. They are good sources of
proteins, macro-nutrients, minerals and some vitamins.
The mineral elemental levels and vitamins of this species
is a function of the availability preferential accumulation.
Aquaculture of P. elongatus in the Ca Mau province
(Vietnam) has developed rapidly during the past decade
due to relatively high demand and high marketable value
(Minh et al., 2019).
At death, the pH value in fish muscle begins to decrease
due to formation of lactic acid from glycogen via a
series of enzymatic reactions in the muscles. Enzymes
from spoilage microorganisms produce different volatile
compounds causing bad smell. The combination of
ammonia (NH3) and TMA in fish is accounted for the
total volatile base (TVB-N) nitrogen content of the fish
and is normally considered as an indicator of quality
decomposition. With the proliferation of spoilage
bacteria after death in fish, a subsequent increase in
TMAO reduction to TMA happens. On the other hand,
the increase in the TVB-N is mainly created by the
formation of TMA, which is prevalent in spoiled fish
that have TMAO (mainly in marine pelagic fish) and is
the most common cause of fishy odor. Aeromonas spp.,
psychrotolerant Enterobacteriaceae, Photobacterium
phosphoreum, Shewanella putrefaciens-like organisms
and Vibrio spp. are the bacteria that are able to reduce
TMAO to TMA (Heising et al., 2014).
Rancidity is a matter in fatty fish related to the dried
preservation. Indeed, the shelf-life of dried fatty fish
usually ends with the onset of rancid flavors. The speed
of hydroperoxide formation strongly relates to fat
oxidation in its early stages. Aldehydes, ketones and
similar compounds are the secondary products which
form as the hydroperoxides react. The reactions lead
to aldehydes and other products that can be evaluated
using the thiobarbituric acid (TBARS) test (Turienzo
et al., 2011). There were several notable researches
mentioned to application of edible coating in fishes
to control oxidation and proteolytic change. Whey
proteinbased coatings delayed lipid oxidation of salmon
fillets (Turienzo et al., 2011). The chitosan coatings and
packaging might have been sufficient to retard lipid
oxidation in lingcod (Ophiodon elongates) fillets (Duan
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

et al., 2010). The effects of chitosan and different organic
acid on fresh Japanese sea bass fillets were studied
(Qiu et al., 2014). Quality characteristics of Japanese
sea bass (Lateolabrax japonicus) during refrigerated
storage were affected by e-polylysine, sodium alginate
and e-polylysine/sodium alginate (Cai et al., 2015). The
effectiveness of edible chitosan coating on the quality
changes of Indian oil sardines (Sardinella longiceps) was
studied by Mohan et al. (2102).
Several studies mentioned to the processing and
preservation of snakeskin gourami. The effect of
various salt concentrations and other soluble elements
on the moisture content and water activity (aw) of
dried snakeskin fish was studied (Muoi et al., 2008).
The influence of sorbitol and ethanol on the water
activity and quality changes of dried snakeskin fish
was examined (Truc et al., 2009). Ethanol treatment to
eliminate fishy ordor; addition of salt, sorbitol, as well
as dry temperature that affected to to water activity
(aw), microbial load (coliform, cfu/g), sensory score of
dried snakeskin gourami (Trichogaster pectoralis) were
thoroughly investigated. Shelf-life of the dried product
was also evaluated during preservation (Minh et al.,
2019).
In Vietnam, the snakeskin gourami P. elongatus is a high
value species and has high potential for aquaculture
in the Mekong Delta. P. elongatus aquaculture has
developed rapidly to supply the high demand of
domestic consumers. However there was not any research
mentioned to the investigation of carrageenan coating
to the dry-salted snakeskin gouramis (Trichopodus
pectoralis) as well as the effect of storage temperature
and packing procedure to oil rancidity and proteolytic
activity. Purpose of this research was to demonstrate the
feasibility of carrageenan coating, storage temperature
and packaging procedure in prolonging product quality
of dried snakeskin gouramis (T. pectoralis). Coatings can
be considered as a barrier to protect against discoloration,
degradation and oxidative rancidity.

MATERIAL AND METHODS
Material: Snakeskin gourami (Trichopodus pectoralis)
were harvested from Ca Mau province, Vietnam. After
harvesting, they were cooled below 4oC and moved to
laboratory as soon as possible for further experiments.
They were washed and sanitized under washing tank
having 20 ppm per acetic acid with air bubble blowing
to remove foreign matters. Besides snakeskin gourami
we also used other material during the research such as
per acetic, salt, carrageenan. Lab utensils and equipment
included digital weight balance, Rotronic, stomacher,
incubator, colony counter, and dry oven. Oil rancidity
of dry-salted snakeskin gouramis was carried out by
carrageenan coating during storage: They were soaked
in 20 minutes with solution containing 4.0% salt, 1.0%
sugar, 0.1% monosodium glutamate, 0.5% garlic extract,
0.5% honey. After that they were dried at 50oC to 18%
moisture content. Various carrageenan concentrations
were verified (0.5%, 0.75%, 1.0%, 1.25%, 1.5%) on
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the dry-salted snakeskin gouramis. Oil rancidity was
evaluated by Peroxide value (mEqO2/ kg), Thiobarbituric
acid (mg maloaldehyde/ kg). All coated samples were
periodically taken in 3 month-interval during 12 months
of preservation at ambient temperature.
Proteolytic decomposition of dry-salted snakeskin
gouramis by carrageenan coating during storage: Raw
snakeskin gouramis (Trichopodus pectoralis) were soaked
in 20 minutes with solution containing 4.0% salt, 1.0%
sugar, 0.1% monosodium glutamate, 0.5% garlic extract,
0.5% honey. After that they were dried at 50oC to 18%
moisture content. Various carrageenan concentrations
were verified (0.5%, 0.75%, 1.0%, 1.25%, 1.5%) on the
dry-salted snakeskin gouramis. Proteolytic decomposition
was evaluated by the total volatile base (TVB-N, mg
N/100 g) nitrogen content and trimethylamine (TMA, mg
N/100 g). All coated samples were periodically taken in
3 month-interval during 12 months of preservation at
ambient temperature.
Oil rancidity and proteolytic decomposition of dry-salted
snakeskin gouramis was done by packaging during
preservation: Raw snakeskin gouramis (T. pectoralis)
were soaked in 20 minutes with solution containing 4.0%
salt, 1.0% sugar, 0.1% monosodium glutamate, 0.5%
garlic extract, 0.5% honey. After that they were dried
at 50oC to 18% moisture content. 1.25% carrageenan
coating and 4oC of storage were applied for all samples.
Two packaging types (zipper, vacuum) were examined
on the dry-salted snakeskin gouramis. Oil rancidity was
estimated by Peroxide value (mEqO2/ kg), Thiobarbituric
acid (mg maloaldehyde/ kg). Proteolytic decomposition
was evaluated by the total volatile base (TVB-N, mg
N/100 g) nitrogen content and trimethylamine (TMA,
mg N/100 g). All coated samples were periodically taken
in 3 month-interval during 12 months of preservation
at ambient temperature. Chemical evaluation of drysalted shrimp during storage: Peroxide value (mEqO2/
kg) was evaluated by the CDR Food Lab® instrument.
Thiobarbituric acid (mg maloaldehyde/ kg) was evaluated

by 1,1,3,3-tetraethoxypropane (Torres-Arreola et al.,
2007). Standard methods recommended by Food and
Agriculture Organization of the United Nations (FAO,
1986) were utilized to determine of total volatile base
(TVB-N, mg N/100 g) and trimethylamine (TMA, mg
N/100 g). Statistical analysis: The experiments were
run in triplicate with three different lots of samples.
Statistical analysis was performed by the Statgraphics
Centurion XVI.

RESULTS AND DISCUSSION
Oil rancidity of dry-salted T. pectoralis was carried out by
carrageenan coating during storage. Seafood was highly
perishable and has a short shelf-life. During storage many
reactions occurred leading to changes in quality such
as endogenous chemical and enzymatic reactions. The
safety and shelf-life were related to the presence of food
spoilage and pathogenic microorganisms. Edible coatings
could improve the quality of fresh and frozen products
by retarding microbial growth, reducing lipid oxidation
and moisture loss, and functioning as a carrier of food
additives ( Dehghani et al., 2018). A barrier against both
moisture and oxygen migration could be beneficial for
seafood (Arfat et al., 2015; Li et al., 2013). Coatings could
be used to provide physical protection to protect food
products from mechanical damage, and from physical,
chemical and microbiological activities (Min et al., 2005).
Carrageenan was generally very hydrophilic, an anionic
linear polysaccharide that is derived from red seaweed
(Bourtoom, 2008). There were three kinds of carrageenan
such as kappa, iota and lambda with different numbers
and positions of sulfate groups on the galactose dimer
(Lin et al., 2018).Carrageenan was formed by gelation
through a process of moderate drying. After evaporation
of solvent, the polysaccharide double helices will form a
three-dimensional network, which subsequently forms a
solid film (Karbowiak et al., 2007). It retarded moisture
loss from the food products by adding additional
moisture on the surface.

Table 1. Peroxide value (mEqO2/ kg), Thiobarbituric acid (mg maloaldehyde/ kg), Total
volatile base (TVB-N, mg N/100 g) nitrogen content and Trimethylamine (TMA, mg N/100
g) in dry-salted Trichopodus pectoralis by various carrageenan concentrations of coating
(0.5%, 0.75%, 1.0%, 1.25%, 1.5%) after 3 months of storage
Carrageenan Peroxide value
Thiobarbituric acid
TVB-N
concentration (mEqO2/ kg) (mg maloaldehyde/ kg) (mg N/100 g)

TMA
(mg N/100 g)

Control
0.5%
0.75%
1.0%
1.25%
1.5%

42.09±0.02a
31.65±0.01b
28.74±0.00bc
26.57±0.03c
24.12±0.00cd
22.04±0.02d

1.65±0.00a
0.89±0.02b
0.64±0.01bc
0.51±0.03c
0.43±0.01cd
0.38±0.00d

0.97±0.00a
0.54±0.01b
0.41±0.03bc
0.32±0.02c
0.29±0.00cd
0.25±0.03d

49.83±0.02a
37.69±0.01b
34.74±0.03bc
30.48±0.02c
28.65±0.01cd
27.17±0.00d

Note: the values were expressed as the mean of three repetitions; the same characters (denoted
above), the difference between them was not significant (α = 5%).
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In this research, raw snakeskin gouramis were soaked
in 20 minutes with solution containing 4.0% salt, 1.0%
sugar, 0.1% monosodium glutamate, 0.5% garlic extract,
0.5% honey. After that they were dried at 50oC to 18%
moisture content. Various carrageenan concentrations
were verified (0.5%, 0.75%, 1.0%, 1.25%, 1.5%) on
the dry-salted snakeskin gouramis. Oil rancidity was
evaluated by Peroxide value (mEqO2/ kg), Thiobarbituric
acid (mg maloaldehyde/ kg). All coated samples were
periodically taken in 3 month-interval during 12
months of preservation at ambient temperature. Results
from table 1 and 2 emphasize that 1.25% carrageenan
coating would be adequate to assure oil rancidity in
dry-salted snakeskin gouramis at the lowest level during
preservation.
Proteolytic decomposition of dry-salted snakeskin
gouramis by carrageenan coating during storage: Owing
to the reaction of internal enzymes existing in fish
products or microbial activities, nitrogen compounds such
as trimethylamine-N-oxide (TMAO) are decomposed to
ammonia, formaldehyde and trimethylamine (measured
as TMA-N). These may cause protein aggregation, thus
reducing the proteins’ ability to bind water (Barraza
et al., 2015). Raw snakeskin gouramis were soaked in
20 minutes with solution containing 4.0% salt, 1.0%
sugar, 0.1% monosodium glutamate, 0.5% garlic extract,
0.5% honey. After that they were dried at 50oC to 18%
moisture content. Various carrageenan concentrations
were verified (0.5%, 0.75%, 1.0%, 1.25%, 1.5%) on the
dry-salted snakeskin gouramis. Proteolytic decomposition
was evaluated by the total volatile base (TVB-N, mg
N/100 g) nitrogen content and trimethylamine (TMA, mg
N/100 g). All coated samples were periodically taken in
3 month-interval during 12 months of preservation at
ambient temperature.
Results from table 3 and 4 emphasized that storage at
temperature 4oC could slow down the oil rancidity in
dry-salted snakeskin gouramis to utmost level during 12
months of preservation. Minh et al. (2019) proved that
40% ethanol at ratio 20:80 for primary treatment; 2.0%
of salt soaking; 1.0% of sorbitol addition; 46oC of drying

were appropriate to maintain water activity (aw=0.65).
Oil rancidity and proteolytic decomposition of dry-salted
T. pectoralis by packaging procedure during preservation:
The edible muscle tissues of fish are liable to react with
O2 in the presence of air. An increase in free fatty acid
(FFA) lipolysis resulting from the enzymatic hydrolysis
of esterified lipids also occurred in fish tissue postmortem (Dehghani et al., 2018). Raw snakeskin gouramis
(T. pectoralis) were soaked in 20 minutes with solution
containing 4.0% salt, 1.0% sugar, 0.1% monosodium
glutamate, 0.5% garlic extract, 0.5% honey. After that
they were dried at 50oC to 18% moisture content.
1.25% carrageenan coating and 4oC of storage were
applied for all samples. Two packaging types (zipper,
vacuum) were examined on the dry-salted snakeskin
gouramis. Oil rancidity was estimated by Peroxide value
(mEqO2/ kg), Thiobarbituric acid (mg maloaldehyde/ kg).
Proteolytic decomposition was evaluated by the total
volatile base (TVB-N, mg N/100 g) nitrogen content and
trimethylamine (TMA, mg N/100 g). All coated samples
were periodically taken in 3 month-interval during 12
months of preservation at ambient temperature. Results
from table 5 and 6 strongly emphasized that vacuum
packaging could effectively limit the oil rancidity and
proteolytic decomposition in dry-salted snakeskin
gouramis during 12 month storage.
Drying enhanced fish quality by inactivating enzymes
and decrease water activity to prevent bacterial and
mold proliferation. Fatty fish cannot be dehydrated by
normal drying procedure, and is not possible to preserve
it in the normal way. Fat rancidity was one of the most
obstacles in the dry-salted fish (Minh et al., 2018). This
phenomenon negative affected the taste, odor and color
of dry-salted fish. One method to prolonging the stability
and quality of dry-salted fish was vacuum packaging. It is
an effective strategy to slow down the lipid oxidation by
limiting oxygen molecule (Taheri and Motellabi 2012).
By preserving under vacuum in PA bag, the dry-salted
snakeskin gourami still extended the product shelf-life
for 12 months without any deterioration ( Minh et al.,
2019).

Table 2. Peroxide value (mEqO2/ kg), Thiobarbituric acid (mg maloaldehyde/ kg), Total
volatile base (TVB-N, mg N/100 g) nitrogen content and Trimethylamine (TMA, mg
N/100 g) in dry-salted T. pectoralis by 1.255% carrageenan coating during 12 months
of preservation
Storage
(months)
3
6
9
12

Peroxide value
Thiobarbituric acid
TVB-N
(mEqO2/ kg) (mg maloaldehyde/ kg) (mg N/100 g)
0.43±0.01b
0.49±0.02ab
0.53±0.03ab
0.58±0.01a

0.29±0.00b
0.32±0.03ab
0.35±0.02a
0.36±0.01a

28.65±0.01b
29.04±0.00ab
29.11±0.02ab
29.13±0.01a

TMA
(mg N/100 g)
24.12±0.00b
24.38±0.01ab
24.43±0.03ab
24.45±0.02a

Note: the values were expressed as the mean of three repetitions; the same characters (denoted
above), the difference between them was not significant (α = 5%).
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Table 3. Peroxide value (mEqO2/ kg), Thiobarbituric acid (mg maloaldehyde/ kg), Total
volatile base (TVB-N, mg N/100 g) nitrogen content and Trimethylamine (TMA, mg N/100
g) in dry-salted T. pectoralis by different concentration of preservation temperature (4oC,
12oC, 20oC, 28oC) after 3 months of preservation
Preservation
temperature
(oC)
4
12
20
28

Peroxide value
Thiobarbituric acid
TVB-N
(mEqO2/ kg) (mg maloaldehyde/ kg) (mg N/100 g)

0.04±0.00c
0.12±0.01b
0.37±0.03ab
0.43±0.01a

0.05±0.02c
0.14±0.01b
0.21±0.00ab
0.29±0.00a

19.83±0.03c
27.46±0.02b
27.94±0.01ab
28.65±0.01a

TMA
(mg N/100 g)

17.63±0.02c
21.08±0.03b
23.79±0.01ab
24.12±0.00a

Note: the values were expressed as the mean of three repetitions; the same characters (denoted
above), the difference between them was not significant (α = 5%).

Table 4. Peroxide value (mEqO2/ kg), Thiobarbituric acid (mg maloaldehyde/ kg), Total
volatile base (TVB-N, mg N/100 g) nitrogen content and Trimethylamine (TMA, mg
N/100 g) in dry-salted T. pectoralis by preservation temperature (4oC) during 12 months
of preservation
Storage
(months)
3
6
9
12

Peroxide value
Thiobarbituric acid
TVB-N
(mEqO2/ kg) (mg maloaldehyde/ kg) (mg N/100 g)
0.04±0.00a
0.07±0.03ab
0.11±0.02ab
0.15±0.01b

0.05±0.02c
0.09±0.01b
0.16±0.03ab
0.22±0.02a

19.83±0.03c
20.09±0.01bc
20.57±0.03b
21.45±0.00a

TMA
(mg N/100 g)
17.63±0.02c
17.94±0.00bc
18.15±0.03b
19.49±0.01a

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (α = 5%).

Table 5. Peroxide value (mEqO2/ kg), Thiobarbituric acid (mg maloaldehyde/ kg), Total
volatile base (TVB-N, mg N/100 g) nitrogen content and Trimethylamine (TMA, mg N/100
g) in dry-salted T. pectoralis by two packaging procedure (zipper and vaccum) after 3
months of preservation
Packaging
procedure
Zipper
Vaccum

Peroxide value
Thiobarbituric acid
TVB-N
(mEqO2/ kg) (mg maloaldehyde/ kg) (mg N/100 g)
0.04±0.00a
0.01±0.03a

0.05±0.02a
0.03±0.00a

19.83±0.03a
14.32±0.01b

TMA
(mg N/100 g)
17.63±0.02a
13.04±0.03b

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (α = 5%).
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Table 6. Peroxide value (mEqO2/ kg), Thiobarbituric acid (mg maloaldehyde/ kg), Total
volatile base (TVB-N, mg N/100 g) nitrogen content and Trimethylamine (TMA, mg N/100
g) in dry-salted T. pectoralis by vaccum during 12 months of preservation
Storage
(months)
3
6
9
12

Peroxide value
Thiobarbituric acid
TVB-N
(mEqO2/ kg) (mg maloaldehyde/ kg) (mg N/100 g)
0.01±0.03b
0.03±0.01ab
0.09±0.03ab
0.14±0.02a

0.03±0.00b
0.07±0.03ab
0.11±0.00ab
0.16±0.01a

14.32±0.01b
14.94±0.02ab
15.08±0.01ab
15.21±0.00a

TMA
(mg N/100 g)
13.04±0.03b
13.49±0.00ab
14.83±0.03ab
14.91±0.02a

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (α = 5%).

CONCLUSION
The snakeskin gourami has a high commercial meat
yield and favouritely consumed as dried fish in Vietnam.
Commercial farming of snakeskin gourami has been
developed rapidly in recent years. Fat rancidity is
responsible development of off-flavors, and the loss of
fat-soluble vitamins and pigments especially in drysalted snakeskin gourami fish. The reduction of oxygen
to a low concentration can decrease oxidation. Our
research demonstrated that fat oxidation and proteolytic
decomposition create major changes in snakeskin
gourami (Trichopodus pectoralis) quality. Carrageenan
as edible coating will be an ideal approach to preserve
dry-salted fish because it creates a good barrier against
enzymatic decomposition, spoilage microbial as well as
auto oxidation. The coating attributes prolong stability
against physicochemical changes such as color, texture,
and moisture. Our research successfully proved that
1.25% w/w carrageenan coating and 4oC in vaccum
packaging was adequate for the dry-salted snakeskin
gouramis for 12 months of preservation. Carrgeenan as
edible coating should be verified on other valuable drysalted fishes to improve their commercial value during
distribution.
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ABSTRACT

Seashores are vital areas for countries in various areas and are centers of attraction for tourists and residents to
spend the times of tranquility and entertainment. The present study is aimed to ensure the presence of microbial
pollution in the Gulf of Aqaba waters adjacent to the city of Haql, Saudi Arabia. The study was carried out during
the period between February and May 2018. Four sites were sampled from the study area. Elements were found in
the seawater of the Aqaba Gulf of the Red Sea such as Ammonia, Nitrate, Sulfate, and Chloride. Moreover, total
dissolved solids were 38100, pH 8.62 and turbidity 0.25. The Biochemical oxygen demand was found to be 28
mg/L. Moreover, chemical oxygen demand (Dichromate) was 3040 mg/L. The Total Kjeldahl Nitrogen was <1.00
mg/L. Bacteria, fungi, and coliform were present in all the collected samples from the four sites. Escherichia coli
was found to be 2 CFU/mL. This study demonstrates that there was microbial pollution in the seawater showing
E. coli isolated from all the samples. .

KEY WORDS: E.COLI, GULF OF AQABA, NITRATE, POLLUTION, SEAWATER.
INTRODUCTION
Seashores are exposed to various anthropogenic activities
such as tourist visits, surfing, fishing, industries, etc.
which adversely affect the quality of coastal waters.
Beaches are contaminated by many pollutants, which
creates two main types of pollutions, the first type is
natural pollution, and appears in the change of water
temperature, or increase its salinity, or the increase
of suspended substances. The second type is chemical
pollution, caused by wastewater, oil spill, agricultural
residues including pesticides and fertilizers. The Red Sea
Article Information:*Corresponding Author: m.alsolami@ut.edu.sa
Received 10/01/2020 Accepted after revision 20/03/2020
Published: 30th March 2020 Pp- 01-05
This is an open access article under Creative Commons License,
Published by Society for Science & Nature, Bhopal India. Available at:
https://bbrc.in/
Article DOI: http://dx.doi.org/10.21786/bbrc/13.1/5

has two large gulfs, and the Aqaba Gulf (24 km wide, 800
to 1800 m deep) is one of them, located to the east of the
Sinai Peninsula and west of the Saudi Arabia (Suggett
et al., 2009). Oligotrophic oceanic waters of the Gulf is
recognized as a deep winter mixing and intense summer
stratification; consequently, these waters experience
strong seasonal changes of the predominant limiting
factor for microbial growth (Mackey et al., 2007; 2009;
Overmans and Agusti, 2019).
The main elements for nutrients in the Gulf are changed
in the winter to the nitrogen: phosphorus ratio (N:P) close
to the ‘Redfield ratio’ (N:P = 16) (Hase et al., 2006; Asmala
et al., 2017). These conditions will affect eukaryotic algae
to be dominated but growth is limited by light availability
with deep mixing (Al-Najjar et al., 2007).Microbial
contamination of water means the presence of organisms
visible or invisible to the naked eye, whether plant or
animal in the aquatic environment. Water pollution is
often caused by certain pathogenic microorganisms,
such as bacteria, viruses, parasites, algae, and protozoa,

30

AlSolami
or by aquatic plants and animals. Contaminants from
pathogens are often caused by the mixing of human
and animal waste with water, either by direct discharge
into water bodies, or indirectly by mixing with sewage.
The presence of this type of pollution leads to many
diseases. Therefore, this water should not be used for
washing or drinking, unless it has been treated with
various sterilizers, such as chlorine, ozone, mechanical
filtering, and other treatment systems. However,
northeastern portion of the Gulf of Aqaba contains
high concentrations of metal pollutants discharged
into the water of the Gulf from permanent sources of
pollution (Abu-Hilal and Badran, 1990). Abu-Hilal and
Badran (1990) also reported that the most polluted sites
in a port area and near sewage outlets, the surface and
vertical distributions of trace elements are similar to the
distributions of organic carbon, total phosphate-phorous
and fluoride which were derived over the past three
decades from local release from deposited phosphate
rock particles, raw sewage, old barges, boat and ship
activities in addition to the recent industrial discharges
in the southern section of the study area (Abu-Hilal and
Badran, 1990; Crosby, 2017).

Rodger et al. (2017) using cadmium reduction method.
Fluoride was estimated by SPADNS method adapted
from standard methods for the examination of water
and wastewater (APHA, 1998). Total phosphorus (P) and
total chlorine residual, sodium, chloride, and iron (Fe)
were analyzed using standard methods as described in
method 8048-Hach, 8167-Hach, P05-012A, 8225-Hach,
and 8008-Hach, respectively (APHA, 1995). These tests
were carried out in Kingdom laboratories (Jeddah,
Saudi Arabia).
Hydrographical analysis: Hydrographical parameters
including water temperature (oC), salinity (S%), and pH
were measured at each sites using CTD (YSI-6000).
Figure 1: The study sites in Haql city on the Gulf of
Aqaba

Many pathogenic microbes have been documented in
the seawater, which are often associated with water
contamination of sewage products, the most important
of which are Salmonella typhi, Salmonella typhimurium,
and Escherichia coli, which are responsible for many
human poisonings (EPA, 2011). There are also many
animal protozoans and some viruses. Several bodies
are interested in such tests that determine the validity
or pollution of water, including the World Health
Organization (WHO), the International Organization
for Standardization and Metrology (ISO) and the Saudi
Arabian Gulf Standards Organization (SASO). Other
researches in Agaba Gulf reported different types
of microorganisms such as Escherichia coli, fecal
streptococci, and staphylococcus aureus (Evans 1977;
Yoshpe-Purer and Golderman, 1987, EL-Shenawy, 2005).
The present study was carried out to ensure the presence
of microbial pollution and to test the quality of thw
water of the Gulf of Aqaba adjacent to the city of Haql,
Saudi Arabia.
Table 1. Elemental analysis in the water of the Gulf of
Aqaba, Haql, Saudi Arabia

MATERIALS AND METHODS
Sample collection: The study was carried out during the
period between February and May 2018 in the northern
Gulf of Aqaba from the Saudi Arabian site in the City
of Haql. During the cruise, 8 sites were visited, but we
sampled only 4 sites of a transect across the Gulf of
Aqaba (Fig. 1). Each site was visited at least twice. Water
was collected with 1 L polyethylene (PE) flasks for further
measurements.
Seawater analysis: The water samples were used for the
analyses of various quality attributes. Total Kjeldahl
nitrogen (TKN) was estimated by colorimetric method
(EPA, 1978). Ammonia (NH3) was determined using
Nessler method as described by Koch and McMeekin
(1924), and nitrate (NO3¯) was estimated according to
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Elements
Ammonia Total as –N
NO3¯
Sulfate
Fluoride
Total phosphorus
Chlorine residual total
Sodium
Chloride
Iron

Method

Result (mg/L)

8038 -Hach
8039 -Hach
8051 -Hach
8029 -Hach
8048 -Hach
8167 -Hach
P05-012A
8225 -Hach
8008 -Hach

11.24
2.4
2175
1.78
0.06
0.03
15000
22400
0.05

Each value in mean of four replicates.
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Microbial analysis: Samples for enumerating bacteria
were fixed with 2% formalin. Enumeration was done by
epifluorescence microscopy according to Porter and Feig
(1980). Within 2 h of sampling, 2 to 5 ml were stained
with DAPI (4,6-diamidinophenylindole) for 3 to 5 min,
filtered through 0.2 µm black Nuclepore filters, and stored
frozen at –20 °C until enumeration in the laboratory 6
mo later. Bacterial numbers were determined at 1000×
magnification with an epifluores.

seawater of the Aqaba Gulf of the Red sea at the Saudi
Arabian side. The elements found in the seawater were
in the average showing NH3 as total as N 11.24 mg/L,
NO3¯ 2.4 mg/L, sulfate 2175 mg/L, fluoride mg/L, total
Phosphorus 0.06 mg/L, chlorine residual total 0.03 mg/L,
sodium 15000 mg/L, Chloride 22400 mg/L, and Iron 0.05
mg/L. Sawatrai (et al., 1996) found similar results when
they determined the multielement of trace elements in
coastal seawater by ICPMS and ICP-AES after aluminum
coprecipitation associated with magnesium.

Table 2: Total dissolved solids, pH and turbidity in the
water of the Gulf of Aqaba, Haql, Saudi Arabia

In this study, the total dissolved solids were found in the
range of 38100 mg/L and the pH was 8.62. Moreover, the
turbidity of the water sample was 0.25 NTU. Furthermore.
the biochemical oxygen demand was found to be 28
mg/L, chemical oxygen demand was 3040 mg/L and the
total Kjeldahl nitrogen was <1.00 mg/L. These results
were different from what Batayneh et al. (2014) found
in the Aqaba Gulf of the Red sea on the Saudi Arabia
when they tested the pH and found it 7.02 to 7.82. This
difference could be to the place of the sample taken and
the time because the Batayneh et al. (2014) collected the
samples in 2014 and our samples were taken in 2018.
Moreover, our samples were taken close to the cost and
this could be another reason.

Parameters
Total dissolved
solids (mg/L)
pH
Turbidity (NTU)

Method

Result

Conductivity meter

38100

pH meter
Nephelometer

8.62
0.25

Each value in mean of four replicates
Table 3. Biochemical oxygen demand, chemical oxygen
demand, total Kjeldahl nitrogen in the water of the Gulf
of Aqaba, Haql, Saudi Arabia
Parameters
Method
		

Result
(mg/L)

Biochemical Oxygen Demand
Chemical Oxygen Demand
Total Kejldahl Nitrogen

28
3040
<1.00

10099-Hach
Dichromate
EPA- 351.3

Each value in mean of four replicates.

Microbial populations
Total bacteria count
Total coliform
Escherichia coli
Fungi

Result (CFU/mL)
1000
100
2
3000

Each value in mean of four replicates.

RESULTS AND DISCUSSION
The data from table show that NH3 as N, and NO3¯ were
11.24 mg/L, and 2.4 mg/L, respectively. The concentration
of sulfate, fluoride and total P were 2175 mg/L, 1.78 mg/L,
0.06 mg/L, respectively. Whereas, Chlorine Residual total
was wa0.03 mg/L, Sodium was 15000 mg/L, Chloride
was 22400 mg/L, and Iron 0.05 mg/L. For total dissolved
solids in seawater which was found to be 38100 mg/L
(Table 2). In the four samples taken. The p7H found the
results as 8.62. The turbidity of water in the sample
areas was 0.25 NTU. The Biochemical oxygen demand
was found to be 28 mg/L (Table 3). Moreover, chemical
oxygen demand (Dichromate) was 3040 mg/L. The total
Kjeldahl nitrogen was <1.00 mg/L. The microbiology
test was found that bacteria were present in all samples
(Table 3). The bacteria count were 1000 CFU/mL and total
Coliform were 100 CFU/mL.
The Escherichia coli were found to be 2 CFU/mL.
Moreover, fungi were in the range of 3000 CFU/mL
(Table 4). This is the first study on the elemental analysis,
hydrographical analysis, and microbial analysis of the
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Table 4. Total bacteria count, Total coliform, E.coli and
fungi in the water of the Gulf of Aqaba, Haql, Saudi
Arabia

The microbiological test exhibited that bacteria were
present in all samples (Table 4). The bacteria count were
1000 CFU/mL and total coliform were 100 CFU/mL. The E.
coli were found to be 2 CFU/mL in all samples. Moreover,
fungi were found in the range of 3000 CFU/mL. Several
researchers found that seawater contains bacteria
and fungi and coliform and other microorganisms
(Samarasekera and Abeygunawardena, 2017; Park et
al., 2003; Roslan et al., 2016; Chernikova et al., 2018;
Yoon and Ryu, 2019). In Aqaba Gulf, bacteria and other
microorganisms were isolated from different areas other
than Saudi Arabian side (Grossart and Simon, 2002;
El-Shenawy 2005; Suggett et al., 2009; Hussien et al.,
2019). This study is the first study to report that E. coli
and other bacteria and fungi and coliform were isolated
from the Aqaba Gulf on the Saudi Arabian side. The
occurrence of E. coli might be due to the contamination
of sewage coming to the sea. Moreover, sewage could
change the pH and this will stimulate growth of E. coli.
Therefore, it can be concluded that there was microbial
pollution in the seawater on the Aqaba Gulf of the Red
Sea at the Saudi Arabia side.
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ABSTRACT

As the revolution in technologies and industries continues in the modern world, there is a diverse process of
evolution in electromagnetic field (EMF) induced by appliances that include laptops, mobiles, cellular base station,
etc. The electromagnetic field has more negative effects on the living things, but can also be used in regenerating
the nerve. Radiation is reported to influence isolated nerve preparations, the central nervous system, chemistry
and histology of the brain, and the blood-brain barrier. Peripheral nerve injury occurs due to nerve crushing and
are the most common lesions within the nerve injury. The low frequency non-ionizing EMFs vibrates are able to
modify the tissues structures of the nerves due to their thermal effects. The effects of pulsating EMFs on nerves has
been a subject of research in humans and animal by studying their behavior and nerve electrical properties. This
review gives a brief introduction to types of EMFs and addressess the biologic consequences of electromagnetic
field on the nervous system with special focusing on the peripheral nerves. In this review recovery characteristics
of soft electromagnetism currents in nerve injury and regeneration of nerve, the therapeutic process associated
with it has been discussed.
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nerve; Nerve regeneration.
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INTRODUCTION
Electromagnetic field (EMF) consists of oscillating electric
and magnetic field perpendicular to each other and
perpendicular to direction of propagation. The energy of
the electromagnetic waves are quantized by quanta called
Photons. The electromagnetic spectrum consist of various
regions frequency of photons ranging from 101 Hz to
1024 Hz. The region of frequency 4x1014 to 7.5x1014
Hz is called visible regions and others are invisible,
Fig1. Visible and invisible EMF exist everywhere in
our surroundings in the environment due to manmade
and natural sources. High frequency EMF consist of
photons of high energy, they ionize the materials that
they pass through. Low frequency EMF are non-ionizing
emanates from many man-made electrical and industrial
devices. Furthermore, based on frequencies these EMF are
classified as extremely low-frequency electromagnetic
fields (ELEMF) frequency ranging from 1 to 300 Hz,
intermediate frequency EMF from 300 Hz to 100 kHz,
commonly called as Low-frequency EMF.
Further the high frequency but non-ionizing EMF can
be classified as Radio frequency EMF frequency ranging
100 kHz- 300 MHz, Micro waves 300 MHz -30 GHz,
millimeter waves 30 GHZ -300 GHz, and Terahertz waves
frequency ranging from 300 GHz to 10 or 30 THz. EM
radiations from different regions of EM spectrum leaves
different effect of absorbing materials. When atoms
or molecules absorb the electromagnetic energy from
terahertz regions, then they are transferred to higher
energy levels. The electrons are promoted to higher
orbital by visible or ultra violet radiations, vibrations are
excited by infrared radiation and rotations are excited
by microwaves. The atomic absorption spectroscopy
measures the concentration of an element in a sample;
whereas atomic emission spectroscopy measures the
concentration of elements in samples (Ahmad, 2010;
Ahmad 2014, Ju 2015; Terzi 2016, Ross 2019, Lin
2020).
General public is mainly exposed to the low frequency
EMFs in microwave regions from 300 MHz-3 GHz due

to indoor electrified appliances particularly microwave
oven, TVs, smart phones, computers, science games,
induction cooking heats vessels, and fluorescent tubes,
etc. The magnetizing vibrates releases frequency from
the mentioned instruments ranges from Low to very
high frequency domains. Electromagnetic vibrates is
an extra area of energy created by electrical devices.
Several research groups are giving attention to the
possible effects of the EMFs with biological relationships,
particularly in the light of recent study proposing that
EMFs may contribute to degenerative nerve illness.
Several searches have shown the EMF influences on
human health but still there is no clear cut evidence to
relationship effects caused by EMF exposure. EMFs have
improved in human daily life and this are useful even
in medical field for diagnostic and treatment purposed.
The harmful effects of EMF exposure are most commonly
skin problems including ruddiness, tickling and burning
feel as well as nervous breakdown indications in a mode
of fatigue, concentricity lose, whirling sensation, and
motion troubles. Large number of experiments done
on the EMF impacts on nerve system and associated
sensory apparatus. It is reported that EMF can lead to
chemical, morphological, and electrical changes in the
nerve system (WHO, 2002; Terzi, 2016; Peter Lyttkens
2018 Lin 2020).
The biotic effects of contact with Low frequency EMF
(LEMF) results from such devices rely on the distance
of the servant from them. Prolong exposure of LEMF
by electronic gadgets such as micro wave devices and
outdoor sources power bases, high-voltage overhead
and underground power lines used for the electricity
traffic cause Electro-hypersensitivity (EHS) called
microwave syndrome. Some of the symptoms of EHS are
headache, fatigue, insomnia, tinnitus, photophobia, loss
of memory, sense of cognitive dysfunction, irritability,
pain at different sites and sometimes cardiovascular
abnormalities (Liakouris, 1998; Khurana, 2010; WHO,
2013; Jhonson, 2015; Carpenter, 2015;.Dekun Gao et
al 2018).
Biological Effects of Low Frequency EMF: When an Low

Figure 1. Electromagnetic spectrum; (Ahmad 2010)
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frequency electromagnetic radiation is applied to metal
it will be reflected, where as it get attenuated and fall off
exponentially in biological subjects. The effects of these
electromagnetic forces on the biological systems have
been primarily associated to thermal and non-thermal
attributes. An EMF in microwave region on biological
subject can considered as imposing time-varying forces
on charged ions, molecules, regions of bonds between
molecule having dipoles and monopoles in tissue by
virtue of its oscillating electric field.
Thermal Effects: All electromagnetic forces possibly
transformed into thermal performance during interactions
with materials; thus, all electromagnetic force has
thermal effects on living systems. The frequency of
electromagnetic pulsing have thermal consequences as it
affects the permeation into biological systems. At first, it
has been thought that low frequency EMFs did not have
sufficient power to make significant heating, and could
not lead to any potential alterations in the biological
complexes. Recently many studies have shown that
electromagnetic vibrates are able to modify living tissues
structures due to its thermal effects (Binhi, 2002; Gajšek,
2016). An endothelium of a large blood vessel or tissue
boundary of a mucous membrane of the stomach has
an electrically polarized cell membranes with a regular
coulomb structure, the orientation of the membrane
dipoles are completely randomly oriented in the absence
of EMF. But when an EMF is applied coherent microwave
beam producing a standing E-field wave, this radiation
wave pattern can diffract stirring charged particles into
highly organized patterns. When charges are rotated
a torque will acts on them in phase with the EMF, the
work done is converted in thermal energy (Nairz, 2001;
Williams, 2016; Ahmad, 2018).
Non-Thermal Effects: Non-thermal effects are not caused
by temperature changes but by some other changes in
the tissues as the magnetizing force is absorbed into
the body. The leading mechanisms of the interaction
between electromagnets and biological complexes at
non-thermal levels are still unclear (Binhi, 2002; Gajšek,
2016). Many studies have reported that both thermal and

Figure 2. Neuron Histology - Degeneration and
Regeneration of nerve (Grinsell, 2014)
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non-thermal effects of EMF can affect nervous system
and peripheral nerves.
EMF And Nervous System: The Peripheral nerve in human
body has been proved to be an ultimate electromagnetic
system. It works by releasing different chemicals and
producing heat that creates electromagnetic fields in the
body. Different exposure conditions can been used to
study the effect of EMF on biological and immune system.
Radiation that allowed to expose on the nerve includes
continuous-wave (CW) or pulsed-wave RF radiation of
different frequencies and with power densities having
different specific absorption rates (SARs) in biological
material. Researchers use continuous and/or intermittent
pulse exposures, some groups argue that the intermittent
exposures are more efficient in causing biological effects,
(Rannug, 1994) while, some other suggest peaked EMF
exposures. The comparison of homogeneous and gradient
static EMF exposures indicates that the gradient EMF is
more biologically effective (Hirose, 2003).
Some studies suggest that EMF and Radio Frequency
radiation will have no direct effect on DNA, some
conditions exert a biological effect reminiscent of
heat shock and/or stress. This effect is weak but much
dependent on the state of cell homeostasis prior to
radiation exposure. Studies suggest that the effects
of EMF exposures are mild in comparison to other
ionizing radiation, heat shock, nutrient deprivation,
etc. and unpredictable. The effects of electromagnetic
pulsing on nerves have been a subject for research
since alterations in animal behavior and nerve electrical
properties were first reported in the end of the nineteenth
century. Radiation is reported to influence isolated nerve
preparations, the central nervous system, chemistry
and histology of the brain, and the blood-brain barrier
(National Research Council (US), 1993). The transmission
of signals in biological systems occurs through complex
electrochemical events. The biological effects of EMF is
more pronounced in pathway of the plasma membrane,
through which the sinusoidal EMF signal induces
a voltage change. The signal exerts forces on free
ions which are present on either sides of the plasma
membrane leading it to travel across the cell surface
through trans membrane proteins.
These free ions often generate an intracellular vibration
which is responsible for the influx of extracellular Ca2+
ions and the binding affinity of calmodulin (CaM),
which is the basic pathway to the secondary messengers,
cAMP and cGMP, that have been found to influence
inflammatory pain (Christina, 2016). The nature of
the electrical communication in humans and animals
suggests a potential interactive target for influences
from external EMFs. Some research groups described the
thermal nature of MW energy absorption, some other
groups associate non-thermal or specific MW effects at
the molecular and cellular level. The description of the
effect of MW energy of 3 to 30 GHz in the centimeter
range on the conditional response activity of animals
was experimentally studied by Gordon et al. (Gordon,
1955; Martin 2016).
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In subsequent years, the study of non-thermal effects of
MWs gradually taken the main role in electrophysiological
studies by many researchers. It is reported that single
and repeated exposures of MW of power density 50
to 150 W/m2 to rats, led to weakening the excitation
process and decreased the functional mobility of cells
in the cerebral cortex of rats. Edematous changes due
to aqueous accumulations were found throughout the
cortex. The greatest number of altered cells was noted
with repeated exposures at 150 W/m2 (Yakovleva, 1968;
Novitskiy, 1971). Studies have made it is clear that the
amount of energy absorbed due to exposure of MW
depends on factors such as frequency and wavelength,
body shape and size, and orientation in the fields. On
the whole, the evidence for differential nervous system
or behavioral responses to continuous or pulsed-wave
MWs is fairly weak (Frey, 1975; Durney, 1986; Gandhi,
1990; Rocha 2015). Furthermore, some research groups
studied the comparison of pulsed and CW EMF in MW
region and can be found that exposure of MWs can cause
conditioned reflex activity and functional changes in the
activity of CNS which is reversible. In a study by some
other group, proliferative reaction of glial cells shows
that, even at high peak powers and wideband exposures
of MWs, no evidence was observed of differences
between CW and PW (Sherry, 1995).
EMF and Peripheral Nerves: Biological stimulation of
nerve by electromagnetic fields can greatly modify the
functions of nervous tissue. It accelerate the regenerative
capacity of the tissue. The Peripheral nervous scheme
consist of sensory neurons and motor, the neurons are
composed of cell bodies in the spinal cord and axons. The
axons are the sensory argons, grouped together in a set
of spatially sensory bundles called fascicles. A groups of
fascicles are enclosed within a peripheral nerve encircling
a connective tissue layer called epineurium. The internal
epineurium separates fascicles, while external epineurium
surrounds all the fascicles in the nerve. The epineurium is
sutured in nerve repair and nerve grafting and contributes
about half of the total cross sectional area of a peripheral
nerve. Exterior of this layer consists the mesoneurium,
providing the blood supply to the nerve. A fine but
fragile network of capillaries exists at the endoneurial
level which can be easily disrupted due to tension or
trauma at the nerve repair (Sunderland, 1948; Flores,
2000; Siemionow, 2009;). The Pulsed electromagnetic
field (PEMF) is widely used as a non-invasive procedure
and efficacious treatment for resuscitation of peripheral
nerve, it has been proved to be promoting extension
of neurites in vitro. Thus it can be taken into account
as a novel pretreatment modality for crush injury cases.
Numerous studies have been carried out by various
research groups on the electromagnetic effects on the
peripheral nerve mechanism and functionality. This
literature review is a brief outlines within the context of
certain published writings of correlated studies.
A study done by Nari Seo and et al. to assess the effects
of the Pulsed EMF on mesenchymal stem cells (MSC)
multiplication and on nerve resuscitation. Result of
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pre-therapy with Pulsed EMF showed an increase in
cell multiplication process along with increasing in
Glial fibrillary acidic protein expression. Additionally,
it was found to promote the release of growth factors
like NGE and BDNF were observed. In addition to this
Histological investigation showed an increase in total
of axon number and density, suggesting an axonal
regeneration (Seo, 2018). Boise et-al applied pulse EMF
stimulation on human bone marrow MSC cultured on
a substrate of nano-structured TiO2 to study the effect
of surface nano-topography with exposure of lowfrequency Pulse EMF on cells differentiation, with a
special focus on behavior of Ca2+ related cell metabolism.
It is reported that the osteogenic differentiation of hBMMSCs occurs in complex manner, it is not the simple
sum of each isolated effect. Surface nanostructure, OM
treatment and PEMF stimulation have been confirmed
to alter cellular calcium homoeostasis, the overall effect
of an integrated treatment is strongly non-summative
(Aubin, 2001; Bloise, 2018; Unal, 2018, Ross 2019).
A second study by Jensen and et al applied Bipolar
electromagnetic pulsing stimulation applied to the
brain (T-PEMF) therapy to improve function of fine
motor skills of Parkinson’s disease patient, reduced
muscle rigidity, lower muscle spasms and tingle, and
less tiredness through the time of T-PEMF therapy. They
reported improvement in fine motor skills functioning,
and acknowledged T-PEMF therapeutic as a potential
long-term therapy (Jensen, 2018). The study of pulse
EMF on microcirculation and angiogenesis by Pan Y
et-al using a model of acute hind limb ischemia in
diabetic rats showed that the pulse EMF has increased
the acute hind limb ischemia-related perfusion and
angiogenesis, which is associated with up-regulating
FGF-2 expression and activating the ERK1/2 pathway
in diabetic rats. It concluded the pulse EMF might be
important for the treatment of diabetic patients with
ischemic injury (Pan, 2013; Ross 2019). Wei-Hong Hei.,
et al. (Hei, 2016) conducted a study on immortalized
schwann cells derived from rat to assess the effects of
exposure frequency of pulse EMF on neuro regeneration.
The study concluded that the irradiation of 50 Hz EMF in
pulse mode for 1 hour led to enhancement of peripheral
nerve resuscitation. This enhancement has attributed
to Schwann cell multiplication along with increase of
expression rate in S100 gene in neurotrophic factors level
(Hei, 2016). Studies demonstrated that the exposure of
pulse EMF has increased iSCs mRNA expression of S100
and brain-derived neurotrophic factor (BDNF).
Further studies showed that pulse EMF exposure
improved BDNF expression in vivo both in dorsal root
gangion (DRG) and nerve segment. EMF increased in
vitro and in vivo angiogenesis via endothelial release
of FGF-2. It is reported that the Pulsed EMF enhances
BDNF expression through L-type voltage-gated Ca2+
channel-and Erk-dependent signal pathways in rats
dorsal root ganglion neurons (Kim, 2014; Tepper, 2004;
Li, 2014). Furthermore investigation carried out by
Kolosova to evaluate the recovery characteristics of soft
electromagnetism currents in nerve injury by using the
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popular model rat sciatic nerve. These study have shown
that electromagnetism currents had an impetus effects
on recovery performance of operated rats (Kolosova,
1996; Lin, 2020).
In contrast, Michael Kelleher and his group carried
a study on adult sheep to illustrate the impacts of
introducing stable magnetized domain on sensory nerves
medicament after nerve injury to these nerves and repair.
The study concluded introduction to fixed magnetized
domains make no improvement move of peripheral
nerves (Kelleher, (2006; Grinsell 2014). Behavioral studies
on EMFs reported no significant effects on cochlear and
brainstem auditory operation, these study revealed cross
result on involuntary and elicit brain electrical action.
The conflicting conclusion could be false positive for
different evaluations and thus appropriate study design
and data analysis considering various comparisons and
effect size are needed to minimize controversy in this
important area of research (Kwon, 2011; Joan 2019).
A research conducted to determine the thermal marks
concerning electromagnetic radiation emitted from
mobiles of the seventh Cranial Nerve (CN VII) and
surrounding soft-tissue. The study concluded that The

electromagnetic radiation arising out of mobiles could
be a matter for unstable disorders of Cranial Nerve VII
through heat erratic increasing on the framing softtissue of the CN VII (Acar,2009). Results of recent studies
have been achieved to identify the preliminary effects
of the Electromagnetic Fields on Peripheral Nerve and
its functions, previous studies have yielded inconsistent
findings. Most of the previous research have shown
that EM pulsing has the potential to be recommended as
an appropriate and effectual therapeutic for peripheral
nerve cure in clinical applications. Some studies did not
show any recovery pattern for electromagnetic pulsing
in peripheral nerve injure. Furthermore, it is essential
rating lowest frequencies of magnetized fields proved to
be efficient for injured nerve recovery. Moreover studies
should consist of morphological and Ultra structural
properties by the molecular techniques to determine
the exact effects (Lei, 2013; Terzi, 2016).
Regeneration of nerve: Non-ionizing EMF are being used
for regeneration of nerves. Some studies have used the
crushed sciatic nerve in rat are used as model to study the
functional, biochemical and morphological properties.
An improvement in the regeneration was observed after
exposure of LFMF sinusoidal waves of magnetic flux

Figure 3. Mechanism of action for the intellectual effect of long exposure period to EMF in
standard and AD Tg mice (Arendash 2012)
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densities of about 0.5 mT (Rusovan,1991; Rusovan, 1992;
Bervar, 2005). A rotating magnetic field using Helm-holtz
coils has been used to delivered variable magnetic flux
densities on the animals, depending on the position of
exposure coils. Various flux densities, all at frequency
40 Hz, have been used in the study, and the highest
interval (150–300 µT) showed the largest improvement
to regeneration compared to control condition. An
Improved regeneration of the muscle and nerve in mice
due to crush injury of the upper part of thigh (Pulse
EMF about 50 Hz) has been reported. A positive effects
on hemi-sectioned spinal cord in rats due to sinusoidal
50 Hz wave of magnetic flux 17.96 µT have also been
observed (Suszyński, 2014; Das, 2012; Stölting, 2016).
Survey of literature reveals studies considering the effect
of Pulse EMF on spinal cord regeneration was covering
both in vivo as well as in vitro studies. It observed that
the regenerative effect depends on the signal that have
used initially reduce inflammation, then regeneration
proceed. These positive effects are reported with Pulse
EMF at frequencies under 100 Hz and flux densities below
5 mT (Ross, 2017).
Literature reveals the Pulse EMF promote peripheral
nerve regeneration to an degree comparable to that
with hormones, conditioning lesions, and growth
factors. Exposure of pulsed EMF prior to treatment
on crush injury has resulted in acceleration of axonal
regrowth, and was in consistent with a spur of
regenerative neurite outgrowth increased outcomes like
walking behavior, promotes neutrite growth invitro
(Greenebaum, 2007; Baptisa, 2008; Walker 1994). But
in some studies it has been observed that prolonged
Pulse EMF treatment resulted to delayed histological
peripheral nerve regeneration and increased oxidative
stress but no loss of function recovery (Baptisa, 2009;
Zang, 2019). These contradictory results could be due to
procedural differences. A study by Minoo Shadel et-al
reveals the exposure of pulse EMF on the whole body
of wistar rats could speed up functional recovery after
nerve allografting in sciatic nerve (De Lahunta, 2009;
Minoo, 2017; Alvites, 2018). This may have clinical
implications for the surgical management of patients
after nerve transection. In this study rats were divided
in to normal, allograft, and PEMF treated group. In the
allograft group the left sciatic nerve was exposed through
a gluteal muscle, while for PEMF group the whole body
was exposed to pulse EMF of 0.3 mT and frequency of
2Hz for 4h/day within 1-5 days (Khan, 2014; Faroni,
2015; Lin, 2020).

CONCLUSIONS & RECOMMENDATIONS
EM waves exists anywhere in the environment around
us. Due to the use of household appliances and outdoor
electromagnet paths and towers that induce non-ionizing
pulsating electromagnetic field has increased markedly
all over the world. The electromagnetic field has more
negative effects on the living things, but can also be
used in regenerating the nerve. Peripheral nerve injury
occurs due to nerve crushing and are the most common
lesions within the nerve injury. It could represent the limit

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

between the lesions inclined to spontaneous regeneration
and those that require essential surgical intervention for
regeneration to occur. Peripheral nerve crush lesions
generally occur linked with compressive forces and
fractures and could affect the neighboring tissues, leading
to a difficult conditions. The important factor for nerve
regeneration in is the concern of exuberant inflammatory
reactions, the adhesions of the nerve with surrounding
tissues, occurrences of axonal misdirecting and failures
in demyelization. Pulsed EMF and used in regeneration
of nerve. There are some positive sides of these pulses.
Studies shows that the pulsed EMF have successfully used
in authentic clinical scopes to improve the regeneration
performances and to supply sustainable health conditions
of peripheral nerves.
Many of the preceding research have shown that EM
pulsing has the potential to be recommended as an
appropriate and effectual therapeutic for peripheral
nerve cure in clinical applications. On the contrary,
some studies did not display any recovery pattern for
electromagnetic pulsing in peripheral nerve injure.
Thus, a proper investigation design and appropriate
data interpretation are Key factors that determine the
exact effects of these therapy approach. Furthermore,
it is essential rating lowest frequencies of magnetized
fields efficient for injured nerve recovery. Moreover
studies should consist of morphological and Ultra
structural properties by the molecular techniques to
determine the exact effects. All previous data suggest
further research are highly required to judge the role and
function of pulse and continuous EMF in therapeutics
in clinical scopes. Clinical application of Low frequency
Electromagnetic fields are emerging multidisciplinary
field. Tissue engineering is the process of developing
methods that associated with nerve regeneration by
applications of EMFs. The peripheral nerve regeneration
involves basic Science research inorder to address the
issues such as nerve growth factor of selected nerve,
release kinetics related to regeneration etc.
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ABSTRACT

The aim was to investigate the surface roughness of de-bonded ceramic surfaces with residual resin when treated
with different resin removal treatment protocols. Sixty disc specimens of 5mm diameter and 3mm height of
Lithium disilicate ceramic (IPS Emax Press) were fabricated. All specimens were treated with Hydrofluoric (HF)
acid (9.5%) for 30 secs. Except 10 specimens as controls, all received silane treatment and a resin cement build-up
(3mm x 2mm). All build-ups were sheared with universal testing machine and residual resin was removed using 5
protocols. Group 1: No treatment; Group 2: Bur treatment; Group 3: Heat treatment at 650° C (1min); Group 4: Heat
treatment at 750° C (7 min); Group 5: Sandblasting (Al2O3) (2 min). The surface roughness (Ra) of all specimens was
assessed using a non-contact laser surface profilometer. Data was assessed using ANOVA and multiple comparisons
test. The highest roughness value was observed in the ceramic specimens exposed to sandblasting (Gp 5), which
was 9.027 (1.362) μm. However the lowest Ra was observed for Gp 1 specimens [5.092 (0847) μm]. Overall, the
difference among the study groups for surface roughness values was statistically significant (p<0.05). Presence of
residual resin on de-bonded ceramic surfaces, compromises the surface roughness. Removal of residual resin with
heat treatment at 650° C (1min) and sandblasting significantly improved and restored the surface roughness of
de-bonded ceramics in comparison to Hydrofluoric acid etched ceramic surface.
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INTRODUCTION
Adhesive dentistry is the mainstay for esthetic restorations
in oral rehabilitations. Resin and ceramic based materials
are frequently employed for replacement of lost or
damaged tooth structure and esthetic rejuvenations (Patil
& Shetty, 2009). Esthetic ceramics are used in the form of
veneers or crowns, however require surface conditioning
of both the tooth and ceramic for predictable adhesive
bonding (Farias et al., 2019). Mechanisms used to secure
ceramics to tooth structure include, mechanical retention
with ceramic surface treatments for improved surface
energy and micro-rough surface (Saker et al., 2019).
In addition, application of a chemical silane bifunctional
molecule, connecting silica to hydroxyl ions in resin,
increasing surface energy of ceramic allowing for
penetration of luting agents (Murillo-Gómez et al., 2019).
Ceramic surface etching with Hydrofluoric acid (HF acid)
with varying concentration and duration is standard
treatment for developing mechanically retentive surface.
It is suggested that increasing the duration of HF acid
application improves the surface pores, roughness and
wettability (Zogheib et al., 2011).
Resin cemented ceramic veneers are employed to improve
tooth shade, shape, size and form. However debonding
of intact veneers followed by re-bonding is a frequent
phenomenon due to inadequacies in clinical procedure
(Granell Ruíz et al., 2014). Re-bonding is a challenging
procedure, as it requires complete removal of luting
resin from the ceramic surface without damage (Blatz et
al., 2003). It is considered critical to expose the ceramic
after removing the luting resin from the surface pores
to re-create the desired surface topography of ceramics
as displayed after acid etching (Magne et al., 2006;
Martins et al., 2012). It is reported that contamination of
etched ceramic surface results in compromised ceramic
resin bond (Magne et al., 2006; Martins et al., 2012).
Contaminants of the etched ceramic surface reduce
surface pore size and numbers, potentially altering
the surface topography. Therefore a compromised
surface microstructure of the ceramic will jeopardize
micromechanical retentive properties of ceramic,
reducing the potential for ceramic bonding to tooth.
Surface roughness of ceramics is critical in producing
an effective micromechanical bond. Increased surface
roughness improves micro and nano-scale pores
increasing surface area of the bondable ceramic (Ho
& Matinlinna, 2011). In addition, increased roughness
of ceramic surface further improves the wettability by
reducing the contact angle facilitating the penetration of
resin for ceramic bonding (Xiaoping et al., 2014; Colares
et al, 2013). In the study by Román-Rodríguez et al., HF
acid etched ceramics covered with resin were treated for
removal of resin (Román-Rodríguez et al., 2015).They
concluded that placement of ceramic in furnace at 650
°C for 1 minute pyrolized the resin and left a clean and
retentive surface for re-bonding (Román-Rodríguez et al.,
2015). However they did not assess the surface roughness
of the heated ceramic surface. In addition, the influence
of other treatments employed for the removal of resin
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from debonded ceramic surfaces including diamond bur,
sandblasting and ceramic glaze treatment still need to
be investigated. It is hypothesized that use of different
methods, including diamond bur, heat treatments in
furnace (650 °C and glaze treatment) and sandblasting
will significantly influence the surface roughness of debonded ceramic surface. Therefore the aim of the study
was to investigate the surface roughness of de-bonded
ceramic surfaces with residual resin when treated with
different resin removal treatment protocols.

MATERIAL AND METHODS
Sixty disc specimens of 5mm diameter and 3mm height
of Lithium disilicate ceramic (IPS Emax Press, Ivoclar
Vivadent, NY, USA), were fabricated using the Hot-Press
technique. Discs were initially prepared using inlay wax
(Inlay casting wax- Kerr-CA, USA) and a putty mold was
produced using it. The wax discs were invested using
investment material (IPS PressVest, Ivoclar Vivadent, NY,
USA). Ceramic ingots (IPS Emax Press, Ivoclar Vivadent,
NY, USA) of light translucency (LT) were hot pressed in
a Press furnace (Programat EP 5010) at 5 bar and 925
°C. The divested ceramic discs were sandblasted with
glass beads to remove the reaction layer and ultrasonic
cleaned in distilled water for 5 minutes. Ceramic discs
were polished with 600 grit silicon carbide paper on a
slow speed wheel with continuous water. All ceramic
specimens were treated with Hydrofluoric (HF) acid
(Porcelain Etchant, 9.5%, Bisco-IL.USA) for 30 secs,
followed by washing with water (20 sec) and ultrasonic
cleaning in distilled water for 5 min. 10 specimens were
kept as controls with no further treatment (positive
control) (Gp C). The remaining fifty specimens were
treated with silane (1 min) (Monobond Plus- Ivoclar
Vivadent. NY, USA). It was followed by a build-up of
dual cure resin cement (Nexus 3rd Gen- Kerr CA, USA)
(2mm diameter and 3mm height) on the ceramic surface
using a putty mold and a glass slide. Excess cement was
removed and resin cement was light cured (Bluephase,
Ivoclar, Vivadent) for 40 sec from top and 40 sec after
removal of mold.
All cement build-ups were sheared from the ceramic discs
using a chisel placed parallel to the interface between
the cement and ceramic. A controlled force was applied
using a universal testing machine (Instron-5965) until
fracture. The fifty specimens were further divided into
5 subgroups (n=10) based on the surface treatment for
removal of residual resin on the ceramic surface.
Gp 1: No removal of resin (negative control)
Gp 2: Diamond bur on slow speed handpiece to remove
the resin cement.
Gp3: Place ceramic in furnace for 1 min at 650 ° C.
Gp 4: Place ceramic in furnace and use glazing heat
treatment procedure to pylorize (6+1 min at 750 ° C)
Gp 5: Removal of resin ceramic with sandblasting for 2
minutes (Aluminum oxide).
After ceramic surface treatments, surface profilometry
was performed to assess the surface roughness (Ra) using
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a 3D non-contact optical surface profiler (Contour Gt-K1
optical profiler, Bruker Tucson, AZ, USA). The surface
profilometer produced scale independent outcomes
and produced sub-nanometer vertical resolutions. The
profiler used a strong Vision 64 interface for image
production and scanning. The specimens did not need
any preparation and prior to each measurement the
profilometer was calibrated. An average of upto nine
measurements were performed in parallel, oblique and
perpendicular planes. The value of Ra in μm, presents
an average of the surface traced by the profiler. The data
obtained was assessed for normality and compared for
roughness among the study groups using ANOVA and
Tukey Multiple comparisons test.

RESULTS AND DISCUSSION
All data obtained from profilometer assessments was
normally distributed. The surface roughness after HF
acid etching- control group (Gp C) was 7.683 (0.609)
μm. With resin coating of the etched ceramic surface
(Gp 1) the surface roughness reduced to 5.092 (0847)
μm. Four resin removal treatments were assessed in
the present study. The surface of ceramic specimens
placed in the furnaces i.e. group 3 and group 4, showed
roughness (Ra) values of 8.274 (0.652) μm and 7.381
(0.721) μm respectively. The observed roughness values
among ceramic specimens treated with diamond bur
(Gp 2) were 8.187 (1.539) μm. The highest roughness
value was observed in the ceramic specimens exposed
to sandblasting (Gp 5), which was 9.027 (1.362) μm
(Table 1). Overall, the difference among the study groups
for surface roughness values was statistically significant
(p<0.05) using ANOVA. Using multiple comparisons test,
study groups were statistically compared (Table 2).
The groups with HF acid treatment (Gp C-positive
control) [7.683 (0.609) μm] showed significantly higher
Ra compared to resin treated group [5.092 (0847) μm] (Gp
1- negative control) specimens (p<0.05) and significantly
lower Ra to sandblasted group specimens (Gp 5) [9.027
(1.362) μm] (p<0.05). Specimens with resin treated
ceramics without removal treatment (Group 1) showed
significantly lower surface roughness [5.092 (0847) μm]
compared to all groups (p<0.05). Ra among groups 2
[8.187 (1.539) μm], 3 [8.274 (0.652) μm] and 4 [7.381
(0.721) μm] specimens were statistically comparable
(p>0.05). Group 5 ceramic specimens (sandblasted) [9.027
(1.362) μm] exhibited significantly higher Ra values
compared to Group C [7.683 (0.609) μm] and Group
1 specimens [5.092 (0847) μm] (p<0.05) (Figure 1). In

addition, surface roughness of sandblasted specimens
[9.027 (1.362) μm] was also significantly higher than
group 4 specimens [7.381 (0.721) μm] (p<0.05) (Figure
2).
The present study was based on the hypothesis that
use of different methods, including diamond bur, heat
treatments in furnace (650 °C and glaze treatment) and
sandblasting will significantly influence the surface
roughness of de-bonded ceramic surface. In the present
study, specimens treated for resin removal using heat
treatment, sandblasting and burs, all showed a significant
change in ceramic surface roughness in comparison to
untreated specimens. Therefore the proposed hypothesis
was accepted. A myriad of explanations could support
the outcomes in the present study, including chemical
properties of resin, high speed impact of sandblasting
and and physical properties of resin and ceramics.
Surface roughness of Lithium disilicate (LD) ceramics
was assessed as they are widely used in dentistry for
oral rehabilitations. They are comprised of a silica glass
matrix and lithium oxide crystals, which act as flux. LD
ceramics show higher flexural and fracture resistance
to conventional glass ceramics, due to the randomly
arranged needle like crystals acting as crack stoppers
(Awad et al., 2019).
When ceramic veneers are debonded, to improve surface
finish, glaze procedure is often repeated; therefore heat
treatment of resin-covered ceramics was investigated
in the present study. In addition, diamond or carbide
burs on a slow speed handpiece are the most common
methods of resin removal for clinicians, chairside.
Moreover, sandblasting with aluminum oxide particles is
commonly employed in laboratories to remove material
remnants and improve surface roughness of metals and
ceramics (Barutcigil et al, 2019). “Ra” as a parameter of
surface profile is widely used in material and ceramic
research reports (Blunt et al, 2008). It is recommended
that Ra is measured over “a number of consecutive
sampling lengths”, and average values to be reported,
as observed in the present study (Leach , 2010). In the
present study, HF acid etched surface was considered the
standard (control), which showed higher Ra compared
to resin treated specimens. The resin cement tends to
occupy the surface pores produced by etching, covering
the etched surface resulting in low roughness outcomes.
Re-bonding of such surfaces does not allow penetration
of bonding agent into the micro-porosities, hence resin
covered surfaces were treated for resin removal.

Table 3. Mean and standard deviations of surface roughness (Ra) among study groups.
Study Group

Surface
Roughness (Ra)

Group C
Group 1
Group 2
Group 3 Group 4 Group 5
HF Acid
No Treatment Bur Treatment 650 °C
750° C
SB
(+ve control) (-ve control)		
(1 min) (7 min) (1 min)
7.683
5.092 (0.847)
(0.609)		
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8.187
(1.539)

8.274
(0.652)

7.381
(0.729)

9.027
(1.362)
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Table 2. p values among the study using Tukey HSD Post-hoc Test * Indicate statistical
significant difference among study groups
HF Acid
		

Group 1
Group 2
Group 3 Group 4 Group 5
No Treatment Bur Treatment 650 °C
750° C
SB

HF Acid
0
0.001*
0.6268
0.4518
0.9368
Group 1
No Treatment		
0
0.001*
0.001*
0.001*
Group 2
Bur Treatment			
0
0.999
0.134
Group 3				
0
0.0711
650 °C					
0
Group 4				
750° C
Group 5						
SB

0.001*
0.001*
0.105
0.1909
0.001*

0

Figure 1. Profilometry Micrograph For surface roughness
(Ra) of a group 1 specimen

Figure 2: Profilometry Micrograph For surface roughness
(Ra) of a group 5 specimen

The use of diamond bur (group 2) in the present study
resulted in a significantly higher Ra then group1
specimens (no resin removal). It has been revealed in
previous studies that diamond bur and disc treatments
improve adhesive resistance of ceramics (Guler et al.,
2005). Interestingly, the standard deviations of the bur
treatment were wide (1.539), reflecting the operator
dependency and error prone nature of this treatment
modality. We assessed the influence of heat treatments
at 650° C and 750° C in an attempt to remove resin and
expose the etched ceramic surface. It was shown that
both heat treatments exhibited significant removal of
resin and the Ra improved significantly from group 1. A
possible explanation for this finding lies in the boiling
point of resins, which is lower than the temperatures
applied by the furnace in glaze cycles.

lithium disilicate ceramics (Shenoy and Shenoy, 2010).
This results in loss of depth width and size of microporosities produced by acid etch (Shenoy and Shenoy,
2010).

In a study by Román-Rodríguez et al., (Román-Rodríguez
et al., 2015) it was concluded that placement of ceramic
veneer in the furnace at 650° C for 1 minute would burn
out the resin on ceramic surface. It is now revealed that
the ceramic surface roughness will be re-acquired as a
result of heat treatment procedure. In addition the Ra
for ceramics heated to 750° C (7 min) was lower (7.381)
compared to the Ra for ceramics heated at 650° C (1 min)
(8.274). This may be attributed to the melting effect of
high temperature heating for silica matrix within the
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It was observed in the present study that resin covered
ceramic surface when sandblasted, resulted in the highest
surface roughness among all groups. The application of
aluminum oxide particles at high speed creates impacts
resulting in removal of resin on ceramic surface. However
the increased surface roughness does not only represent
the resin removal but merely shows the topographical
effects of the high-speed particle impacts on the
ceramic surface. In addition, the sandblasted specimens
also showed a wide standard deviation for Ra (1.362),
indicating a resin removal method with less reliability
and possible untoward effects on ceramics (Zhang et
al., 2004).
Therefore although the surface roughness was
significantly improved by sandblasting a standard
protocol for its use in resin removal should be devised.
The outcomes indicate that the removal of resin
from ceramic surface using heat treatment at 650° C
(1 min) or sandblasting can result in a rough ceramic
surface similar to an etched ceramic surface. However a
possible limitation of the study is the lack of adhesive
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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bond strength assessment which would determine the
effect of the resin removal on the re-bond of ceramic
to resin cements. In addition, it is critical to identify
the remaining resin on the ceramic surface after resin
removal treatments. Therefore further studies assessing
the amount of residual resin and its influence on bond
strength after resin removal from de-bonded ceramic
surfaces are recommended.

CONCLUSION
Presence of residual resin on de-bonded ceramic
surfaces, compromises the surface roughness. Removal
of residual resin with heat treatment at 650° C (1min)
and sandblasting significantly improved and restored the
surface roughness of de-bonded ceramics in comparison
to Hydrofluoric acid etched ceramic surface.
Conflict of Interest: The author declare no conflict of
interest
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ABSTRACT

Lung cancer is uncontrolled cell growth in tissues of the lung. Most cancers that start in the lung, known as
primary lung cancer, are carcinomas. Glycyrrhiza glabra produced bioactive compounds were isolated through
GCMS. Thus in the present investigation, bioactive compounds from G. glabra, were screened and identified
through molecular docking. EGFR is important lung cancer progression, invasion and metastasis. So it is used as
one of the most potent pharmacological target for lung cancer. 3D structure of target protein EGFR retrieved from
Swiss-Prot database. Molecular docking studies revealed that bioactive compounds from G. glabra had very good
interactions with EGFR protein molecule. Out of 19 bioactive compounds top two 2,2'-dioxospirilloxanthinand
Pregn-5-en-20-one were identified as potential drug molecules against EGFR. These compounds had acceptable
binding energy values and could be used for further in-vitro validation. In conclusion, the present study explained
traditional phyto constituents from G.glabra could be further promoted as potential lead molecule against EGFR
to control ovarian cancer. More photochemistry and molecular studies required to reaffirm the work
.KEY

WORDS: Lung cancer, EGFR, Glycyrrhiza glabra, GCMS, molecular docking, Hex 8.0.

INTRODUCTION
Lung cancer is the most frequently diagnosed of all
cancers and occurred in 1.8 million people in worldwide
in 2012 and responsible for 1.8 million deaths (Ferlay
et al.,2012). There are two main types of lung cancers:
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small-cell lung cancer (SLCL) and Non-small-cell lung
cancer (NSCLC). The most common form of lung cancer
is NSCLC and first-line of treatment often involves
platinum-based combination chemotherapy (Zappa and
Mousa, 2016). Epidermal growth factor receptor (EGFR)
is a protein on the surface of cells. It normally helps the
cells grow and divide. Some NSCLC cells have many
EGFR, which regulates cell proliferation, apoptosis,
angiogenesis, and tumor invasion. Drugs called EGFR
inhibitors can block the signal from EGFR that helps
the cells to grow, (Herbstet al., 2008). Now a days many
drugs can be used alone without chemotherapy to treat
NSCLC such as Erlotinib (Tarceva), Afatinib (Gilotrif),
Gefitinib (Iressa), Osimertinib (Tagrisso) and Dacomitinib
(Vizimpro).However the most common side effects of all
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EGFR inhibitors were include skin problems, diarrhoea,
mouth sores and loss of appetite. Therefore, there is an
urgent need for development of new improved drugs
to avoid concern to the patients, hence researchers are
looking alternative medicines from the natural sources
using computer aided drug designing programmes
(Newman and Cragg, 2010; Hoelderet al., 2012).
Almost 60 percent of drugs approved for cancer treatment
are of natural origin. Glycyrrhiza glabra Linn is one of the
most widely used herbs from the ancient medical history
of Ayurveda, both as a medicine also as a flavouring
herb. This plant is also pharmacologically studied for
its anti-ulcerogenic,antioxidant, antimicrobial, and
anti-inflammatory properties,(Pastorinoet al., 2018).
Glycyrrhiza roots are useful for treating cough also
effective against anaemia, gout, sore throat, tonsillitis,
flatulence, sexual debility, hyperdypsia, fever, skin
diseases and swellings. G. glabra is considered as one of
the best remedies for relieving pain (Parvaizet al., 2014).
Thus in the present investigation, bioactive compounds
from G.glabra, were screened and were attempted to
identify the potential molecule which can act as EGFR
inhibitor using molecular docking methods.

MATERIALS AND METHODS
Collection of plant materials: Fresh roots of G. glabra
was collected from the Madurai, Tamil Nadu.The
taxonomic identity of the species was authenticated
by comparison with herbarium voucher specimens
deposited in the Herbarium Sri Paramakalyani Centre
for Environmental Sciences Manonmaniam Sundaranar
University Alwarkurichi-627412 Tamil Nadu. The leaves
and roots were washed under running tap-water, shadedried, powdered mechanically in a mixer grinder, sieved
and stored in an airtight container for plant extract
preparation.
Plant extract Preparation: The powdered plant materials
were subjected to successive solvent extractions as
follows. The powder was placed in a 1-L thimble of
a Soxhlet apparatus and extracted with petroleum
ether (40–60°) (Merck, Mumbai, India) for 72 hours in
four batches of 250 g each. Before each extraction, it
was dried at room temperature. All the extracts were
filtered and concentrated in a vacuum with rotary
flash evaporator (Büchi, Flawil, Switzerland). Leftover
solvent was completely removed in a water bath, and the
extracts were dried in a desiccator. The crude extracts
obtained from each solvent were labelled and weighed,
and the percentage yield was recorded. The crude
petroleum ether extract of Glycyrrhiza glabra was then
subjected to qualitative tests to determine the bioactive
constituents.

Thermo Trace GC Ultra coupled with Polaris Q MS and
TriPlus auto-sampler using a DB-5 (0.25 mm × 30 m ×
0.22 μm) column in which helium was used as carrier
gas. GC-MS analysis was performed as per mehtod
described by Ivanova et al., 2005.Shortly described here,
the temperature was set between 50°C to 250°C at a rate
of 10°C min-1. The initial temperature was held for 2
min and final temperature of 250°C was held for 10 min.
The GC flow rate was 1 ml min–1 and the total run time
was 32 min. MS was performed at scan mode between
0 – 600 m/z with an Ion trap EI+.
The instrument was set to an initial temperature of
110°C, and maintained at this temperature for 2 min.
At the end of this period, the oven temperature was
raised up to 280°C, at the rate of an increase of 5°C/min,
and maintained for 9 min. Injection port temperature
was ensured as 250°C and Helium flow rate as 1 ml/
min. The ionization voltage was 70 eV. The samples
were injected in split mode as 10:1. Mass Spectral scan
range was set at 45-450 (mhz). The chemical constituents
were identified by GC-MS.The fragmentation patterns
of mass spectra were compared with those stored in
the spectrometer database using National Institute of
Standards and Technology Mass Spectral database
(NIST-MS). The percentage of each component was
calculated from relative peak area of each component
in the chromatogram.
Molecular docking studies: EGFR enzyme plays a crucial
role in causing lung cancer. Thus, it is considered as
potential target protein and EGFR is retrieved from
UniProtKB/Swiss-Prot database (http://www.uniprot.
org/). A list of bioactive compounds was retrieved from
G. glabra using Chem spider database (http://www.
chemspider.com/) and further these compounds were
considered as ligands. Two dimensional structures of
these ligands were converted into 3D structure using
swiss pdb viewer (http:// www.spdbv.vital-it.ch/). The
Protein-ligand interaction plays an important role in
structural based drug designing. In this study molecular
docking analysis between target protein (EGFR) and
ligand molecules from G.glabra was carried out by Hex8.0
Figure 1a. 2D Structure of 2,2'-dioxospirilloxanth in

Figure 1b. 2D Structure of Pregn-5-en-20-one

Isolation and characterization of bioactive compounds:
The powdered sample were soaked and dissolved in
methanol for 24 h. Then the filtrates were collected by
evaporated under liquid nitrogen. The samples were
injected in split mode as 10:1. Mass Spectral scan range
was set at 45-450 (mhz).GC-MS analysis was done on a
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docking program (http://www.hex.loria.fr/dist50/). It was
performed by adjusting appropriate parameters such as
twist range-360, receptor range-180,ligand range-180,
FFT mode-3D fast lite, grid dimension-0.6 and distance
range-40. The obtained scores of binding energy was
tabulated and analysed.

RESULTS AND DISCUSSION
In herbal medicine literature, G. glabra plays an important
part in Ayurveda and Siddha arrangement of drug acting
Figure 2. 3-D structure of EGFR kinase

Figure 3. 3-D structure of EGFR kinase showing ligand
binding sites (shown indifferent colours)

as ulcer protective, demulcent, expectorant, anti-tussive
and purgative the utilized for therapeutic purposes and
it is additionally pre-clinically and clinically the most
focused one (Amarowiczet al., 2004; Chin et al., 2007).
Thus, in the present investigation we attempted to
analyze the bioactive compounds of G.glabra compare
drug interaction properties with EGFR, which is potent
lung cancer causing receptor. In this study, alcoholic
extracts of G. glabra were analyzed and isolated 11 new
phenolic compounds, glycybridins A–K (1–11), along
with 47 known compounds.The chemical structures of
extracted compounds were elucidated on the basis of
extensive NMR and MS analyses as well as experimental
and computed ECD data.
Bioactive compounds of G.glabra: In the present study
we isolated 19 bioactive compunds were follows, 2,4,6Decatrienoic acid, Bulleyanin, 2,2'-dioxospirilloxanthin
(Fig.`a), Dihydroagathic acid, Bruceantine, Hydrate,
Diacétate de (3α,5ξ,9ξ,18β)-lup-20(29)-ène-3,28-diyle,
acetic acid, cyclopenta[a]phenanthren-3-yl (2Z)-2methyl-2-butenoate, Betamethasone acetate, Taxine
B, 1,7-Dioxa-4,10-diazacyclododecane-4,10-diethanol,
Di-tungsten, tris(cyclooctatetraene), Pregn-5-en-20-one
(Fig.1b), Sarsasapogenin, 5-Germaspiro, Molybdenum,
1-Monolinoleoylglyceroltrimethylsilyl ether and Ethyl
oleate. In literatures, the bioactivities of individual
compounds present in G. glabra showed anticancer
effects on the lung cancer cell line (Mayo and Donner,
2002). Duke et al., (2004) reported administration of
licorice administration to patients prevented various
cancers. kataria (2012) described the antitumor activity
of compound isolate from G. glabra. For in silico studies,
all 19 bioactive compound structures were retrieved from
Chemspider database.
EGFR: The epidermal growth factor receptor (EGFR)
belongs to the ErbB family of receptor tyrosine kinases
(RTK). These trans-membrane proteins are activated
following binding with peptide growth factors of the EGFfamily of proteins. Evidence suggests that the EGFR is
involved in the pathogenesis and progression of different
carcinoma types including lung cancer (Normannoet
al.,2006).So, in the present study UniProtKB/Swiss-Prot
database was used to retrieve EGFR and considered as

Figure 4. Molecular docking of EGFR kinase with 2,2'dioxospirilloxanthin
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target molecule (antigen). EGFR was formed by a single
polypeptide chain with 327 amino acids. The polypeptide
is composed of 352 sheets connected by 198 H-bonds
with 1182 helices in its structure (Fig.2). This receptor is
also an effective antigen of many cancer types, which
induces lung cancer. EGFR is having 10 ligand binding
sites on its surface. One of the binding sites suitable for a
particular ligand acts as the active binding site by which
an energetic molecular docking takes place (Fig.3). The
area of the 10 possible ligand binding sites is ranging
from 73.1 to 1228.9 Sq Å and the volume from 51.8 to
2055.7 Cu Å.
Prediction of binding sites: In order to find out the
most effective drug among the 19 bioactive compounds
extracted from G. glabra, molecular docking was carried
out against EGFR kinase using Hex 8.0 software. The
docking scores were ranging from -231.83 KJ/mol
to -386.25KJ/mol (Table.1). 2,2'-dioxospirilloxanthin

(Fig.4) and Pregn-5-en-20-one(Fig.5) were selected
as they showed a strong interaction and binding
with target protein having best docking scores when
compared to other tested ligands. 1,7-Dioxa-4,10diazacyclododecane-4,10-diethanol have scored low
energy value -231.83. Thakur and Raj (2017) reported
that pharmacological activities, characterized secondary
metabolites and traditional uses of G. glabra warrants
its potential therapeutic uses. However, further scientific
validations along with evidence-based studies are still
required in support to its traditional uses, to serve as
“lead” for development of novel agents and a better
drug candidate in future. There is currently no clinically
proven hormonal therapy for lung cancer. However, there
is several estrogen modulating treatments that are widely
used in breast cancer which could be explored in lung
cancer therapy (Li et al., 2017). Hence the present study
will helpful to understand the potential drug candidate
to effectively bind and inhibit EGFR.

Table 1. Shown molecular docking of EGFR Kinase with bioactive compounds of
Glycyrrhiza glabra
S.
No

Name of the
Molecular
Molecular
bioactive
formula
mass
compounds			

1
2
3
4
5
6
7

2,4,6-Decatrienoic acid
Bulleyanin
2,2'-dioxospirilloxanthin
Dihydroagathic acid
Bruceantine
Hydrate
Diacétate de (3α,5ξ,9ξ,18β)lup-20(29)-ène-3,28-diyle
8	Acetic acid
9
cyclopenta[a]phenanthren-3-yl
(2Z)-2-methyl-2-butenoate
10
Betamethasone acetate
11
Taxine B
12
1,7-Dioxa-4,10diazacyclododecane-4,10-diethanol
13 Di-tungsten, tris(cyclooctatetraene)
14
Pregn-5-en-20-one
15
Sarsasapogenin
16
5-Germaspiro
17
Molybdenum
18
1-Monolinoleoylgly
ceroltrimethylsilyl ether
19
Ethyl oleate

CONCLUSION
In conclusion, from the list of 19 bioactive compounds
retrieved from the data bank of G. glabra, two, 2,2'dioxospirilloxanthinand Pregn-5-en-20-one were

Energy
value
(e-value)

C35H46O8
C28H38O10
C42H56O4
C20H32O4
C28H36O11
C19H28ClNO4
C34H54O4

594.735 Da
534.595 Da
624.892 Da
336.466 Da
548.579 Da
369.883 Da
526.790 Da

-336.51
-266.83
-386.25
-249.89
-289.93
-266.47
-290.75

C29H38O3S
C32H52O2

466.675 Da
468.754 Da

-281.88
-292.14

C24H31FO6
C28H38O10
C12H26N2O4

434.498 Da
534.595 Da
262.346 Da

-297.00
-270.05
-231.83

C24H24W2
C40H71NO5Si4
C27H44O3
C44H50B2Ge
C30H42Mo2O4
C27H54O4Si2

680.141 Da
758.337 Da
416.637 Da
673.130 Da
658.535 Da
498.886 Da

-328.80
-355.56
-316.01
-294.30
-247.46
-329.91

C20H38O2

310.514 Da

-292.13

identified by selecting the suitable ligands for EGFR
protein receptor for controlling lung cancer. A complex
between 2,2'-dioxospirilloxanthin and EGFR molecular
docking studies reveals best dock score-386.25 KJ/
mol. Thus, we concluded that 2,2'-dioxospirilloxanthin
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could inhibit EGFR protein and consider as potential
drug candidate against treating lung cancer and
further in vitro studies are required to confirm these
results. The molecular docking in the current study was
concrete enough to discover the binding mechanism
and interaction between the 19 different compounds,
which are the ligands and EGFR. The results obtained in
this study shall be useful for future drug designing and
development of novel compounds with higher inhibitory
activity against EGFR. However, it is mandatory need
to validate these compounds in in-vitro and in-vivo
studies for establishing them as potential novel drug
candidates.
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ABSTRACT

The present study has evaluated the overall job satisfaction among prosthodontists, highlighting the significance of
intrinsic and extrinsic factors and their satisfaction level with patients, facilities and workplace when working in
Kingdom of Saudi Arabia.A questionnaire consisting of 38 questions in seven domains related to socio-demographic
characteristics, academic, professional qualifications, satisfaction as a prosthodontist, workplace environment
facilities and their satisfaction with patients were sent using survey monkey instrument to prosthodontists from the
office of Saudi dental Society. Out of the total 150 emails were sent to the prosthodontists. 78 (52%) responses were
attained. Standard deviation (SD), percentages and means were calculated. Comparison between the demographic,
academic, professional qualification variables and other domains were explored by comparing mean scores by
applying ANOVA. Demographic factors exhibited that 91.0% (71) were Saudi nationals, whereas, 8.9% (7) were
non‑Saudis. Gender analysis indicated 53 respondents (67.9%) were male, whereas 25 (32%) were females. Majority
38 (48.7%) of the participants fall within professional experience of 3–8 years and 37 (47.4%) participants were
engaged in academics-based practice. Majority of the respondents, 48 (61.6%), reported “challenging profession”
as the main reason for choosing prosthodontic. Moreover, 70.3% stated that prosthodontic was their primary
choice among all dental specialities. Furthermore, eighty four percent of the participants affirmed that they are
content with working environment within the practice team because it was conducive. Approximately, 90% of the
prosthodontist were of the view that they have good relations with their patients. The findings concluded that
prosthodontists working in KSA are content and satisfied with their job. Moreover, improvements in administrative
responsibilities of prosthodontists should be enhanced to further boost their professional capabilities.

KEY WORDS:

J o b sat i sfact i on , P r ost h odont i st, Int e r na l and e x t e r na l facto r s ,
Cross sectional survey.
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To our knowledge from indexed literature, evidence
related to job satisfaction and motivation factors among
prosthodontist working in the Kingdom of Saudi Arabia
(KSA) is not available. Therefore, the aim of the present
study, was to evaluate overall job satisfaction among
prosthodontist highlighting the significance of intrinsic
and extrinsic factors and their satisfaction level with
patients, facilities and workplace when working in KSA.
The data gathered can give a glimpse of quality of life
(QoL) of prosthodontist working in KSA.

MATERIAL AND METHODS

INTRODUCTION
Sustained high stress levels with poor job satisfaction
causes burn out syndrome in dental care professionals
(DCP) (Myers and Myers, 2004). Poor job satisfaction
reduces dentist’s commitment and dedication to
organization and increases intention to leave the job
(Kay and Scarrott, 1997). Evidence suggests dentists
experience highest stress levels (Moore and Brødsgaard,
2001; Stack, 2001). It is important to understand job
satisfaction among dentists and how work environment,
facilities, staff have an impact on it. Studies have
revealed that lowered job satisfaction among healthcare
workers is directly linked to increased stress level (Cooper
et al., 1988).Measuring job satisfaction is important as
it may influence physical and mental health and may
affect job related behavior and performance (Bergström
et al., 2010). Job satisfaction in dentistry motivates a
dentist, provides improvement, satisfaction and pleasure
at work, increasing the efficiency, (Puriene et al., 2007,
Lo Sasso et al., 2015a, Alqahtani et al., 2018, Nash and
Benting 2019).
This indirectly improves patient care and satisfaction,
benefiting dental auxiliaries, patient and dentists.
Henceforth, enhancing the success and progress of oral
health care and practice (Judge et al., 2001).High suicidal
rate associated with poor job satisfaction makes dentistry
a hazardous profession (Stack, 2001). However, studies
have reported that job satisfaction in dentists can be
improved due to flexible working hours, better salary
packages, medical insurance and appreciable attitudes of
senior faculty (Judge et al., 2001; Lo Sasso et al., 2015a).
There are ample job satisfaction surveys done already
on dentists, (Goetz et al., 2012; Wells and Winter, 1999)
but satisfaction surveys on dental specialities such as
prosthodontists, orthodontics, periodontists are very
limited and scarce. Recently, job satisfaction survey
on orthodontists have been performed by Alqahtani et
al., (2018) in Saudi Arabia yielding high satisfaction
rate in the region. Similarly, a study Al-Mudaf et
al., (2003) conducted survey among three different
dental specialities oral surgery, periodontics and fixed
prosthodontics in city of Kuwait claiming all specialities
to have high job and patient satisfaction.

The study was approved by the ethical committee of
King Saud University Riyadh Saudi Arabia under ethical
number (E18-3360). The study was in accordance to
STROBE statement of reporting cross sectional surveys.
The duration of the study was three months i.e. from April
2019 to July 2019. A literature review was performed
to validate the present cross-sectional survey, which
revealed that there was no available data on assessment
of job satisfaction amongst prosthodontists. Contact
details of registered prosthodontists were requested from
the office of Saudi Dental Society. A questionnaire was
formulated consisting of total 38 questions in seven
domains. Research team of statistician along with
authors reviewed the content of each question to make
sure that the survey reflected appropriate phrasing and
understanding and validation. A total sample size of
100 prosthodontists were well-thought-out but since
dropouts, invalid responses were anticipated so a sample
size of 150 prosthodontists were considered appropriate.
Using power calculation sample size was assessed from a
study by Alqahtani et al., (2018) A link containing details
of the questionnaire using survey monkey instrument
was sent to prosthodontists from the office of Saudi
dental Society. Reminder email were sent periodically
to improve response rate.
The seven domains of the cross-sectional survey consisted
of questions related to socio-demographic characteristics,
academic, professional qualifications, motivation behind
choice of prosthodontist as a specialty, satisfaction
as a prosthodontist, satisfaction with the workplace
environment facilities and staff and their satisfaction
with their relationship with patients. The questions of
the survey were sourced from a study by Alqahtani et
al., (2018) and were included in the study with some
modification. The responses were measured using a
five-point Likert Scale coded as, 1 strongly disagree; 2
disagree; 3, neutral; 4 agree; 5 strongly agree. Out of the
total 150 emails sent to the prosthodontists. 78 (52%)
responses were attained. All the responses were evaluated
by a single investigator to minimize bias. Statistical
Package for the Social Sciences (SPSS Inc., software
version 21 Chicago, IL, USA) was used for tabulation of
descriptive analysis. Standard deviation (SD), percentages
and means were calculated. Comparison between the
demographic, academic, professional qualification
variables and other domains were explored by comparing
mean scores by applying ANOVA.
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RESULTS AND DISCUSSION
The results of 78 respondents revealed highly significant
difference among responses to different included
questions (p < 0.05). Socio-demographic characteristics,
academic and professional qualifications and other
demographic factors exhibited that 91.0% (71) were Saudi
national. Whereas, 8.9% (7) were non‑Saudis. Gender
analysis indicated 53 respondents (67.9%) were male,
whereas 25 (32%) were females. Forty-two (53.8%) of the
participants had age between 31-40 years. (Table 1)
Table 1. Sociodemographic Characteristics of
respondents
Characteristics Frequency
		
Age of the
respondents
< 30 years
10
31-40 years
42
41- 50 years
20
51-60 years
2
> 60 years
4
Gender of the
respondents
Male
53
Female
25
Nationality of
the respondents
Non-Saudi
7
Saudi
71

Percent
(%)

Significance

12.8
53.8
25.6
2.5
5.12

67.9
32.0

Table. 2: Academic qualifications and training of
respondents
Education and
Frequency Percent
Training		
(%)
Qualifications of
the respondents
Certificate in
endodontics
M.Sc. & Certificate
endodontics
Ph.D.
Board
Where did you attend
a residency program?
Saudi Arabia
Europe
North America
(USA & Canada)
Other

14

17.9

15

19.2

11
38

14.1
48.7

47
7
21

60.2
8.9
26.9

3

3.8

Significance

<0.001

<0.001

<0.001
Table 3: Respondents work experience and related
information

8.97
91.0

Table 2 presents the academic qualifications of the
respondents. 38 (48.7%) of the dentists had their
qualification from Saudi commission of health sciences,
by completing the Prosthodontic Saudi board specialist
training and examination. While, 15 (19.2%) of the
responders completed a master’s degree and certificate
in prosthodontic; and only 11(14.1%) had a doctorate
degree. The results further revealed that amongst the
total respondents, 47 (60.2%) completed their residency
program within Kingdom of Saudi Arabia (KSA) while,
28 approximately (35.8%) completed their residency
program in a foreign country. Details regarding length
of work experience and place of work is enumerated in
Table 3.
Majority 38 (48.7%) of the participants fall within
professional experience of 3–8 years. Followed by
9 respondents who possessed 9-15 years of work
experience and only 5 participants had professional
experience between 16–25 years. Moreover, amongst
78 respondents, 37 (47.4%) participants were engaged
in academics-based practice, followed by 14 respondents
(17.9%) employed by the Ministry of Health (MoH)
and 15 (19.2%) were working in a private dental
practice. Motivation for choosing prosthodontic as
a speciality:Majority of the respondents, 48 (61.6%),
reported “challenging profession” as the main reason
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

for choosing prosthodontic. This was followed by
“professional growth,” “financial gains,” “prestigious
specialty,” and “family influence.” (Table 4)

Work Experience
Frequency Percent Significance
		
(%)
Total length of experience
<3 years
22
28.2
<0.001
3-8 years
38
48.7
9-15 years
9
11.5
16-25 years
5
6.4
> 25 years
4
5.1
Where do you work?
Academic (university based) 37
47.4
<0.001
Private practice
15
19.2
Ministry of health
14
17.9
University clinics
4
5.1
National guard
5
6.4
Armed forces
3
4.5

Respondents’ satisfaction with the prosthodontist
profession: Majority of the participants, 70.3% stated that
prosthodontic was their primary choice among all dental
specialities. Followed by 49.3% claiming to be satisfied
with working quality of auxiliary staff. Furthermore,
63.7% of the subjects were pleased with overall, quality
of life as a Prosthodontist. Moreover, 65.5% of the
participants were gratified with facilities and resources
in the clinics for adequate delivery of quality oral
health care. However, 27.3% of the respondents were
not content with the income from their prosthodontic
practice. In addition, nearly 49.3% of the dentists were
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unhappy with medical facilities provided to them as job
benefits. (Table 5)
Respondents’ satisfaction of the workplace environment:
Eighty four percent of the participants affirmed that
they are content with working environment within the
practice team because it was conducive. Likewise, 90.8%
of the participating subjects agreed that their professional
Table 4: Respondents motivation for choosing
prosthodontics
Reason for
Frequency Percent Significance
choosing		
(%)
periodontics
Motivation for
opting prosthodontics
Professional growth
Prestigious specially
Challenging profession
Family influence
Financial gains

16
6
48
2
6

20.5
5.35
61.6
1.78
5.45

<0.001

senior colleagues were kind and they enjoyed working
as team. Moreover, 60.8% of the participants stated
that their organization was supportive for professional
development and quality of work (Table 6). The results
presented in Table 7 show that 49.1% of the dentists were
satisfied with practice management and care delivery
system. patients were not punctual and did not adhere
to the appointment schedule. Likewise, 85.4% of the
respondents agreed that overall they were satisfied with
their job as a prosthodontist. In contrast, a significant
percentage (33.6%) of their patients had unrealistic
expectations regarding the outcome of their prosthodontic
treatment. (Table 8). The present cross-sectional survey
displayed a unique assessment of prosthodontists job
satisfaction in the region of KSA. To our understanding
this is one of the distinctive surveys done in KSA on
prosthodontists job satisfaction. The response rate in the
present study was 78 (52%) which was quiet less then
expected, despite reminder emails. The low response rate
can be due to busy schedule of prosthodontist, inability
to follow up with emails regularly, hectic clinical hours
and other office obligations.
Low response rate was also observed in other studies
but from different dental specialities (Al-Jewair et al.,
2016; Alqahtani et al., 2018). Moreover, fewer response

Table 5: Satisfaction factors related to the Prosthodontic profession
Satisfaction
Strongly
fair
Factor
agree +agree		
			
Prosthodontic specialty
being first choice
My job description
and responsibilities
where I work are
well- defined and clear
Satisfied with working
quality of my auxiliary staff
Satisfied with working
quality of my technicians
Facilities and resources
in the clinics are adequate
for delivery of quality
care to patients
My current practice
situation is what I
envisioned when I
chose to be a Prosthodontics
Satisfied with the
salary/ wages and
other financial benefits
Satisfied with the medical and
dental treatment services
provided to me as job benefits
Overall, I am satisfied with
quality of life as Prosthodontist

Strongly Significance
disagree+
disagree

70.3

15.5

14.2

67

16

17

49.3

27.6

23.1

28.2

59.8

12

65.5

10.1

25.4

68

15

17

49

23.6

27.4

31

19.7

49.3

63.7

27.2

9.1
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Table 6: Respondents satisfaction with the workplace environment
Satisfaction
Factor

Strongly
fair
agree +		
agree		

I am treated respectfully
by the Head of
my department
Support from
administrative offices,
secretaries and clerical
staff is adequate
In general, I am treated
respectfully by my
senior colleagues
My organization supports
professional development
for improvement of their
efficiency and quality of work
I am satisfied with working
environment within the
practice team because it is
conducive and professional

89.1

7.3

4.5

63.1

22.4

14.5

90.8

7.3

1.9

60.8

20.1

19.1

84.0

12.7

4.0

Table 7: Respondents satisfaction with staff and
facilities
Satisfaction
Factor

I have adequate
time for my
professional
development
activities
I have adequate
time for my
personal
and family life
I am satisfied
with the practice
management and
care delivery
system

Strongly Fair Strongly Significance
agree 		
disagree
+agree		 + disagree
43.6

27.6

26.6

50

30

20

49.1

28.6

22.1

<0.001

rate were reported from females 25 (32%) which may
indicate their family commitment (Shigli et al., 2012).
Furthermore, 67.9% male responses show male dominancy
in this field this finding was found to be in concurrent
with studies by Maharjan and Mathema, (2018) and Nash
and Benting, (2019). In the present study most of the
respondents belonged to age group 31-40 years (53.8%)
had experience between 3-8 years 38 (48.7) and were
from academic universities 37 (47.4%) this may give a
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Strongly Significance
disagree+
disagree

<0.001

reflection that postgraduate institution provides better
avenues to young faculty for academic development
(Shigli et al., (2012). Moreover, when inquired about
postgraduate qualification 38 (48.7%) subjects completed
their postgraduation from Saudi Boards. This trend
directs that Saudi students after graduation didn’t waste
time efforts to fly abroad for postgraduation and were
content with postgraduate opportunities within the
country. This tendency also specifies that students were
motivated, eager and enthusiastic in obtaining lifelong
education. This finding was found to be in harmony with
a study by Al-Dlaigan et al., (2011)
The survey consisted of seven domains and thirty-eight
item questions. A cross sectional type study design was
used as it is easy, simple and cost-effective to perform, it
may help in generating a hypothesis for a more complex
investigation and possibilities of loss to follow up are
minimum (Sedgwick, 2014). In addition, responses were
gathered through survey monkey instrument. The survey
has an advantage of usability, comprehensive feature
set and security. Moreover, it gives real time results for
quick and easy analysis (Buchanan and Hvizdak, 2009).
The overall job satisfaction among prosthodontist in
the present study was 85.4%. This high percentage of
job satisfaction corelates with prosthodontic speciality
being the first choice among the respondents (70.3%).
Evidence suggests job satisfaction is one of the foremost
attitude that predicts job performance, and it can affect
customer satisfaction and health care delivery inside
and outside the health care services (Lo Sasso et al.,
2015b). Moreover, quality of life satisfaction among
prosthodontist in the current study was 63.7%. Choosing
profession and specialty of first choice helps a lot in
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balancing QoL and also may reduce occupational stress
levels (DiMatteo et al., 1993).

hours and other clinical commitments (Alqahtani et al.,
2018).

48(61.8%) respondents were of the view that they
specialized in prosthodontics as they felt it’s a challenging
profession. This attitude reflects a mature, professional
and highly motivated mind set of the respondents as
challenging profession was by far advanced by other
motivational factors (Alqahtani et al., 2018). This
finding also relates that professional growth along with
challenging profession were given priority over financial
gains. This finding contradicts the findings of a study
by Noble et al., (2010) where financial motives were
prime indicator for choosing dental profession. Overall
satisfaction of respondents with workplace environment
and prosthodontics was more than 60%. Conducive
work environment plays a major role in providing
job satisfaction and decreasing work related stress.
Work related factors contribute to job gratification and
organizational commitment. Henceforth, enhancing the
success and progress of organization and dental practice
(Khalighi et al., 2018). Furthermore, almost 50% of the
respondents were not satisfied in giving time to their
family members. These findings were found to be in
concurrent with work from Alqahtani et al., (2018); Soma
et al., (2012) Comfortable family life and support plays a
major role in job satisfaction of dentist. Prosthodontics
working in KSA regret in not spending adequate time
can be due to work related pressure, non-flexible clinical

Most of the respondents were not satisfied and were
unhappy with patients coming late to the dental practice
i.e., being not punctual. These results are parallel to a
study by Rada et al., indicating that such act by the
patients causes high level of stress and anxiety among
dentists (Rada and Johnson-Leong, 2004). Furthermore
45.5% of the respondents were of view that load of
paperwork and administrative duties affect professional
capabilities. This finding is in line with a study by
Jari et al., explaining office and administrative issues
hampers performance of a dentists, increases stress and
anxiety issues which indirectly affects job satisfaction
(Hakanen et al., 2005). From the results of this study
it can be inferred, that though job satisfaction among
prosthodontist working in KSA was satisfying. More,
studies with better study designs should be executed with
comparison between different dental specialty. This is the
first study among prosthodontist job satisfaction in KSA
and more studies should be performed to validate the
findings of the present study. The study has limitation
based on its small sample size. More studies with increase
sample size and prosthodontists from other parts of KSA
should be taken in account to get a better representation
of the population. For future studies, a comparison
between Saudis and Non-Saudis job satisfaction as
prosthodontists should be also performed.

Table 8: Respondents satisfaction about their relationship with patients
Satisfaction
Factor

I have good relations
with my patients
My colleagues are
courteous, and we
enjoy working in a team
My work is recognized
and appreciated by
my colleagues and seniors
Patients are always on time and
adhere to the appointment schedule
I feel no problem while communicating with staff
I feel no problem while communicating with my patients
The load of paperwork and administrative
duties affect my professional capabilities
Patients’ unrealistic expectations burn me out
Amount of workload is too much
I face too much pressure from my seniors
I can freely utilize my potentials and capabilities
I have a liberty to choose
appropriate working methods and materials
Overall, I am satisfied with my job as a prosthodontist
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Strongly
fair
agree 		
+agree		

Strongly
disagree+
disagree

90

6.4

3.6

68.2

12.7

10.0

74.5

10

6.3

31.8
74.5
70
45.5

32.7
10.9
10.9
17.3

35.5
5.4
10.0
28.2

33.6
36.4
12.7
48.2
64.5

30.9
30
13.6
26.4
17.3

35.5
33.6
64.5
16.3
9.1

85.4

7.3

7.3

Significance

<0.001
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CONCLUSION
Prosthodontists working in KSA are content and satisfied
with their job. Moreover, improvements in administrative
responsibilities of prosthodontists should be enhanced to
further boost their professional capabilities.
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ABSTRACT

This article contains an assessment of the historical data on the land resources of the Belgorod Region with a breakdown
by municipal districts. Some historical documents from the State Archive of the Belgorod Region and the recent
reports on the land status and use of the Belgorod Region Office of the Federal Service for State Registration, Cadastral
Records and Cartography (Rosreestr) were used to analyse the spatial and temporal changes in the structure of the land
resources. The land area was quantitatively analysed by categories. The degree of transformation of the land resources
was evaluated. The historical data on the commercial lands is presented using GIS application ArcGIS 10.2, including the
use of toolkits Spatial Analyst and Spatial Statistics. Anthropogenic load was assessed with the use of multidimensional
cluster analysis methods (Ward's method). For the development of information base on transformation of the land
resources in the territory of municipal districts of the Belgorod Region a time interval from the formation of the region
(1954) until 2017 was used. During this, period significant changes occurred in the structure of the land resources. The
area of the arable land was reduced by 7.8%. The area of natural forage and forestlands increased by 17.1% and 13.2%
respectively. The area of land occupied by industrial buildings and built-up territory has increased by 31.2%. The area
of land under water facilities has increased by 133.2%. The dynamics of land transformation under swamps is unstable.
Drainage of swamps and their transformation into hayfields and pastures has reduced the amount of wetland by 12%
for the period from 1954 to 1975. Wetlands in floodplains are reported to be increased by 25.2% since 1976. The areas
under perennial plantations (14.3%) and disturbed lands, which are unsuitable for agricultural use (11.6%), have slightly
decreased. The municipal districts are divided into three large clusters by cluster analysis. The determinant classification
criterion is spatial and temporal change in land resources over 63 years. The municipal districts of the Belgorod Region
have been typified by historical data on land and resource potential of agricultural landscapes.
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INTRODUCTION
The significant rates of build-up of the gross regional
product of the Belgorod region, which is mainly, composed
of manufacturing, agriculture and forestry, mining, as
well as increase in agricultural production in the crop
and livestock sectors influences substantially on the state
of land resources in the agricultural landscapes of the
Belgorod region. This region is not only agricultural with
the share of arable land being more than 60% of the total
area of the territory, but also an industrial zone. However,
disturbed lands (ferrous metallurgy quarries, construction
material production facilities) make up 14.1% in the
total share of industrial and other special purpose lands.
It is essential to analyse the interaction between man
and nature in a comprehensive way, to evaluate the
ecological and resource state of agricultural landscapes,
to classify and to typify those (Lisetsky et al., 2015).The
data on quantitative changes in the Belgorod Region
lands are constantly updated. The rates of anthropogenic
degradation of vegetation and soils have already been
established (Chendev et al., 2008; Chendev et al., 2016;
Zelenskaya et al., 2019).
We have brought up to date the historical data on
woodlands (Kuzmenko et al., 2013, Degtyar and
Grigoreva, 2018), including according to satellite survey
materials (Terekhin and Chendev, 2018), calculated
natural grassland area variation (Kitov, 2015, Kitov and
Tsapkov, 2015), evaluated the fallow area (Marinina
et al., 2013), covered broadly in the paper the issues
related to the development of urban agglomerations
(Chugunova et al., 2019), analysed the structural
transformation of the suburban areas of the Belgorod
agglomeration in the paper (Tsapkov, 2016) and assessed
the dynamics in the structure of the land resources of the
Belgorod Region (Grigorieva, 2017 a, b). The accumulated
data bank on qualitative and quantitative changes in the
land cover (Shtompel’ et al., 1998, Lisetskii et al., 2016,
Lisetskii, 2019) is needed to manage land and property
relations, to carry out monitoring functions in relation to
the land resources and the entire ecological environment
of the Belgorod region. Typological diversity of the river
basins of the European Russia (Yermolaev et al., 2018)
calls for the development of adapted systems of water
and land use (Lisetskii et al., 2014 a, b; Pozachenyuk et
al., 2015, 2018, Grigoreva and Buryak, 2016, Buryak and
Grigoreva, 2019).
Land cover transformation is a dynamic process in the
land and property system (Srivastava et al., 2010), and
its cumulative effect affects the life-sustaining functions
of the Earth's biomes (Chhabra et al., 2006) as well
as has socio-economic consequences (Shifaw et al.,
2019). One of the main lines of global socio-economic
and environmental studies is the development of land
monitoring system, including specific monitoring
activities for the study of land cover dynamics changes
(Zhou and Kang, 2011). It is essential to have available
definite sets of estimated data on land cover condition
and use in order to study environmental changes, to
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manage land resource, to forecast and to simulate
sustainable development of territories (Cai et al., 2011,
Manakos et al., 2017, 2019).
The limited land resources and the growing need for
their use cause dissonance between stakeholders,
which requires continuous correction of decisions in
land management (Felsenstein and Lichter, 2014). The
priority land management task is to integrate historical
approach into land potential evaluation (Fischer and
Black, 1995, Zia, 2012, Rinfret and Pautz, 2014, Comber
et al., 2016, Bao et al., 2019). It is impossible to have
long-term research, improvement and forecasting in land
monitoring system without the use of geoinformation
approaches (Grigoreva, 2015); in particular, remote
sensing is the most important source of data for
agricultural monitoring mapping (Teluguntla et al., 2018,
Nduati et al., 2019). GIS-approach is largely based on the
integrated use of different types (Terekhin, 2016, 2018)
of a multi-time set of satellite medium-resolution data
(250 m or more) and a time-limited high-resolution set
(Landsat 30 m) (Nduati et al., 2019).

MATERIAL AND METHODS
Study area: The study included all land resources of the
Belgorod Region with their breakdown by municipal
districts. The Belgorod Region has an area of 27100 km2
and it is located in the Central Federal District of the
Russian Federation. It is located on the south-western
spurs of the Central Russian Upland and it is an elevated
plain, which is uplifted in the northern part and has
mild slopes to the west-south-west and east-south-east
(Lisetskii et al., 2015). The slope type terrain prevails on
the territory of the region (48% of the area) (Yudina,
2013). The share of agricultural land in the region is
78.8%, including 60.8% of arable land, 12.7% of forest
area, 1.7% of land under water facilities and 4.6% of
land under buildings and roads and 2.2% (data from
the Rosreestr Administration for the Belgorod Region
for 2017) of disturbed and other land not suitable for
agricultural use. The erosion of arable soils is distributed
unevenly, within the region it increases from 25 to 50%
from west and north-west to east and south-east (Spesivy
and Lisetskii, 2014).
Data used: Historical documents: A data set for the
analysis of historical changes in the structure of the
land resources is collected from the documents of the
State Archive of the Belgorod Region. We have used
266 annual reports on the condition and use of the
Belgorod Region lands, as well as plans and reports on
land planning and reclamation works, information on
the condition of the forest resources, information on the
number and distribution of acreage. These materials are
collected for each municipal district and have a time
interval from 1954 (year of foundation of the region)
to 2017.
Modern documents: We have obtained up-to-date
information on land condition and use from the Rosreestr
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Office for the Belgorod Region for the period from 2010
to 2017, which has also become an important source
of data.
Methods: Information on quantitative indicators of
the land resources has been collected in 21 districts for
six temporary sections (1954, 1965, 1975, 1985, 1995,
2005, 2017). A quantitative land area analysis has
been carried out by land categories, which has made
it possible to assess land transformation. The extent
of changes in land areas is shown on map charts with
the use of GIS technologies. We have used a multifunctional GIS application ArcGIS 10.2, including tool
sets Spatial Analyst and Spatial Statistics, as a software
product. Anthropogenic load was assessed with the use
of multidimensional cluster analysis methods (Ward's
method).

RESULTS AND DISCUSSION
An analysis of historical documents and current records
on the structure of the land resources of the Belgorod
Region for the period 1954-2017 has shown a positive
increase for natural grassland, forests, and lands under
industry, roads and buildings, lands under wetlands.
A negative growth has been reported for arable land,
perennial plantations and disturbed lands not suitable
for agricultural use (Table 1). A high share of arable land

in the region has required managers and farmers to take
measures to preserve land resources. As a result, since
1954 one can see ongoing land transformation with its
highest peak being from 1966 to 1985. The in-house land
use planning interventions by collective and communal
farms (1964-1997) has resulted in reduced arable land
mainly due to reclamation works (transformation of
unproductive arable land for hay and pastures, the
development of anti-erosion forest strips and forested
areas). As a result, by 2017 the area of natural forage land
increased by 17.1% as compared to 1954. Over the same
period, the area of forest plantations has consistently
increased and cumulatively made up 3%, 4.3%, 6.4%,
12%, and by 2017 this figure reached 13.2% due to large
forest cover percent of degraded and erosion-hazardous
lands. The biggest increase in forest cover was reported
to be in the period from 1986 to 1995. This decade more
than 16,000 hectares of forest crops were planted.
Land areas under industry, roads and buildings also
increased. Their share became higher by 31.2% by 2017
as compared to 1954. The land of this type was reported
to be increased between 1954 and 1995, then starting
from 1996 its area was reduced by 2.8%, which was
possibly related to some errors in statistical records, and
it is these lands that were partially counted as disturbed
lands not suitable for agricultural use.

Table 1. The dynamics of the land fund of the Belgorod region
Commercial lands				
Time slice					
		
1954
195519661976198619962006			
1965
1975
1985
1995
2005
2017
				 Positive increase
Natural
ha
388194 +47720
-8764
+3605
forage land
%
+12.3
-2.2
+0.9
Forests and
ha
293428
+8911
+3916
+6110
forest strips
%
+3.0
+1.3
+2.1
Land under
ha
95941
+4228
+8353
+5177
industry, roads
and buildings
%
+4.4
+8.7
+5.3
Land under water
ha
11001
+104
+4560
+5214
%
+0.9
+41.5
+47.4
Lands under the swamps
ha
18021
-1482
-669
+2136
%
-8.2
-3.7
+11.8
				 Negative growth
Arable land
ha
1791295 -44076 -20516 -17939
%
-2.5
-1.2
-1.0
Perennial plantings
ha
39833
-560
-2967
-3700
%
-1.4
-7.4
-9.2
Disturbed land
ha
75729
-11051 +15812
-1253
unsuitable for
agricultural use
%
-14.6
+20.9
-1.7

Total*
+/-

+27222

+943

-4316

+66410

+7.0
+16278

+0.2
+3487

-1.1
0

+17.1
+38702

+5.6
+14962

+1.2
-2331

0
-402

+13.2
+29987

+15.6
+4080
+37.1
+4620
+25.7

-2.4
+298
+2.7
-116
-0.6

-0.4
+396
+3.6
+39
+0.2

+31.2
+14652
+133.2
+4543
+25.2

-47305
-2.6
-11285
-28.3
-11582

-8040
-0.4
+8913
+22.4
-2478

-1969
-0.1
+3911
+9.8
1758

-139845
-7.8
-5688
-14.3
-8794

-15.3

-3.2

+2.3

-11.6

Note: * dynamics of the land area achieved by 2017 relative to the values of 1954.
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The area of land under water facilities (by 133.2%) is
reported to be increased drastically throughout the region.
This is due to beams flooding and the development of
ponds, which have come to be used for irrigation of
agricultural fields. It is reported to have a negative
land growth for arable soil, perennial plantations and
disturbed land not suitable for agricultural use. The
area of arable land was annually reduced, and totally
decreased by 7.8% over 63 years (by 2017). At the same
time, there are significant annual losses of arable land
because of its transfer to medium-stabilizing lands. The
author has found that in each decade (for the period
from 1954 to 1995) the area of arable land decreased by
2.5%, 1.2%, 1.0%, 2.6%, then the rate of reduction of
arable land was lower and over the next 20 years (19962017) it made up only 0.5%. This process is related with
renewal of land and property relations in the Russian
Federation and the transition from a controlled economy
to a market one.

c

d

Figure 1. Territorial changes in the structure of the land
fund for the period 1954-2017: a – reduction in arable
land, %; b – land expansion under industry, transport
and residential development, %; c – increase in the share
of natural forage land, %; d – forest cover increase, %;
e – increase in the share of land under water bodies, %;
f – change in the proportion of disturbed land, %

a

e

b
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The area of land under perennial plantations showed
progressive decreasing tendency (14.3%). This process was
related with reduction in mulberry plantings, vineyards
and orchards, which have lost their life cycle.
The area of disturbed land not suitable for agricultural
use also decreased by 11.6%. An analysis of statistical
land records has made it possible to differentiate
municipal districts by dynamic changes in quantitative
parameters of the land structure using GIS tools. As a
result, we have developed a number of map charts for
spatial and temporal land distribution in the Belgorod
Region (Figure 1, a-f). The over 60-year transformation of
arable land is less pronounced in the southern and eastern
areas of the region (Fig. 1a). The situation is different in
Belgorod, Starooskolsky and Gubkin districts where the
arable land was mainly reduced due to the transfer of
land for individual housing construction (further – IHC).
The eastern areas of the region have also undergone
a slight change in the structure of the land resources.
A map chart of changes in the share of hayfields and
pastures (Fig. 1c) demonstrates that distribution is of
mosaic type.
A map chart of dynamic changes in the land under water
facilities (Fig. 1e) has made it possible for us to identify
the eastern regions with the greatest positive changes
in water content of the territory, which was due to the
development of a large number of reclamation ponds. At
the same time, one can see a reverse situation developed
in the western regions where territorial water content
was reported to have less significant increase (within 2025%). An increase in the region's area covered by forests
was due to political decisions to preserve land resources
through the development of forest strips and percent
forest cover of unproductive and degraded lands (Fig. 1d).
However, despite some positive trends the forest coved
percent failed to have optimal values in the Belgorod
Region. A share of land occupied by industrial facilities,
transport logistics and residential zone (Fig. 1b) has
increased due to the rapid development of urbanization
and industrialization of the region, the construction of
the largest enterprise of ferrous metallurgy in the country
(Starooskolsky Metallurgical Plant), machine building
and sugar factories.
A growing urban population has resulted in increased
share of built-up area. This trend is clearly expressed
for the Belgorod district, its population has increased by
1/3 (Chugunova et al., 2019). The districts, which have
had a regressive built-up share, include Krasnensky,
Krasnogvardeysky and the easternmost districts of the
region (Alekseevsky, Valuysky, Veydelevsky, Rovensky).
The mining industry, which is represented by largest
iron ore quarries of Gubkin and Starooskolsky districts,
as well as by common mineral quarries (chalk, sand,
clay), has contributed an increase of area of disturbed
lands, which has negatively affected the ecological and
resource state of agricultural landscapes (Fig. 1f). We
have conducted a comprehensive assessment of the land
transformation using methods of mathematical statistics,
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which has made it possible to identify reasonably types
of municipal districts according to the dynamics of
changes in their land resources. As such, we have used
a multidimensional cluster analysis, which allows us
to structure and break down data into homogeneous
types according to aggregation level. The results of
classification of 21 municipal districts of the Belgorod
Region using hierarchical classification method are
presented in Figure 2.
We have managed to combine all parameters of land
transformation for the period from 1954 to 2017 with the
use of cluster analysis and to ascertain in unbiased way
three large clusters, which use dynamic land changes as
determinant classification criteria. Land transformation
shows that the area of destabilizing land (arable land) has
decreased and the area of stabilizing land (natural forage
land, forests and lands under water bodies) has increased.
This distribution is generally correlated with the physical
and geographical zoning and anthropogenic and social
nature of the Belgorod Region. An increase in built-up
area and land disturbed by industrial development and
a decrease in other land not suitable for agricultural use
have affected the separate allocation of districts, which
include urban agglomerations (Figure 3).
Figure 2. Dendrogram of cluster analysis of 21 municipal
districts of Belgorod region (A – coalescence boundary
of municipal districts types, D – distance linkage, I-III
– groups of the municipal districts, 1-21 – number of
municipal districts)

Figure 3. Typization of municipal districts of the Belgorod
region on the dynamics of land and resource potential
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Type I of municipal districts is confined to the foreststeppe zone and characterized by a share of arable land
reduced to 12%, natural forage land down to 60% and
an increase forest cover percent up to 15%. This type
occupies the largest area because it includes 12 districts,
which are located in the western and central parts of the
region. Having in mind the community distance (D=400),
the areas of type I are differentiated by anthropogenic
transformation criteria in a more fractional way into
two subtypes, which are geographically expressed in
the western part of the region (subtype 1.1.), central and
eastern parts (subtype 1.2.) respectively. These subtypes
are aggregated based on differences in dynamics of
land changes under the influence of anthropogenic
factors. Type II of municipal districts is also confined to
the forest-steppe zone, but is characterized by a share
of arable land reduced to 20%, an increased share of
natural forage lands up to 30%, forest cover percent
up to 17% and a sharp increase in the share of built-up
and industrially developed lands – up to 135%. This
type is composed of four districts and includes urban
agglomerations. Type II of municipal districts is confined
to the steppe zone. It was reported to have a decrease in
arable land down to 12%, an increase in the area under
natural forage lands – up to 22%, a higher built-up area
– up to 57%, but a significant role in the aggregation of
this subtype had an increase in the area of water lands
– 200 to 400%. This type includes four districts of the
south-eastern part of the region and one district – in
the central part.

CONCLUSION
It is preferable to conduct land transformation analysis by
chronological sections, which can give a more objective
assessment of the past land and resource reformations. It
is good to add cluster analysis to statistical information
processing, which allows you to structure data based
on repeatability of their features, as well as to group
them into types at the aggregation level and further to
typify the study area by criteria, which meet the working
conditions. GIS tools, in particular the ArcGis 10.2
platform, can provide ample opportunities for geospatial
analysis. Using Tabulate Area and Zonal Statistics tools,
we have managed to identify such municipal areas, which
characterized the different degree of land transformation
for individual lands, to establish the peak and stagnation
of areal changes in the land resources in the Belgorod
Region. Spatial and temporal transformations have most
affected the arable land. It is typical for all districts of
the region to have a negative balance of arable land. The
areas under perennial plantations and disturbed lands,
which are unsuitable for agricultural use, have slightly
decreased. It is reported to have an increase in the lands
occupied by industry, transport and buildings, as well
as by water bodies, natural forage land and forested
land. It is promising to apply the data on land tenure
trends obtained with the use of GIS analysis for the
implementation of regional land monitoring, as well as in
the process of political decision-making on the formation
of optimal ecological-economic land balance.

65 Spatial and Temporal Changes in

ACKNOWLEDGEMENTS
The study was supported within the intra-university
grant of Belgorod State National Research University
to support the creation and development of scientific
departments – centres of excellence.
REFERENCES
Bao, Ju., Gao, Sh. and Ge, J. (2019). Dynamic land
use and its policy in response to environmental and
socialeconomic changes in China: A case study of
the Jiangsu coast (1750–2015). Land Use Policy, 82:
169–180.
Buryak, Zh. and Grigoreva, O. (2019). A ProjectBased Approach to Reduce the Risk of Soil Erosion in
Agricultural Landscapes of Small Rivers Basins Using
GIS Technologies. International Multidisciplinary
Scientific GeoConference Surveying Geology and
Mining Ecology Management, SGEM, 19(5.2): 19–26.
https://doi.org/10.5593/sgem2019/5.2.
Cai, X., Zhang, X. and Wang, D. (2011). Land Availability
for Biofuel Production. Environmental Science
Technology, 45: 334–339.
Chendev, Yu.G., Petin, A.N., Serikova, E.V. and
Kramchaninov, N.N. (2008). Degradation of geosystems
of the Belgorod region as a result of economic activity.
Geography and Natural Resources, 4: 69–75.
Chendev, Yu.G., Gennadiev, A.N., Zhidkin, A.P.,
Belevantsev, V.G. and Vagurin, I.Yu. (2016). Soils in
Zone of the Tatar Road Passage. NAUCH VED BELGORO
EN, 34(4): 113–123.
Chhabra, A., Geist, H., Houghton, R.A., Haberl, H.,
Braimoh, A.K., Vlek, P.L.G., Patz, J., Xu, J., Ramankutty,
N., Coomes, O. and Lambin, E.F. (2006). Multiple impacts
of land use/cover change. In: Lambin E.F., Geist H. (Eds.),
Land-Use and Land-Cover Change, Global Change–The
IGBP Series. Springer, Berlin Heidelberg, 71–116.
Chugunova, N., Polyakova, T., Ignatenko, S. and Buryak,
Zh. (2019). Polarization of the regional settlement
system as a reflection of neoliberal urbanization
processes. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology
Management, SGEM, 19(5.2): 603–610. https://doi.
org/10.5593/sgem2019/5.2.
Comber, A.J., Davies, H., Pinder, D., Whittow, J.B.,
Woodhall, A. and Johnson, S.C.M. (2016). Mapping
coastal land use changes 1965-2014: methods for
handling historical thematic data. Transactions of the
Institute of British Geographers, 41: 442–459.
Degtyar, A.V. and Grigoreva, O.I. (2018). Development
of Land Forests of the Belgorod Region for the 400-year
period. NAUCHN VED Belgorod EN, 42(4): 574–586.
https://doi.org/10.18413/2075-4671-2018-42-4-574586.

Land Resources of Belgorod Region

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Grigoreva et al.,
Felsenstein, D. and Lichter, M. (2014). Land use
change and management of coastal areas: retrospect
and prospect. Ocean and Coastal Management, 101:
123–125.
Fischer, F. and Black, M. (1995). Greening Environmental
Policy. The Politics of a Sustainable Future. Palgrave
Macmillan, New York.
Grigoreva, O.I. (2015). The geoinformation analysis
of soil and geomorphological communications for
the rational organization of agrolandscapes on the
basin principles. NAUCH VED BELGORO EN, 3(200):
157–166.
Grigorieva, O.I. (2017a). Evaluation of Distribution
Dynamics of Anthropogenic Loads and Ecological State
of Ecosystems of Municipal Areas in Belgorod Region.
International Research Journal, 9-2(63): 75–80.
Grigorieva, O.I. (2017b). Ecological Information in
Land-Cadastral Documentation. Monitoring. Science
and Technologies, 3(32): 64–70.
Grigoreva, O.I. and Buryak, Z.A. (2016). Application of
basin approach for soil and water protection geoplanning
of territory and environmental management. RES J
PHARM BIOL CHE, 7(1): 2175–2182.
Kitov, M.V. (2015). Dynamics of area abandoned
grassland in the Belgorod region of the period 19902010. NAUCH VED BELGORO EN, 9(206): 92–102.
Kitov, M.V. and Tsapkov, A.N. (2015). Assessment of the
area of fallow land in the Belgorod region and other
regions of European Russia for the period 1990-2013
years. NAUCH VED BELGORO EN, 15(212): 163–171.
Kuzmenko, Ya.V., Lisetskiy, F.N., Kirilenko, J.A. and
Grigorieva, O.I. (2013). Providing the Optimum Water
Protection Forests Amount at Basin Organization of
Nature Management. Izvestia of Samara Scientific
Center of the Russian Academy of Sciences, 15(3-2):
652–657.
Lisetskii, F. (2019). Estimates of Soil Renewal Rates:
Applications for Anti-Erosion Arrangement of the
Agricultural Landscape. Geosciences, 9(6): 266. https://
doi.org/10.3390/geosciences9060266.
Lisetskii, F.N., Buryak, J.A., Zemlyakova, A.V. and
Pichura, V.I. (2014a). Basin organizations of nature use,
Belgorod region. Biogeosystem Technique, 2(2): 163–
173. http://ejournal19.com/journals_n/1421944356.
pdf.
Lisetskii, F.N., Pavlyuk, Ya.V., Kirilenko, Zh.A. and
Pichura, V.I. (2014b). Basin organization of nature
management for solving hydroecological problems.
Russian Meteorology and Hydrology, 39(8): 550–557.
Lisetskii, F.N., Degtyar, A.V., Buryak, Z.A., Pavlyuk, Ya.V.,
Naroznyaya, A.G., Zemlyakova, A.V. and Marinina, O.A.
(2015). Rivers and water bodies of Belogorye. Belgorod,
CONSTANTA.

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Lisetskii, F.N., Smekalova, T.N. and Marinina, O.A. (2016).
Biogeochemical features of fallow lands in the steppe
zone. Contemporary Problems of Ecology, 9(3): 366–
375. http://dx.doi.org/10.1134/S1995425516030094.
Lisetsky, F.N., Buryak, J.A., Grigoreva, O.I., Marinina,
O.A. and Martsinevskaya, L.V. (2015). Implementation of
the basin-administrative and ecoregional approaches to
environmentally oriented arrangement inter-settlement
areas of the Belgorod region. Biogeosystem technique,
1(3): 50–63.
Manakos, I., Karakizi, C., Gkinis, I. and Karantzalos, K.
(2017). Validation and Inter-Comparison of Spaceborne
Derived Global and Continental Land Cover Products for
the Mediterranean Region: The Case of Thessaly. Land,
6(34). https://doi.org/10.3390/land6020034.
Manakos, I., Tomaszewska, M., Gkinis, I., Brovkina, O.,
Filchev, L., Genc, L., Gitas, I.Z., Halabuk, A., Inalpulat,
M., Irimescu, A., Jelev, G., Karantzalos, K., Katagis, Th.,
Kupková, L., Lavreniuk, M., Mesaroš, M., Mihailescu, D.,
Nita, M., Rusnak, T., Stych, P., Zemek, F., Albrechtová,
Ja. and
Campbell, P. (2019). Comparison of Global
and Continental Land Cover Products for Selected
Study Areas in South Central and Eastern European
Region. Remote Sensing, 10. https://doi.org/10.3390/
rs10121967.
Marinina, O.A., Terekhin, E.A., Kirilenko, Z.A., Kurlovich,
D.M. and Kovalchik, N.V. (2013). Characteristics
Remote Detection Fallow Land Trust and Problems of
Agricultural Land Use. Modern problems of science
and education, 5. http://science-education.ru/ru/article/
view?id=10211.
Nduati, E., Sofue, Yu., Matniyaz, A., Park, J.G., Yang, W.
and Kondoh, A. (2019). Cropland Mapping Using Fusion
of Multi-Sensor Data in a Complex Urban/Peri-Urban
Area. Remote Sensing, 11(207). https://doi.org/10.3390/
rs11020207.
Pozachenyuk, E.A., Lisetskii, F.N., Vlasova, A.N. and
Kalinchuk, I.V. (2018). Justification of landscape and
biotechnical solutions for designing water protection
zones. RES J PHARM BIOL CHE, 9(2): 716–722.
Pozachenyuk, E.A., Lisetskii, F.N., Vlasova, A.N., Buryak,
Zh.A., Marinina, O.A. and Kalinchuk, I.V. (2015). Model
of position-dynamic structure of river basins. RES J
PHARM BIOL CHE, 6(6): 1776–1780.
Rinfret, S.R. and Pautz, M.C. (2014). US Environmental
Policy in Action-Practice and Implementation.
Palgrave Macmillan, New York. https://doi.
org/10.1057/9781137482082.
Shifaw, E., Sha, Ji., Xiaomei, L.E., Bao, Zh. and Zhou,
Zh. (2019). An insight into land-cover changes and
their impacts on ecosystem services before and after
the implementation of a comprehensive experimental
zoneplan in Pingtan island China. Land Use Policy,

Spatial and Temporal Changes in Land Resources of Belgorod Region

66

Grigoreva et al.,
82(2019): 631–642.
Shtompel’, Yu.A., Lisetskii, F.N., Sukhanovskii, Yu.P. and
Strel’nikova, A.V. (1998). Soil loss tolerance of Brown
Forest Soils of Northwestern Caucasus under intensive
agriculture. Eurasian Soil Sci., 31(2): 185–190.
Spesivy, O.V. and Lisetskii, F.N. (2014). Estimate of the
intensity and regulation of erosion soil losses in central
chernozem region based on the basin approach. Nausch
Ved Belgorod En, 10(181): 125–132.
Srivastava, P.K., Mukherjee, S. and Gupta, M. (2010).
Impact of urbanization on land use/land cover
change using remote sensing and GIS: a case study.
International Journal Ecological Econonomics and
Statistics, 18: 106–117.
Teluguntla, P., Thenkabail, P., Oliphant, A., Xiong, J.,
Gumma, M.K., Congalton, R.G., Yadav, K. and Huete, A.
(2018). A 30-m Landsat-derived cropland extent product
of Australia and China using random forest machine
learning algorithm on Google Earth Engine cloud
computing platform. ISPRS Journal of Photogrammetry
and Remote Sensing, 144: 325–340.
Terekhin, E.A. and Chendev, Yu.G. (2018). Estimation
of Forest Cover Changes During modern Period in the
South of the Central Russian Upland Using Multiyear
Remote Sensing Data. Current Problems in Remote
Sensing of the Earth from Space, 15(3): 114–126.
Terekhin, E.A. (2016). Geoinformation approach to
monitoring and assessment of crop areas using remote
sensing data (a case study of Belgorod region). NAUCH
VED BELGORO EN, 18(239): 148–155.
Terekhin, E.A. (2018). Changes in forest cover of ravines-

67 Spatial and Temporal Changes in

balks network in the south of the central russian upland
in recent decades. NAUCH VED BELGORO EN, 42(2):
223–230. https://doi.org/10.18413/2075-4671-2018-422-223-230.
Tsapkov, A.N. (2016). Main areas of regional policy for
the land plots of individual housing construction as the
basis for the welfare of the population. NAUCH VED
BELGORO Economics Information technologies, 9(230):
10–20.
Yermolaev, O.P., Mukharamova, S.S., Maltsev, K.A.,
Ivanov, M.A., Ermolaeva, P.O., Gayazov, A.I., Mozzherin,
V.V., Kharchenko, S.V., Marinina, O.A. and Lisetskii, F.N.
(2018). Geographic Information System and Geoportal
«River basins of the European Russia». IOP Conference
Series: Earth and Environmental Science, 107(1): 012108.
https://doi.org/10.1088/1755-1315/107/1/012108.
Yudina, Yu. (2013). Mapping of geosystems in Belgorod
region: regional aspects. Modern problems of science
and education, 6: 933–941.
Zelenskaya, E.Ya., Kukharuk, S.A., Naroznyaya, A.G.,
Martsinevskaya, L.V. and Sazonova, N.V. (2019).
Bioecological Assessment of Arable Soil Pollution: A
Case Study of Belgorod Region. Biosci. Biotech. Res.
Comm., 12(3): 548–555.
Zhou, X. and Kang, C. (2011). Land use/cover change
analysis in Wuhan city based on RS and GIS. 19th
International Conference on Geoinformatics, 1–5.
Zia, A. (2012). Land use adaptation to climate change:
economic damages from landfalling hurricanes in
the Atlantic and Gulf States of the USA, 1900-2005.
Sustainability, 4: 917–932.

Land Resources of Belgorod Region

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Dental
Communication
Biosc.Biotech.Res.Comm. Vol 13 Number (1) Jan-March 2020 Pp-68-72

Application of Low-Level Laser Therapy in Veneer
Repair of Lithium Disilicate and Y-TZP Restorations
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ABSTRACT

To assess intra oral repair of Lithium Disilicate ceramics (LDC) and Yttria Stabilized Tetragonal Zirconia Polycrystal
(Y-TZP) using low level laser therapy (LLLT) in comparison to conventional conditioning modalities on repair
bond strength of composite resin bonded to ceramic structure. Fifty specimens of LDC and fifty samples of
Y-TZP were used. Discs were prepared form each group having a diameter 6 mm and thickness of 2 mm and
conditioned using different regimes. Group 1 and 6 were surface treated with bur, group 2 and 7 were conditioned
with Nd-YAG (NYL), group 3 and 8 surface was treated with Er,Cr:YSGG (ECL), group 4 and 9 with hydrofluoric
acid + salinization (HF+S) and group 5 and 10 were conditioned with Al2O3 air abrasion (AA). A single layer of
Heliobond was scrubbed on the conditioned surface and bonded with composite resin. For shear bond strength
testing the specimens were placed in a universal testing machine. A stereomicroscope at 40x magnification was
used to analyse failure pattern. The mean repair bond strength was calculated using ANOVA and Tukey's post hoc
test at a significance level of (p < 0.05). The highest repair bond strength observed in LDC was (19.57±3.58 MPa)
in group 4 whereas, the lowest score was displayed in Group 3 (11.88±1.98 MPa). Similarly, in Y-TZP the highest
repair SBS values were presented in group 10 (air abrasion) (20.32±3.21) and the lowest SBS values were exhibited
by bur treated group 1 (12.25±2.33). Failures in group 1, group 2, group 3, group 6, group 7 and group 8 were
dominantly adhesive. Whereas, failures in group 4, group 5, group 9 and group 10 were cohesive. HF acid with
salinization remains gold standard for conditioning of LDC. AA with salinization is the most effective method to
condition YTZP ceramics for better repair bond scores. Alternate methods of conditioning using LLLT (NYL and
Er,Cr:YSGG) needs further investigation.
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INTRODUCTION
Yttria Stabilized Tetragonal Zirconia Polycrystals(YTZP) ar used as crowns, long span fixed partial dentures
and veneers because of their mechanical properties,
biocompatibility and high flexural strength (Akyil et
al., 2010). Zirconia Y-TZP is not translucent like natural
teeth hence, to enhance its appearance it requires
veneering of ceramic layer (Cristoforides et al., 2012).
This ceramic layer tends to get fractured or chipped from
cuspal tips or occlusal edges. This results in functional
discomfort and aesthetic compromise for the patient
(Galvão et al., 2018). It’s not always possible to
change fractured prosthesis as it is time consuming,
expensive, and damaging to surrounding tissues
(Kirmali et al., 2015). Therefore, use of conditioners,
primers and adhesion promoters along with composite
resins are used to improve the longevity of the restoration
(Kirmali et al., 2015; Özcan et al., 2013). Conventionally
fractures in lithium Disilicate (LDC), porcelain feldspathic
and leucite, are repaired by conditioning the surface
with hydrofluoric (HF) acid along with salinization
(Colares et al., 2013). The method is well established
to promote adhesion of resin-based material. However,
HF acid is dangerous as it increases the risk of tissue
necrosis and burns. Moreover, its effect on Y-TZP is still
controversial as it does not allow topographical changes
(Kirkpatrick et al., 1995; Özcan et al., 2013).
Repair fracture of zirconia Y-TZP is challenging. To
improve adhesion, use of both chemical and mechanical
conditioning regimes are considered. These regimes may
range from sand blasting the repairing surface with
Al2O3 to surface conditioned with bur and application
of silane coupling agents. All these conditioning regimes
improve wettability and surface energy of Y-TZP, but
their efficacy and effectiveness are still controversial,
(Ozcan et al 2013, Kirmali et al., 2015, Galvao et
al 2018). Lately, use of lasers Er,Cr:YSGG (ECL) and
Nd,YAG (NYL) for surface treating LDC has displayed
convincing results (Alkhudhairy et al., 2019a; Vohra
et al., 2019). Moreover, ECL along with NYL have
demonstrated conclusive outcomes on conditioning of
dentin and enamel surface (Alkhudhairy et al. 2018a,
2018b, 2019b, 2019c). In the authors knowledge from
indexed literature, limited evidence is available on
surface treatment of zirconia ceramic with the purpose
of repair by composite resin. It is hypothesized surface
treated with low level laser therapy (LLLT) will exhibit
comparable repair bond strength to conventional surface
treated regimes. Therefore, the aim of the present in vitro
study was to assess repair of LDC and Y-TZP using LLLT
in comparison to conventional conditioning modalities
on repair shear bond strength of composite resin bonded
to ceramic structure.

Material and Methods
In the current study hundred samples i.e., fifty specimens
of lithium Disilicate ceramics (LDC) (IPS Emax Press;
Ivoclar/Vivadent, Schaan, Liechtenstein) and fifty
samples of Yttrium-Stabilized Tetragonal Zirconia
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Polycrystal ceramic (Y-TZPC) (Noritake Alliance, Noritake
Co., Nagoya, Japan) were used. Discs were prepared
form each group having diameter 6mm and thickness
2mm. Before the surface treatment all hundred discs
were cleaned ultrasonically using 96% isopropanol for
duration of 3 min (Vohra et al., 2019) and air dried. Based
on surface conditioning method LDC and Y-TZPC discs
were divided into ten groups (n=10 each) The present
study followed CRIS (Checklist for reporting In vivo
studies) guidelines. Specimens from group 1 were surface
treated using diamond bur 30-µm-grit (Kerr Corporation,
USA) 10 strokes under running water. Similarly, Cimara
grinding bur (Cimara, Zircon, Voco, GmbH, Germany)
for Y-TZPC was used 10 strokes for group 6. Samples
from group 2 and 7 were surface conditioned using ECL
(Millennium; Biolase Technology, Inc., San Clemente,
CA, USA) at wavelength 2.78 micro-meter, 3.75 W power
and 15 Hz frequency with air water ratio of 90-70% in a
non-contact circular motion using tip MZ8 for 60 sec.
Specimens from group 3 and 8 were surface treated
using NYL (Hoya ConBio Delight, Sweden & Martina,
Padova, Italy) at wavelength 1064 nm. The laser was used
perpendicular to the bonding surface from a distance of
2mm for a duration of 60 sec at 150 mJ, 10 Hz and 3 W
for a duration of 60 sec in a non-contact circular motion
using 320-μm quartz optical fibre Specimens from group
4 and 9 were conditioned using 9.5% hydrofluoric acid
gel (etching gel Ivoclar, vivadent) for a duration of 1min,
washed 20 sec and oil free air dried. Salinization was done
using coupling agent (Monobond Plus ceramic primer
Ivoclar vivadent) in a single layer for 60 sec and air
dried. Specimen from group 5 and 10 were surface treated
using aluminium trioxide (Al2O3) silicate particles (CoJet
system; 3M ESPE, St. Paul, MN) maintaining a pressure
of 2.3bar in a non-contact position from a distance of
8mm, for a duration of 1 min. After AA all specimens
were washed under running water. After conditioning of
surfaces samples from groups 1,4,5 and 6,9,10 received a
coating of silane (Monobond Plus ceramic primer Ivoclar
vivadent) a single layer for 60 sec and air dried. No silane
coupling agent was applied on lased groups. Samples
were cleaned with isopropanol for 180 sec and oil free
air dried. A single layer of Heliobond (Ceramic Repair N)
was scrubbed on the conditioned surface and light cured
for 10 sec (Bluephase G2, Ivoclar,Vivadent). The repaired
surface was bonded to composite resin (Multicore flow;
Ivoclar/ Vivadent) incrementally using a tofelmire matrix
holder at a height of 5mm and cured 20sec.
To replicate oral conditions all specimens were shifted
to a thermocycler (Mini Opticon Real-Time PCR System,
BioRad, USA) between 5C to 60°C for 30sec transfer time
5 sec. For shear bond strength testing the specimens were
placed in a Universal testing machine (Zwick Roell Z2.5
MA 18-1-3/7 ulm, Germany) at a cross head speed of
1ml/min and 2.5KN force perpendicular to the bonded
surface until repair failure. The repair bond strength was
measured in MPa (Megapascals). A stereomicroscope at
40x magnification was used to analyse failure pattern.
Failure type was categorized into adhesive, cohesive and
admixed failure type. The data were normally distributed
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according to Kolmogorov–Smirnov test (a=0.05). The
mean repair bond strength was calculated using ANOVA
and Tukey's post hoc test at a significance level of (p
< 0.05). Data was charted using statistical program for
social science (SPSS version 21, Inc., Chicago, US)

Results and Discussion
A normal distribution of data was observed in the present
study. Table 1 displays repair SBS values in Lithium
Disilicate (LD) and Zr Y-TZP type ceramics. The highest
repair bond strength observed in LDC was (19.57±3.58)
in group 4 Hydrofluoric acid + salinization whereas, the
lowest score was displayed in Group 3 laser irradiated
using Nd-YAG (11.88±1.98). Similarly, in Y-TZP the
highest repair SBS values were presented in group 10 air
abrasion (20.32±3.21) and the lowest SBS values were
exhibited by bur treated group 1 (12.25±2.33).

Table 1. Comparison of means and SD for repair bond
strength values among study groups using ANOVA and
Tukey multiple comparisons test
Type of
Material

Surface
treatment

Group 1: Bur
treatment (Control)
	Irradiated using
Er,Cr:YSGG (ECL)
Lithium
Group 3: Laser
Disilicate 	Irradiated using
Ceramics (LDC)
Nd-YAG
Group 4:
Hydrofluoric acid
+ salinization
Group 5:
Air Abrasion
Group 6: Bur
treatment (Control)
Zirconia
Group 7: Laser
Y-TZP	Irradiated using
Er,Cr:YSGG
Group 8: Laser
	Irradiated using
Nd-YAG laser
Group 9:
Hydrofluoric acid
+ salinization
Group 10:
Air Abrasion

Mean ± SD
Mpa

Pvalue!

12.27±2.11a
13.52±2.68

a

11.88±1.98a

19.57±3.58c

<0.05

16.44±3.82c
12.25±2.33a
14.25±2.24a

13.74±1.54a

<0.05

18.66±3.44c

20.32±3.21c

Different upper script letters in individual materials
indicate statistical differences (p < 0.05).
! Showing significant difference among study group
(ANOVA)
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Based on the conditioning regimes repair SBS values of
group 1, group 2, group 3, group 6, group 7 and group 8
were comparable p>0.05. Similarly, repair SBS in group
4, group 5, group 9 and group 10 were also found to be
comparable p>0.05. For bond strength values, analysis of
variance (ANOVA) showed significant difference among
all study groups (p>0.05). Failure modes observed among
the de-bonded specimens are presented in table 2. Most of
the failures in group 1, group 2, group 3, group 6, group 7
and group 8 were dominantly adhesive. Whereas, failures
in group 4, group 5, group 9 and group 10 were cohesive.
Overall, adhesive type failure was common amongst all
groups. The present study was based on the hypothesis
that LLLT in the form of ECL and NYL on conditioning
of LDC and Y-TZP will exhibit comparable repair bond
strength to conventional conditioning regimes. The
laboratory-based study revealed that ECL and NYL
conditioning of LDC and Y-TZP exhibited statistically
lower shear bond strengths compared to conventional
conditioning regimes HF acid+ salinization and AA.
Therefore, the hypothesis was rejected. The quality and
resilience of bond signifies clinical success of repaired
ceramics. Mechanical and chemical roughening of LDC
and YTZP is essential for obtaining a reliable bond.
Recently, use of laser irradiation for surface roughening
of ceramics in improving bond strength and adhesion of
composite to resin has gained popularity (Alkhudhairy
et al., 2019a; Vohra et al., 2019).
In the existing study, ECL application at wavelength of
2780nm, power 3.75W and 15Hz frequency was used,
as ECL at these parameters are well absorbed by the
dental tissues. Moreover, NYL was used at a wavelength
of 1064nm as a conditioning strategy for LDC and
YTZP. In the present study, YTZP and LDC surfaces
treated with NYL (11.88±1.98) (13.74±1.54) and ECL
(13.52±2.68) (14.25±2.24) exhibited comparable repair
SBS scores. The findings of present study of low repair
bond strength scores with NYL conditioning on YTZP
corelates to the work done by (Akyil et al., 2010; Arami
et al., 2014). A possible explanation to this outcome can
be attributed to heat induction during laser irradiation
causing damage to the superficial layer which gives
weak attachment to underlying surface and composite
resin resulting in repair bond failure (Akyil et al., 2010).
Moreover, NYL exhibited low repair scores to LDC this
finding was in harmony with study by Yucel et al.,
(2012). A potential clarification to this finding can be
credited to laser parameters (frequency and power), nano
crystalline structure of LDC (IPS Emax Press and IPS
Empress 2), duration of laser irradiation and distance
from the conditioning surface. Furthermore, low repair
bond scores of ECL conditioning to LDC can be ascribed
to high power output in the present study. This finding
corelates to the study done by (Gökçe et al., 2007; Kirmali
et al., 2015; Kursoglu et al., 2013).
The authors of the study suggest that with increase power
SBS of ceramics decreases. It is expected that high power
dislocates and causes irregularities of the crystalline
structure of LDC compromising repair bond integrity.
Moreover, ECL conditioning on YTZP showed increased
Application of Low-Level Laser Therapy in Veneer Repair
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repair bond strength to bur treated and NYL group but
this was statistically insignificant. A study by Kirmali
et al., (2015) investigated that ECL with sandblasting
improved repair bond values. Moreover, work by Tokar
et al., (2019) suggested ECL at short pulse duration
displayed better repair bond integrity. In the present
study ECL laser with long pulse duration was used which
might ascribe to low bond integrity scores. Scanning
electron microscopy (SEM) of the conditioned surface
may give better justification to this outcome.

using Al2O3 increases the surface roughness, develops
undercuts this provides retention and facilitates silane
coupling agent into these grooves enhancing repair
bond strength.
Based on mode of failure and fracture analysis of
specimen lased irradiated surface of both LDC and
YTZP showed adhesive failure type. This finding was in
correlation to low repair bond strength values. Moreover,
AA conditioning and HF salinization on LDC and YTZP
predominantly resulted in cohesive fracture. A possible
explanation is the salinization process in AA and HF
acid group resulting in cohesive failure type. A possible
limitation of the present study was the absence of
topographical analysis of the conditioned surfaces and
energy dispersive spectrometry of the deboned specimens.
Use of thermocycling procedures and conditions similar
to oral cavity provided better understanding of short- and
long-term durability of repair bond strength outcomes.
Future studies should be directed in using different laser
parameter along with other conditioning regimes with
simulated ageing. Moreover, clinical trials with ex-vivo
designs are recommended to validate the findings of this
laboratory-based study.

The highest repair bond strength was seen in LDC
conditioned with HF acid and salinization. This finding
was parallel to a study by (Ataol and Ergun, 2018;
Colares et al., 2013). A possible justification to this
outcome is that HF acid reaction with glass matrix forms
hexa-flouro-silicates i.e., exposing and roughening the
crystalline structure increasing the micromechanical
retention. In addition, silanization after HF acid forms
a chemical bond with composite resin improving repair
bond integrity. AA conditioning on YTZP displayed
the maximum repair bond scores. These finding are
comparable to the work done by Akyil et al., (2010);
Arami et al., (2014) and Kirmali et al., (2015). A probable
description to these findings is that air abraded area

Table 2. Modes of failure among different experimental groups
Failure
type
Adhesive
Cohesive
Admixed

Group
1

Group
2

Group
3

Group
4

Group
5

Group
6

Group
7

Group
8

Group
9

Group
10

6
2
2

8
2
0

9
0
1

2
5
3

2
5
3

7
1
2

6
2
2

9
1
1

1
7
2

8
2

Conclusion
HF acid with salinization remains gold standard for
conditioning of LDC. AA with salinization is the most
effective method to condition YTZP ceramics for better
repair bond scores. Alternate methods of conditioning
using laser (NYL and Er, Cr:YSGG) needs further
investigation.
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ABSTRACT

Chitosan is a natural, biocompatible, biodegradable ,nontoxic and effectively accessible polymer which can be
utilized for arrangement of nanoparticles, it is chelated with chelaters, for example, sodium tripolyphosphate and
barium chloride. Chitosan nanoparticles are utilized in pharmaceutical ventures as an antimicrobial compound.
N-Acetylglucosamine (GlcNAc) is a monosaccharide that by and large polymerizes straightly through (1,4)β-linkages. The goal of this assessment was to get ready chitosan (CS) nanoparticles related with N-acetyl-DGlucosamine (GlcNAc), utilizing the wet turning technique, required to consolidate the GlcNAc pharmacological
properties with the CS organic properties for utilization of feed arrangement. Chitosan nanoparticles from shells
of arthropods and shellfish devastate and all around have the possibilities to upset aquaculture. One new approach
called "Nanotechnology" can be utilized for altered the bolstering procedure. The fundamental idea of this strategy
is that the fish nourishment supplements are covered in chitosan Nano-particles which expanding the extent of
that go over the gut tissue and into the fish, other than going straight forwardly through stomach related support
unused.
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INTRODUCTION
Nanotechnology is that the rising science that deals with
nm scale and nanoparticles are one among the building
blocks in engineering. Recently, engineering and polymers
along have captivated a large interest in several areas as
well as pharmaceutical trade and therapeutic innovation
among others. Nanoparticles are the solid mixture
particles in metric linear unit vary. Chitosan may be a
cationic saccharide that's usually obtained by alkalescent
deacetylation of polyose poly (N-etylglucosamine). It’s
biocompatible, perishable, muco adhesive, and nontoxic.
These nice biological properties create chitosan an honest
candidate for a stage in developing drug delivery systems
having improved bio distribution, multiplied specificity
and sensitivity, and reduced medicine toxicity. Chitosan
may be a chemical compound derived from polyose,
that has been found in a very wide scope of natural
sources (the exoskeletons of the crustaceans, crabs, and
shrimps, and therefore the cell walls of fungi) that exhibit
biodegradability, biocompatibility, and styptic capability,
moreover because the ability to inhibit the expansion of
microorganisms and fishes. NAG loaded with chitosan
nanoparticles is used for fish feed formation. N-acetyl
glucosamine may be a chemical that has been derived
from the outer shells of shellfish (Vert et al., 2012).
Chitosan may be an appropriate chemical compound
for medical and pharmaceutical applications (Cheung
et al., 2015).
Commonly, success of any cultivation venture in the main
depends on “Three Pillars”. They’re quality seed, quality
feed and quality management. Nutritionally balanced
Table 1. Potential Use of Nanotechnology In Fish Feed:
(Shrivastava et al., 2015)
S.NO

FUNCTION

JUSTIFICATION

1.

Antimicrobial or
Antifungal agents

2.

Delivery of
micronutrients or
other ingredients

Preserving sacks or
during storage
of fish feed.
To surround or coat
(Nanoencapsulation
technology) nutrients
that would normally degrade,
such as fatty acids, or have
limited absorbtion efficiency.
eg. free fatty acid
Carotenoids, Trace minerals,
Vitamins and Fatty acids
Improve
absorption
To reduce the antinutritional factors

3.
4.
5.

6.

Increasing
bioavailability
Nanoscale mineral
supplements
Alternative to organic
forms of feed
supplements
Stability of the
food ingredients

Alter the physical
properties reduce
food wastage
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blue feed is that the most vital and essential input for
the undefeated fish production because it is one among
the foremost limiting factors within the enlargement of
the overall fish production, (Behera et al., 2014). The
aquaculture business has recently been growing quicker
than some other segments of nourishment creation, so as
to cover the protein interest for human utilization, (Luis
et al., 2017). Chitosan particles are of high enthusiasm
attributable to their physicochemical highlights, for
example, biocompatibility, biodegradability, nonlethality, bioactivity, and polycationic nature by Divya
and Jisha, (2018). The improvement of nanotechnological
details for application in aquaculture has especially been
the principle focal point of research because of worries
about sanitation for customers (Jennings et al., 2016).The
utilization of nanotechnology is a shelter for sustenance,
as at nanometer sizes, m aterials show extraordinary
highlights not at all like those of mass material and
separated particles. Nanotechnology has a wide scope
of uses in aquaculture furthermore, can contribute
fundamentally to several emerging fields, (Luis et al.,
2017, Angelica et al., 2019).
Nanotechnology uses in fish feed formulation:
Nanotechnology includes a intensive usage potential
in cultivation and food industries. significantly to
beat feeding methods issues of culture organism, Nano
technologies provide a promising results, attributable to
it nano size particle and economical mixing property that
makes the feed delivery system additional adequate and
self-made. on account of studies, nanoparticles of parts
like antioxidant, iron, etc. sources supplemented in diet
may improve the expansion of fish scale back the value
of water treatment (Albrecht et al., 2006). There are varied
potential applications of NMs in blue feeds (Table.1).
Role of Nano technology in feed formulation:
Nanotechnology is associate rising science that is includes
a immense potential to revolutionize agriculture and
different fields as well as cultivation and fisheries (Ashraf
et al., 2011). It will offer new Facilities for cultivation,
fish nutrition, fish biotechnology, fish biological science,
fish copy and aquatic health. Nano technology includes
a wide selection of application in cultivation and food
industries. for instance, production of more practical
fish feed for cultivation species by application of nano
technology (Choi et al., 2010).
Chitosan Nano particle preparation methods: Fathima
et al., (2019) worked out the dietary supplementation
with ChNP and reported that it decidedly influences
the monetarily significant freshwater O. niloticus as
far as development is concerned with regard to body
organization, intestinal bacterial check, stomach related
compounds, hematology, resistant reaction and liver
status. In spite of the fact that the most elevated feed
and protein usage, hematological profile, amylase
and lipase exercises, body rough lipid substance, and
decrease in the check of anaerobic microscopic organisms
were seen in fish that got 5 g/kg diet ChNP; the lower
portion of 3g/kg diet was additionally adequate to
fundamentally upgrade certain parameters, for example,
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development execution, and checks of high-impact and
anaerobic microbes. In this manner, the organization
of low be that as it may, successful degrees of ChNP
can be a valuable methodology in fish cultivating,
(Fathima et al., 2019).
Udo and his team (2017) formulated of experimental diets,
formulations based on linear programming technology,
have been developed using the feed-formulating software
on windows. Dry matter was used for both diets. The
protein supply was blood meal, soya and fishmeal (65
percent anchovy). In a freezer with nitrogen gas to avoid
spoilage, all the products were ground up to less than 40
μm. Dry ice has been used to avoid decomposition when
grinding all nutrients. Before the food planning, Vitamin
Premix was prepared to ensure the ingredients are
fresh. The percentage-based diets have been converted
in a 5 kg bag size weight basis. Individually weighted
by electronically sensitive Chitosan and chitosan
nanoparticles are then added and thoroughly mixed in
order to achieve a standardized mixture of 5 g kg-1.
Cassava starch was used as a binder and was placed in
a 50% cool (50-50 mL-water-50-g-starch) solution.

Figure 1. Schematic diagram of Nano enhanced Fish
Feed Formulation designed by Subramanian Kumaran S.,
Wilson Aruni and Karthika M.(2020)

Method of NAG Loaded Chitosan Nano Particles:
NAG-loaded nanoparticles were shaped by the addition
of chitosan resolution to TPP solution containing
totally different concentrations of NAG (Reddy et al.,
2015). During this review paper the results of NAG
concentrations (50, 75, 100, 200, three hundred and five
hundred μg/mL) and chitosan concentrations (1, 2, three
mg/mL) on nanoparticle’s characteristics are studied
(Yudinetal et al., 2014).
Nanoparticles have guarantee for building up the
assurance of cultivated fish against maladies brought
about by pathogens. Chitosan nanoparticles are utilized
as transporters for an oral plasmid DNA antibody. For
instance, oral organization with chitosan actuated a
counter acting agent invulnerable reaction in fish.
Fish Growth Promoter: The selenium (Se), iron (Fe) ang
chitosan containing nanoparticles are likewise used to
advertiser of high last body weight pick up and improve
the cancer prevention agent property.
Fish Feed Formulation: However, as highlighted in
this topic, the integration of or greater progressive
technologies may be the manner to Gain vast advances
for the aquaculture enterprise, Together with the use of
nanotechnology in aggregate with that Of important oils.
The manufacturing of biodegradable nanoformulations
with important oils can make contributions to solving
issues of efficiency in sickness manipulate, as well
as, to remedy. The problems of contamination. The
contamination can be decreased by way of the fact
of the opportunity to discount within. The use of
traditional chemicals in disorder control lies on the
reality that nanoparticles can act as well managed
launched structures and in this context, large amount
of organic active compounds have been used to treat
several diseases, (Angelica et al., 2019). The experimental
trail were conducted and got a high FCR and weight
of fishes. The feed formulation will be patented. The
nutrient content of fish meal relies upon at the kind of
uncooked materials and production approaches used
in its production. In wellknown, notable fish meal
produced the use of whole fish contains sixty six%–74%
crude protein, eight%–eleven% crude lipids, and <12%
ash.33 In evaluation, fish meal made out of byproducts
incorporates fifty two%–67% crude protein, 7%–14%
crude lipids, and 12%–23% ash.
As an instance, white fish meal constructed from
byproducts incorporates 60%–67% crude protein,
7%–eleven% crude lipids, and 21%–23% ash,18,34
and tuna fish meal produced from byproducts contains
fifty seven%–60% crude protein, eight%–14% fat,
and 12%–21% ash.35, 36, 37, 38 The lower protein
content material and higher ash content in byproduct
fish meals are not sudden, as the nutrient composition
differs among complete fish, fillets, and different parts
of the frame (viscera, heads, pores and skin, bones, and
blood). The extraordinary proportions of numerous
byproducts which might be used to provide fish meal
will therefore also contribute to the nutrient variability
of the fish meal crafted from byproducts. Regardless
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of this, fish meal derived from fishery and aquaculture
byproducts has been effectively used in aquafeeds, and
its use is not unusual exercise in some countries (FAO,
2018) research at the nutritive values of byproduct fish
food has validated their right capacity as alternative raw
substances. Fish meal from tuna byproducts can substitute
25%–30% of the protein from top rate-grade fish meal
without affecting the increase performance of noticed
rose snapper (Lutjanus guttatus) whilst blanketed at a
price of 15.8%–21.4%.37 For olive flounder (Paralichthys
olivaceus), 30% of fish meal may be substituted through
tuna byproduct meal at a dietary inclusion price of
21%.38 For Korean rockfish (Sebastes schlegeli), 75% of
fish meal may be substituted via tuna byproduct meal
at a nutritional inclusion charge of fifty eight.1%, with
out compromising boom and feed usage.39 The much
less than best dietary profile of byproduct fish food
affords challenges within the complete alternative of
outstanding fish meal. Despite the fact that, byproduct
fish meal remains a possible opportunity to conventional
fish meal, and, greater importantly, is a greater most
economical and sustainable protein supply Table 2 &
Table 3 (Kim et al., 2018).
Fish feed ingredients: Wong et al., (2019) concluded
the usage of meals wastes to formulate fish feed pellets
Table 2. Different levels of some conventional fish feed
stuffs
S.
NO
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Type of
fish meal

Maximum
level (%)

Fish meal (tuna
50
waste, 56% protein)
Fish meal (miscellaneous,
50
60% protein)		
Poultry byproduct
10
meal (58% protein)
Fish protein concentrate
5
(soluble, 70% protein)
Blood meal (80% protein)
3
Soybean meal (38% protein) 30
Soybean meal (solvent
45
extract, 48% protein)
Groundnut cake
5
meat (45% protein)
Brewers dried
5
yeast (30% protein)
Brewers dried grains
5
(18% protein)
Palm kernel cake
5
meal (18% protein)
Wheat middling
5
(17% protein)
Rice brans (12% protein)
3
Maize (10% protein)
20
Sorghum (guinea corn,
10
10% protein)

Minimum
level (%)
10
10
_
2
_
_
_
_
2
_
_
_
_
5
3

76 Trends in Aquaculture Feed Development		

Table 3. General Quantities of Nutrients Incorporated Into
Diets For Growing Fish
S.
Nutrients
NO			

Requirement
(% by dry diet)

Protein: These include 10
32-45%
essential amino acids, viz.,
lysine, phenylalanine, arginine,
valine, leucine, isoleucine,
methionine, threonine,
tryptophan and histidine.
2.
Fat: Used as a source
4-28%
of energy and polyunsaturated
fatty acids. Generally, freshwater
fish require fatty acids
of the linolenic (w-3) and
linoleic (w-6) series;
while saltwater and coldwater
fish require EPA and DHA (w-3).
3.
Carbohydrates: These are an
10-30%
inexpensive source of energy and
are binding agents. No essential
Requirements have been
identified. These are poorly
digested when fed raw; highest
digestibility is attained when
cooked. Major carbohydrates
are starch, cellulose and pectin.
4.
Minerals: There can be some
.1.0-2.5%
20 inorganic mineral
(fed as a
elements, including, calcium,
multi-mineral
phosphorous, magnesium, iron,
premix)
copper, manganese, zinc,
iodine and selenium
5
Vitamins: These are inorganic
1.0-2.5% (fed
substances required in trace
naturally as a
amounts that can be divided
multi-vitamin
into fat soluble (vitamins
premix; because
A, D, E and K) and water-soluble
of their chemical
(vitamin B-complex, viz., thiamine, instability vitamin
riboflavin, pyridoxine, pantothenic
choline and
acid, cyanocobalamin, niacin,
C are added
biotin, folic acid choline and
separately from
myoinositol; and vitamin C).
the premix)
1.

appears to be feasible. Specific combinations of meal
wastes need to be chosen for healthy feeding modes of
various fish species, extensively freshwater fishes related
to low-trophic stages, Herbivores (which include grass
carp) and omnivores (together with gray mullet). That is
because of the fact that the protein and dietary necessities
of these low trophic stage fishes are lower in comparison
with carnivorous fishes (consisting of freshwater bass).
Food waste based pellets may be upgraded by adding
enzymes and baker’s yeast, leading to better Boom costs
and better immunity of the cultured fish.
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Figure 2. Feed Formulation Using of NAG loaded chitosan Nanoparticle

Inclusion of Chinese herbs would additionally help to
replace positive antibiotics utilized in aquaculture. In
preferred, fish fed with meals waste primarily based diets
are safer for human consumption, whilst in comparison
with the ones fed the economic diets, because of the
better contaminant concentrations in Fishmeal contained
within the industrial diets. In addition research must
take cognizance of the feasibility of including Chinese
medicinal herbs. Employments of NAG stacked chitosan
nanoparticle in fish feed: In aquaculture framework the
development of the fish is significant on the grounds
that the interest of fish is extremely high in advertise.
The feeds utilized for fish doesn't improve the better
development just as it doesn't have the ability to oppose
the ailment. Along these lines the NAG stacked chitosan
nanoparticles is utilized in feed definition on account of
its capacity to expand quick development in angles and
furthermore has a decent obstruction against sicknesses
(Figure 1& 2).

CONCLUSION
The best demanding situations to alternative protein
assets in aquafeeds encompass variable protein content
and the feasibility of growing production, which is a
characteristic of to be had processing technologies, fee,
and scalability. Customer popularity also varies among
these uncooked materials. Given these challenges,
there's huge potential for technological enhancements
to constantly produce fantastic opportunity protein
products with stronger nutritional profiles, at the same
time as economies of scale can bring about progressed
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fee competitiveness. The chitosan loaded with NAG for
enrichment and disesase resistant of culturing fishes.
A few protein assets, which include fish by-products
and bug meals, are feasible and promising options
to traditional fish meal, while a few raw substances
inclusive of food waste may also nonetheless need to
conquer some of boundaries before becoming a staple
in formulated aqua feeds and can find a recent trend in
aquafeed development.
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ABSTRACT

Dengue fever is an infectious disease which has been a major health problem in Indonesia. There are numerous
approaches to reduce the incidence of dengue fever in Indonesia, including the eradication of mosquito nests,
establishment of the Early Warning Alert and Response System (EWARS), as well as monitoring and analyzing
the high incidence areas for easier management. Data collection is an essential component of the surveillance of
mosquito spread, with both policy makers and health service providers requiring accurate and up-to-date data to
implement an appropriate policy to control dengue fever. The increasing use of smartphones and rapid growth
of technology must be utilized for information delivery in dengue fever surveillance to support the program of
mosquito larvae monitoring by larvae monitoring officers (“Jumantik” in Indonesian language). The Open Data Kit
(ODK) is an application which can assist the data collection process, making it more efficient as well as supporting
the health program. This application can efficiently map the activity of dengue fever spread, with the interactive
map displaying the location of data collection points, thereby accurately presenting the information related to
disease distribution based on the Global Positioning System (GPS). Thus, the utilization of ODK in the EWARS is
expected to increase the efficiency and optimize the success in controlling the incidence of dengue fever.

KEY WORDS: OPEN DATA KIT; MOSQUITO LARVAE MONITORING OFFICER; JUMANTIK; DENGUE; SURVEILLANCE.
INTRODUCTION
Disease surveillance is an activity whereby disease data
is collected systematically, using the epidemiological
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information for planning and assessing disease control.
The components of surveillance activity include data
collection, compilation, analysis, and data interpretation,
as well as the analysis of disease spread to determine
appropriate action. The main surveillance activities
include case detection, case record, case confirmation,
report, data analysis, as well as giving response and
feedback. The main purpose of this surveillance
is using the collected data to develop policies and
programs to promote health and prevent disease
(McNabb et al., 2002). Furthermore, data collection
must be conducted repeatedly and periodically to be
consistent and relevant regarding the disease incidence
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within a specific population. Data collection in the field
is challenging, with various obstacles to overcome. For
instance, the location may be difficult to reach, thereby
slowing the data collection. In addition, it can be costly,
requiring adequate human resources. Such difficulties can
mean that the surveillance is incomplete, so stakeholders,
such as primary health care units, health departments and
other health institutions, cannot develop strategic and
accurate policies in response to current health issues.
Industrial Revolution of 4.0: The development of
Industrial Revolution 4.0 was marked by the emergence
of cyber technology and automation technology used
in combination in various fields including health. The
implementation of this concept is centered on automation
that can be conducted by technology without any
human assistance in the implementation process. Such
automation can increase efficiency in various aspects
where time management is vital and required. Indeed,
optimal time management will exponentially increase
the quality of the work. The utilization of technology
in surveillance means that the information can be
delivered easily and is readily accessible by everyone
at any time. Currently, electronic media has been the
dominant information media used by people in accessing
information. Indeed, with the appropriate management,
electronic media could be a beneficial health information
source, delivering information related to health problems,
disease spread, the impact and the prevention efforts
(Sujatmiko, 2018).
Open Data Kit: Data collection and sharing can be
conducted easily anytime and everywhere through the
internet. Moreover, data collection can be conducted
digitally using applications, such as the Open Data Kit

(ODK) (Macharia et al., 2013). ODK is android-based
application developed by the University of Washington
to accommodate community’s requirements, which is
freely and easily accessible. Currently, ODK has been
applied globally for various needs, such as general
election data collection, tropical rainforest observation,
infectious disease surveillance, etc. Indeed, the scope
of ODK usage is large and its use can be managed to
adjust with the type of data collection required (Brunette
et al., 2013; Hartung et al., 2010). ODK can be utilized
for survey data processing in various fields including
health, and has been used by Google, WHO, and USAID
for data collection, reporting, and processing. ODK has
a server that can be accessed anywhere if it is connected
to internet, but has the advantage of data entry without
any internet connection. A comparison of popular
data collection applications, including features such as
“program license”,”skip logic”, “calculation”, “query”,
“custom-field” etc. is presented in Table 1. Typically,
the more features an application has, then the better the
application (Steinberg and Schindler, 2019).
Dengue Fever: As a developing country with a tropical
climate, infectious diseases are a major problem in
Indonesia (Karyanti and Hadinegoro, 2016). Indeed,
thousands of people are affected by infectious diseases
every year, resulting in fatalities and huge economical
loss for the country (Nadjib et al., 2019). Dengue fever
is one such infectious disease and typical symptoms
include sudden fever, headache, pain behind the eye,
nausea, bleeding signs (positive result on tourniquet test
or rumple lead), skin rash (petechial), nose bleeding, and
bleeding gums. Massive bleeding can occur in severe
cases, such as digestive tract bleeding in the stomach and
intestine, resulting in bloody stools and vomit. Dengue

Table 1. Comparison of data collection applications based on their features
Feature
Active development
Open Source
Programing Language

EC5

ODKv1

ODKv2

Kobo

Ohmage

SurveyCTO

Magpi

COBWEB

■
-

■
■
Java
Javascript
Python

■
■

■
■

■

■
-

■
-

■

Java
Javascript

Java
Javascript
Python				
Apache
GNU
■
■
■
■
■
■
■
-

Java
ObjectiveC

-

-

Apache

-

-

Javascript
Python
BSD3

■
■
■
■
-

■
■
■
■
■
■
-

■
■
■
■
■
-

■
-

License

-

Apache

Apache

Self-hosting
Form designer
Skip logic
Localization
Calculation
Queries
Link tables
Required fields
Validation
Building custom prompts		

■
■
■
■

■
■
■
■
■
■
■
-

■
■
■
■
■
■
■
■
-
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fever is caused by infection of dengue virus from the
Arbovirus, which is spread through the mosquito bites
(Aedes aegypti and Aedes albopictus). The dengue virus
is mostly found in tropical areas, particularly in urban
densely populated areas, and conditions in Indonesia
are ideal for the spread of this disease-bearing Aedes
mosquito. Consequently, dengue fever is a major health
problem, with increasing incidence due to the high
mobility of the urban population, climate change, density
change and other epidemiological factors (Harapan et al.,
2019; Utama et al., 2019).
Indonesia is ranked second state in the thirty countries
with dengue fever endemic area (Haryanto, 2018). In
2017, the number of dengue fever cases was 68,407, of
which, 493 resulted in death. There are three provinces
with the highest incidence of dengue fever in Java Island,
West Java had the largest number of dengue fever cases
(10,061), followed by East Java and Central Java (7,838
and 7,400 respectively) (Indonesian Ministry of Health,
2018). The high incidence of dengue fever in Indonesia
has caused both huge social and economic loss with
around US$381.15 million was expensed in 2015 (Nadjib
et al., 2019). Unfortunately, the effectivity of dengue
vaccine is still questionable to prevent infection of
dengue virus, therefore, the most effective prevention is
by controlling the transmitter vector (Aedes mosquito)
through the eradication of mosquito nests (EMN). It has
been mandated in the Minister of Health Regulation
number 581/MENKES/SK/VII/1992 on Eradicating the
Dengue Fever and the Minister of Health Regulation
number 92 Year 1994, which emphasizes the prevention

effort by eradicating mosquito nests to control dengue
fever.
Control of Dengue Fever: To optimize the prevention of
dengue fever by EMN in Indonesia, the target location
of EMN must be on target, effective, and efficient. The
location of large populations of mosquitoes and high
risk of dengue fever must be prioritized for intervention
to prevent dengue fever, thereby reducing the incidence
and possible epidemic as well as huge losses. However,
the mapping of such locations is difficult. Indeed, there
has not been any available data about mosquito spread
that could be used to detect the risk of dengue fever.
The rapid development of technology and application of
digital data management programs, such as ODK, could
be a solution for this problem. ODK could be utilized
to collect data regarding mosquito spread to guide
preventive action to reduce the incidence of dengue fever
as well as associated losses.
ODK for Data Collection and Reporting of Surveillance
Data regarding the Dengue Vector: The early benefit
of the ODK application is changing the information
documentation collected (reported) from a paper-based
system to a digital report of information collected in
real-time, as the information collected is delivered to
the server allowing reporting of the survey information
collected according to the time and geographical
area (Hartung et al., 2010). ODK is also useful in the
surveillance effort and program evaluation, significantly
reducing the time needed to report the data to regional,
local, state or national levels, which is beneficial for
stakeholders.

Figure 1. The design process and survey report using the ODK application
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Figure 2. Display of ODK form list for Larvae monitoring Officers (Jumantik) in the field

Mosquito Larvae Monitoring: The government effort to
prevent dengue fever involves terminating the infectious
mosquito chain by spreading larvasida, fogging, and
EMN, therefore, the ODK application will be useful to
report helpful information to assist this effort. The survey
form for dengue fever prevention can be created with
the ODK application, comprising several questions to
identify the risk of dengue fever spread in every house.
In addition, the picture-captured and location-recorded
features of ODK directly connect to the server, thus
accurately identifying the area at risk of dengue fever.
The ODK application can also be used for the Early
Warning Alert and Response System (EWARS) and
various surveillance actions periodically. Areas with large
mosquito populations can be identified, so that preventive
actions, such as fogging and increasing the EMN, can
be conducted to prevent the incidence of dengue fever.
Previous efforts to establish this system were initiated
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by conducting a mosquito larvae monitoring program.
Mosquito larvae monitoring officers (Juru Pemantau
Jentik / Jumantik – in Indonesian Language) check,
observe, and eradicate mosquito larvae, referring to
the technical guidelines for eradication of nests of
Aedes aegypti mosquito. Their duties include socialize
the EMN, check the mosquito breeder area (inside and
outside the house), mobilize people to conduct EMN, and
record mosquito larvae observations as well as record
the conduct of EMN. These paper-based observations
are used to determine high risk areas, thereby reducing
the incidence of dengue fever. Therefore, the ODK
application would be helpful in this surveillance, as it is
simple, easy and free to use, allowing mosquito larvae
monitoring officers to digitally record their observations,
thereby improving the efficiency and effectiveness of
the EWARS.
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Survey Design in ODK: The process of ODK implementation
for the EWARS begins by creating the form list which
must be completed by every mosquito larvae monitoring
officer. This form is created in Microsoft Excel or ODK
form builder that can be accessed on the ODK website,
then uploaded to the server, which can be made by us
or provided by the cloud server. Every officer who has
downloaded the application can then install the form
list on their smartphone, so it can be displayed and
completed on their phone screen. The data collected
is then delivered to the server when the phone is
connected to the internet, or automatically stored to be
sent when there is an internet connection. The data will
be displayed in real-time on the server for subsequent
download or analysis by the authorized stakeholders.
The data collection and reporting using ODK is presented
in Figure 1.
Data Collection and Input Using the ODK: Tutorial videos
can be created to help the mosquito larvae monitoring
officers to understand the ODK procedures for data
collection and input. The form list includes the identity
of the house owner surveyed, the house condition,
information about water canisters used in the house,
as well as displaying the house condition in the form
of a picture that can be taken directly using the phone
camera, as shown in Figure 2. Specific data about the
mosquito breeder is displayed for the next form list.
Regarding location, every surveyor can easily record the
GPS location that is integrated in the ODK application
directly.

Conclusion
The utilization of technology can increase the efficiency
and optimize surveillance activity to control the spread
of dengue fever. The ODK application is freely available,
relatively simple and easy to use, thereby allowing
stakeholders to easily access up-to-date, accurate
information regarding the spread of mosquitoes that
cause dengue fever to establish appropriate policies to
control and prevent the incidence of dengue fever in
Indonesia.
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ABSTRACT

In the present study, isolation, purification and characterization of antimicrobial compound obtained from
rhizospheric soil fungus Aspergillus ibericus, was carried out in order to determine the bioactive constituents
present in the metabolite which are aactually responsible for the antimicrobial potential of fungus. The fungal
metabolite was preliminarily screened for its antimicrobial activity against various test microorganisms. Three
solvents of different polarity, ethyl acetate, chloroform and petroleum ether were tested for the extraction of
antimicrobial metabolite from culture filtrate. Quantitative analysis of antimicrobial compound was carried out by
using Thin Layer Chromatography (TLC). Separation of crude extract was performed by analytical HPLC followed
by purification of extract through preparative HPLC. The probable structure of bioactive compound determined by
NMR spectroscopy which was found to be 7-hydroxy-3-(methoxy carbonyl)-2-methylene heptanoic acid having
molecular formula C10H16O5 with molecular mass 216. The Minimum Inhibitory Concentration of bioactive
fraction obtained from A. ibericus was found to be significant as 19.5µg/ml against Pseudomonas aeruginosa,
Escherichia coli, Streptococus pyogenes, Candida albicans and Candida tropicalis, moderate as 625µg /ml against
Staphylococcus aureus, Streptococcus mutans and weak as 1.25mg/ml against Bacillus subtilis.

KEY WORDS: Aspergillus ibericus, antimicrobial metabolite, Thin layer chromatography, Analytical
and Preparative HPLC, NMR spectroscopy, Minimum Inhibitory Concentration.

INTRODUCTION
Opportunistic infection is an infection caused by
microbes like bacteria, viruses, fungi, or protozoa
that do not cause any disease in healthy host. These
opportunists can emerge from normally present in or
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on human body (innocuous) or from environmentally
acquired microbes. These microbes take advantage of
an opportunity such as a host with impaired defense
system, an altered microbiota or breached integumentary
barriers (Cragg and Newman, 2001, Cabrera et al., 2020).
Some of the opportunistic organisms include Candida
albicans, Pseudomonas aeruginosa, Staphylococcus
aureus, Salmonella, Clostridium difficile, Streptococcus
pneumoniae, Streptococcus pyogenes etc (Enoch et al.,
2006; Chen et al. 2020).
Antibiotics form the most critical field of microbial
biotechnology as they are found to cure various kind of
bacterial and fungal infections, but one of the problem
in the fight against infectious diseases is the development
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of resistance to the agents used to control them. The
phenomenon of resistance in clinical isolates has been
known since antimicrobial drugs entered the medicine.
Drug resistance, emerging and re-emerging infectious
diseases has emphasized the need of search for new
strains and compounds with antimicrobial potential
(Zinner, 2007; Lakoh et al. 2020).
Natural sources such as bacteria, fungi and plants
can be explored for new chemical entities as natural
products provide a vast source of chemically diverse
biologically active leads for therapeutic agents. Medicinal
plants provide enormous secondary metabolites having
potential to use as natural drugs in modern medicine.
These bioactive secondary metabolites synthesized by
medicinal plants can also strongly affect plant-associated
microbial communities and their physiological functions
as microorganisms live in a world of chemical signals.
Surprisingly, not only the plants themselves are able
to produce substances with therapeutic properties, but
research continues to show that number of natural
bioactive compounds are actually produced by their
associated microbes (Bull and Stach, 2007; Binyamin et
al., 2019). The rhizosphere is defined as the soil zone in
vicinity of plant roots, a site of high microbial activity
and diversity in comparison to non-rhizosphere bulk
soil. Organic compounds released by plant roots may
act as basis of chemotaxis to attract some species and
repel others, resulting in the existence of different
communities. The microbial diversity and selection for
competent microbes (for limited nutrients and space) in
rhizosphere, makes it potentially an important source
of natural products (Berdy, 2005; Shaikh and Mokat,
2017).
In keeping view of the above justifications, for the
continuous search of new isolates from rhizosphere
soil of medicinal plants, having antimicrobial activity,
the present study aimed at the following objectives
which included isolation of rhizosphere soil fungi
Aspergillus ibericus from medicinal plant Ficus religiosa
and screening for its antimicrobial activity against
various test organisms. The fungus A. ibericus belongs
to Order Eurotiales, Class Eurotiomycetes and Family
Trichocomaceae. The morphological characteristics of
fungus A. ibericus are black colony color, reverse side
yellow, granular texture, biseriate sporulating structure,
rough spores with maturity, conidia diameter of 5-5.5µm,
conidia head diameter of 55-70 µm, colonies initiate with
white hyphae and quickly form jet black conidia (Aneja,
2003). Isolated strain of A. ibercus seems to be broad
spectrum in its mode of action as it inhibited the growth
of all test microbes including gram-positive, gramnegative and yeasts. The work also included purification
and characterization of antimicrobial metabolite and
determination of minimum inhibitory concentration of
antimicrobial metabolite.

MATERIAL AND METHODS
Soil samples were collected from rhizosphere of medicinal
plant Peepal (Ficus religiosa) from Botanical garden,
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Kurukshetra University, Kurukshetra. by removing 1-1.5
inch of top soil with sterilized spatula. The serial dilution
agar plate method was used for isolation of Aspergillus
ibericus from soil sample (Cappucino and Sherman,
1996; Aneja, 2003). Potato dextrose agar (PDA) (CDH)
for fungi was used as isolation medium. Fungal colonies
appearing on their respective media were transferred to
potato dextrose agar plates (one colony on each plate)
at 30°C for 4-5 days. The colonies were then transferred
on potato dextrose agar slants and incubated at 30°C for
4-5 days and were maintained at 4°C in a refrigerator
for further studies.
The antimicrobial activity of A. ibericus was evaluated
by using agar well diffusion assay (Nandhini and Selvam,
2011). Potato dextrose agar plates were inoculated with
100µl of standardized inoculum (0.5 McFarland Standard)
of each test microbe (in triplicates) and was spread with
sterile swabs. Wells were made into agar plates containing
the test microbe inoculum. 200µl volume of extract was
poured into a well of inoculated plates. Uninoculated
potato dextrose broth (Hi-Media) was used as negative
control. Antibiotics ciprofloxacin (antibacterial) and
fluconazole (antifungal) were used as positive control.
Then plates were left at room temperature for ten
minutes allowing the diffusion of extract into agar. After
incubation for 24 hours at 37°C, the plates were observed
for inhibition zone surrounding the well containing
extract. The zone of growth inhibition was measured
and expressed in millimeters (mm). The mean and
standard deviation of diameter of inhibition zones were
calculated. Three solvents of different polarity viz ethyl
acetate, chloroform and petroleum ether were tested for
the extraction of antimicrobial metabolite from culture
filtrate. The filtrate was solvent extracted with each of
the solvent separately, in a separating funnel taking equal
volumes of filtrate and solvent (Kekuda et al., 2013).
Quantitative analysis of antimicrobial compound was
carried out by using Thin Layer Chromatography (TLC).
The positions of different spots and solvent (distance it
covered) were marked. The relative flow (Rf) value was
determined (Rajalakshmi and Mahesh, 2014 with slight
modifications).
Separation of crude extract by analytical HPLC
(Shimadzu) was performed at CSIR- Indian Institute of
Integrative Medicine, Jammu. The analytical column
RP-18e chromolith with length of 100mm and internal
diameter of 4.6mm with particle size of 5µm was
used for separation of crude extract.All components
which showed peaks in analytical HPLC were purified
by preparative HPLC at CSIR- Indian Institute of
Integrative Medicine, Jammu. The preparative HPLC
system (Shimadzu UFLC) consisted of pump LC20AD,
autosampler SIL20A HT, column oven CTI 10AS and
detector PDA SPD M20A. The column Merck Semiprep RP-18e with length of 250mm and inner diameter
of 10mm with particle size of 5µm. The analysis was
carried out using a gradient of water with 0.1% formic
acid and acetonitrile. Flow rate 2ml/min. and column
temperature 45°C was maintained. Characterization of
active component showing antimicrobial activity was
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performed by Proton (1H), Carbon (13C) and 2D NMR
(Heteronuclear Single Quantum Coherence (HSQC),
Heteronuclear Multiple Bond Coorelation (HMBC)) at
CSIR-Indian Institute of Integrative Medicine, Jammu.
A 400MHz Bruker spectrophotometer was used to
record the NMR of antimicrobial metabolite. Chemical
shift values were given in parts per million (ppm) with
tetramethylsilane as internal standard. The solvent used
was deuterated methanol.
MIC of antimicrobial compound against all the test
microbes was determined by two-fold dilution method.
In this method, two-fold serial dilution of antimicrobial
metabolite was prepared by first reconstituting the
metabolite (10mg/ml) in 10% dimethyl sulphoxide
(DMSO). The dilutions were made in 10% DMSO to
achieve a decreasing concentration range. A 200µl
volume of each dilution was introduced into wells
(triplicate) in nutrient agar plates already seeded with
100µl of inoculum of the test microbes. All plates were
incubated at 37°C for 24 hours and were observed for the
inhibition zones to know the minimum concentration of
metabolite which is sufficient to inhibit growth of test
microbes (Andrews, 2001; Aneja et al., 2010 with some
modifications).
Statistical analysis: The data obtained from various
experiments were subjected to analysis of variance
(One Way ANOVA) to evaluate the significance of each
parameter by estimating p-value and f-value. The level
of significance was considered as p<0.05 (Pan et al.,
2016).

RESULTS AND DISCUSSION
Aspergillus ibericus isolated from rhizosphere soil
samples of Ficus religiosa was effective against all
test microbes including four gram-positive, two gramnegative and two yeasts. Antimicrobial activity of the
fungus against test microbes is shown in Table 1 in
terms of zone of growth inhibition. in the current study,
Aspergillus ibericus showed maximum antimicrobial
activity against most of the test microbes with very

strong response against B. subtilis, S. aureus, S. mutans,
S. pyogenes, P. aeruginosa, E. coli and C. albicans
(24mm, 25mm, 22mm, 25mm, 21mm, 22mm and 26mm,
respectively) and strong response against C. tropicalis
(15mm). The extraction of crude bioactive metabolites
from the culture filtrate by solvent extraction method
is an important factor to find best solvent that have the
potential to extract maximum concentration and most
potent antimicrobial compounds (Haque et al., 2017). If
the compounds secreted by microorganism are highly
soluble in an appropriate water immiscible organic
solvent, it can be easily extracted form culture broth
(Haque et al., 2017; Kumar and Jadeja, 2018).
Extracellular metabolites are low molecular weight
compounds that are secreted by microbial cells into a
specific environment, namely the culture media (Pinu
and Villas-Boas, 2017). There are some advantages of
extracellular metabolite analysis over the analysis of
intracellular metabolites. The separation of extracellular
metabolites from microbial cells and from their
intracellular metabolites can be achieved by simple
techniques such as centrifugation for bacterial cells and
filtration for fungi, while the extraction of intracellular
metabolites from microbial cells is a complicated process
(Tredwell et al., 2011; Keller, 2019). The analysis of
extracellular metabolites provides invaluable information
about the metabolism of different microorganisms
that change in response to different environmental
conditions.
The culture broth of selected strain A. ibericus was
extracted with three solvents, ethyl acetate, chloroform
and petroleum ether and metabolite was evaporated
to dryness. Three solvents of different polarity were
used to extract the active compound from filtrate.
Antimicrobial activity of metabolites extracted with
different solvents was measured in terms of diameter
of zone of growth inhibition. Metabolite extracted
with chloroform showed activity against only four
test microbes mainly B. subtilis, S. aureus, S. mutans
and E. coli. Compound extracted with petroleum ether
showed antimicrobial activity against five test microbes

Table 1. Antimicrobial activity of rhizospheric soil fungus Aspergillus ibericus strain PIF2
Fungal				Zone of growth inhibition (mm)
isolate				 Test microorganisms
		
Bacteria						
		
Gram-positive				
Gram-negative		
Bs
Sa
Sm
Sp
Pa
Ec
Ca
PIF2
Ciprofloxacin
Fluconazole

24.66±0.57 25.00±0.00
24.00±0.00
NA	
ND	
ND	

22.66±0.57 25.00±0.00
25.00±0.00 26.00±0.00
ND	
ND	

Yeast
Ct

21.00±0.00 22.33±0.57 26.66±0.57 15.00±1.00
25.00±0.00 23.00±0.00
ND	
ND
ND	
ND	
NA	
NA

Values are mean inhibition zone ± Standard deviation of three replicates
NA: No antimicrobial activity; ND: Not determined; Bs: Bacillus subtilis; Sa: Staphylococcus aureus; Pa: Pseudomonas
aeruginosa; Ec: Escherichia coli; Sm: Streptococcus mutans; Sp: Streptococcus pyogenes; Ca: Candida albicans; Ct:
Candida tropicalis
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B. subtilis, S. aureus, S. mutans, P. aeruginosa and C.
albicans with zone of growth inhibition between 14mm
and 17mm respectively.
Metabolite extracted with ethyl acetate showed
maximum activity against all test microbes with zone of
growth inhibition ranging between 20 mm and 28mm.
This suggests polar nature of antimicrobial compound
extracted from culture filtrate of strain A. ibericus. Oneway ANOVA analysis at 5% significance level shows
calculated F value (5.87) greater than F critical value
(3.46) and P value (0.000941) less than 0.05, which
indicates that null hypothesis (there is no significant
difference between the values) is rejected and there is
significant difference between values. Table 2 and Figure

1 shows antimicrobial activity of metabolite extracted
with different solvents. Figure 2 shows antimicrobial
activity of metabolite extracted with different solvents
against test microbes C. albicans, E. coli and S.
aureus. Ethyl acetate as best solvent for extraction of
antimicrobial compound from microbes was reported
by many researchers (Awla et al., 2016; Ahsan et al.,
2017; Haque et al., 2017; Hussaini and Gulve, 2019).
The fungal crude extract was subjected to TLC analysis
for the separation of the bioactive compounds. Two
fractions designated as ﬁrst and second were observed
when developed in dichloromethane: methanol (85:15)
on silica gel TLC sheets with Rf values 0.72 and 0.45
respectively (Figure 3).

Table 2. Optimization of solvent and antimicrobial activity
Solvent				Zone of growth inhibition (mm)
				 Test microorganisms
			
Bacteria				
Yeast
		
Gram-positive				
Gram-negative		
Bs
Sa
Sm
Sp
Pa
Ec
Ca
Ct
Chloroform
34.66±0.57 22.66±0.57 32.00±1.00 0.00±0.00
0.00±0.00 0.00±0.00 13.33±0.57 0.00±0.00
Ethyl acetate
28.00±0.00 26.33±0.57 26.66±0.57 26.33±0.57 26.33±0.57 22.66±0.57 31.33±0.57 20.00±0.00
Petroleum ether 15.66±0.57 13.66±0.57 15.33±0.57 0.00±0.00 17.00±0.00 0.00±0.00 15.66±0.57 0.00±0.00

Values are mean inhibition zone ± Standard deviation of three replicates
Bs: Bacillus subtilis; Sa: Staphylococcus aureus; Sm: Streptococcus mutans; Sp: Streptococcus pyogenes; Pa: Pseudomonas
aeruginosa; Ec: Escherichia coli; Ca: Candida albicans; Ct: Candida tropicalis

Figure 1: Optimization of solvent and antimicrobial activity Bs: Bacillus subtilis; Sa: Staphylococcus aureus;
Pa: Pseudomonas aeruginosa; Ec: Escherichia coli; Sm: Streptococcus mutans; Sp: Streptococcus pyogenes; Ca:
Candida albicans; Ct: Candida tropicalis. When statistically analyzed at significance level 0.05 by One Way
ANOVA, proved to be significantly different.
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Figure 2: Optimization of solvent and antimicrobial activity against test microbes A) C. albicans, B) E. coli and C)
S. aureus; C: Chloroform, P: Petroleum ether and E: Ethyl acetate.

A

B

Figure 3: Thin layer chromatography: Separation of crude
extract with dichloromethane and methanol (85:15)

For purification by Preparative HPLC, firstly compound
was subjected to analytical HPLC. In analytical HPLC,
four main peaks were observed. Peak 1 at retention time
6.129, peak 2 at 6.671, peak 3 at 12.124 and peak 4 at
16.856 was observed with 4.435%, 18.554%, 24.929%,
52.081% area respectively. All four peak fractions were
collected in pure form by preparative HPLC. El-Naggar et
al. (2001) purified antimicrobial compound produced by
Streptomyces violates using analytical and preparative
high-performance liquid chromatography (HPLC). Both
analytical and preparative HPLC had been performed
for purification for antifungal compounds produced
by Lactobacillus plantarum IMAU10014 by Wang et al.
(2012). Analytical HPLC and Preparative HPLC had been
performed for purification of ent-pimara-8(14),15-diene
from engineered Aspergillus nidulans by Bromann et
al. (2014). Alshaibani et al. (2016) performed analytical
and preparative HPLC techniques for purification of
active compounds from Streptomyces sp. SUK 25 with
antimethicillin-resistant Staphylococcus aureus activity.
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Preparative HPLC had been performed for purification of
antimicrobial substances from endophytic actinomycetes
by Sunaryanto and Mahsunah (2013). Reis et al. (2018)
characterized secondary metabolites from endophytic
fungi Nodulisporium sp. isolated from the medicinal
plant Mikania laevigata through high performance liquid
chromatography coupled with mass spectrometry.
Antimicrobial activity of four fractions was analyzed
against test microbes and compound showing peak 4 at
retention time of 16.856 and with major fraction 52.081%
showed antimicrobial activity against all test microbes.
NMR spectroscopy had been performed for verification of
structure of active compound obtained by purification
from engineered Aspergillus nidulans by Bromann et
al. (2014). Alshaibani et al. (2016) performed 1D and
2D NMR for characterization of active compounds from
Streptomyces sp. SUK 25 with antimethicillin-resistant
Staphylococcus aureus activity. Recently, Fan et al.
(2020) characterized the structures of the compounds
produced by seaweed derived fungus Pyrenochaetospsis
sp. by extensive NMR. The structures of the compounds
were elucidated by extensive NMR, H In the present
study, purified fraction showing antimicrobial activity
was analyzed by NMR spectroscopy (Pretsch et al., 2009).
The probable structure of compound was found to be
7-hydroxy-3-(methoxy carbonyl)-2-methylene heptanoic
acid having molecular formula C10H16O5 with molecular
mass 216.MIC is defined as the lowest concentration of
an antimicrobial agent which, under defined in vitro
conditions, prevents the appearance of visible growth
of a microorganism within a defined period of time.
Extract from the isolate should be pure enough to fully
characterize the activity of an antimicrobial compound
(Lihan et al., 2014, Pelo et al. 2020).
The cut-off value for MIC are significant when MIC ≤
100µg/ml, moderate in range of 100µg/ml-625µg/ml
and weak when MIC ≥ 625µg/ ml. (Kuete, 2010) In the
present study, MIC of bioactive fraction obtained from
A. ibericus was found significant as 19.5µg/ml against P.
aeruginosa, E. coli, S. pyogenes, C. albicans, C. tropicalis,
moderate as 625µg /ml against S. aureus, S. mutans
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and weak as 1.25mg/ml against B. subtilis and also
compared to selected antibiotics fluconazole (showed no
activity against any test microbe at any concentration)
and streptomycin (120µg for P. aeruginosa, 5µg for S.
mutans, S. pyogenes, E. coli, 0.1µg for S. aureus and
B. subtilis). When compared with selected antibiotics,
bioactive fraction showed significant MIC value of 3.9µg
against P. aeruginosa, E. coli, S. pyogenes, C. albicans,
C. tropicalis whereas fluconazole showed no activity
and streptomycin showed value of 120µg against P.
aeruginosa, 5µg against E. coli, 5µg against S. pyogenes
and no activity against two yeasts.

Conclusion
It may be concluded that fungus Aspergillus ibericus
isolated from rhizosphere soil of medicinal plant
Ficus religiosa is a promising source of antimicrobial
metabolite. The research work shows rhizospheric soil of
medicinal plants is a rich source of clinically important
microorganisms. The antimicrobial metabolite produced
by the fungal isolate A. ibericus was further purified
and characterized. Antimicrobial metabolite obtained
from A. ibericus is effective against test microbes grampositive bacteria, B. subtilis, S. aureus, S. mutans and
S. pyogenes, gram-negative bacteria, P. aeruginosa and
E. coli and yeasts such as C. albicans and C. tropicalis.
The antimicrobial metabolite is thus broad spectrum in
nature. It may also be suggested that further research is
needed to determine the cytotoxicity and in vivo efficacy
against opportunistic pathogens before it is used for
commercialization purpose.
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ABSTRACT

Researchers are actively working to improve the training process of athletes, as demonstrating theory and correctly
interpreting the results provide an opportunity to be advance about the effectiveness of the proposals. Important
tests are based on variance analysis. The purpose of the research is to develop a method for the training of practical
skills using variance analysis to analyze the results of sports, pedagogy and biomedical research for students in
the field of physical education and sports. The present work suggests a method of forming students practical
skills to perform variance analysis of sports-pedagogical and biomedical data is proposed. The implementation
of the method involves focusing students' attention on performing variance analysis using computer programs.
Automating the calculation process allows students of the department of physical education and sports to perform
high-level statistical data processing.

KEY WORDS: training, analysis, factors, statistics, research.
INTRODUCTION
Sport often comes with maximizing the reserve of the
body's function. Therefore, at present, the evolution
of scientists in order to optimize the training load is
increasingly realistic in sports training practice.However,
the quality of the study directly depends on the adequacy
of the applied statistical analysis methods, because the use
of false statistics negates the significance of the research
activity. In fact, the publication of research results
involves authoritative statistical processing of empirical
data like the Fundamental Principles of Research Jobs
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for Higher Education Graduates in Culture of Sports. Only
under such conditions, theoretical results can be used for
reasoning in sports practice. Therefore, a highly qualified
expert in physical culture and sports should be well versed
in statistical research tools, (Byshevets, 2017) Byshevets
and Denysova 2019, Kostiukevych et al. 2019).
An assessment of scientific, methodological and
specialized materials, reflecting the issues preparing
students for the field of physical education and sports,
shows that today, scientists are widely used Mathematical
and statistical apparatus to prove their findings (Stroganov
and Sergienko 2013). Incorrect use of statistical methods
and criteria can lead to deviations in test results and
false conclusions. In experimental medicine and in the
field of physical culture and sports, there are scientific
works, the published results raise suspicion (Lang and
Sesyk 2016).Evidence-based medical research of Leonov,
(2017) suggests the use of mathematical estimates of
the probability of its influence or absence under the
variance analysis to analyze sports and education data
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education and biomedical. An analysis of variance is
influence of scientific studies the athlete models leads
to decide to apply a specific training method. Therefore,
future experts need to have statistical knowledge and
formulate practical skills in the processing of empirical
data statistics.
When analyzing literary sources, it is shown that
currently experts have not presented methods for forming
practical skills in using students' a well-known method
for assessing the statistical importance of differences
between sample populations, developed in the 1920s by
English mathematician Fisher; it was the basis of a broad
class of important criteria (Glantz, 1998). Looking at the
practical aspect of using variance analysis to improve
the system of sport choices (Drozdovska, 2015). Research
purpose - to develop a method of forming practical
skills using variance analysis for students in physical
education and sports to analyze the results of sports
and pedagogical research and biomedical. The methods
of this study included analysis of scientific literature
and related methods, internet sources, data and other

mathematical statistical methods, including standard
computer data processing.
During the study, we identified pedagogical conditions
to form practical skills in using variance analysis for
sports, pedagogy and biomedical data at high facilities.
Among such conditions should include:- Expand the
theoretical basis for methods of analysis of variance,
conditions of use, characteristics of the ANOVA process;Use of professionally oriented tasks;- A clear algorithm
is available for the analysis phase using IT methods
of student formation, where the practical skills for
performing variance analysis are shown in Figure 1.
The study considers methodological implementation to
develop students' practical skills in performing variance
analysis of sports-pedagogical and biomedical data. It
should be noted that: The peculiarity of the proposed
method is due to the professional training content of
future experts on sports and sports culture. First, they
are:

Figure 1. Method of forming students' practical skills to perform variance analysis of sports-pedagogical
and biomedical data
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Minimize theoretical reports;- Focus on forming practical
skills in students: Automate the ANOVA counting
procedure. At the stage of the theoretical part, students
are informed that the purpose of variance analysis is to
test hypotheses about the relationship between certain
characteristics and unrelated research elements in terms
of quantity, as well as to establish the level of influence
on the factors - circumstances affecting their results and
interactions. The basis of variance analysis, considered a
parameter criterion for comparing media between several
sample sets, is the study of the components of variance.
We emphasize that a variance analysis, depending on
the number of factors, is equal to a one-way ANOVA,
two-way ANOVA, or multivariate analysis. The results
emphasize the need to meet the following conditions:
the normal distribution of the characteristics from
which the sample is taken; equality of dispersion of
experimental properties (Gusev, 2000). At the stage of
practical skills formation, we suggest problem-solving.
For example, 34 athletes with the same fitness level
were trained in four different methods. At the end of the
study, they performed a pilot exercise. The input data
is shown in Figure 2. The task is to assess the impact of
the training method on the outcome of the test exercise.

Using the variance uniformity criterion for Leven's
Test, we test the hypothesis that all distributions of the
dependent variables for the compared samples have the
same variance. As can be seen in Figure 2 (a), p> 0.05,
so the variances of the groups were compared to be
homogeneous, meaning that there was no qualitative
difference between them. Therefore, it is reasonable to
use one-way ANOVA variance analysis.
After performing the standard procedure for calculating
Fisher criteria using MS Excel or SPSS 20.0 (b), we
established the presence of statistically significant
differences between the results of the test exercise in
the transport teams. The motivations were compared
with Fisher criterion (p <0.05). Therefore, the training
method has a significant impact on the results of the
test exercise performed by the athletes. Figure (2) shows
that Method 4 turns out to be the most effective and
Method 1 turns out to be the least effective. In addition,
the use of the procedure for comparing pairs of means
both by Bonferroni (c) and by Scheffe (d) proves that the
difference is statistically significant (p <0.05) between
results. of the test exercises performed by athletes
involved in methods 1 and 4.

Figure 2: Perform an analysis of the variance factor in the SPSS 20.0 program
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That is, method 4 is more effective than method 1.
Apparently the use of computer programs allows you
to automatically simplify the calculation process and
greatly simplify the process of data analysis. This allows
students in the field of physical culture and sports, who
often do not have a solid mathematical background,
to process statistical mathematical data. Research
shows that analysis of variance is quite common in
psychology and pedagogical studies. Clearly, due to the
increasing demand for the quality of science work in
physical education, the evolution of practical skills to
apply dispersed analysis among students of institutions
higher education to analyze sports results - pedagogical
and biomedical research. A method of forming students'
practical skills to perform variance analysis of sports and
biomedical data is proposed. Its characteristic feature
is to focus the attention of future experts on physical
culture and sports on the practical part of performing
variance analysis by IT.
The prospect for further research is to illustrate methods
for forming statistical knowledge and practical skills of
students in the field of physical education and sports
for statistical analysis of data in physical studies sports,
education and health. Gusev (2010), addressed the
characteristics of analysis using variance in empirical
studies. Indeed, analysis of variance helps to solve
a number of journalistic issues related to estimating
differences between sample averages of different number
of groups, surveys or differences between groups
identified by factors. The factors are controlled and the
influence value of each factor and their interactions
determined (Lupan and Avramenko 2010), these reasons
make it quite important for analyzing sports and
educational data. The present study has paid attention
to the importance of learning the basics of variance
analysis. For the training of future statisticians: Lupan
and Avramenko (2010) proposed practical tasks to
analyze variance and give examples of their solutions
using the most popular computer statistics packages.
In addition, it has long been tested and has a famous
system algorithm for computing. Some computer
programs automate the implementation of the ANOVA
procedure, which makes sense. Prospects for analysis using
variance for a variety of researchers. However, though,
students of higher education and health institutions have
no clear idea of the purpose of analyzing variance and
interpreting the results of computational procedures.
Theory and practice of sports training require more
accurate and reasonable research results. The scientific
level of empirical work depends on the proficiency of
the scientific and pedagogical community studies by
empirical statistical data processing methods. Misuse of
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the statistical system falsifies test results and leads to
erroneous conclusions. One of the tasks of the student
training system in the field of physical education and
sports are to formulate research results handling skills,
they have the necessary theoretical knowledge, practical
skills and skills in using modern information technology
to solve professional tasks. Analysis of variance involves
establishing a relationship between qualitative (nominal)
and quantitative (continuous) variables.
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ABSTRACT

The current study was performed to analyse the shear bond strength of resin composite of bioactive restorative
materials (Activa) using mechanical and chemical surface treatments. A total of 60 bioactive composite discs were
prepared using a putty index mould and further divided into 6 groups (n= 10) each undergoing different surface
treatment procedures. Study groups included, a control group (Group 1-no ageing, no surface treatments), Group
2- Aged non treated, Group 3- Acid etch/adhesive, Group 4- Acid etch-Silane/adhesive, Group 5- Grinding and
Group 6 Grinding–Silane adhesive. All Activa discs were tested for shear bond strength using universal testing
machine. Ten samples from each group were assessed for modes of failure. Data was assessed using analysis of
variance and Tukey multiple comparisons test. In addition, among the mechanical and chemical surface treatment
employed the highest mean value was of group 6 (20.86 (± 2.41) and least value of group 3 13.47 (±2.23). Among
all groups the most common type of observed failure was adhesive followed by the admixed type. ANOVA displayed
a significant difference between types of surface treatments on SBS of the repaired material (p<0.01) thus testifying
the hypothesis. To increase surface energy for bonding of Bioactive (Activa) material, mechanical and chemical
surface treatments are a prerequisite. A combination of mechanical grinding and silane adhesive (chemical) surface
treatments produced desirable outcomes.

KEY WORDS: Bioactive material; Repair; Resin composite; Silane; Grinding; Adhesive Bond.
INTRODUCTION
Restorative repair is one of the immense challenges
faced by clinicians. Many clinicians believe that total
replacement of the restoration is the best way for long
term integrity of the filling. However, the risk of removing
tooth structure along with defaulted restoration is a
commonly associated problem with total replacement. In
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contrast, repairing a defaulted restoration is considered
a more conservative approach, which increases the
serviceability of the restoration. Adhesive dentistry has
created the possibility to employ a conservative approach
to save the tooth from the extensive widening of the
tooth cavity. The tooth is repaired based on two important
factors the cavity preparation size reduction and the
materials bonding ability (resin-based composite) to tooth
structure, (Fernández et al., 2015 Zhang et al., 2017).
Using resin composite is a challenge in this type of
approach as it undergoes degradation over time. The
salivary enzymes, pH and wet environment are the
factors that are responsible for early degradation process
(Fernández et al., 2015). Previously the reparation of the
composite was difficult because aging causes degradation
of the available unsaturated double bond (Bektas et al.,
2012). In addition, water sorption, chemical degradation
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and constituent leaching out also influence the bonding
between old and repair material (Neis et al., 2015,
Bektas et al., 2012). Bioactive materials (Activa) are
resin glass ionomer, which provides the advantage to
chemically bond and create a seal against microleakage
by releasing calcium, phosphate and fluoride (GarciaGodoy and Morrow, 2015, Garcia-Godoy et al., 2014).
Activa is one of the first ionic resin mixtures that bears
a shock-absorbing resin component and bioactive fillers
exhibiting similar chemical and physical properties as the
teeth (Kaushik and Yadav, 2017, Amaireh et al., 2019).
In addition, it continuously recharges the environment
with calcium, phosphate and fluoride,(Tezvergil et al.,
2003). This makes the restoration durable and fracture
resistant compared to the composites (Garcia-Godoy
et al., 2014). Previous studies had observed the repair
bond strength based on mechanical and chemical surface
treatment on aged resin composite (Wendler et al., 2016,
Palasuk et al., 2013). Authors claimed that increased
surface roughness is an important factor for the bonding
between old and new restoration (Kaushik and Yadav,
2017, Elsaka, 2016). The purpose of the surface treatment
is to remove the surface layer contaminated by saliva
and increase surface irregularities (Croll et al., 2015).
This process exposes the high energy composite surface
and increases the surface area (Wendler et al., 2016,
Wiegand et al., 2012). However, there is no significant
evidence to establish the relation of surface treatment
and bonding strength between the composite restorations
and Bioactive material (Activa). The present study aims to
evaluate the shear bond strength in repaired restoration
with the condition applied to different surface treatments.
Therefore, the study aimed to investigate the shear bond
strength of resin composite to bioactive restorative
materials (Activa) using mechanical and chemical surface
treatments.

Materials and Methods
The present study conducted the shear bond strength
test of resin composite of bioactive restorative material
using different surface treatment after the approval
from institutional research review board. A total of 60
bioactive composite discs were prepared using a putty
index mould (Ø 6 mm, depth 3 mm). The materials used
in this study and products details are presented in Table
1. For the preparation of the Bioactive disc (Activa)
with dimension (5x3mm), the Activa material was
condensed into layers in the putty index mold covered
by a mylar strip. Each disc layer was light cured with
a light intensity of 1100 mW/cm2, as measured by a
digital radiometer (Marc Resin CalipratorTM, Blue Light
Analytics Inc, Nova Scotia, Canada) for 20 secs at a
distance of 1mm. A final curing was performed after
removal from the mould.
The prepared disc were stored in the distilled water for
24h at 37°C. All the composite disc except 10 were
subject to 100,000 thermocycles at 5 to 55 degree in
the thermocycler (THE-1100, SD Mechatronik GmbH,
Germany). Each cycle continues for 30 secs with 5 s
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

interval between the baths. This process continues over
a period of 7 days. Each specimen disc was embedded
in an acrylic resin mould to create a base. Subsequently
each disc was polished for 30 seconds to remove the
flashes using a number 600 silicon carbide paper discs
(CrbiMet® Abrasive Discs, BUEHLER, Lake Bluff, Illinois,
USA) on a grinding machine (Automata, Jean Wirtz,
Dusseldorf, Germany) driven at a speed of 300 rev/min
under water spray followed by air drying.
Out of total 60 disc 10 water aged non thermocycled
Activa disc were categorised as a control group for the
evaluation of active shear bond strength in repaired
material. The remaining disc were divided into 5 groups
(n=10) to evaluate the effect of the different chemical
and mechanical surface treatment procedures on the
shear bond strength of repaired material. After the aging
process, there were three major types of surface treatment
performed on the aged composite disc: acid etching,
grinding or combination of etching/grinding with silane
adhesive. Each group was subjected to different treatment
protocol. Group 2 consisted of thermocycled specimen
disc without any surface treatment. In case of Group 3
and 5, the repair material was applied over a mechanical
treated surface (etched with 37 % phosphoric and grinded
with abrasive stone) in contrast to group 6 and 4 that
were treated by the combination of mechanical and
chemical surface treatment (silane adhesive).
Table 1: Study materials and composition
Material

Product detail

Shade A3.5 resin
Filtek supreme- 3M
composite
Silane coupling
3M™ RelyX™
agent	Ceramic Primer, 2721
37% phosphoric
Ivoclar Vivadent AG,
acid etch
FL-9494 Schaan/
	Liechtenstein
Primer-adhesive
Adper™ Scotchbond™
system	Multi-Purpose Adhesive

Preparation and surface treatment of the repaired
disc
Group 3 and 4: The specimens were prepared with 400
– 600 grit carbide paper (Buehler) polish under a water
coolant spray. Consequently, the surface is etched by
37 % phosphoric acid (Condac 37, FGM, Joinville, SC,
Brazil) for 15 seconds, rinsed with water spray for 30
seconds and air dried for 10 seconds. The adhesive system
in group 3 is the Scotchbond Multipurpose; however,
in group 4 etching is accompanied by silane (relyx
ceramic primer) and adhesive (single bond- all in one).
The adhesive is applied with a micro brush and after 15
seconds it is air dried for 5 seconds and light cured for
10 seconds.
Group 5 and group 6: The specimen discs were grinded
using the abrasive stone (016, Komet, CE 0197, Germany)
rotated at 40,000 rpm for 5 secs, in one direction in group
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5 whereas the specimen discs in group 6 were coated with
silane and adhesive after grinding with abrasion stone.
The detailed step by step surface treatment is explained
in table 2.
The Activa discs with an acrylic resin based material
(aged and non-aged) were repaired with a resin composite
Table 2: Materials and surface treatment details.
Study Groups

Surface Treatments

Group 1Control group
(non thermocycled)
Group 2-Aged
non treated

No ageing and No treatment
was applied to
the repair-surface
Only thermocycled
and No treatment was
applied to the repair-surface.
Group 337% phosphoric acid etching
Acid etch/adhesive
was applied for 15 s, rinsed
for 30 s and then air dried
for 10 seconds. Subsequently,
the adhesive was applied to the
repaired surface of the disc for 10 s.
After the application, it was air
dried for 3 s to remove
the excess solvent.
Group 4Acid etch was applied
Acid etchas described for group 3. Silane
Silane/adhesive
was applied for 1 min according
to the manufacturer's instruction,
gently air dried followed by
a thin layer of the adhesive
(same procedure as
mention in group 3).
Group 5The disc surface was gently
Grinding
grinded using abrasive stone
(016, Komet, CE 0197, Germany)
rotated at 40,000 rpm with
Sirona T2 Revo-R 40 hand
piece (Sirona Dental Systems
GmbH, Bensheim-Germany),
for 5 s in one direction. Each
disc cross sectional area before
and after grinding was measured
using a digital calliper
(Mitutoyo, Mitutoyo
	Corporation, Japan)
for standardising the quantity
of composite removed.
After grinding, the disc
was rinsed for 15 s and dried for 3 s.
Group 6- 	Repaired surface was grinded
Grinding–
as mentioned above followed
Silane adhesive
by the application of
silane adhesive (Similar
procedure as described above).
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material (3mm x4mm), shade A3.5 with or without any
surface treatment. A putty index mould (Ø 3 mm, depth
4 mm) is placed on the top of the Activa disc to support
the repair material. Excess cement was removed with the
micro brush. Each side was cured for 20 seconds, with
the total time for curing 40 seconds using LED light cure
(Elipartm S10 LED Curing Light, 3M ESPE, MN, USA)
operated with a light intensity of 1100 mW/cm2. The
repair material is light cured for additional 20 seconds
after the mould removal followed by half of the bonded
specimens from each groups were tested after the 24hour storage in distilled water at 37 °C, whereas the other
half underwent thermocycling (5000 cycles, THE-1100,
SD Mechatronik GmbH, Germany) in distilled water at
5 °C to 55 °C. Each cycle runs for 30 seconds with an
interval of 5 seconds between the cycles.
Shear bond strength: The specimens were transferred
onto the universal testing machine (Instron 5965,
Instron Corporation, Norwood, MN, USA) to evaluate
the shear bond strength. The specimen was positioned
in a direction where the 5-kN load cell at 90 degrees
applies shear force at a cross speed of 0.5 mm/min on
the Activa interface until debonding occurs. Using a
digital calliper each bonded Activa-RBC cross sectional
area before and after the application of the load was
measured in order to calculate shear bond strength in
megapascal (MPa) as per respective load applied. After
the debonding, the surface was closely examined under
a digital microscope (Hirox KH-8700, Europe) at 40X
magnification for determination of the type of fracture
at the interface. The fracture can be classified into three
types mainly cohesive, adhesive and admixed. Any part
of activa observed on the surface of composite resin
indicates cohesive fracture whereas debonding at the
interface reveals adhesive failure. Any residue of either
material indicates the admixed type of fracture.
Statistical analysis: The data collected for the SBS was
analysed using Statistical software for social sciences
(SPSS 20.0 version), considering p <0.05 statistically
significant. The normality of the data was assessed
through Kolmogorov-Smirnov test. A brief comparison
between the groups can be appreciated through the mean
and standard deviation. To determine the significant
difference in shear bond strength between different
surface treatments group’s analysis of variance (ANOVA)
and Tukey’s post hoc test were employed.

Results and Discussion
Kolmogorov-Smirnov test displayed even distribution of
the normality data. The Analysis of variance (ANOVA)
displayed a significant difference between different types
of surface treatments on SBS of the repaired material
(p=0.01). Comparing the mean and standard deviation
between the groups, it can be observed that group 1
(24.61 (± 2.18)) demonstrated high value of shear strength
bond closely followed by group 6, group 4, group 5,
group 3 and group 2 respectively (table 3). Furthermore,
under the mechanical and chemical surface treatment
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employed the highest mean value was for group 6 [20.86
(± 2.41)] and least value for group 3 [13.47 (±2.23)].
Table 3: Means and SD for Shear bond strength values
among study groups.
Study
Groups
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6

SBS-Mean
(SD)

ANOVAp value

Tukey
HSD

24.61 (2.18)		
A
11.38 (1.74)		
B
13.47 (2.23)
p <0.01
B
17. 36 (2.45)		C
16.38 (2.73)		C
20.86 (2.41)		
D

Note: Tukey HSD. Different alphabets denote a significant
difference in study groups compared.

Multiple comparison tests clearly displayed that each
surface treatment had an effect on the shear bond
strength that includes the thermocycling, etching,
silane adhesive application, grinding and a combination
of etching/ grinding and silane. Nevertheless, the
comparable results were appreciated between two
groups using different surface treatments such as the
no treatment (group 2), and etching group (group 3) (p=
0.0552) and etching with silane (group 4), and grinding
group (group 5) (p= 0.7612). The no-treatment group
recorded the least mean value with a similar mean
value of etched specimens signifying no evident effect
of etching independently compared to no treatment.
On the other hand, etching with silane adhesive also
did not demonstrate a significant difference in mean
value in comparison to grinding if used independently.
The digital microscope imaging revealed that the most
common type of failure identified was an adhesive
fracture, which clearly displayed the assessment of the
shear bond strength. Only group 2 (no treatment) showed
100% adhesive failure indicating that surface treatment
has a positive effect on the bond strength (table 4). Only
20% to 30% of the specimens demonstrated admixed

fracture whereas only 1 or 2 specimens in groups 1, 4
and 6 exhibited cohesive failures.
The present study aimed to observe the effects of
mechanical and chemical surface treatment on the shear
bond strength between composite and bioactive material.
The results revealed that the major factors affecting the
bond strength between old and new restoration include
surface roughness, bonding material, repair material,
ageing and oral conditions (Palasuk et al., 2013, Wiegand
et al., 2012). Theoretically, the bond between each fresh
layer depends upon the present oxygen inhibiting layer
over unsaturated monomers,(Hamano et al., 2012, Cho
et al., 2013). Therefore, it is necessary to perform the
surface treatment to expose high energy surface as it is
difficult for aged restoration to form bonds, (Carvalho
et al., 2012). The study result displayed that there was
a significant effect of the mechanical and chemical
surface treatment on the bond of repaired material. A
multiplicity of explanation can be viewed in the light
of similar studies conducted related to application of
different surface treatment employed.
The curing of the Activa disc was carried out using a
polyester strip matrix thereafter to standardise each
specimen according to the oral conditions, to form an
oxygen inhibiting layer and a smooth finish (Elsaka,
2016). To further imitate the oral conditions and initiate
the aging process (except for 10 specimens) the samples
were placed in the distilled water and thermocycled
respectively (Bektas et al., 2012, Özcan et al., 2013).
The placement of composite in the water removes
the free radicals, which can react with new repair
material,(Arumugam et al., 2014). In addition, the non
thermocycled specimens were used as a positive control
against the other groups to display the profound effect
of oral condition on the repaired restoration. The purpose
was to compare an ideal situation to the real possibilities
in an oral cavity in order to test the materials efficacy.The
result displayed the superior efficiency of the bioactive
material bonding with resin composite under ideal
conditions. This can be easily appreciated by comparing
group 1 (non thermocycled) with other groups displaying
the highest mean value.

Figure 1. Comparison between different surface treatments
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Analysing the results, it can be observed that there was
no significant difference between the only thermocycled
and etched samples. Thermocycling ages the material by
reducing the unsaturated bonds available for bonding;
hence, it compromises the ability to chemically bond
(Bektas et al., 2012).
Table 4: Failure mode among study groups
Study
Groups

Adhesive
(%)

Cohesive
(%)

Mixed
(%)

Group 1
Group 2
Group 3
Group 4
Group 5
Group 6

50
100
70
60
80
70

20
0
0
10
0
10

30
0
30
30
20
20

Furthermore, the results revealed that etching with the
phosphoric acid presented with the lowest mean value
among surface treatments employed. Previous studies
explained that the phenomena of etching creates entrance
voids upto the fillers that come in contact with water
(Takamizawa et al., 2015, Torres‐Gallegos et al., 2012).
This deranges the silane layer and stabilises the filler
matrix; hence, causing weakening of the bond strength
(Rengo et al., 2012). Rengo et al., claimed that change
in microstructure of the composite depends upon the
variation in the intensity of etching (Rengo et al.,
2012). However, an evident difference is observed in the
application of silane and adhesive after etching. This
indicates that applying silane adhesive creates a silane
bridge (Si–O–Si) with the remaining filler particles of the
composite and allows easy penetration of the adhesive
into etched retentive cavities (Wiegand et al., 2012,
Eslamian et al., 2012).
Thus, this indicates the microstructure and composition
of the composite play an important role in developing
bond strength in a repaired material. Divergent results
were appreciated when grinding was used on the
samples and compared with other surface treatment.
Grinding with an abrasive stone (group 5) demonstrated
comparable results to the etching and silane adhesive
(group 4); however, when silane adhesive was applied
after grinding a significant difference was appreciated.
Authors had suggested that grinding the surface with
the abrasive grit bur causes the removal of the fillers
from the surface leading to voids formation (Özcan and
Koc-Dundar, 2014). This reduces the amount of silica
to react and form bonds. Therefore, adding the silane
and adhesive after grinding causes an increase in the
surface activation of bond formation (Lee et al., 2017,
Dickens, 2015).
According to Lee et al, they failed to present improve
bond strength following above-mentioned procedure
(Lee et al., 2017). The authors stated the bond failure
was appreciated due to the presence of smear debris
(Lee et al., 2017). Whereas, the present study indicates
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silane and adhesive efficiently bonding with the
repaired material. Therefore, it can be concluded that
the difference in results might be due to different study
materials and types of methodology testing. Hence, it can
be appreciated that by comparing the two mechanical
surface treatments grinding (singly used) showed better
outcomes in contrast to etching and silane adhesive.
The author suggests that the ideal weight to test the shear
bond strength is about 15 MPa to 25 MPa, typical resindentine bond strength values. In the present study, the
samples were tested for shear bond strength under a load
of 15 MPa. The adhesive failure was not completely 100%
(except group 2) which demonstrated that mechanical
and chemical surface treatment has a positive impact on
the shear bond strength of the repaired material. Limited
failure in the cohesive failure reflected the validity of
the test based on bond strength in contrast to material
strength (Hickel et al., 2013). Therefore, it can be apposite
that surface treatment has an evident effect on the
bonding strength of the repaired material. Analysing
the limitation of the study, multitude of barriers can be
viewed. The present study was able to efficiently evaluate
the shear bond strength of the repaired material; however,
the repaired bond strength was not compared with the
previous strength of the material.
In addition, two particular different substrates were used
to evaluate the bond strength. One of the most common
problems associated with this material is the aesthetic
shade. It has a narrow range of shade available, which
limits its use. Therefore, the bioactive material can
be used under a sandwich technique to overcome the
esthetic compromise. In addition, the literature showed
limited data availability on repair bond strength of Activa
with a composite resin that intrigued to conduct such
study. Thus, the study outcome provides some clinical
perspective in using different surface modifications
for repair of bioactive material with resins for durable
clinical performance. Moreover, the study recommends
further in-vitro and in-vivo studies to assess the cohesive
strength of non-repaired materials to compare with
repaired shear bond strength for validation of current
findings.

Conclusion
Within the limitations, it was observed that thermocycling
has a negative impact on the shear bond strength;
therefore, to increase surface energy for bonding of
Bioactive (Activa) Material, mechanical and chemical
surface treatments are necessary. A combination of
mechanical grinding and silane adhesive (chemical)
surface treatment produced a desirable outcome.
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ABSTRACT

The confidence scale and self-esteem scale have been passed to 68 mental health checkups for children in Grades
3 and 4, at Ho Chi Minh City Primary School, Vietnam. For better resolution, the problem, physical education
intervention has been used for comparative research. Previous research indicates that Self-esteem and selfconfidence of children in general are poor; Physical education interventions play an important role in improving
their self-esteem and confidence. It suggests that the intervention of physical education should be applied more to
the study of mental health of children with orphans. From a physical perspective. Educational institutions should
focus more on motivating students. The ability to teach as well as encourage them to work in chartered schools.
From another perspective, the need for professional training for physical education teachers in orphan schools The
school popularizes science teaching methods so that the mental health of children can be improved effectively.

KEY WORDS: CHILDREN ORPHAN, PHYSICAL EDUCATION INTERVENTION, SELF-ESTEEM, SELF-CONFIDENCE.
INTRODUCTION
Self-esteem (SE) is considered integral to the self-concept,
and can be defined in terms of positive feelings about the
self. SE has become a household word. Teachers, parents,
therapists, and others have focused efforts on boosting
self-esteem, on the assumption that high self-esteem will
cause many positive outcomes and benefits (Baumeister
et al., 2003). It is integral to an individual’s sense of their
own value (Fox & Corbin, 1989), a principal component of
mental health (Jambor & Elliott, 2005) a strong indicator
of a healthy lifestyle (Smolenáková & Bendíková,
2017), and an important indicator of well-being
(Shek & McEwen, 2012, Lyu et al, 2019). The Rosenberg
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Self-Esteem Scale (RSES) (Rosenberg, 1989) is the most
widely used self-report measure of self-esteem and was
designed to measure self-esteem as a one-dimensional
construct (Dhingra, 2013). The factor structure of this
scale, however, has been the subject of considerable debate
(Corwyn, 2000). While numerous studies support this
one-dimensional model (Shevlin, Bunting & Lewis, 1995),
other research has found evidence of a range of multifactorial solutions (Huang & Dong, 2012). A considerable
number of researchers contend that the RSES is more
appropriately conceptualized as a two-factor solution,
comprised of positive and negative aspects of self-esteem
(Kaufmann et al., 1991 Lyu et al 2019). Self-confidence
is a person’s belief in own ability to carry out life tasks,
and relates to someone’s competences and self-esteem
(Vealey & Chase, 2008) defined self-efficacy as “beliefs
in one’s capabilities to organize and execute courses of
action required to produce given attainments”.
According to the theory of self-efficacy, sources of
confidence include enactive mastery experiences,
vicarious experience, verbal persuasion and physiological
and affective states experiences (Bandura, 1997;
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Hays, Maynard, Thomas & Bandura, 2007). Feltz and
Reissinger (1990) applied the self-efficacy theory and
found that performance accomplishments was the
most significant source of self-efficacy among athletes,
followed by physiological states, verbal persuasion and
vicarious experiences. The number of orphan children
has increased greatly in Ho Chi Minh City - Vietnam,
along with the dissemination of agricultural population
policies, the complete expansion of the second child
policy and the gradual improvement of the orphan policy
school-age population. According to the latest statistics
of the Ho Chi Minh City Education Commission, today,
more than 8900 students attend an orphaned school run
by the private sector.
In terms of related surveys, because the quality of private
school education is worse than that of public schools,
orphans, it is easy to encounter psychological problems
due to poor quality teachers and terrible teaching
environment as well as photographs potential effects of
personality itself. Concerning crimes of orphan children,
especially so social groups have sparked widespread
public concern. Therefore, more and more scholars
are transforming their research into children who are
considered orphans, but only at the theoretical level
instead of performing physical education interventions
for pragmatic discovery. This study aims to find a
way to intervene in physical education that affects
the confidence and confidence of children who are
considered to be able to develop a sound assessment and
intervention program. Scientific side for reference.

Material and Methods
Based on the previous interview with head teachers and
questionnaire accomplished by students of Grade 5, 30
students with less self-esteem and self-confidence in
Class 3, Grade 5 were chosen as an experimental group
imposed with physical education intervention while
38 students in Class 4, Grade 5 was taken as a control
group taught by their former physical education teacher.
In this study, the author used a research tool to request
self-esteem and confidence assessment. Using SPSS 20.0
software to statistics research results were analyzed, (Dao
Chanh Thuc, 2018).

Results and Discussion
Self-esteem study: The self-esteem scale (SES) designed

by Rosenberg and applied in this article has been widely
used at home and abroad to measure the overall feeling
of youth about village values body and self-acceptance,
high reliability, validity and operability. And a total of
136 self-esteem scales with 68 for previous and 68 for
the following test is distributed, while each test also
distributes 30 for the experiment group and 38 for the
corresponding control group, so it is collected with an
effective rate of over 80%. According to Earl Babble, the
questionnaire with a response rate of over 70% is very
effective so that the results of this survey are valid.
Finally, the paper conducted analytical data with
SPSS20.0 and obtained the following analysis results:
According to Table 1, there were 19 people with
extremely low self-esteem and 23 people with low
self-esteem in the test group, accounting for 61.76%
of the total before experiment. After the experiment,
the number of people with extremely low self-esteem
decreased and 12 people with low self-esteem dropped
to15, accounting for 39.71% of the total in the group.
Data analysis showed significant differences (P <0.05)
that physical education intervention plays an important
role in improving the self-esteem of these students.
According to Table 2, there are 20 people with extremely
low self-esteem and 22 people with low self-esteem in
the control group, accounting for 61.76% of the total
before intervention. After the intervention, the number
of people with extremely low self-esteem still did not
change much. Data analysis showed that there was no
significant difference (P> 0.05), moreover, students in
the control group had less improvement in self-esteem,
compared with those in the test group.
According to Table 3, before the intervention, the
experimental group had 19 people with extremely low
confidence levels and 23 people with low confidence in
the test group, accounting for 61.76% of the total. After
the intervention, the number of people with extremely
low confidence fell to 9, while those with low confidence
fell to 11, accounting for 29.41% of the total in the
group. Data analysis shows that significant differences
(P <0.01) that intervention plays an important role in
improving the confidence of these students. With the
control group, before the intervention, there are 20
people with extremely low confidence and 24 people
with low confidence in the control group, accounting
for 64.71% of the total.

Table 1. Number of people n = 68 having a change in self-esteem in the experiment
group after three months of physical education intervention
10-15 points
(very low)
Before experiment
After experiment

19
12

16-25
points (low)

26-35
35-40		
points (normal) points (high)

23
15

14
24

P

12
17		 <0.05*

*indicates the significant difference (P<0.05)
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After the intervention, the number of people with
extremely low confidence levels dropped to 18,
while those with low confidence levels dropped to
26, accounting for 64.71% of the total. Data analysis
showed that there was no significant difference (P>
0.05) (Dao Chanh Thuc, 2018), moreover, that the
students in the control group had poor performance
in terms of confidence level compared to those in the
control group. Teaching experiment: Program Design:
Because teaching in the classroom is the main part of the
physical education intervention program, the author first
consulted with many experts and professors in designing
the education program, substance of the Institute of
Physical Education at the University of Sports in Ho
Chi Minh City, Vietnam, then refered to the documents
related to the psychological health of teenagers and
children. Based on full theoretical support of selfesteem and confidence, the program not only focuses on
basketball and karate, but also includes many interesting
and challenging sub-projects, considering both benefits,
physically and mentally for children to see. Details are
shown in the following table (Table 4):
Experimental methods: Students with lower self-esteem
and confidence are grouped together during practice
or group games. Meanwhile, based on the principle of
discrimination, challenging goals are set in Teaching at
different levels of students Self-esteem and confidence.
For example, when it comes to the chest of basketball, pay
more attention to standards than accuracy as students
have low self-esteem and confidence and then give a
corresponding assessment of passing, allowing them to
accurately identify their strengths and weaknesses (Lyu,
et al 2019). Combined with the rule of principle teachers,

students should be encouraged to actively participate in
activities so that teachers can provide timely and full
recognition.
Also, it is necessary to control their negative emotions
caused by positive failures. Playing basketball, as an
illustration, teachers will find its results to inspire
students to create a record and compare distances
before and after they learn about standard movement.
At the end of this class, the discussion was introduced
to class recollections and shared comments, especially
for students with lower confidence and confidence.
Therefore, what they conclude from reflection can be
done to solve the problem of practical problems.
Result of experiment: Through distributing some
challenging assignments which are modifiable in
practice, teaching activities are not only suitable for
students with lower self-esteem and self-confidence
to increase self-awareness in a positive way, but also
applicable for students with better self-recognition to
achieve sense of joy and sense of accomplishment,
from which both groups are able to obtain impetus
for future improvement. With regard to students with
less progress, it is necessary to help them draw lessons
from the past experience to strengthen self-confidence.
Once they have a conception of self-evaluation will it
be possible to further stimulate their potential? In the
review section, discussion amongst students and teachers
contributes to a broader horizon and intensified capacity
of expression. Testing extracurricular activities: Program
design: Extracurricular activities are complementary to
the entire teaching system, with autonomy, flexibility and
reality. Details are presented as follows (Table 5):

Table 2. Number of people n = 68 having self-esteem changes in the control group
after three months of normal intervention.
10-15 points
(very low)
Before experiment 20
After experiment 19

16-25
points (low)

26-35
points (normal)

22
23

16
17

35-40		
points (high)

P

10
9		 >0.05*

Table 3. Number of people n = 68 with a change in confidence in
the intervention experimental group and control group
after a three-month intervention

Experimental group
Before experiment
After experiment
Control group
Before experiment
After experiment
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0-50
points

50-70
points

70-80 80-100
points points

P

19
09

23
11

15
31

11
17

<0.01*

20
18

24
26

14
15

10
9

>0.05*
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Table 4. Physical education intervention program
Time

Intervention
project

1-3 week Track and field
4-8 week
Basketball
9-12 week
Karatedo

Times
Time Intensity
per week required
3
3
3

45-50 min Medium
45-50 min Medium
45-50 min Medium

Table 5. Extracurricular activities intervention program
Intervention
time
The beginning of
the first month
The beginning
of the second month
The beginning of
the third month

Intervention
project

Time
required

Quality
development
Inspirational
storytelling
See microfilms
inspirational sports

45-50 min
45-50 min
45-50 min

Experimental process: The first intervention of
extracurricular activity took place before the class
officially started; Quality development activities are
carried out on the topic of ice breaking. After a brief
introduction, the teachers and students were grouped to
play the "Meo duoi chuot" game, asking students to tear
up the name tag stuck on each other's back in the order
of the teacher. The three rounds of the game have led to a
good relationship between teachers and students as well
as better mutual understanding among students, creating
a solid foundation for the intervention of the following
physical education system. The second intervention of
extracurricular activities was put into practice after a
month of physical education intervention in class, to
share inspirational stories of sports celebrities.
To begin with, students were asked about self-esteem
and self-confidence, then shared stories about how
sports celebrities win over difficulties and create an
achievement. another great (Yu, 2019). They were
not only asked to discuss stories, but were also given
homework to read more relevant documents. Such
activities are conducive to exemplary and influential
examples for students with lower self-esteem and
confidence to understand the relationship between
success and self-assertion and enhance self-awareness,
(Jun, 2017). The third extra-curricular activity is the
appreciation of the movie "Hai Phuong".
The main character regained self-esteem and confidence
underpinned great achievements after a long struggle
in hard times, providing students with a motivation
to improve themselves. Special instructions have been
applied for students with extremely low self-esteem
and confidence, and the results are remarkable. For
example, opportunities have been provided to them as
a stage for self-implementation. Some of them will be
encouraged to play a team building role so they can

exploit their potential and appreciate what they have.
On the other hand, under its frustration caused by many
failed experiences, mainly in-class instruction focused on
positive instruction while reducing the task's difficulty
to get the feeling of accomplishmen through successful
experience and laying the foundation for positive
self-assessment. After the intervention, the number of
students with extremely low self-esteem and serious
guilt declined by half, confirming the positive effect of
physical intervention.

Conclusions
Children with orphans often have poor mental health.
More than half of the students have shown abnormal
levels of self-esteem and self-esteem, and even some of
them have extremely low self-esteem and low self-esteem
tends to deviate from average development. Therefore, it
is necessary to have timely and reasonable interventions
to improve. Physical education interventions have
the benefit of improving self-esteem and confidence.
After performing physical education interventions for
three months, data show that some students increase
confidence and significantly increase confidence in
group experiments while there are no major differences
occurring before and after the experiment in the control
group. Moreover, after the intervention, students
in the experimental group became more active and
active in class, especially when there was a significant
improvement in students in harsh conditions, thus
improving the whole atmosphere, manifesting that
physical education intervention has a positive impact
on improving the effectiveness of self-esteem and
confidence of students in the experimental group.
The effect of physical education applied in this study has
been shown to be effective in improving the confidence
and self-esteem of children who are considered, so it is
hoped that the system will beat The price of confidence
and confidence and the sports intervention program set
up in this study can be applied by many children who
consider schools in society to help them improve their
mental health better. In addition, physical education
interventions need to be strengthened among students
from vulnerable groups, including children with visual
impairments, HIV-infected children and children with
hearing loss. And should also make corresponding
changes based on the physical education intervention
program to better explore the impact of their mental
health intervention. According to the shortage of physical
education teachers at orphanage schools, as well as the
lack of long-term curriculum and the orientation of the
students in these schools, it is important that colleges
and the University of physical education must strengthen
the combination of physical education of psychological
theory of adolescents.
Through establishing cooperative relationships with
migrant children's schools, universities play an active
role to encourage students to practice, which not
only improves student practice but also contributes
part to strengthen psychological health conditions
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and complete the construction of physical education
systems. Furthermore, colleges and universities of
physical education can also provide appropriate training
for teachers at orphanage schools to improve teaching
capacity.
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Incorporating Etoposide into PUFA-rich Oils Nanoemulsion
Potentiates its Inhibitory Effect on the Cellular Growth of
A549 Non-Small Cell Lung Cancer Cells
Salwa M. Al-Hashemi, Mayson H. Alkhatib* and Hana M. Gashlan
Department of Biochemistry, Faculty of Science, King Abdulaziz University, Jeddah, Saudi Arabia

ABSTRACT

Incorporation of a chemotherapeutic drug into natural oils based-nanoemulsion may facilitate its delivery to
the cancer cells and improve its cytotoxic effect. The current study is aimed to formulate etoposide (EP) in a
nanoemulsion formula (BLO-EVO-N) produced by blending black currant seed (BLO) and evening primrose (EVO)
oils with an emulsifying agent and to in vitro assess its anti-cancer activity on the A549. The size and charge of
the produced formulas, BLO-EVO-N and EP/BLO-EVO-N, were characterized using the dynamic light scattering
techniques. The viability and invasion of the treated A549 cells were assessed using a cell counting kit- 8 and
collagen-based cell invasion assay. Apoptosis of A549 cells was evaluated with mitochondrial staining, annexin
V- fluorescein isothiocyanate (FITC), cell death assays. The z-average diameter of EP/BLO-EVO-N (75.19 ± 9.0 nm)
was increased when loaded with EP (236.9 ± 6.8 nm). Most of the A549 cells remained viable following treatment
with a single EP, while a remarkable reduction in the percentage of the viable cells was noticed at the EP/BLOEVO-N treatment. The signs of apoptosis, such as the change in the mitochondrial permeability, increased amount
of apoptotic cells and enhancement in the mono- and oligonucleosomes ratios were larger when cells were treated
with EP/BLO-EVO-N formula. Regarding the invasion assay, the EP/BLO-EVO-N has a potent anti-invasion effect
since it can suppress the invasion of 66% of the A549 cells. In conclusion, combining EP in BLO-EVO-N formula
had improved the anti-tumor effect of EP in A549 cells.

KEY WORDS:

Anti-cancer activity; Apoptosis; Cell viability; Chemotherapeutics; Mitochondrial
permeability; Polyunsaturated fatty acids.

INTRODUCTION
Despite the extensive developments in cancer therapy,
lung cancer remains the foremost cause of cancer-related
deaths in both males and females (Yin et al., 2017; Bray
et al., 2018). Moreover, most of the lung cancer patients

~80% are diagnosed with non-small cell lung cancer
(NSCLC). The low survival rate after treatments of NSCLC
patients could be attributable to the late diagnosis and
the cancer metastasis. Therefore, handling of NSCLC
metastasis is one of the most crucial ways for effective
lung cancer therapies (Townsend et al., 2017; Altorki et
al., 2019). Despite the extensive uses of chemotherapeutics
agents, the undesirable side effects, drug resistance, short
biological half-life, low permeability, and poor solubility
are the main causes leading to failure delivery of the drug
to the cancer cell Therefore, colloidal delivery systems
were proposed to overcome the main hurdle related to the
conventional chemotherapeutic agent and to enhance its
efficacy (Reddy et al., 2006; Pandey, 2020).
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The natural oils of BLO and EVO are a rich source of
polyunsaturated fatty acids (PUFAs) that have a potent
anti-cancer activity (Sayegh et al., 2016; Timoszuk et
al., 2018). The possible mechanisms for PUFAs apoptotic
effect in cancer cells are owing to the disruption of
the cell cycle progression, stimulation of the cellular
oxidative stress, and alteration of the membrane fluidity
which might facilitate the permeation of the anti-cancer
drugs to the target cell (Menendez et al., 2001; Xu and
Qian, 2014; Zajdel et al., 2015). Nanoemulsions (NEs) are
one of the most effective dispersed nanosystems that are
developed to improve the delivery of therapeutic agents.
The NEs offer several advantages in the therapeutic field,
such as enhanced bioavailability, physical stability, and
solubility of the lipophilic drug (Jaiswal et al., 2015; Ting
et al., 2015; Khan et al., 2018; Halnor et al., 2018). In
the present study, a novel EP-loaded NE formula based
on mixing BLO and EVO oils was produced to potentiate
the efficacy of EP. The antitumor activity of the produced
formula was in vitro evaluated in the A549 cells.

Materials and Methods
Materials: EP was obtained from Ebewe Pharma GmbH

(Unterach, Austria). Tween 80 and span 20 were
purchased from Al-Rowad Modern Est. for the Medical
Supply. The natural oils (EVO and BLO) were acquired
from Chateau Cosmetics Botanical Beauty (Miami, Florida
US). Cell Counting Kit- 8 (CCK-8) (Lot. No. LE612) was
acquired from Dojindo Molecular Technologies, Inc.
(Japan). Mitochondria Staining Kit (Cat. No. CS0390)
was purchased from Sigma Aldrich.
Preparation of BLO-EVO-N formulas: The formula (BLOEVO-N) was produced by the ultrasonication method.
A volume fraction of 2 % of each BLO and EVO were
combined with 86 % of buffer (50 mM, pH7) and then
stabilized by the addition of 3 % Span 20 and 7 % Tween
80. The mixture was sonicated for 30 min using the Omni
Sonic Ruptor 4000 Ultrasonic Homogenizer (New York,
US) until it becomes clear. The EP-loaded formulations
(EP/BLO-EVO-N) were prepared by directly solubilizing
the EP in the BLO-EVO-N formula.
Physical measurements of formulation: The zeta
potentials, z-average diameters, and polydispersity index
(PDI) for the produced formulas were measured using
zetasizer (Malvern Instruments Ltd., UK).

Figure 1. A Particle size distributions of BLO-EVO-N and EP/BLO-EVO-N, measured using
zetasizer. B Zeta potential spectrum of BLO-EVP-N and EP/BLO-EVO-N. C & D The graphs
displayed the amount of z-average diameters and zeta potential for the produced formula,
respectively. Data were expressed as mean ± SD (n =3). Error bars represent the standard
deviation. The P-values were assessed using the independent t-tests. The (***, P < 0.001)
represents the very highly significant difference between the variables.
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In vitro drug release: The in vitro release of EP and EP/
BLO-EVO-N was assessed using the dialysis technique.
1 mL of the EP and EP/BLO-EVO-N were relocated into
the dialysis bag separately (Cut-off 3.5 Da, Spectra Lab,
California) submerged into 200 mL buffer (50 mM, pH
7.4) and stirred at 100 rpm. Almost 1.0 mL of the buffer
was taken at a predetermined interval and replaced by
fresh buffer (1.0 mL). The optical density of the removed
buffer at a specific time (A1) was measured by using a
UV-Vis spectrophotometer (Thermo Scientific™, US). The
% of EP released was estimated through dividing A1 by
A0 (absorbance of the initial sample added to the dialysis
bag) and multiplying by 100.

After that, cells were stained with a cytofluorimetric,
cationic dye, JC-1 stain solution (JC-1 stain, JC-1buffer
solution, and DMEM) and incubated at 37 oC. Finally, the
ﬂuorescence was examined at excitation (Ex): 525 nm /
emission (Em): 590 for red fluorescence (depolarization)
and at Ex: 490nm / Em: 530 for green fluorescence
(hyperpolarization) using fluorescence microplate reader
(Synergy™ HTX, BioTek, US).

Cell culture: Non-small cell lung cancer cell line (A549)
was generously provided by King Abdulaziz University
Hospital (Jeddah, KSA). Approximately 2×106 A549
cells were plated in a culture flask (25 cm2) containing
5 mL of Dulbecco's modiﬁed eagle’s medium (DMEM),
complemented with 10 % (v/v) fetal bovine serum (FBS),
1 % (v/v) penicillin/streptomycin and incubated at 37oC
in a 5 % CO2 humidified atmosphere.

Annexin V-FITC/PI assay: A549 cells apoptosis was
assessed using Annexin V-FITC Apoptosis Detection Kit
(Cat. No. MBS668896, MyBioSource, San Diego, USA).
Briefly, cells (3×105/well) were planted into 6 well- plates
contained 2 mL of DMEM and incubated at 37oC. Then, 2
mL of IC50 for the various formulation was added. After
that, cells were harvested, rinsed twice with pre-cold
PBS, spun down (300 g), re-suspended in 1X binding
buffer (100 μL). Then, 5 μL of each FITC and PI added,
incubated for 20 min, and completed with 400 μL of
binding buffer. Finally, cells estimated within one hour
using flow cytometer (FACS AriaTM III, BD Biosciences,
CA, US).

Cell counting kit-8 assay: A549 cells (1×104/well) were
cultured into 96-well plates at which each well-contained
100 μL of DMEM followed by incubation at 37oC for 24
h in a CO2 incubator. Then, 200 μL of tested formula,
EP, BLO-EVO-N, and EP/BLO-EVO-N were added. The
cellular viability was evaluated by adding 5 μL of CCK-8
reagent to each well, mixed gently, and incubated for
3 h at culture conditions. After that, the absorbance
(A) of treated cells, control cells, and media (blank)
were measured in a BioTek Microplate Reader (λ = 450
nm). The cellular viability (% CV) was calculated by
subsequent calculation: % CV = ((A of treated cells –A
of blank) / (A of control)) *100

Nuclear fragmentation assay: The DNA fragmentation
ratio was examined by applying a Cell Death Detection
ELISAplus kit (Lot. No. 19315700, Mannheim, Germany).
Briefly, cells (1×104/well) were cultured into 96 wellplates contained 100 μL of growth medium. Then, 0.2 mL
of IC50 of tested formulas were added. After that, 20 μL
of cell lysates were relocated into the streptavidin-coated
microplate, supplemented with 80μL of immunoreagent
and incubated on a shaker (300 rpm, 2 h) at the dark.
Then, the ABTS stain was add and incubated on a plate
shaker (10 min). The optical density (A) was determined
(405 nm) and the DNA fragmentation ratio was
estimated according to the following equation:

Cell morphology characterization: Cells (1×104/well) were
cultured and treated into 96-well plates at the same
procedure done in the CCK-8 experiment. Following
treatments, the DMEM was removed, cells were rinsed
with 100μL phosphate buffer saline (0.5mM, PBS), fixed
by the addition of formaldehyde (200 μL, 4 %), and
stained with100 μL of 5 % Coomassie Brilliant Blue dye
for 10 min. Finally, cells were cleaned with tap water
followed by drying overnight at 25oC. The morphological
alteration of treated cells was detected using a phasecontrast inverted microscope (Olympus, Japan).

DNA fragmentation ratio = (A of treated (dead cells)/
A of control (viable cells)).

DAPI Staining: In a 24 well-plate, A549 cells (5×104/well)
were seeded in each well-containing 0.5 mL of growth
media. Then, 0.5 mL of the IC50 for each BLO-EVO-N and
EP/BLO-EVO-N was added to each well. After that, cells
were rinsed with 300 μL PBS (50 mM, pH7.4), fixed via
4% formaldehyde, stained for 2 min with DAPI stain (300
μL, 300 nM) and visualized using ﬂuorescent microscope
at λ = 437nm (Leica CRT6000, Germany).
Mitochondrial permeability assay: The 1×104 of A549 cells
were grown in 100 μL of DMEM in each well of 96 wellplates. Then, cells were incubated with 200 μL of IC50
for BLO-EVO-N and EP/BLO-EVO-N for 24 h at 37oC.
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Cell invasion assay: The ability of A549 cells to invade the
collagen membrane was evaluated by utilizing Chemicon
collagen-based cell invasion assay kit (Cat. No. ECM551,
Merck KGaA, Darmstadt, Germany). Briefly, Cells (3×103/
well) were cultured and treated into six-well plates
similar to the procedure done in the Annexin V-FITC/
PI assay. After treatments, the insert was incubated
with serum-free medium (300 µL, 30 min), and then
250 µL of cell suspension was added. The insert was
incubated at 500 µL of complete medium for 24 h in a
CO2 incubator. After that, the insert was stained, gently
cleaned, and then incubated with the extraction buffer
(200 µL, 15 min). The extraction solution (100 µL) was
shifted to a 96 well-plate for colorimetric measurements
(560 nm). The % of A549 cell invasion was measured by
the subsequent equation:
% Relative Invasion = (A of treatment /
A of control) *100
Statistical Analysis: The variations between groups were
assessed through one-way ANOVA. The significant
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differences between the two groups were estimated by
the independent sample t-test (P < 0.05). Values were
presented as mean ± SD and done in triplicate. All
statistical calculations were carried out using MegaStat
Excel Software (Butler University, Indianapolis).

Results and Discussion
Physical characterization of formulations: As exhibited
in Figure 1 (A and C), the dispersed nanodroplets of
EP-loaded BLO-EVO-N had noticeably increased when
compared to the ones of free BLO-EVO-N (P < 0.001).
The greater size of EP/BLO-EVO-N might indicate that EP
was located inside the core of the BLO-EVO-N micelles.
It has been recently demonstrated that the droplet size
of sorafenib merging in a carrot-NE was larger than
free carrot-NE (Alkhatib et al., 2018). Additionally,
the polydispersity indexes (PDI) for both formulations,
BLO-EVO-N and EP/BLO-EVO-N, which were calculated
by dividing the SD over the average size, were smaller
than 0.08, indicating a monodisperse size distribution.
According to Figure 1 (B and D), the negative charge
magnitudes of BLO-EVO-N was considerably larger than
EP/BLO-EVO-N (P < 0.001).
In vitro drug release: As demonstrated in Figure 2, the
EP-loaded BLO-EVO-N showed a faster release than
the native EP solution. Approximately, half of the EP/
BLO-EVO-N was released at the third hour compared to
the 38% of the released EP solution. The rapid release
of EP/BLO-EVO-N than free EP could be ascribed to the
negative charge and monodisperse size distribution of
the EP/BLO-EVO-N formula. After 24 h, nearly 85 %
of EP/BLO-EVO-N was released, while 50% of the EP
solution was released.
Cell viability assay: The % of viable A549 cells following
incubation with formulations at different concentrations
(0.7, 0.5, 0.3, and 0.1 μM) for 24 h was displayed in
Figure 3A. Most of the A549 cells remain viable after
treatment with the free drug formula (EP). In contrast,
a remarkable decrease in the % of viable A549 cells
was detected following treatment with BLO-EVO-N
and EP/BLO-EVO-N. Furthermore, the graph showed a

steady decline in the % of viable A549 cells once the
concentration of drug formulas increased. Regarding
half-maximal inhibitory concentration (IC50) of the
produced formula, the EP/BLO-EVO-N (0.2 ± 0.03 μM)
has a considerably less IC50 than that of BC/EP-NE (0.4
± 0.01 μM) (P < 0.001). Interestingly, the incorporating of
EP in the NE based on EVO and BLO might facilitate its
delivery and enhanced its antineoplastic effects on A549
cells. In agreement with our findings, several previous
studies have pointed out that using an essential oil or
synthetic drug in a nanoemulsion form exhibited a strong
cytotoxic effect on various cancer cells (Farshi, et al.,
2017; Milhomem-Paixão et al., 2017; Pereira et al., 2017;
Alkhatib et al., 2018; Alkhatib et al., 2019). According
to the light microscopy images presented in Figure 3B,
the treated A549 cells showed a reduction in cell count,
loss of cell membrane, irregular cell shape and membrane
blubbing compared to the untreated cells (control).
Apoptosis detection: The apoptosis of A549 cells treated
with BLO-EVO-N and EP/BLO-EVO-N was evaluated
using different assays, mitochondrial permeability,
Annexin V-FITC flow cytometry, cell death, light, and
fluorescent microscopy. The failure in the electrochemical
gradient of the mitochondrial membrane (lowering red/
green fluorescence intensity ratio) was detected when
A549 cells were treated with various formulations
Figure 3: A Cytotoxicity effect of various concentrations
of the tested formulas on the A549 cells incubated for
24h at 37°C determined by the CCK-8 assay. Data were
presented as mean ± SD (n = 3). Error bars display the ± SD.
The P-values were assessed using the independent t-tests.
The highly signiﬁcant differences between formulas were
represented as (**, 0.001 ≤ P < 0.01). B Light microscopy
images of the control (untreated) and treated A549 cells
stained with Coomassie blue. Images were magnified at
40 X.

Figure 2: In vitro release profiles of free EP and EP/BLOEVO-N in phosphate buffer (50 mM, pH7.4) using dialysis
technique.
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relative to the untreated cells (P < 0.001). Moreover, the
loss of the A549 cells mitochondrial gradient (lowering
red/green fluorescence intensity ratio) was higher with
the EP/BLO-EVO-N treatment (Figure 4) ( P < 0.001).
Additionally, the flow cytometry plots (Figure 5A),
displayed that cells treated with the formulations, BLOEVO-N and EP/BLO-EVO-N, were distinguished to the
different stages of apoptosis. The highest amount of early
apoptotic cells was noticed when cells were treated with
BLO-EVO-N (Figure 5B). In contrast, the amount of late
Figure 4: Mitochondrial permeability change of A549 cells
detected by measuring the red/green fluorescence intensity
ratio using JC-1stain. Data were expressed as mean ± SD
(n = 3). Error bars display the ± SD. The independent t-tests
evaluated the P-values. The (***) indicates the very highly
significant differences between formulas (P < 0.001).

apoptotic cells was considerably increased upon the EP/
BLO-EVO-N treatment (P < 0.001).
The results of the flow cytometry analysis were
confirmed with the cell death experiment that indicates
the increased ratio of the mono- and oligonucleosomes
of the apoptotic A549 cells upon the EP/BLO-EVO-N
treatment (Figure 6A). The nuclear fragmentation ratios
were increased to 2.2 ± 0.05 when A549 cells were
treated with EP/BLO-EVO-N (P < 0.001). According to
the fluorescence microscopy images exhibited in Figure
6B, the changes of the A549 nuclear morphology was
more considerable in the treated A549 cells. The active
component of PUFAs such as arachidonic acid (AA, ω-6),
gamma-linolenic acid (GLA, ω-6), eicosapentaenoic acid
(EPA, ω-3), and docosahexaenoic acid (DHA, ω-3) have a
selectively tumoricidal effect on cancer cells (Dai et al.,
2013). Zajdel et al. (2015) have found that ω-3 PUFAs
specifically, EPA and DHA possess many cytotoxic effects
on the A549 cells such as inhibition of cellular growth,
enhanced cell death, stimulated activation of caspase3/7, and potentiated intracellular oxidative DNA.
Likewise, a previous study of Dai et al. (2013) emphasized
that PUFAs can induce apoptosis in the gastric carcinoma
cells by lipid peroxidation process. The valuable effects
of EVO have been confirmed in the treatments of many
diseases such as atopic dermatitis, psoriasis, asthma, and
anti-cancer therapy (Timoszuk et al., 2018). Therefore,
combining EP in the NE containing PUFAs could enhance

Figure 5: A FITC/PI flow cytometry plots of A549 cells subjected
to the formulation. Cells were treated with the IC50 of BLOEVO-N and EP/BLO-EVO-N for 24 h. Cells were categorized
as necrotic (Q1), late apoptotic (Q2), viable (Q3), and early
apoptotic cells (Q4). B Bar chart reveals the percentages of
A549 cells undergoing apoptosis. Data were expressed as mean
± SD (n = 3). Error bars display the ± SD. The independent
t-tests assessed the P-values. The (***) referred to the very
highly signiﬁcant differences (P < 0.001).
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Figure 6: A Nuclear fragmentation ratio in the cytoplasm
of the apoptotic A549 cells following treatments with the
IC50 of BLO-EVO-N and EP/BLO-EVO-N for 24 h. Error
bars display the ± SD. The P-values were calculated using
the independent t-tests. The (***) described the very highly
signiﬁcant differences between BLO-EVO-N and EP/BLOEVO-N (P < 0.001). B Nuclear changes of the treated A549
cells stained with DAPI and observed using fluorescence
microscopy. Images were magnified at 20X.
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the delivery of EP to the target site and improve the
induction of A549 cells apoptosis.

Figure 7: A The percentages of invasive A549 cells after
treatments with the IC50 of BLO-EVO-N and EP/BLOEVO-N for 24 h. Data were expressed as mean ± SD. Error
bars represent the ± SD. The P-values were measured by
the independent t-tests. The (***) referred to very highly
signiﬁcant differences (P < 0.001). B Images of the invasive
A549 cells following treatments with the formulation using
light microscopy (Magnification 20X).

A549 cell invasion: The effect of BLO-EVO-N and EP/
BLO-EVO-N in repressing the invasion of A549 cells was
displayed in Figure 7 (A and B). The invasion of 49 % of
A549 cells was repressed when cells were treated with
free BLO-EVO-N formula relative to the untreated cell
(control). Upon treatments with EP/BLO-EVO-N, the A549
cells showed a noticeable decrease in the invasive rate
than BLO-EVO-N (P < 0.001). Increased susceptibility of
the tumor cells to apoptosis, diminished angiogenesis and
suppressed metastasis are some of the various signaling
pathways of n-3 PUFA (Gorjao et al., 2019).
The DHA and EPA, as a ω-3 PUFAs, are vital for the
treatments and prevention of metastatic lung cancer
(Yin et al., 2017). In a previous study, Zhang et al.
(2012) have reported that PUFAs, DHA and EPA, have
an impact on breast cancer proliferation, differentiation,
and prognosis. In the present study, the BLO-EVO-N and
EP/BLO-EVO-N could inhibit the invasion of A549 cells
by 49% and 66%, respectively. The obvious decrease in
the percentage of invaded A549 cells at the EP/BLOEVO-N treatments compared to the BLO-EVO-N might
be attributed to the combined effect of EP and the active
metabolites of the natural oils, BLO and EVO.

Conclusion
The free-EP did not induce any noticeable inhibitory effect
on the A549 cellular growth. However, incorporating EP
in a mixed natural oils based-nanoemulsion (EP/BLOEVO-N) had significantly reduced the A549 cellular
growth and invasion. The new formula EP/BLO-EVO-N
is a promising antitumor agent that has beneficial
properties owing to the inclusion of oils that are rich
with the PUFAs. Given that, EP/BLO-EVO-N needs to be
further investigated in animal models.
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ABSTRACT

Use of medicinal plants for the treatment of infectious and life style diseases is since time immemorial. This study
reports the in vitro antibacterial activity of selected medicinal plant extracts against Mycobacterium tuberculosis
H37Rv and other non-mycobacterial pathogens. Fruits of S. torvum, Z. mauritiana and leaves of V.negundo were
sequentially extracted using n-hexane, ethyl acetate and methanol. All n-hexane, ethyl acetate and methanol
extracts were screened against clinical pathogens viz., S. aureus ATCC 29213, P. aeruginosa ATCC 27853,
Carbapenem resistant K. pneumoniae ATCC 700603 and V. parahaemolyticus by agar well diffusion method at 10
μg/μL concentration. The methanol extract of S. torvum and ethyl acetate extract of V.negundo and Z.mauritiana
demonstrated 17 and 23 mm inhibition against the non-mycobacterial pathogens, respectively. The three extracts
were also screened for anti-tubercular activity against M. tuberculosis H37Rv using Luciferase Reporter Phage
(LRP) assay. All the three extracts were exhibited anti TB activity at 500 μg/ml concentration. In particular, the
S. torvum extract was showed 98.46% inhibition. GC-MS analysis of the afore mentioned extracts yielded peaks
of compounds of ethnomedicinal value/significance. Findings of this study depicted that the medicinal plant S.
torvum deserves the potential for isolation of anti TB molecules.

KEY WORDS: Anti-TB activity, Medicinal plants, Mycobacterium tuberculosis, Tuberculosis.
INTRODUCTION
Tuberculosis (TB), caused by Mycobacterium tuberculosis,
remains among the top ten mortality causing diseases
in the world. According to WHO, 10 million new cases
of TB and 1.3 million deaths were estimated globally in
2017. This puts the disease burden of TB to be equivalent
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to 133 deaths per 1,00,000 people. Around 27% of
the global TB cases were contributed by India in 2017
which highlights the burden of the disease on the Indian
population. The severity of multi-drug resistance TB still
persists and the success rates of treatment for MDR/RRTB (Multi-drug resistant/Rifampicin resistant TB) and
XDR-TB (Extensively drug resistant TB) are strikingly low,
being 55% and 34% respectively. The problem of drug
resistance does not appear to have an easy solution in
the near future. Synthetic drugs used in the TB treatment
programme pose a heavy burden on the already weakened
body of TB patients, (WHO Global TB report 2019).
The drugs are most commonly nephrotoxic (Hussein et
al., 2015) and hepatotoxic (Ramappa et al., 2012), thereby
leading to harmful side effects of the treatment. This shifts
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the focus of the treatment regime to natural products
and medicinal herbs for treatment of infectious diseases.
Use of ethno-medically significant plants for treatment
can be initiated by validating the traditional methods
that were reported to be used since ancient times. These
methods were used to treat multiple ailments including
bacterial and viral diseases. With several reports on the
activity of herbal medicines against pathogens, there is
a need to focus on the potential of herbal medicines in
the treatment of infectious diseases,( Ladda and Magdum
2018).
Solanum torvum is a shrub of the Solanaceae family
widely available and extensively used in India for the
treatment of bacterial diseases and for relief from cough
and cold (Yousaf et al., 2013). It is native to other tropical
countries and has been traditionally used for treatment
of various ailments such as a sedative and diuretic, TB,
skin infections, fever and tooth decay (Naimon et al.,
2015; Silva et al., 2011). The plant extracts have been
reported to be possess cardioprotective, nephroprotective,
anti-viral, anti-microbial, anti-oxidant, anti-ulcerogenic
and haemostatic properties (Jaiswal et al., 2012).
Such properties could be attributed to the presence of
phytoconstituents such as flavonoids, steroids, saponins,
tannins, alkaloids, vitamin B, vitamin C and phenols,
(Jaiswal et al., 2012; Yousaf et al. 2013 Ladda and
Magdum (2018). Ziziphus mauritiana is a member
of the Rhamnaceae family and is native to the Indian
subcontinent, Africa, Iran and parts of Southern Asia. It is
known to be traditionally used for the treatment of pain,
vomiting and diarrhoea (Mahesh et al., 2008). It has also
been reported to possess anti-plasmodial effect (Sameera
et al., 2015); its seeds are good sedatives while its leaves
are used for treatment of sores, cuts and ulcers. It has
also been demonstrated to resolve liver troubles, asthma
and experimentally induced liver damage (Abalaka et
al., 2010). The juice obtained from the bark of its root is
known to alleviate gout and rheumatism according to
traditional medicinal practises (Priyanka et al., 2015).
It is a pharmacologically important plant since it is
known to possess anti-typhoid, anti-cancer, antioxidant
and anti-inflammatory properties (Abdallah et al.,
2016). Vitex negundo is a member of the Verbenaceae
family and is native to South Asia, East Africa, South
America, Indonesia and Japan. It has been demonstrated
to possess analgesic, anti-oxidant, anti-inflammatory,
hypoglycemic, anti-tumour, anti-rheumatism and
insecticidal activities (Zheng et al., 2015, Gupta et al.,
2010). The leaves of the plant have been proven to
possess anti-convulsant and anti-parasitic activities
(Ladda and Magdum 2018) which is an addition to
the traditional medicinal properties that the plant
has been reported to possess. In this study, we have
investigated the antibacterial and anti-mycobacterial
properties of different solvent extracts of S. torvum
fruits, Z.mauritiana fruits and leaves of V.negundo.
GC-MS analysis was performed to identify the potential
compounds present in the extracts. With the help of the
present in vitro studies, it may be possible to maximize

the traditional use of the plants for treatment of various
infections.

MATERIALS AND METHODS
The fruits of Solanum torvum, fruits of Ziziphus
mauritiana and leaves of Vitex negundo were collected in
2018, from Chennai, India, and duly authenticated by a
botanist. The fruits and leaves were processed by washing
thrice with distilled water and surface sterilization by
rinsing with 70% acetone. Then the samples were shade
dried and powdered using mixer grinder. Sequential
extraction was performed using the solvents n-hexane,
ethyl acetate and methanol to extract the compounds
from the powdered plant material. Ten gram of powdered
plant material was added to 100 mL n-hexane and
incubated at room temperature in an orbital shaker at 80
rpm for 24 hrs. The extract was filtered using Whatman
filter paper and the powdered plant material was reused
upon drying. To the dried powder, 100 mL of ethyl
acetate and subsequently methanol were added and the
extracts were filtered and collected in a similar manner.
The n-hexane, ethyl acetate and methanol extracts
were concentrated using rotary evaporator and dried by
incubating the extracts at 50 ºC for 24-36 hrs. The weight
of the extracts was determined and the extracts were
dissolved in 10% DMSO for evaluating their antibacterial
and anti-mycobacterial activities. Anti-bacterial activity
of the extracts was evaluated by agar well diffusion
method. Overnight grown cultures of bacterial pathogens
viz. Staphylococcus aureus ATCC 29213, Pseudomonas
aeruginosa ATCC 27853, Carbapenem resistant Klebsiella
pneumoniae ATCC 700603 and Vibrio parahemolyticus
were swabbed on individual Muller-Hinton Agar plates.
Wells of 5 mm diameter were cut on the plate using
well cutter and 10 μg/μL of n-hexane (HF), ethyl acetate
(EAF) and methanol (MF) extracts were added to each
well respectively.
The plates were then incubated at 37 ºC for 18 hours
and zones of inhibition were measured. The assay was
performed in triplicates and mean values were calculated
and tabulated. The antitubercular activity of HF, EAF
and MF was screened against M. tuberculosis H37Rv
by Luciferase Reporter Phage assay (Radhakrishnan et
al., 2016). Briefly, 400 μL of middlebrook 7H9 broth
was added to two cryovials (Control) and another 400
μL of rifampicin containing Middlebrook 7H9 broth at
concentration of 2 μg/mL was added to a cryovial (drug
control). About 350 μL of Middlebrook 7H9 was added
to two cryovials (solvent control and test). Fifty μL of
extract (HF) was added to test vial to achieve a final
concentration of 500 μg/mL and 50 μL of 10% DMSO was
added to solvent control vial. All the vials were added
with 100 μL of M. tuberculosis H37Rv (McFarland unit
2) and incubated at 37 ºC for 72 hrs. After incubation,
50 μL of phAE202 and 40 μL of 0.1 M CaCl2 were added
to all the vials (Cell-phage mixture) and incubated at 37
ºC for 4 hrs. About 100 μL of cell-phage mixture from
each vial was added into a luminometer cuvette, to which
100 μL of D- Luciferin was added. The relative light unit
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(RLU) was measured immediately at 10 sec integration
time using the luminometer (Lumat 9508, Berthold,
Germany). The above mentioned procedure were followed
for the other extracts MF and EAF as well. The percentage
reduction was calculated using the formula:% RLU
reduction = Control RLU- Test RLU/ Control RLU x 100
On comparison with control, if the sample showed 50%
or more reduction of RLU, the extract was deemed to
have anti tubercular activity. The potential MF extract
was analysed by GC-MS (Shimadzu QP2010 Ultra).

The methanol extract (MF) of S.toruvum fruits
demonstrated inhibitory activity against S. aureus ATCC
29213 (17mm), P. aeruginosa ATCC 27853 (17mm) and
V. parahaemolyticus (25mm) at a concentration of 10
μg/μL whereas the ethyl acetate extract (EAF) showed
inhibition against P. aeruginosa ATCC 27853 (12mm) and
V. parahaemolyticus (12mm) at the same concentration.
None of the pathogens tested were inhibited by hexane
extract (HF). Chah et al. (2000) demonstrated the
antimicrobial activity of methanolic and ethanolic
extracts of S. torvum against Actinomyces pyogenes,
B. subtilis, S.pyogenes, A.niger and C.albicans. In other
reports, plant extracts of S. torvum showed inhibition
against B.cereus, Staphylococcus epidermidis, E. coli, V.
cholerae, Salmonella cibrum and Salmonella typhimurium
(Naimon et al., 2015; Sivapriya et al., 2011).

RESULTS AND DISCUSSION
Sequential extraction procedures are commonly used
to isolate a number of compounds from plant extracts.
The process offers improved phase-specificity due to
combined use of multiple solvents of varying polarity.
In sequential extraction, the plant residue from the
first extraction is used as the material for the second
extraction and the process may be continued as required
(Kaplan et al., 2009). In this study, sequential extraction
was carried out using solvents of increasing polarity. Due
to the difference in chemical nature of the solvents, the
process is very selective in extraction of compounds from
plants. Sequential extraction from 10 g of plant extracts
using 100 mL of solvents n-hexane, ethyl acetate and
methanol yielded fractions whose stock concentrations
were maintained at 10 mg/mL. The crude extracts were
diluted and a final concentration of 10 μg/μL was used
for evaluating anti-microbial activity against the selected
non-mycobacterial pathogens. The inhibitory activity
of n-hexane, ethyl acetate and methanol extracts of the
fruits of S. torvum, fruits of Z.mauritiana and leaves of
V.negundo were screened against clinical pathogens and
results were summarized in Table 1.

The ethyl acetate extract (EAF) of Z.mauritiana fruits
inhibited the growth of S. aureus ATCC 29213 (23mm),
P.aeruginosa ATCC 27853 (11mm) and Carbapenem
resistant K.pneumoniae ATCC 700603 (11mm) at a
concentration of 10 μg/μL. However, 10 μg/μL of MF
inhibited the growth of only S.aureus ATCC 29213
(12mm) and V.parahaemolyticus (12mm), while the HF
did not inhibit the growth of any of the pathogens tested.
The antibacterial activity of the extracts demonstrated
against S.aureus is in accordance with previous reports
of the same being exhibited by extracts of Z.mauritiana
as reported by Mahesh et al., 2008, Abdallah et al., 2016
and Priyanka et al., 2015. Their reports also illustrated
the anti-bacterial activity of Z.mauritiana extracts
against bacterial pathogens such as B.subtilis, E.coli,
Pseudomonas fluorescen and K.pneumoniae.
EAF of V.negundo leaves was inhibited the growth of
S.aureus ATCC 29213 (15mm) and P.aeruginosa ATCC

Table 1. Activity of extracts tested against non-mycobacterial pathogens
S.
Plant
Extract
Zone of inhibition against pathogen
No.			
(mm in diameter)
			
S. aureus P. aeruginosa
Carbapenem resistant Vibrio
			
ATCC
ATCC
K.
parahem			
29213
27853
pneumoniae
olyticus
					
ATCC
					
700603
1

Solanum torvum
HF
		EAF
		
MF
2
Ziziphus mauritiana
HF
		EAF
		
MF
3
Vitex negundo
HF
		EAF
		
MF
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17

12
17

-

12
25

23
12

11
-

11
-

12

15
-

15
-

25
-

-
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27853 (15mm) at a concentration of 10 μg/μL. The HF
only inhibited the growth of V. parahaemolyticus (25
mm), while the MF did not inhibit the growth of any
of the pathogens tested. This was similar to the reports
Table 2. Anti-tubercular activity of extracts against M.
tuberculosis H37Rv by LRP
Extracts

% inhibition against
M. tuberculosis H37Rv

S.torvum-MF
Z.mauritiana-EAF
V.negundo-EAF

98.46
84.41
59.2

of antibacterial activity of V.negundo extracts against
S.aureus, V.parahaemolyticus and K.pneumoniae
(Zheng et al., 2015). This helps to substantiate the
ethnomedicinal use of V.negundo for the treatment
of cold, cough and bacterial dysentery (Gupta et al.,
2010).
Upon screening of the extracts against M. tuberculosis
H37Rv by Luciferase Reporter Phage (LRP) assay, MF of
S.torvum showed promising inhibitory activity against
M. tuberculosis H37Rv at 500 μg/mL concentration and
the RLU reduction in terms of inhibition was found to
be 98.46% (Table 2). Our results are in correlation with
that of Mohamad et al., (2011), in which hydromethanolic
fruit extracts from S.torvum displayed moderate
antimycobacterial activity against M. tuberculosis

Figure 1: (a) GC-MS chromatogram (b) GC-MS Peak Report of Methanol fraction of S.
torvum

Figure 2: (a) GC-MS chromatogram (b) GC-MS Peak Report of Ethyl acetate
fraction of Z.mauritiana.
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H37Rv.
Previously other parts of plants are also evaluated for
antimycobacterial activity includes the ethanol extract
of leaves from S. torvum, which displayed activity
against M. smegmatis and M. tuberculosis H37Rv
(Nguta et al., 2016). In this study, Z.mauritiana EAF
was showed 84.41% inhibition against M.tuberculosis
H37Rv at a concentration of 500 μg/mL. Using the
alamar plate assay, Z.mauritiana was reported to have
anti-mycobacterial activity against M.tuberculosis
H37Ra as reported by Panseeta et al., (2011). V.negundo
EAF demonstrated an anti-mycobacterial activity of
59.2% at a concentration of 500 μg/mL. This is along
the lines of the published reports of Ladda et al., (2018)
and Gupta et al., (2010) where the plant extracts were
tested against M. tuberculosis H37Rv. GC-MS analysis
of MF of S.torvum (Fig. 1) showed several compounds
among which the prominent peaks denotes the presence
of Quinic acid, n-hexadecanoic acid, oleic acid and

9,12-octadecadienoic acid. The GC-MS peaks of EAF
of Z. mauritiana (Fig. 2) yielded significant peaks
corresponding to ascorbic acid-2,6-dihexadecanoate and
oleic acid, while those of V.negundo yielded peaks (Fig.
3) which indicated the presence of 2-heptanone, 4,8,13cyclodecatriene and 2-pentanoic acid. The antimicrobial
and anti-mycobacterial activity of the extracts could
be attributed to the presence of oleic acid as reported
by Ojo et al., (2018; Kalita et al., 2018 and Santhosh et
al., 2013).
Fatty acids such as n-hexadecanoic acid, otherwise
known as palmitic acid has also been reported to possess
anti-mycobacterial activity (Ojo et al., 2018). Ascorbic
acid, 2,6-dihexadecanoate is an antioxidant which
could play a significant role in combatting deficiency
or imbalance of essential nutrients which is a common
problem that occurs in patients infected by TB. The
ascorbic acid from the extracts could compensate
for the decreased anti-oxidant levels and further

Figure 3: (a) GC-MS chromatogram (b) GC-MS Peak Report of Ethyl acetate fraction of V.negundo.

elevate and complement the effects of the treatment
(Turchenko et al., 2008).
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ABSTRACT

Present study focuses on knowledge and practices of family planning methods in Hail Region. This study is a
cross-sectional study conducted in Hail province and its villages. Married men and women were the study subjects.
A detailed questionnaire is prepared containing demographic profiles and questions related to knowledge about
family planning (FP) methods. A multistage sampling is used for the selection of subjects. Firstly, a list of villages
were made and selected randomly. After the selection of villages, subjects were selected starting from a pin-point
made in the village till the final subject selected from the village. More than one third of the subjects were ≤25
and 26-35 years each constituted 36.3%. Most of the subjects were females (55.6%). Overall, the knowledge about
family planning methods was among 95.2% (95%CI=89.8-97.7%) of the subjects. The knowledge about family
planning methods was higher among female subjects (97.1%) than males (92.7%), however, the association was
statistically insignificant (p>0.05). Drug use was in majority of subjects as the method of family planning (70.3%).
About half of the subjects got knowledge about FP methods from doctors (51.7%) and one third got from family
& friends (30.5%). The study showed almost universal knowledge about family planning methods with higher
knowledge among women. The family planning and birth spacing interventions need to focus on alleviating fears
about side-effects among men and women through effective counseling and providing adequate information to both
men and women about method-related side-effects and how to manage them. In addition, involving community
leaders, religious clerics, and health workers in awareness raising campaigns can help address sociocultural and
religious concerns.
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INTRODUCTION
The dynamics of decision-making between a husband
and wife also create barriers to access. Several studies
have examined the influence of social and cultural
factors on contraceptive use. These studies have
emphasized the influence of the mother-in-law and the
husband on family planning decision-making and have
highlighted the importance of communication between
spouses regarding the use of contraception (Pasha et al.,
2001; Kadir et. al., 2003 Al-Mousa et al., 2019 ). Despite
the huge benefits, family planning is one of the most
difficult and least discussed topics, particularly amongst
males in a conservative and patriarchal society where
men have the final decision-making power regarding
most issues, including reproductive health. Nevertheless,
there have been some efforts to target men through
either advocacy or behavioral change interventions, but
very little have been achieved (Omolase et. al., 2009).
Healthy timing and spacing of pregnancy (HTSP) is a
family planning intervention to help women and couples
delay, time, space, or limit their pregnancies to achieve
the healthiest outcomes for women, newborns, infants,
and children regardless of the total number of children
(Marston, 2005). It has been documented that perinatal
outcomes and child survival can be improved mainly
by lengthening inter-pregnancy intervals. Over one
million maternal deaths were averted between 1990 and
2005 because the fertility rate in developing countries
has declined and by reducing high parity births family
planning contributed to reducing the maternal mortality
ratio.
On the contrary, birth to pregnancy intervals of less
than 18 months are associated with risk of low birth
weight, preterm birth, small size for gestational age,
and stillbirth (Celand et. al., 2012; Stover and Ross, 2010
Alhusain, 2018). Use of family planning (FP) methods
can contribute to a substantial reduction in fertility and
reduce the proportion of unwanted pregnancies as well
as maternal deaths that would otherwise occur in the
absence of contraception. In 2008, contraceptive use
averted over 250,000 maternal deaths worldwide by
reducing unintended pregnancies, which is equivalent
to 40% of the 355,000 maternal deaths that occurred in
that year (Alege, et.al., 2016).Fear of contraceptive side
effects and associated treatment costs, cultural barriers
and low male involvement continue to hamper effective
use of FP services in most countries. Lack of knowledge
of where to obtain FP methods and lack of information
on what women consider to be trusted sources of FP
information and services, are key barriers that affect
access to and utilization of FP methods (Celand et. al.,
2012, Abdulreshid and Dadi, 2020). The presented study
was designed to study the knowledge and practices of
family planning methods adopted in Hail Region of
Kingdom of Saudi Arabia.

MATERIAL AND METHODS
This study was a cross-sectional study conducted in Hail
province and its villages. The consent was taken from
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each subject before the interview. Married men and
women were the study subjects. A detailed questionnaire
was prepared containing demographic profiles and
questions related to knowledge about family planning
(FP) methods. A multistage sampling was used for the
selection of subjects. Firstly, a list of villages were made
and selected randomly. After the selection of villages,
subjects were selected starting from a pin-point made
in the village till the final subject selected from the
village.
Statistical Analysis: The results are presented in
frequencies and percentages. Chi-square test was used to
assess the associations. The p-value<0.05 was considered
significant. All the analysis was carried out on SPSS
16.0 version.

RESULTS AND DISCUSSION
More than one third of the subjects were ≤25 and 26-35
years each constituted 36.3%. Most of the subjects were
females (55.6%). More than one third of the subjects
had college level of education (44.4%) and majority of
the subjects were employed (73.4%). Marriage duration
was 16-20 years among more than one third of subjects
(37.1%). More than one third of subjects had 1-3 kids
(45.2%) (Table-1). Overall, the knowledge about family
planning methods was among 95.2% (95%CI=89.8-97.7%)
of the subjects (Fig. 1). The knowledge about family
planning methods was higher among female subjects
(97.1%) than males (92.7%), however, the association
was statistically insignificant (p>0.05) (Table-2)More
than one third of subjects had good knowledge about FP
methods (42.4%) and 32.2% had excellent knowledge.
The percentage of good and excellent knowledge was
found to be higher among females than males (Table-3).
Drug use was in majority of subjects as the method of
family planning (70.3%). However, 26.3% used condom
as the method of family planning. Majority of males
used drugs (70.6%) and condom (60.8%) as the method
of family planning. However, 70.1% females used drugs
for family planning (Table-4).About half of the subjects
got knowledge about FP methods from doctors (51.7%)
and one third got from family & friends (30.5%). Males
(54.9%) and females (49.3%) also got knowledge from
doctors (Table-5).

DISCUSSION
In the present study, more than one third of the subjects
were ≤25 and 26-35 years each constituted 36.3%.
Most of the subjects were females (55.6%). (Gupta et.
al., 2012) showed that 32 (32% of the married women
belonged to 20-24 years of age group.In this study, the
knowledge about family planning methods was among
95.2% (95%CI=89.8-97.7%) of the subjects. This finding
is in agreement with the study by (Gupta et. al., 2012) in
which 94 (94%) of participants have knowledge about
contraception. In the present study, drug use was in
majority of subjects as the method of family planning
(70.3%). However, 26.3% used condom as the method
of family planning. However, in a study (Gupta et.
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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al., 2012), 64 (68%) were using modern contraception
methods. They also showed that injectables hormonal
contraceptives were most commonly practiced by 34
(54%) women. However, in the present study, Majority
of males used drugs (70.6%) and condom (60.8%) as the
Table 1. Demographic profile of study subjects
Demographic
profile

No.
(n=124)

Age in years		
≤25
45
26-35
45
36-45
13
46-55
10
>55
11
Gender		
Male
55
Female
69
Level of education		
Collage
55
High school
12
Elementary school
21
Pre-primary school
14
None
22
Occupation		
Employed
91
Farmer
1
Business
11
Housewife
10
Retired
11
Marriage duration in years		
1-5
14
6-10
19
11-15
33
16-20
46
>20
12
No. of kids		
1-3
56
4-7
46
>7
22

%

36.3
36.3
10.5
8.1
8.9
44.4
55.6
44.4
9.7
16.9
11.3
17.7
73.4
0.8
8.9
8.1
8.9
11.3
15.3
26.6
37.1
9.7
45.2
37.1
17.7

Table 2. Knowledge about family planning methods among
study subjects
Gender

No. of
Knowledge about				 psubjects family planning methods			 value1
		
Yes No
		
No. % No. %
Male
Female

55
69

51
67

92.7 4 7.3		 0.25
97.1 2 2.9

1Chi-square test
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method of family planning. However, 70.1% females used
drugs for family planning. This study showed that about
half of the subjects got knowledge about FP methods
from doctors (51.7%) and one third got from family
& friends (30.5%). It is reported that clinic providers,
friends and the media were the most trusted sources of
contraceptive information while government and private
health facilities were the main sources of FP methods
(Celand et. al., 2012; Al-Turki, 2010, Abdulreshid and
Dadi, 2020, Kantorova et. al., 2020). There are some of
the limitations of this study. One them is fewer sample
size. Studies on larger sample size are recommended to
have robust findings.
Table 3. Level of knowledge about family planning
methods among study subjects
Level of knowledge Male Female			 Total
about family
(n=51) (n=67)			 (n=118)
planning methods
No.
% No. % No. %
Little
Moderate
Good
Excellent

14
4
18
15

27.5 4
7.8 8
35.3 32
29.4 23

6.0
11.9
47.8
34.3

18
12
50
38

15.3
10.2
42.4
32.2

Table 4. Attitudes towards use of family planning methods
among study subjects
Contraceptive
methods used*

Gender				
Male		 Female		
(n=51)		 (n=67)
No.
%
No. %

Drugs
IUD
Condom
Uterine barrier
Withdrawal
Injections

36
0
31
0
6
0

70.6
0.0
60.8
0.0
11.8
0.0

Total
(n=118)
No.

%

47 70.1 83 70.3
22 32.8 22 18.6
0
0
31 26.3
3 4.5 3 2.5
9 13.4 15 12.7
6 9.0 6 5.1

*Multiple response
Table 5. Source of knowledge about family planning
methods among study subjects
Source of
knowledge*

Family and friends
TV
Internet
Doctors
*Multiple response

Gender			 Total
Male Female		 (n=118)
(n=51) (n=67)
No.
% No. % No. %
8
5
5
28

15.7
9.8
9.8
54.9

28
9
6
33

41.8
13.4
9.0
49.3

36
14
11
61
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30.5
11.9
9.3
51.7
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Figure 1: Knowledge about family planning methods

CONCLUSION
The study showed almost universal knowledge about
family planning methods with higher knowledge
among women. The family planning and birth spacing
interventions need to focus on alleviating fears about
side-effects among men and women through effective
counseling and providing adequate information to both
men and women about method-related side-effects and
how to manage them. In addition, involving community
leaders, religious clerics, and health workers in awareness
raising campaigns can help address sociocultural and
religious concerns.
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ABSTRACT

The aim of the study was to evaluate the adhesive bond strength of bioactive cements to lithium disilicate ceramics
in comparison to the resin based luting cements with two surface treatments, hydrofluoric acid (HF) and Er Cr
YSGG laser (ECL). Ninety ceramic disks were fabricated and divided into three groups (n=30) based on the surface
treatment employed; HF-S, HF-S (with Silane as control), ECL-2, for 2 minute duration, and ECL-4 for 2 minute
duration and ECL4 for 4 minute duration. The laser treated groups were prepared with the use of a gold handpiece
using an MZ10 tip size (Er Cr: YSGG, water lase I plus). Surface treated disks in each group were further divided
into three sub groups (n= 10) based on the type of cement applied; Bioactive cements, Rely X unicem and Rely
X ARC. Subsequent to the application of the cements, Multicore Flow composite was build up with the help of
the putty mould; specimens were placed in a thermocycler for 5000 cycles at 50C and 550C. Each specimen disk
was tested under the universal testing machine for shear bond strength (SBS). Data was analysed using analysis
of variance and Tukey's – Kramer multiple tests (p<0.05). The maximum mean value for shear bond strength
achieved was 23.55 (±2.26) for Rely-x unicem¬-HF-S and the minimum mean value was 14.30 (±2.08) for the
group bioactive and ECL-2. Therefore, it was concluded that the adhesive bond strength of the bioactive cements
on lithum disilicate ceramics was lower than the resin based luting cements. Difference in surface treatments did
not influence the adhesive bond strength of bioactive cements to the lithium disilicate ceramic.

KEY WORDS: lithium disilicate, Er Cr YSGG lasers, self etch resin luting agents,
Rely X and Bioactive cements.

INTRODUCTION
The most popular technology that has become the centre
of choice in dental restoration recently is all ceramic
restorations (Zarone et al., 2016). These restorations
offer a series of advantage over the metal porcelain
used, such as biocompatibility, low thermal conductivity,
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high optical properties, better chemical stability and
comparable coefficients of thermal expansion to the teeth
(Niu et al., 2014, Niu et al., 2013, Aboushelib and Sleem,
2014). Lithium disilicate (LD) is the most common type
of contemporary adhesive glass ceramics employed in
modern dentistry (Elsayed et al., 2017). In Comparison
to zirconia, lithium disilicate ceramics are processed
through the hot press technique exhibiting greater
potential for restoration displaying translucency and
aesthetics (Palla et al., 2018). The lithium silicate ceramics
comprise of silica glass matrix and lithium oxide (Li2O)
that presents greater flexural strength compared to the
leucite-reinforced glass ceramics (Klosa et al., 2013). The
crystals in the lithium disilicate ceramic are the unit of
foundation that offers better mechanical strength to the
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ceramics such as fracture toughness, chemical durability
and abrasion resistance (Lee et al., 2017).
Efforts have been made in formulating a resin based
luting agent with improved mechanical strength,
toughness and fracture resistance (Koizumi et al., 2012).
These bioactive cements have demonstrated improved
and better functional properties critical for clinical
function and survival. The volumetric shrinkage of
these materials is <1.7% compared to the resin based
composites (Al-Sowygh, 2017). These materials have
successfully presented with properties equivalent to glass
ionomer including intimate contact with the dentin walls
and display hydrophilicity (Pekkan and Oezcan, 2012).
Studies have pointed out that the adhesive bond between
the ceramic restoration and the cement is the main factor
for fracture resistance and marginal adaptation rather
than the strength of the ceramic (Özcan and Mese, 2012,
Koizumi et al., 2012).
Few authors have employed different surface treatments
for stronger adhesive bond strength between LD
ceramics and bioactive cements through increasing
surface roughness (Bagis et al., 2011, Al-Sowygh,
2017). According to Koizumi et al. (2012), sandblasting
reported serious damage to the ceramic surface resulting
in low flexural strength; however, hydrofluoric surface
treatment chemically modified the surface creating
irregular interlocking surface. This technique improved
interfacial bonding through an increase in the bonding
area. In many instances, clinicians have applied silane
coupling agent to decrease the wettability contact angle
and increase the free energy of the ceramic surface
(Koizumi et al., 2012, Al-Sowygh, 2017). Recently, the
use of lasers in modern dentistry has led to increased
beneficial effects in terms of painless removal of infected
dentine and long term retention of the restoration. Er Cr
YSGG (ECL) laser working is based on micro explosion
creating surface irregularities for micro retention, which
is considered favourable surface treatment compared
to hydrofluoric acid that has the tendency to ablate
the tissue in process of etching surface. Hence, using
hydrofluoric acid on the chairside is risky for the patient,
(Kursoglu et al., 2013, Vohra et al., 2019).
In the current view, the self-etched resin had replaced the
conventional bonding technique of the glass ceramics
using the resin based luting agents (Yilmaz-Savas et
al., 2016). Self etch agents such as Rely X unicem are
commonly employed as bonding cement in ceramic
restoration. The recent introduction of Bioactive cements
with inherent beneficial properties such as an efficient
dentinal bond, resin tag supported adhesion, caries
resistance, continuous ﬂuoride release, dentin formation,
and pulp protection compels to opt as a luting agent in
the ceramic restoration (Al-Sowygh, 2017, Chaharom et
al., 2018). Therefore, it is hypothesized Bioactive cements
would show higher adhesive bond strength in Er Cr
YSGG laser treated disilicate glass ceramics. Literature
provides series of studies comparing the self etch and
conventional luting agents bond strength in ceramics;
however, there is no plausible data for displaying the

adhesive bond strength in regards to bioactive cements in
ceramic under different surface treatment (Yaman et al.,
2014, Aguiar et al., 2014). Thus, the present study intends
to evaluate the adhesive bond strength of bioactive
cements in Lithium disilicate ceramics under two surface
treatment; hydrofluoric acid and Er Cr YSGG treatment
in comparison to the resin based luting agents.

Materials and Methods
The present in vitro study evaluated the adhesive bond
strength of Bioactive cement to Er-Cr-YSGG laser treated
Lithium disilicate ceramics. Under the heat pressed
technique, a total of 90 lithium disilicate ceramic disks
were fabricated (EMax Press, Ivoclar Vivadent, AG,
Schaan/Liechtenstein MO1 lot no.10721) with height (Ø)
and diameter of 3 mm x 3 mm, respectively. The materials
details are provided in table 1. To achieve a flat base,
the ceramic disc was embedded into the acrylic resins
with PVC (polyvinyl chloride) particles. The disks were
finished through grinding under running water using
silicon carbide paper on a polishing machine (Buehler
Polishing Machine type: 49-5100-230, No 620-PXB22061, Germany). The 90 specimens were initially divided
into three main groups (n= 30) followed by distribution
into 3 groups in each category (n= 10) depending upon
the surface treatment and the type of luting agent used,
correspondingly.The group distribution according to the
surface treatment is described as follows:
Group 1 HF -S (silane) (Control): The specimen’s surface
was treated with the 9.6% concentration hydrofluoric
acid (Pulpdent Corporation, USA). The etchant is applied
for 1 min and washed along with air dried for 2 minutes.
Subsequently, after cleaning, silane adhesive (Silane
bond enhancer, Pulpdent- Watertown, MA, USA) was
smeared over the etched surface using a micro brush
and allowed to dry for 5 mins.
Group 2 ECL-2: The specimen’s surface was treated
with Er Cr:YSGG laser (water lase I plus, Biolase, USA)
at a power of 3.75W and frequency of 15 Hz (L1), airwater 90-70% for 2 mins. Followed by the application
of silane adhesive with micro brush and allowing it to
dry for 5 mins.
Group 3 ECL-4: A similar procedure as group 2 proceeded;
however, the laser surface treatment prolonged for 4
Minutes. Moreover, the specimens in both laser treated
groups were prepared with the use of a gold handpiece
using an MZ10 tip size (Er Cr:YSGG , water lase I plus,
Biolase, USA). The focus of the handpiece was in the
centre for 30 seconds followed by a standard clockwise
rotational movement for the remaining time at 2 mm
distance. Subsequently, each of the three groups was
further divided according to the type of luting agent
used.
Group HF-S-Bioactive: Bonding with ACTIVA- Bioactive
cement (Pulpdent- Watertown, MA, USA).
Group HF-S-Rely-X: Bonding with RelyX Unicem (3M,
St. Paul, MN, USA)
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Group HF-S-Rely-ARC: Bonding with RelyX-ARC (3M,
St. Paul, MN, USA)
Group ECL-2-Bioactive: Bonding with ACTIVA- Bioactive
cement
Group ECL-2-Rely-X: Bonding with RelyX Unicem,
Group ECL-2:Rely-ARC: Bonding with RelyX-ARC
Group ECL-4-Bioactive: Bonding with ACTIVA- Bioactive
cement
Group ECL-4-Rely-X: Bonding with RelyX Unicem
Group ECL-4:Rely-ARC: Bonding with RelyX-ARC
Following the preparation, each of the specimen disks
was coated with either of three different types of the
luting agent. The luting agents were polymerised using
curing light (Bluephase®, Ivoclar Vivadent, Schaan,
Liechtenstein) at a light intensity of 1,000 mW/cm2 for
10 seconds. Consequently, after complete preparation of
the specimen, using a putty mould (Polyvinyl siloxaneExpress, 3M Center St. Paul, MN, USA) the resin composite
(Multicore flow, Ivoclar Vivadent Schaan, Liechtenstein)
(Ø 2 mm, depth 2 mm) was build upon the specimen disk
and polymerised from each side for 40 seconds in total.
Each specimen was placed in thermocycler afterward
(Thermocycler SD Mechatronik, GmbH Dental Research
Equipment, Germany) for 5000 cycles at 50C and 550C
(dwelling time: Cold bath, 30 sec; Hot bath, 30 sec).
Subsequent to thermocycling, the specimen from each
group was placed under load in the universal testing
machine (Instron 8500 Plus, 100 Royal St. Canton
USA). The chisel of the universal machine is placed on
the specimen at a perpendicular direction at a control
force rate of 1 mm/min until the build-up materials
were detached from the ceramic surface. To examine

the failure mode of the detached surface, the digital
microscope (Hirox- KH7700) was used. The failures are
observed at three levels: adhesive failure at the luting
agent and ceramic interface, cohesive: failure within
the cement or the ceramic or composite materials, and
admixed: Failure at luting/ceramic interface, progressing
into luting cement.
All the data collected for the adhesive bond strength
was processed and tabulated using a statistical program
for social science (SPSS). The analysis of normally
distributed data was performed using KolmogorovSmirnov test. The shear bond strength was analysed using
analysis of variance and Tukey's – Kramer multiple tests
(p<0.05). Furthermore, all data recorded was subjected
to Levene’s test of homogeneity of variance (α= 0.05)
following the assumption of equal variances.

Results and Discussion
Kolmogorov-Smirnov test presented with normal
distribution of data. The analysis of variance (ANOVA)
displayed a significant difference in the adhesive bond
strength of bioactive cement to Er Cr YSGG laser treated
Lithium disilicate ceramics in comparison to the resin
based luting cements (p=0.01). The outcome of the
present study displayed significant difference (p<0.05)
for the two different surface treatments employed in
the bioactive cement group. Resin luting cements also
presented significant difference with the two surface
treatment; HF and Er Cr YSGG laser treatment employed
(p<0.05).
The present study demonstrated that the maximum mean
value for adhesive shear bond strength was 23.55 (±2.26)

Table 1: Details of the materials used in the study
Material

Composition Details

Filler

RelyX™ Unicem
3M, ESPE, St Paul, MN,USA

Methacrylated
Barium glass,
phosphoric ester
ytterbium
Dimethacrylate (TEGDMA,
triﬂuoride, and
Bis-GMA), Stabiliser,
mixed oxide
Peroxy compound, Substituted
pyrimidine Pigment,
Calcium hydroxide
RelyX™ ARC
TEGDMA, Bis-GMA,
Barium-alumino3M, ESPE, St Paul'MN'
Benzoic peroxide,
ﬂuoro-borosilicate
USA
amine, photoglass, Strontium alumino
initiator, pigment.
-ﬂuoro-silicate glass ,
		
Zirconia powder
ACTIVA TM,
Blend of diurethane
Amorphous silica (6.7%)
Bioactive
and other methacrylates
Sodium fluoride (0.75%)
dental cement
with modified polyacrylic
Pulpdent, Watertown,
acid (44.6%)
MA, USA
contain no Bisphenol
A, No Bis-GMA, No
BPA derivatives

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Bond strength of bioactive cement to laser treated ceramics

125

Bin-Shuwaish
for the group Rely-x unicem ¬- HF-S and the minimum
mean value was 14.30 (±2.08) for the group bioactive
cement-ECL-2. The means and standard deviations of
bond strength obtained are summarized in table 2. Each
luting agent used in the study presented with a different
set of bond strength mean value varying according to the
employed surface treatments, respectively. Comparing the
luting agent outcomes indicated an evident difference
in shear bond strength of Activa and Relyx cements
(unicem and ARC) (p < 0.01). The surface prepared
with the silanised process (HF-S) specifically produced
better shear bond strength results. Multiple comparisons
test demonstrated a significant difference between the
bioactive and Relyx cements (unicem and ARC) only
under the hydrofluoric – silane surface treatment. In
contrast, the laser treated surface (ECL-2 and ECL-4)
presented with an evident difference between bioactive
and Rely – ARC cement whereas exhibiting comparable
results between the Activa and RelyX Unicem. Despite
the fact there was a significant difference in the result;
nevertheless, Bioactive cements presented with lower
bond strength compared to the resin luting agents.
Analysing the effect of the surface treatment on each
material, the result of bioactive cements presented a
significant difference between the two laser groups
[ECL-2 (14.30 (2.08), ECL-4 (17.37 (2.23)] and HF-S group
(17. 45 (2.40)) with ECL-2 (14.30 (2.08)) respectively.
Whereas comparable outcome was observed between
the HF-S and ECL -4 groups (p >0.05). Rely-X cements
(unicem and ARC) showed an evident difference between
the HF-S and laser treated group (ECL-2); however, Rely
X unicem presented similar results between the two types
of laser treatment. In addition, a significant difference
was observed between the HF-S and laser treated group
(ECL-4) in Rely X unicem while no significant difference
in Rely X ARC. Thus, bioactive cements showed an
insignificant difference in adhesive bond strength in
Er-Cr-YSGG treated lithium disilicate compared to the
HF-S group. Failure mode outcomes exhibited adhesive
failure in the majority of the specimens compared to
cohesive and admixed failures. The result indicated that
only specimens in ECL-2 group presented in Bioactive
material showed 100% adhesive failure. Overall, only
20 – 30% of observed failures were admixed type. The
results directed that the ECL-2 had a profound effect on
the shear bond strength of bioactive cement compared
to Rely X cements. These Rely X cements in between
them demonstrated a comparable number of failures in

each surface treatment. However, ECL- 4 treatment did
not show an apparent difference in the type of failure
among either cement.
The present study evaluates the adhesive bond strength
of bioactive cement to Er-Cr-YSGG laser treated
lithium disilicate ceramics based on the hypothesis that
bioactive cements exhibit better adhesive bond strength
compared to self etch resin based luting agents. The study
compared bonding strength of bioactive cements under
hydrofluoric acid and Er Cr YSGG surface treatment for
2 and 4 minute duration. Self etched resin cements (Rely
X unicem) demonstrated higher bond strength compared
to the bioactive cements. Furthermore, under different
surface treatments bioactive cements showed significant
change in shear bond strength to LD ceramics. Therefore
the hypothesis was rejected. A multitude of explanations
can be provided for the outcomes in the present study.
To maintain the homogeneity and standardisation
the adhesive shear bond strength was assessed using
a universal testing machine. All the specimens were
thermocycled to ensure the shear bond strength tested
was in a standard environment. Studies have reported that
thermocycling determines a positive change in surface
bonding, which has beneficial long term effects on the
ceramic restoration (Brum et al., 2011, Lee et al., 2017).
Thermocycling aids in the water resorption property that
causes the ageing of the bond resulting in weak bonds
(Brum et al., 2011). The bioactive cements in previous
studies have demonstrated an insignificant decrease in
adhesive bond strength to ceramics compared to resin
based luting cement despite the fact some detrimental
effects are associated with water absorptiondue to the
methacrylate in resin cements (Brum et al., 2011, Ahrari
et al., 2017). In the present study, Rely X cements showed
higher bond strength compared to the bioactive cements.
Rely X unicem (self etched) displayed higher mean
value in HF surface treatment while Rely X ARC (resin
based) displayed high mean value in laser treated group.
Nevertheless, comparable bond strength was observed
between the self etch and resin cements. The results of
the present study partially supported the outcomes noted
by the previous studies regarding higher bond strength
in bioactive cements (Al-Sowegh, 2017).
The plausible explanation identified was that self etch
cements uses dual cure method to polymerise; therefore,
presented with better bond strength (Chaharom et al.,

Table 2: Means and SD for shear bond strength among study groups
Luting agent

HF-S

ECL-2

ECL-4

Bioactive
17. 45 (2.40)aA
14.30 (2.08)bB
17.37 (2.23)a A
(Activa)				
RelyX- Unicem
23.55 (2.26)bA
16.37(3.11)abB
18.40 (2.61)abB
bA
aB
Rely-X ARC
21.37 (2.38)
18.33 (2.83)
20.65 (2.76)bAB

P value

< 0.01

Dissimilar superscript small alphabets in same column show significant difference (p< 0.05)
Dissimilar superscript capital alphabets in same row show significant difference (p< 0.05)
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2018). The lower bond strength of the bioactive cements
suggested that the durability of the bond depends upon
the nature of the mechanical bond between the ceramics
and cements (Gurney et al., 2016). As ceramics are inert
in nature they do not display chemical change that would
contribute to the bonding strength (Kursoglu et al., 2013).
In addition, theoretically, the silane bond on the ceramic
surface binds effectively to the micro retentive etched
surface. However, the bioactive cements offer limited
methacrylate group for bonding to the silane groups
compared to resin based cements; thus, resulting in low
bond strength (Ahrari et al., 2017, Al-Sowygh, 2017).
Several studies documented the evident effect of
hydrofluoric acid on the interfacial bonding surface
(Lee et al., 2017, Kalavacharla et al., 2015). Whereas few
previous studies used different intensity laser application
Table 3: Failure type percentage among study groups
Study Groups
Group HF-S-Bioactive
Group HF-S-RelyX
Group HF-S-Rely-ARC
Group ECL-2-Bioactive
Group ECL-2-RelyX
Group ECL-2-Rely-ARC
Group ECL-4-Bioactive
Group ECL-4-RelyX
Group ECL-4-Rely-ARC

Adhesive

Cohesive

Mixed

70
80
80
100
70
80
70
70
60

0
0
0
0
0
0
0
0
0

30
20
20
0
30
20
30
30
40

to identify the effect on the ceramic surface (Passia et al.,
2015, Kalavacharla et al., 2015). Therefore, to observe the
evident effect of the varying surface treatment on the
ceramic surface, two types of surface treatments were
employed HF-S and Er Cr YSGG laser treatment. In the
present study, the duration of the laser was varied in
order to observe the effect on the adhesive bond strength
to lithium disilicate ceramics. It is reported that laser
treated surface often displays greater surface roughness
irregularities and patterns, unlike the HF that dissolves
the ceramics glassy matrix to form interlocking surface
(Neis et al., 2015). The interlock mechanism implicates
better micromechanical retention compared to an
irregular surface. Intriguingly, a prolonged period of laser
application increase surface roughness; nevertheless,
the laser produces excessive heat that results in the
weakening and over destruction of the surface (Gurney
et al., 2016). Hence, laser treated ceramics with prolonged
duration demonstrated higher bond strengths but
comparatively less than the HF study groups.
The mode of failure assessment presented a higher
number of adhesive failures followed by admixed. No
specimen demonstrated cohesive failure in the present
study attesting no measurement of material strength.
The bioactive cements displayed an increased number of
adhesive failure only in ECL 2 group while comparable
results were appreciated in other groups. This indicates
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

employing bioactive cements at laser treated surface
with 2 minutes duration results in the formation of
weak adhesive bonds comparatively to laser treated
surface at 4 minutes duration. Nevertheless, failure mode
assessment displayed comparable adhesive bond strength
of bioactive cements and resin luting cements.
Certain limitations were identified in the present study
despite the fact it provided a clear comparison between
the bioactive cements and resin based luting agents. The
results of the study are applicable only in reference to the
particular surface treatments employed, particularly the
type of laser (Er Cr YSGG) used. For better understanding
of the bonding strength of bioactive cements to ceramics,
studies comparing different types of ceramics are
recommended. Although the study presented lower bond
strength of bioactive cements to the ceramics; however,
the status of fracture resistance of bioactive cements
is questionable and needs to be evaluated. Lithium
disilicate ceramics are well established restoration used
in dentistry exhibiting inherent properties necessary
for efficient adhesive bonding and long term retentive
restoration. The mechanical and biological properties of
bioactive cements shows great potential in bonding with
the tooth; however, literature provides limited data with
respect to its bonding with the ceramics. Therefore it is
recommended to evaluate the fracture resistance of these
Biocements prior to the application of different laser with
different types of ceramic restorations.

Conclusion
The adhesive bond strength of the bioactive cements
to lithum disilicate ceramics was lower than the resin
based luting cements. Use of 4 minutes of Er Cr YSGG
laser treatment displayed an increase in the adhesive
bond strength of bioactive cement to Lithium disilicate
ceramics. Despite the low bond strength, Bioactiveluting agents exhibited durable bond strength to the
ceramics.
References
Aboushelib, M. N. and Sleem, D. (2014). Microtensile
Bond Strength Of Lithium Disilicate Ceramics To Resin
Adhesives. J Adhes Dent, 16(6):547-52.
Aguiar, T. R., André, C. B., Correr-Sobrinho, L., Arrais, C.
A., Ambrosano, G. M. and Giannini, M. (2014). Effect Of
Storage Times And Mechanical Load Cycling On Dentin
Bond Strength Of Conventional And Self-Adhesive
Resin Luting Cements. The Journal Of Prosthetic
Dentistry, 111(5):404-10.
Ahrari, F., Boruziniat, A., Mohammadipour, H. S. and
Alirezaei, M. (2017). The Effect Of Surface Treatment
With A Fractional Carbon Dioxide Laser On Shear Bond
Strength Of Resin Cement To A Lithium Disilicate-Based
Ceramic. Dental Research Journal, 14(3):195.
Al-Sowygh, Z. H. (2017). Bond Strength Of Novel
Bioactive Resin Modified Luting Agent To Lithium

Bond strength of bioactive cement to laser treated ceramics

127

Bin-Shuwaish
Disilicate Dental Ceramic. Journal Of Biomaterials And
Tissue Engineering, 7(12):1349-54.
Bagis, B., Bagis, Y. H. and Hasanreisoglu, U. (2011).
Bonding Effectiveness Of A Self-Adhesive Resin-Based
Luting Cement To Dentin After Provisional Cement
Contamination. Journal Of Adhesive Dentistry, 13(6).
Brum, R., Mazur, R., Almeida, J., Borges, G. and Caldas,
D. (2011). The Influence Of Surface Standardization Of
Lithium Disilicate Glass Ceramic On Bond Strength To A
Dual Resin Cement. Operative Dentistry, 36(5):478-85.
Chaharom, M. E. E., Azar, F. P., Mohammadi, N. and
Nasiri, R. (2018). Effect Of Surface Preparation With
Nd: Yag And Er, Cr: Ysgg Lasers On The Repair Bond
Strength Of Lithium Disilicate Glass Ceramic To A
Silorane-Based Composite Resin. Journal Of Dental
Research, Dental Clinics, Dental Prospects, 12(1):12.
Elsayed, A., Younes, F., Lehmann, F. and Kern, M.(2017).
Tensile Bond Strength Of So-Called Universal Primers
And Universal Multimode Adhesives To Zirconia
And Lithium Disilicate Ceramics. J Adhes Dent,
19(3):221-8.
Gurney, M. L., Sharples, S. D., Phillips, W. B. and Lee,
D. J. (2016). Using An Er, Cr: Ysgg Laser To Remove
Lithium Disilicate Restorations: A Pilot Study. The
Journal Of Prosthetic Dentistry, 115(1):90-4.
Kalavacharla, V. K., Lawson, N., Ramp, L. and
Burgess, J. (2015). Influence Of Etching Protocol
And Silane Treatment With A Universal Adhesive On
Lithium Disilicate Bond Strength. Operative Dentistry,
40(4):372-8.
Klosa, K., Boesch, I. and Kem, M. (2013) Long-Term
Bond Of Glass Ceramic And Resin Cement: Evaluation
Of Titanium Tetrafluoride As An Alternative Etching
Agent For Lithium Disilicate Ceramics. Journal Of
Adhesive Dentistry, 15(4).
Koizumi, H., Nakayama, D., Komine, F., Blatz, M. B. and
Matsumura, H. (2012). Bonding Of Resin-Based Luting
Cements To Zirconia With And Without The Use Of
Ceramic Priming Agents. Journal Of Adhesive Dentistry,
14(4).
Kursoglu, P., Motro, P. F. K. and Yurdaguven, H. (2013).
Shear Bond Strength Of Resin Cement To An Acid Etched
And A Laser Irradiated Ceramic Surface. The Journal Of
Advanced Prosthodontics, 5(2):98-103.
Lee, H.-Y., Han, G.-J., Chang, J. and Son, H.-H. (2017).
Bonding Of The Silane Containing Multi-Mode Universal
Adhesive For Lithium Disilicate Ceramics. Restorative
Dentistry and Endodontics, 42(2):95-104.
Neis, C. A., Albuquerque, N. L. G., Albuquerque, I. D.
S., Gomes, E. A., Souza-Filho, C. B. D., Feitosa, V. P.,
Spazzin, A. O. and Bacchi, A. (2015). Surface Treatments

For Repair Of Feldspathic, Leucite-And Lithium
Disilicate-Reinforced Glass Ceramics Using Composite
Resin. Brazilian Dental Journal, 26(2):152-5.
Niu, E., Agustin, M. and Douglas, R. D. (2013). Color
Match Of Machinable Lithium Disilicate Ceramics:
Effects Of Foundation Restoration. The Journal Of
Prosthetic Dentistry, 110(6):501-9.
Niu, E., Agustin, M. and Douglas, R. D. (2014). Color
Match Of Machinable Lithium Disilicate Ceramics:
Effects Of Cement Color And Thickness. The Journal
Of Prosthetic Dentistry, 111(1):42-50.
Özcan, M. and Mese, A. (2012). Adhesion Of Conventional
And Simplified Resin-Based Luting Cements To
Superficial And Deep Dentin. Clinical Oral Investigations,
16(4):1081-8.
Palla, E.-S., Kontonasaki, E., Kantiranis, N., Papadopoulou,
L., Zorba, T., Paraskevopoulos, K. M. and Koidis, P.
(2018). Color Stability Of Lithium Disilicate Ceramics
After Aging And Immersion In Common Beverages. The
Journal Of Prosthetic Dentistry, 119(4):632-42.
Passia, N., Lehmann, F., Freitag-Wolf, S. and Kern, M.
(2015). Tensile Bond Strength Of Different Universal
Adhesive Systems To Lithium Disilicate Ceramic.
The Journal Of The American Dental Association,
146(10):729-34.
Pekkan, G. and Oezcan, M. (2012). Radiopacity Of
Different Resin-Based And Conventional Luting
Cements Compared To Human And Bovine Teeth. Dental
Materials Journal, 1201190225.
	Vohra, F., Labban, N., Al-Hussaini, A., Al-Jarboua,
M., Zawawi, R., Alrahlah, A. and Naseem, M. (2019).
Influence Of Er; Cr: Ysgg Laser On Shear Bond Strength
And Color Stability Of Lithium Disilicate Ceramics: An
In Vitro Study. Photobiomodulation, Photomedicine,
And Laser Surgery, 37(8):483-8.
Yaman, B. C., Ozer, F., Takeichi, T., Karabucak, B., Koray,
F. and Blatz, M. B. (2014). Effect Of Thermomechanical
Aging On Bond Strength And Interface Morphology Of
Glass Fiber And Zirconia Posts Bonded With A Self-Etch
Adhesive And A Self-Adhesive Resin Cement To Natural
Teeth. The Journal Of Prosthetic Dentistry, 112(3):45564..
Yilmaz-Savas, T., Demir, N., Ozturk, A. N. and Kilic,
H. S. (2016). Effect Of Different Surface Treatments On
The Bond Strength Of Lithium Disilicate Ceramic To
The Zirconia Core. Photomedicine And Laser Surgery,
34(6):236-43.
Zarone, F., Ferrari, M., Mangano, F. G., Leone, R. and
Sorrentino, R. (2016). Digitally Oriented Materials: Focus
On Lithium Disilicate Ceramics. International Journal
Of Dentistry, 2016.

128 Bond strength of bioactive cement to laser treated ceramics

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Biotechnological
Communication
Biosc.Biotech.Res.Comm. Vol 13 Number (1) Jan-March 2020 Pp-129-133

Ascorbic Acid and Total Phenolic Contents of
Dried Roasted Chestnut (Castanea sativa) Affected
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ABSTRACT

This Chestnut (Castanea sativa) is a gluten-free seasonal nut. Chestnut has become important composition for
human diet owing to their demonstrated nutritional qualities and healthy benefits. Its seed has radical scavenging
activity with a rich source of natural antioxidants for different applications. It contains various alkaloids, flavonoids,
volatile oils and terpenoids essential for variety of antimicrobial, antitumor, antioxidant activities. Owing to the
healthy constituents in chestnut seed, there is a potential supplement for human meal. Drying and roasting are
very important in enhancing color, flavor, appearance and taste in seeds. There was not many research related
to the change of antioxidant during hot air drying as well as storage. So purpose of this study was to examine
the effectiveness of thermal treatment in hot air drying, roasting, packaging and storage to vitamin C and total
phenolic in the dried chestnut (Castanea sativa) seeds. Results revealed that drying temperature (45 oC), roasting
(135 oC in 10 min), packing in polyethylene bag and keeping in dry cool place were suitable to preserve the
vitamin C, total phenolic contents in the samples for 12 months. The drying, roasting temperature and duration
were thoroughly identified to manufacture the dried roasted chestnut seeds.

KEY WORDS: Chestnut, drying, roasting, preservation, vitamin C, phenolic.
INTRODUCTION
Chestnut (Castanea sativa Mill) belongs to the family
Fagaceae. This nut has a smooth and coriaceous epicarp,
which can be light brown or deep brown in colour with
more or less evident stripes, (Kosnovska,2013). It’s
nutritionally rich with high content of sugar, starch,
dietary fibre, high quality protein, low lipids, rich
in vitamins and minerals, good source of fatty acids
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and antioxidants (Chenlo F. et al., 2007; Borges et al.,
2007; Kunsch et al., 1999; Vasconcelos et al., 2007).
There were several studies mentioned to processing of
chestnut. Effects of roasting on chemical composition
and quality of different chestnut (Castanea sativa Mill)
varieties were examined ( Kunsch et al., 2001). The
total vitamin C content and antioxidant activity of
raw and cooked chestnuts was evaluated. The cooking
process significantly changed the antioxidant activity
of the chestnuts. A significant decrease in the vitamin
C content of the chestnuts was observed (Barros et al.,
2011). The effects of pan and microwave roasting on
physicochemical, functional, rheological and antioxidant
properties of sweet chestnut were compared.
Roasting increased the water absorption capacity and
oil absorption capacity of chestnut flours making them
potentially useful in flavor retention and improvement
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of palatability. Roasted flours had higher TPC and
antioxidant activity. The gelatinization temperatures
were higher in roasted flours while as their viscoelastic
behavior was lower as compared to the native flour.
Roasting also improved the flavor of chestnuts with
microwave roasted chestnuts expressing better aroma
as compared to the pan roasted (Wani et al., 2017). The
effect of hot air convective drying on the organic acid
profile of chestnut was evaluated ( Delgado et al., 2018).
Most studies conducted on hot air drying of chestnuts
have examined various technological varibale such as
chemical parameters (Correia, et al., 2009, 2012; Moreira
et al., 2013; Zhang et al., 2011), temperature effect on
morphological and rheological attributes of chestnut
flours, rehydration effect (Attanasio et al., 2004; Moreira
et al., 2008; Moreira et al., 2011), energetic requirements
(Koyuncu et al., 2004), drying kinetics (Cletus et al., 2008;
Delgado et al., 2014; Guiné et al., 2006; Moreira et al.,
2005). Purpose of the this study was to identify the
efficacy of thermal treatment in hot air drying, roasting,
packaging and preservation to vitamin C, total phenolic
in the dried Chestnut (Castanea sativa) seed.

RESULTS AND DISCUSSION
Phytochemical constituents in raw Chestnut
(Castanea sativa). The phytochemical constituents in
raw Chestnut (Castanea sativa) seed were analyzed. The
present results revealed that raw chestnut seed has high
content of vitamin C and total phenolic (Table 1).
Table 1. The phytochemical constituents in raw Chestnut
(Castanea sativa) seed

MATERIAL AND METHODS
Materials: Chestnut, Castanea sativa was collected from
Tien Giang province, Vietnam. They were cultivated
following VietGAP without using pesticide or insecticide
to ensure food safety. After collecting, harvested seeds
were preserved at dry cool place and conveyed to
laboratory as soon as possible for experiments. These
seeds were cleaned thoroughly by air blowing to
remove foreign matters. The seeds were sorted to get
the uniformity and defect-free ones. Before roasting
treatment, chestnut kernels were submersed in 15%
(w/w) salt solution for 30 min. Then, the draining water
of sieved seeds was removed. Apart from chestnut,
Castanea sativa, we also used other materials during the
research such as NaCl, HCl, Na2CO3, Folin-Ciocalteau.
Lab utensils and equipment included weight balance, hot
air dryer and spectrophotometer.
Phytochemical constituents inside fresh Chestnut
(Castanea sativa) seed: The phytochemical constituents
such as protein (%), fat (%), moisture (%), vitamin
C (mg/g), total phenolic (mg/g) in fresh Chestnut
(Castanea sativa) were measured as follows:
Protein (by Kjeldahll), fat (by Soxhlet) and moisture
(drying to constant weight) were used. Vitamin C (mg/g)
were performed by a validated hydrophilic interaction
chromatography method (Barros et al., 2010). Total
phenolic (mg/g) was determined colorimetrically
using Folin- Ciocalteau reagent by spectrophotometer.
Efficacy of hot air drying temperature to vitamin C,
total phenolic in dried Castanea sativa seed: In order
to examine the efficacy of hot air drying temperature
to the dried Chestnut (Castanea sativa) seed, the
vitamin C, total phenolic were measured before and
after drying in different hot air drying temperature
(35 oC, 40 oC, 45 oC, 50oC). Efficacy of roasting conditions
on vitamin C, total phenolic in the dried Chestnut
(Castanea sativa) seed: At the end of drying treatment,
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the dried seeds were roasted at different conditions
(130 oC for 15 min, 135 oC for 10 min, and 140 oC
for 5 minutes). The vitamin C (mg/g), total phenolic
(mg/g) were analyzed to determine the optimal roasting
condition. Efficacy of storage temperature to vitamin
C, total phenolic in dried Chestnut (Castanea sativa)
seed. The dried Chestnut (Castanea sativa) seeds were
preserved in PA bag in 4oC, 30oC. The vitamin C (mg/g),
total phenolic (mg/g) were monitored in 3 month-interval
for 12 months. Statistical analysis: All experiments were
run in triplicate with three different lots of samples.
Statistical analysis was performed by the Statgraphics
Centurion XVI.

Variables Protein
Fat Moisture Vitamin
Total
(%)
(%)
(%)
C
phenolic
				
(mg/g) (mg/g)
Value

24.76±
0.01

6.25±
0.00

57.38±
0.03

12.63±
0.01

49.28±
0.00

Note: the values were expressed as the mean of three
repetitions; the same characters (denoted above), the
difference between them was not significant (α = 5%)

Efficacy of hot air drying temperature to vitamin
C, total phenolic contents in dried Chestnut seeds:
Convective drying depended on different variables such
as temperature, relative humidity and velocity of the
drying air; size, shape and loading density of the samples
(Moreira et al., 2015). In order to examine the efficacy
of hot air drying temperature to the dried Chestnut
(Castanea sativa) seed, the vitamin C, total phenolic
was measured before and after drying in different hot
air drying temperature (35 oC, 40 oC, 45 oC, 50oC). From
table 2, the Chestnut (Castanea sativa) was dried at 45oC
to preserve the highest amount of vitamin C (mg/g),
total phenolic (mg/g). In another report, the thermal
process at 50ºC caused equivalent losses of ascorbic acid
(Delgado et al., 2018). Roasting, boiling and frying
procedures lead to significant reduction of total organic
acids contents (Barbara Ribeiro et al., 2007). Fresh
chopped chestnuts were dried using a hot air convective
tray dryer at different temperatures (45, 65 and 85ºC) and
loading densities (2.5 and 6.3 kg/m2). Total and damaged
starch varied significantly with drying temperature and
loading density (Moreira et al., 2015).
Efficacy of roasting conditions on vitamin C, total
phenolic in the dried Chestnut (Castanea sativa) seed:
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Chestnut has the high proportion of tannins in the inner
shell. Tannins are known for their astringent bitter
taste that reduce the palatability. Roasting before their
utilization is a normal handling to enhance the color and
flavor. The thermal treatment received during roasting
changes the nutritional compositions of chestnuts by
increasing the antioxidant activity and reducing the
anti-nutritional factors such as tannins (Chang et al.,
2016). In this process, the nuts are heated applying the
conventional thermal treatment, such as air convection
and pan or sand roasting at 250–300°C for a short

time (Demir et al., 2002; 2005;Schlörmann et al., 2015;
Sharma et al., 2011).
In this research, at the end of drying treatment, the dried
seeds were roasted at different conditions (130 oC for 15
min, 135 oC for 10 min, and 140 oC for 5 minutes). The
vitamin C, total phenolic were analyzed to determine the
optimal roasting condition. Results were elaborated in
table 3. Chestnut (Castanea sativa) seed must be roasted
at 135 oC for 10 min to preserve vitamin C (mg/g), total
phenolic (mg/g) at the highest level. In another research,

Table 2. Vitamin C (mg/g), total phenolic (mg/g) in dried Chestnut (Castanea sativa) seed by the
effect of hot air drying temperature (oC)
Parameter

Raw Chestnut		Dried Chestnut (Castanea sativa)
(Castanea sativa)		
seed by the effect
before drying		of hot air at drying temperature (oC)
		
35
40
45
Vitamin C (mg/g)
Total phenolic (mg/g)

12.63±0.01a
49.28±0.00a

9.37±0.00b
31.53±0.01b

9.13±0.02bc
31.05±0.02bc

9.04±0.00bc
30.48±0.01bc

50
8.35±0.00c
29.74±0.02c

Note: the values were expressed as the mean of three repetitions; the same characters
(denoted above), the difference between them was not significant (α = 5%).
Table 3. Efficacy of roasting conditions on vitamin C
(mg/g), total phenolic contents (mg/g) in the roasted dried
Chestnut (Castanea sativa) seed
Roasting
conditions

130 oC
for 15 min

135 oC
for 10 min

140 oC
for 5 min

Vitamin C
7.15±0.03ab
(mg/g)
Total phenolic 26.49±0.00ab
(mg/g)

7.94±0.00a

6.84±0.03b

27.81±0.02a

25.70±0.00b

Note: the values were expressed as the mean of three
repetitions; the same characters (denoted above), the
difference between them was not significant (α = 5%).

the effects of roasting on starch, sugars and fatty acid
composition and on chestnut quality were verified.
Weight loss of chestnut by roasting from 23-30% while
causing little change in composition (Kunsch et al.,
2001).
Roasting reduced the anti-nutritional factors in chestnut.
Protein, fat, and ash contents displayed insignificant
variation upon roasting. Significant increase in water
absorption capacity, oil absorption capacity, and
antioxidant properties was observed following roasting.
Flour obtained from roasted chestnuts exhibited a
significant decrease in light transmittance, foaming, and
pasting properties. Higher gelatinization temperatures
and lower enthalpies were reported in microwave and
pan roasted chestnut flours. Roasting also reduced
the viscoelastic behavior of native sweet chestnut and

Table 4. Vitamin C (mg/g), total phenolic (mg/g) in dried Chestnut (Castanea sativa) seed
by the effect of storage temperature
Storage
duration
(months)

0
3
6
9
12

Dried Chestnut		
Dried Chestnut
(Castanea sativa) 		
(Castanea sativa)
seed stored in PA bag at 4oC		
seed stored in PA bag at 30oC
Vitamin C
Total phenolic
Vitamin C
Total phenolic
(mg/g)
(mg/g)
(mg/g)
(mg/g)
7.94±0.00a
7.83±0.02ab
7.59±0.03b
7.48±0.00bc
7.39±0.01c

27.81±0.02a
27.24±0.03ab
27.03±0.00b
26.86±0.02bc
26.50±0.01c

7.94±0.00a
7.74±0.03ab
7.50±0.03b
7.39±0.01bc
7.31±0.02c

27.81±0.02a
27.19±0.00ab
26.95±0.01b
26.77±0.01bc
26.39±0.03c

Note: the values were expressed as the mean of three repetitions; the same characters (denoted
above), the difference between them was not significant (α = 5%).

131 Ascorbic Acid and Total Phenolic Contents of Dried Roasted Chestnut

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Nguyen
changed the transmittance of identical functional groups
(Wani et al., 2017).
Efficacy of storage temperature to vitamin C, total
phenolic in dried Chestnut (Castanea sativa) seed:
Roasting also improved the digestibility and stability of
chestnut (Wani et al., 2017). The dried Chestnut (Castanea
sativa) seeds were preserved in PA bag in 4oC, 30oC. The
vitamin C, total phenolic were monitored in 3 monthinterval for 12 months. From table 4, the roasted dried
Chestnut (Castanea sativa) seed must be stored in PA
(vaccum) bag in dry cool place so that the vitamin C
(mg/g), total phenolic (mg/g) could be preserved for 12
months.

CONCLUSION
Antioxidants are valuable phytochemical elements
contributing to our health benefits. Owing to the high
antioxidant capacity as well as a rich source of vitamins,
Castanea sativa seeds were demonstrated to prevent
degenerative diseases associated with free radical
damage. Drying and roasting are very important steps
showing significant alterations in the manufacturing
of value-added nuts with better taste, aroma, texture,
crispiness. Especially, roasting can improve color and
aroma through caramelization on the surface of the
dried chestnut
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ABSTRACT

This study aimed at evaluating 73 traditional wells in Hiznah village, Albaha region (Saudi Arabia). All information
about the availability of water, well status, irrigation and drinking uses and associated plant species were recorded.
The statistical method in terms of the determination of relationships between wells characteristics was analyzed
using Spearman's correlation coefficient. Forty-seven (65.75%) of wells were concentrated in the north of study
area, 14 wells (17.81%) in the middle and 12 wells (16.4%) in the south of the study area. The majority of wells
(79.5%) showed water availability and almost (46.6%) of such wells were used for both irrigation and drinking
purposes. Approximately, 58.9% of wells were open followed by 34.2% and 6.8% of covered and fenced, respectively.
Plant species were associated with 35.6% of open and fenced wells. The plant species were; Ficus palmata (31.5%),
Celtus africana (2.7%) and Ficus vasta (1.4%). The availability of water in most wells may reflect the energy of
groundwater to feed them, which they are concentrated in the north of the study site and this may due to increased
recharged rates in these areas. Groundwater wells need further investigations regarding their quality to avoid any
health hazards to crops, animals, and humans if water is to be used for irrigation and drinking.

KEY WORDS: ALBAHA, HIZNAH, VILLAGE, HYDROLOGY, WELLS, IRRIGATION, DRINKING, TOPOGRAPHY.
INTRODUCTION
Freshwater is considered to be an important requirement
for life, however, it represents only less than 3% of
the total water volume in the world (Hahn, 2006).
Groundwater is the one form of freshwater on earth
and considered to be a renewable resource of water
(APHA, 1998, 2012). Saudi Arabia is known as arid
country and most of Saudi lands are deserts. The average
of rainfall in Saudi Arabia is < 100 mm per year with
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no permanent lakes or rivers. The main sources of water
are surface water, groundwater and desalination. The
surface water consists of water that mainly captured
in approximately 260 dam reservoirs. On the contrary,
the amount of groundwater depends on the recharge
rate which is higher in shallow wells than deep wells
(Ouda, 2013). Groundwater in Saudi Arabia has long
been used as the main source for the accomplishment
of different purposes, such as domestic and agriculture
supply, especially during 1970s and 1980s (Alsuhaimi
et al., 2019).
The depth and water volume can be varied between
traditional wells (hand-dug systems) (Yakubu, 2013).
The agricultural sector consumes about 70% to 80% of
freshwater in Saudi Arabia. However, up to five thousand
litres of water are consumed for the production of 3
meals per person per day (Alsalah et al., 2015).In Saudi
Arabia, quality assessments of groundwater have been
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studied previously (Al-Hasawi et al., 2018; Alsalah et
al., 2015; Alsuhaimi et al., 2019; Bob et al., 2015; Ouda,
2013). To the best of author's knowledge, evaluating
large number of traditional wells in one village in terms
of scientific explanations for the distribution of wells,
availability of water, well status, associated plant species
and the possibility of water utilization for drinking and
irrigation have not been addressed yet. Thus, the main
objectives of this study are to evaluate all traditional
wells in Hiznah village, Saudi Arabia during 2019, and
to determine the relationships between the characteristics
of these wells.

Material and Methods
The study sites: The study area Hiznah is located west
of Baljurashi, between lat. 19.85387 and lat. 19.827907
and between long. 41.53561 and 41.55814, with altitude
ranges between 1900 and 2167 (Fig. 1). Hiznah is a
3 km² village located in the south of Albaha region,
Saudi Arabia (Fig. 1). Almost 1.25 thousand people
currently live in Hiznah village. All traditional wells
of Hiznah village (73 wells) were selected during 2019,
(Table 1). All information about each well in terms of
the availability of water, well status, irrigation and
drinking uses and associated plant species were recorded
(Table 1). Statistical analysis: The statistical package of
SPSS, version 20 (IBM) was used to analyze the data of
wells characteristics (availability of water, well status,
irrigation and drinking use and also associated plant
species). Spearman’s rank correlations coefficient (rs)
was applied to examine the relationships between wells
characteristics (Field, 2009).

settlements, especially in the north of the study area at
the southern side of Hiznah mountain where most wells
(64.4%) were seen below Hiznah mountain (Figure 1).
Indeed, the topography features of this region resembling
a water basin that contributes to the conservation and
recharge of groundwater in large quantities. Condon
& Maxwell (2015) found a strong relationship between
topographic gradients and the fluxes of groundwater.
Additionally, the study conducted by Rukundo & Dogan
(2019) highlighted the role of spatial variations in
determining groundwater recharge rates in the Ergene
River catchment in Turkey. The middle part of Hiznah
village contains a water basin that receives the water
descends from the northern side of Madhan mountain
and recharge the nearby wells (19.2%) (Figure 2). On
the contrary, the wells in the south of Hiznah village
represent (16.4%) of total wells (Figure 2). This area
is rocky and surrounded by plateaus with agricultural
terraces that absorb water and the wells are poorly fed
as a result. Some of the water flows southward and not
westward towards the boreholes. Also, the concentration
of the population is low in this location compared to
the north of the village. However, wells in this area are
concentrated below the south of Madhan mountain.
Availability of groundwater: The availability of
groundwater depends upon the recharge rates and not
Figure 1: The location of the study area with targeted
wells (n=73) in Hiznah village in Albaha region
(Saudi Arabia).

Results and Discussion
In Hiznah village, numerous traditional wells (total of
73 wells) are distributed in its valley and were used
for irrigation and drinking. Geographically, the wells
were distributed as follow; 47 (64.4%) of wells were
concentrated in the north of the village, 14 wells (19.2%)
in the middle, and 12 wells (16.4%) in the south (Figure
3). Each well was owned by different families and each
one of them had a day of watering. Each family also was
responsible for maintaining and protecting the well.
Area topography and recharge of wells: The age of
Hiznah wells is unknown for exact. Structurally, most
of the wells seem to be similar to each other reflecting
the same period of time of the construction. The depth
of the wells almost ranged from 15-25 m and the width
range from 3 to 4 m. After precipitation of rain water,
storing or moving of the water stream depends on
geological locations (Plummer et al., 2013), topography,
and climate (Condon & Maxwell, 2015; Grinevskii, 2014;
Shahbazi et al., 1967). Groundwater moves from higher
altitude areas to lower zones culminating in recharging
of wells and increase water levels in this zone (Plummer
et al., 2013).
In Hiznah village, wells are concentrated near agricultural
fields located on the bottoms of the valleys and near the
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just the amount of residence water (Healy et al., 2007).
These rates can be physically and directly measured by
estimating water fluxes. Age of groundwater can be also
estimated by tracing isotopes (Plummer et al., 2013).
Availability of water in Hiznah village is presented in
(Table 1) and (Figure 3A). Approximately 79.5% of the
studied wells have water available, while just 20.5% of
them showed no water available and this may be due to
the low amount of rainfall that recharge groundwater.
Geologically, weathering, recharge rate, and human
activities can affect the physicochemical and microbial
quality of groundwater (Sethy et al., 2016; Yakubu, 2013).
This water can be unsafe for drinking and irrigation due
to numerous health hazards that result from polluted
water (WHO, 2017). The open system represents the
majority of wells (58.9%), while covered and fenced
wells represent 34.2% and 6.8%, respectively (Figure 3B).
This open system in the village may affect the quality
of water in terms of the ease of pollutants to access the
water from the surrounding area.
The uses of water for drinking and irrigation in Hiznah
village are presented in (Table 1) and (Figure 3C).
Approximately, 46.6% of wells that have water available
are used for drinking and irrigation, while other wells
(53.4%) are not used for the same purposes. The reason
for the low use in the village is that some people are no
longer interested in agriculture because they are tenured
governmental employees with a higher income than the
agricultural sector. In addition, drinking water is now
available via public municipal networks (desalination).
Associated plants species: Plant species associated with
open wells in Hiznah village are presented in (Table 2)
and (Figure 3D). Approximately, 35.6% of plant species
Figure 2: Figure 2. The distribution of targeted wells
(n=73). Forty-seven (65.75%) of wells are in the north of
the village, 14 wells (17.81%) in the middle, and 12 wells
(16.44%) are located in the south.

associated with open and fence system of the top of
wells, while the remaining covered wells (64.4%) showed
no association with any pant species. The natural plant
species were Ficus palmata (31.5%), Celtis africana (2.7%)
and Ficus vasta (1.4%) (locally called Hamat, Shopareq,
and Roqqah, respectively). These three species are
recorded from Albaha region, Ficus palmate and Fecus
vasta are recorded between 1800 and 2800 m, and Celtis
Africana between 1500 and 2500 m. The three species
are not harmful and have economic uses (Al-Khulaidi,
et al., 2016). A study on rare and endangered plant
species in Albaha region conducted by Al-Khulaidi, et
al., (2018) considered Celtis africana and Ficus vasta
are rare species with frequency percentage of 1.56 and
1.25, respectively.
Green and blue-green algae are common and can be
found in well water. The distinct green color in water can
result from green algae with no potential health hazards.
However, certain cyanobacteria (blue green algae) can
produce toxins in the water that can be harmful to
humans and animals (Gerba & Pepper, 2019; Sheath &
Wehr, 2003). Up to 5.5% of wells showed a growth of
green algae floated on the surface of water. All are open
wells located in the north of the village and are not used
for drinking and irrigation. The growth of green Algae
in these wells may as a result of agriculture activities
(in the form of fertilizers) and wastes of humans and
animals, reaching into wells through runoff.
Table 1. Characters of targeted wells in Hiznah village,
Albaha region, KSA (n=73).
Character 		
of wells
North

Location
Middle

South

Total

Wells with
41 (70.69) 11 (18.96) 6 (10.34) 58 (79.45)
available
water n (%)
Wells used
26 (78.79) 5 (15.15) 3 (9.09) 33 (45.20)
for drinking
& irrigation
n (%)
Well status 				
Covered
15 (65.22) 4 (17.39) 4 (17.39) 23(31.51)
Fenced
4 (57.14)
2 (28.57) 1 (14.28) 7 ( 9 . 5 9 )
Open
29 (67.44) 7 (16.28) 7 (16.28) 43 (58.90)

Table 2. Number of wells associated with different plant
species in different locations of Hiznah village, Albaha
region, KSA
Plant		
North
Celtis africana 1 (2.08)
Ficus palmata 17 (35.42)
Ficus vasta
1 (2.08)
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Well’s location
Middle

South

0 (0)
3 (23.08)
0 (0)

0 (0)
3 (25)
0 (0)
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Table 3. Relationships between different characteristics of wells in Hiznah
village, Albaha region Saudi Arabia
characteristics

Availability
of water

Well
status

Irrigation and Associated
drinking use
plants

Availability
–
N.S.
rs = .475**,
of water			
p < 0.001
Well status
N.S.
–
N.S.
				
Irrigation
rs = .475**,
and drinking use
p < 0.001
N.S.
–
Associated plants rs = -.330**, rs = .375**,
p < 0.001
p < 0.001.
N.S.

rs = -.330**,
p < 0.001
rs = .375**,
p < 0.001.
N.S.
–

Key symbols: SU: standard unit, N.S.: not significant, rs: Superman’s rank
correlation.
Figure 3. Overall characteristics of wells and their
utilization purposes in Hiznah village, KSA

Figure 4. Relationship between wells' characters in Hiznah
village, Albaha region, Saudi Arabia. Association of
availability of water with utilization purposes (A), water
availability and presence of associated plants (B), and well
status association with plant presence (C).

Mohamed & Al-Shehri (2008) identified two cyanobacterial
species (Chroococcus minutus and Pannus spumosus) in
all samples of groundwater wells in Asir in Saudi Arabia.
These species are known to produce toxins and can be
harmful to human (Karan et al., 2017; John et al., 2015).
In the investigation of twenty wells in Arar city in Saudi
Arabia, Al-Shaikh (2017) detected six types of algae in
four water wells. These types are Amphora, Navicula,
Nitzschia, Euglena, Cyclotella and Opephora. This study
recommended that the proper treatment of some wells
water should be done before drinking.
Significant relationships between characteristics of wells:
Correlations analysis between all characteristics of wells
in Hiznah Village is presented in table 3 and figures 4.
The availability of water was positively correlated with
irrigation and drinking use (rs =0 .475**, p < 0.001)
(Figure 4A). However, the availability of water was
negatively correlated with associated plant species (rs
= - 0.330**, p < 0.001) (Figure 4B). Well statuses were
positively correlated with associated plant species (rs =
.375**, p < 0.001) (Figure 4C). Open and fenced systems
of wells in the village showed the growth of plant
species.
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ABSTRACT

In the current study cytotoxic and antibacterial activities of MDR bacteria S.aureus and E.coli mediated synthesized
AgNPs (Silver Nanoparticles) were determined. The Antibacterial activities of silver nanoparticles were determined
against L. monocytogenes and S. abony. The cytotoxicity of silver nanoparticles was determined against SH-SY5Y
cell lines. MTT assay and DAPI staining were used to determine the cytotoxic potential. DCFH-DA was used to
determine ability of ROS generation of synthesized silver nanoparticles. The MIC values of MDR S.aureus mediated
synthesized AgNPs against L. monocytogenes and S. abony were found to be 36.22 µM and 35.65 µM respectively.
Whereas MIC values of MDR E.coli mediated synthesized AgNPs against L. monocytogenes and S. abony were
calculated to be 41.44 µM and 31.62 µM, respectively. Similarly, IC50 values of MDR S.aureus and MDR E.coli
mediated synthesized AgNPs against SH-SY5Y cell line were reported to be 148.25 μM & 152.1 μM. DAPI results
suggest that synthesized silver nanoparticles were able to cause nuclear condensation in the treated cell. Qualitative
ROS generation via DCFH-DA assay suggest that MDR bacteria S.aureus & E.coli mediated synthesized Silver
Nanoparticles have the capacity to generate significant amount of Reactive Oxygen Species(ROS), the higher
amount of ROS generation was observed at a concentration of 300 µM AgNPs.

KEY WORDS: Antibacterial, Cytotoxic;

MDR; SH-SY5Y; ROS.

INTRODUCTION
Increase in microbial and cancer resistance is on a
continuous rise and has now become a global problem.
The primary cause of this increased resistance is due
to rapid misuse of antimicrobial and chemotherapeutic

Article Information:*Corresponding Author:mohame djaabir@nct.ac.in
Received 17/01/2020 Accepted after revision 27/03/2020

Published: 30th March 2020 Pp- 39-145
This is an open access article under Creative Commons License,
Published by Society for Science & Nature, Bhopal India.
Available at: https://bbrc.in/
Article DOI: http://dx.doi.org/10.21786/bbrc/13.1/24

agents (Skladanowski et al., 2016). In order to address this
fast rising problem, scientific fraternity is in continuous
search of alternative treatment. Researchers are now
concentrating more on unconventional and alternative
approaches such as use of antimicrobial peptides,
nanoparticles and quorum quenching nanomaterials (Ma
et al., 2018).The rapid emergence of nanotechnology and
specifically nanoparticles has led to the discovery and
recognition of nanoparticles as a potent antimicrobial
and anticancer agent. Silver ions in particular have
shown their extraordinary potential as antimicrobial
and anti-inflammatory agent, and are being used widely
since ancient times. Silver NPs (AgNPs), due to their
unique characteristic properties and high therapeutic
potential have found great application. The AgNPs are
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now used in diagnosis and probing of cancer (Alshaye
et al., 2017), biomolecular detection (Karim et.al., 2018),
catalysis (Burdusel et al., 2018), wound healing (Orlowski
et al., 2018). The antimicrobial potential of these silver
nanoparticles (AgNPs) against MDR strains of a variety
of pathogenic bacteria and cytotoxic potential against
cancer cells has been well established (Abalkhil et al.,
2017; Huang et al., 2017).
The bactericidal potential of the AgNPs can be attributed
to large surface area to volume ratio, a consequence of
smaller size, which permits the AgNPs to interact closely
with the bacterial membrane (Helmlinger et al., 2016).
Several studies propose that silver nanoparticles disturb
the function of their target cells by getting attached
to the cell membrane surface (Yan et al., 2018). Other
studies have suggested that silver nanoparticles could
induce cell death in gram negative bacteria E. coli, by
causing the formation of small ‘‘pores’’ in the bacterial
cell wall, which increases the permeability and ultimately
inactivates the respiratory chain and electron transport
system. In the present work the cytotoxic and antibacterial
potential of previously synthesized silver nanoparticles
from MDR S.aureus and E.coli was determined (Mohd
Haseeb et al., 2019). Through this study we have aimed
to address the challenges associated with cancerous
cells and bacterial infections. The synthesized silver
nanoparticles were characterized by various techniques
such as UV-Vis Spectroscopy, Zeta potential, Dynamic
Light Scattering (DLS), Transmission Electron Microscopy
(TEM), and Fourier Transformed Infra Red (FTIR)
Spectroscopy (Mohd Haseeb et al; 2019). The synthesized
silver nanoparticles were subsequently tested for their
antibacterial activity against L. monocytogenes and S.
abony. The cytotoxic activity and the ability of these
silver nanoparticles to generate ROS was determined
against SH-SY5Y.

MATERIAL AND METHODS
All the Media and chemicals used in the experiment
were purchased from Sigma Aldrich (St. Louis, USA)
and HiMedia, India.
Antibacterial Activity: The antibacterial potential of MDR
S.aureus and E.coli synthesized Silver nanoparticles
was determined against L. monocytogenes and S. abony.
These bacteria (OD600-0.60) were allowed to grow in
Nutrient broth (NB) for 24 hours then incubated for 24
hrs at 370C kept at 180 rpm in a rotary shaker incubator.
100 ml of cultured broth was used to prepare bacterial
lawns. The antibacterial potential of MDR S. aureus
and E.coli mediated synthesized silver nanoparticles
was determined by method discussed elsewhere (Mohd.
Haseeb et al., 2019). 25 milliliters of sterile Mueller
Hinton Agar (MHA) medium was poured in sterilized
petriplates to prepare culture plates. Sterilized cotton
swab was used to swab the bacterial strains from culture
plates. Three wells of 5 mm diameter each were made
in every plate by using Sterilized gel puncture. One of
the well from each plate was filled with sterilized dH2O
(for control) and the other two were added with MDR
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S.aureus and MDR E.coli mediated synthesized AgNPs.
The inoculated plates were incubated 24 hours at 370C
temperature. Clear zone of inhibition around the wells
were examined in order to determine the antibacterial
potential of as synthesized AgNPs.
Minimum Inhibitory Concentration (Mic) of AgNPs:
MIC50 is the amount of drug needed to inhibit the
bacterial growth to 50%. A flat-bottom, 96 well plates
was employed to determine the MIC50 by broth dilution
method. This enabled the inoculum to be prepared in
distilled water allowing the determination of absorbance
by UV- spectrophotometer and thereby eliminating
the need of interference from colored media. Double
diffusion method, was used to determine the MICs of
the E.coli synthesized silver nanoparticles. The bacterial
strains were grown till mid-log phase, culture harvesting
was achieved by centrifugation, 1mM sodium Phosphate
buffer (SPB) was used to wash the harvest at pH 7.4,
and finally diluted to 2 × 105 CFU/ml in same buffer.
AgNPs were serially diluted in desired concentrations by
taking 90 microtitre (µL) of Mueller-Hinton broth in 96
well- microtitre plates. Bacterial suspension of 95×104
CFU/ well was taken as inoculum. After inoculation,
wells were incubated for overnight at 37o C. The
lowest concentration of silver nanoparticles inhibiting
the bacterial growth was used to determine MIC50 of
biosynthesized AgNPs.
Evaluation of Cytotoxic Potential Against SH-SY5Y
Cell Line: The synthesized silver nanoparticles were
analyzed for their anticancer activities against SHSY5Y Cell line. MTT (3-[4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide) assay was used
to determine the Cytotoxic activity of synthesized
AgNPs whereas DAPI (4’, 6-diamino-2-phenylindiole)
toxicology assays was used to assess the nuclear
degradation. In order to assess the same, the cells were
treated with varying doses of silver nanoparticles.
SH-SY5Y cells were grown in 96 well plates with each
well having 1 X 104 cells, followed by 24 hours incubation
in CO2 incubator. After a successful incubation period,
silver nanoparticles of varying concentrations were
used to treat the cells. The experiment was repeated in
triplicate with untreated cells as the positive control and
incubated for 48 hours. Spent medium was removed,
followed by loading of wells with 50µl of MTT dye (5mg/
ml in PBS) and freshly prepared culture media. Then
the plate was incubated for 4 hours. Formazon crystals
formed during the process were dissolved by adding
100µl of DMSO (Dimethyl Sulfoxide) and incubated
for one hour. The reduced MTT was quantified by
measuring optical density at 570 nm in ELISA reader.
The Percentage inhibition of the cells was calculated
using the formula
X = 100 − (Atest – Ablank) / ( Acontrol – Ablank) × 100
Where,
X- Percentage inhibition of cells Atest - absorbance of
the test sample at 570 nm.
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Ablank - absorbance of blank at 570 nm Acontrol absorbance of the control sample at 570 nm The IC50
value was calculated by the obtained data. Nuclear
condensation in silver nanoparticles treated SH-SY5Y
cells was determined by using nuclear fluorescent stain
4’, 6-diamino-2-phenylindiole (DAPI) dye. SH-SY5Y
Cells were seeded in 96 well plates, treated with varying
concentration silver nanoparticles were maintained in
CO2 humidification incubator at 37 °C for 4 hrs. It was
followed by careful removal of medium at appropriate
times and washing the cells twice with saline phosphate
buffer (SPB). The treated cells were washed again,
stained with DAPI for 20 minutes at 37 °C, along with a
permeabilizing buffer that allows the fixing of the stain
into treated cells. Methanol and phosphate buffer saline
was used to wash the stain respectively. Fluorescence
microscope was used to visualize and capture the images
of the stained cells and cells with fragmented and
condensed nuclei were considered to be the dead cells.
Assessment of Intracellular ROS (Reactive Oxygen Species)
Generation: The intracellular reactive oxygen species
(ROS) level was measured by DCFH-DA method as per
standard protocol. It is based on ROS-induced formation
of the highly fluorescent dye 2’7’- dicholorofluorescin
diacetate (DCFH-DA). Shortly, Human neuroblastoma
cell lines SH-SY5Y were seeded in a 12 well plate at a
density of 5 x 104 per well and incubated for 24 hr at
37 0C. After treatment with AgNPs (0, 50, 100, 200, and
300 µM) for 12 hrs, the cells were incubated with 10 µM
DCFH-DA for 30 minutes at 37 0C. Cells were washed to
remove the excessive amount of DCFH-DA. Images were
captured by using an inverted fluorescence microscope)
Nikon ECLIPDE Ti-S, Japan).

cells were observed to have a significant increase in
membrane permeability, making cells incapable of
regulating the proper transport across the cell membrane
and ultimately leading to cell death (Gomaa, 2017).
It has earlier been reported that antimicrobial potential
is dependent upon dose and size, which makes gramnegative bacteria an obvious target as compared with
gram positives bacteria. AgNPs may interact directly with
microbial cells, may inhibit the enzymes of respiratory
chain and affect the permeability of protons and
phosphates for example; by halting the transmembrane
transfer of electrons, disrupting the cell envelope
thereby making it susceptible to the ROS (Reactive
Oxygen Species) (Rajeshkumar and Malarkodi, 2014).
Additionally, Silver nanoparticles can cause damage to
bacterial cells by permeating the cell and interacting
with proteins, DNA and some other cell constituents
containing sulfur and phosphorus (Nayak and Chitra,
2015). In a similar research experiment where E.coli
and K. pneumonia were treated with AgNPs the highest
antibacterial effect was recorded on E.coli with a zone
of inhibition of 13 mm and the lowest was examined
on K. pneumonia with a zone of inhibition of 7mm
(Feng et.al., 2000).
Figure 1: Plates showing the zone of inhibition of MDR
S.aureus and E.coli mediated synthesized Silver NPs
against- L. monocytogenes

RESULTS AND DISCUSSION
The antimicrobial potential of silver nanoparticles
from MDR S.aureus and E.coli was determined against
L. monocytogenes and Salmonella abony. The antibacterial
potential of as synthesized silver nanoparticles were
confirmed on the basis of the clear zone of inhibition
observed around the area inoculated with NPs. Different
concentration of silver NPs synthesized MDR S.aureus
and MDR E.coli was used to calculate and determine the
minimum inhibitory concentrations (MIC).
The zone of inhibition of MDR S.aureus silver
nanoparticles on L. monocytogenes and Salmonella
abony was found to be 18 mm and 19 mm respectively.
The zone of inhibition of MDR E.coli synthesized silver
nanoparticles on L. monocytogenes and Salmonella abony
was found to be 17 mm and 18 mm respectively. The MIC
values of synthesized silver nanoparticles against treated
bacteria are given in table 1. The exact mechanism of
action of Ag+ ions on microorganisms is not fully known.
It is believed that the DNA of Ag+ treated microbial cells
loses the ability of replication and protein inactivation
occurs (Divya et.al. 2016). It has also been shown that
silver ions cause protein denaturation by binding to
functional groups on the protein. In a study involving
E.coli and Metal oxide nanoparticles, treated bacterial
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Figure 2: Plates showing the zone of inhibition of MDR
S.aureus and E.coli mediated synthesized Silver NPs
against- S.abony
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Cytotoxic Potential Against SH-SY5Y: The synthesized
silver nanoparticles froms MDR S.aureus and E.coli
were assessed for their cytotoxic potential on SH-SY5Y
neuroblastoma cancer cell line. The cell viability or
cytotoxic activity was assessed via MTT assay and
nuclear fragmentation was studied via DAPI staining.
Cytotoxicity of Mdr MDR S.aureus and MDR E.coli
Synthesized Silver Nanoparticles: The vey aim of cell
viability assays is to determine the cellular response of
any toxic material that has the potential to influence the
metabolic activity of the target cells. MTT analysis is used
to analyse the mitochondrial succinate dehydrogenase
activity as metabolically active viable cells have the
capacity to convert the MTT to purple color formazon
crystal which gives maximum absorbance near 570 nm.
The cellular mechanism behind this reduction of MTT
probably involves NADH or a similar reducing agent from
which electrons are transferred to tetrazolium, which is
then reduced to formazon. The dead cells lose the ability
to reduce the MTT into formazon, so the formation of
Table 1. Representing MIC values of synthesized silver
nanoparticles
Name of
sample
MDR S.aureus AgNPs
MDR E.coli AgNPs

MIC (µM)
L. monocytogenes

S. abony

36.22 µM
41.44 µM

35.65 µM
31.62 µM

Figure 3: Curve showing the MIC of silver NPs
synthesized from MDR S. aureus and MDR E.coli against
L. monocytogenes

Figure 4: Curve showing the MIC of silver NPs synthesized
from MDR S. aureus and MDR E.coli against S. abony
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colored product decreases with decrease in cell viability
hence the intensity of colored product which is directly
proportional to number of viable cells in culture, is
measured to determine the level of apoptosis (Präbst et
al., 2017).
Here in our study, the cytotoxicity of silver nanoparticles
in human neuroblastoma cancer cells SH-SY5Y was
determined by treating the cells with varying dose of
(10 µM to 300 µM) for 24 hr and 48 hr respectively,
followed by MTT reduction assay. After a successful
incubation period of 24 hr, 50% reduction in cell
viability was noticed. The IC50 values were found
to be 148.25 μM & 152.1 μM for MDR S.aureus and
MDR E.coli mediated synthesized Silver nanoparticles.
Almost same patterns of results with strong cytotoxic
effects were observed after 48 hrs of treatment period,
proving silver nanoparticles to be more cytotoxic
and of anti-proliferative nature. Earlier studies have
predicted similar findings in which the cytotoxic effects
of silver nanoparticles have been reported (Singh et al.,
2018). The cytotoxic efficacy of silver nanoparticles in
affecting the survival of various cell types by disturbing
the mitochondrial activity, structure and metabolism
have been also predicted by several types of research
(Suliman et al., 2015). In several previous studies, smaller
sized Ag-nanoparticles have been shown to have more
toxicity than the NPs with a larger size (Gurunathan et
al., 2015). It has also been demonstrated that the type of
capping agent dictates the potency of silver nanoparticles
(Patra et.al., 2018). In order to determine the apoptotic
cell death induced by as synthesized silver NPs, DAPI
nuclear staining method was used. The apoptotic cells
are characterized by cell shrinkage, extensive blabbing
in the plasma membrane, and condensation of chromatin
and formation of apoptotic bodies from separated cellular
fragments (Sheikh et al., 2018).
The cells treated with AgNPs, were stained with DAPI,
a DNA staining dye. DAPI is a fluorescent staining
dye which binds preferentially to the AT-rich regions
of double stranded DNA. When DAPI binds DNA its
fluorescence intensity increases around 20 folds as
compared with unbound DAPI (Baharara et.al., 2018).
The intensity of stain is less in the viable cells as the
membrane permeability is intact, DAPI fails to pass
through but when cell permeability is compromised
due to apoptosis; DAPI enters inside the cell with ease
and a strong blue fluorescence is produced as it binds
to DNA (Baharara et.al., 2018). After treatment with
AgNPs for 24 h, significant nuclear changes in SH-SY5Y
neuroblastoma cancer cells were observed (Fig. 7 & 8).
As apparent from pictures of DAPI staining, AgNPs
induced nuclear condensation and fragmentation in
treated cancer cells in a dose dependent manner whereas
the control cells exhibited normal cell morphology
(Fig. 7 & 8). The apoptotic effect of silver nanoparticles
can be attributed to excessive ROS generation which
leads to DNA and protein damage (Foldbjerg et al., 2009;
Gurunathan et al., 2018). The findings of our current
research are in agreement with previously published
reports that exposure of cells to NPs induces apoptotic
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cell death ( Kishore et al., 2018; Mohammed et al., 2018).
The results were evident that AgNPs induced apoptosis
in neuroblastoma cells in a time dependent and dosedependent manner.
The ability to generate ROS by AgNPs from MDR
strains of E.coli and S.aureus was analyzed in human
neuroblastoma cell lines SH-SY5Y. It was measured by
the H2DCF-DA assay. After 24 h of exposure, increasing
concentrations of AgNPs significantly increased ROS
levels at various concentrations used in this study. In
general, nanoparticles are known to kill cancer cells
by producing ROS. Ag ions play an important role in
catalyzing ROS production in the presence of oxygen
species and AgNPs can induce oxidative stress in a
variety of cellular systems by generating ROS, including
in human cancer cells. To examine the effect of MDR
S. aureus and E.coli mediated synthesized AgNPs on
ROS generation, human neuroblastoma cell lines SHSY5Y were treated with various concentrations (0, 50,
100, 200, and 300 µM) of AgNPs for 24 h, and then,
ROS generation was measured in an H2DCF-DA assay.
After 24 h of exposure, increasing concentrations of
AgNPs significantly increased ROS levels at various
concentrations used in this study. ROS levels generated
in response to AgNPs treatment were significantly higher
than those in untreated cells.

cells emitted bright fluorescence and displayed deformed
morphologies because of the loss of integrity of plasma
membrane due to ROS generation. The cytotoxicity
effects may have been due to the induction of oxidative
stress and apoptosis upon ROS overproduction. Cancer
cells generate high levels of ROS that leads to a state
of increased basal oxidative stress. Since this state of
oxidative stress makes cancer cells vulnerable to agents
that further augment ROS levels, the use of pro-oxidant
agents is emerging as an exciting strategy to selectively
target tumor cells (Cordero et al., 2012). However, the
induction of ROS formation plays an important role in
the chemotherapeutic activity of several anticancer drugs
and a large number of anticancer compounds (Fruehauf
et al., 2007; Trachootham et al., 2009). Our data for the
qualitative analysis of ROS generation suggested that
AgNPs induced ROS-mediated induction of apoptosis in
SH-SY5Y cells in a concentration- dependent manner.

Figure 7. DAPI Images of SH-SY5Y (taken at a magnification
of 40x): a) Control cells, on top left and b), c) & d) Cells
treated with S.aureus mediated synthesized AgNPs, on
right

Marked differences were evident in the production of
ROS between treated and untreated control cells. Treated

Figure 5: Showing the IC50 of MDR E.coli mediated
synthesized AgNPs against human neuroblastoma cell
lines SH-SY5Y

Figure 8: DAPI Images of SH-SY5Y (taken at a magnification
of 40x): a) Control cells, on left and b), c) & d) Cells
treated with E.coli mediated synthesized AgNPs, on right
n clockwise.
Figure 6: Graph showing the IC50 of S.aureus mediated
synthesized AgNPs against Human neuroblastoma cell
lines SH-SY5Y.
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Figure 9: Effect of MDR E.coli mediated synthesized AgNPs
on reactive oxygen species (ROS) generation. SH-SY5Y
cells were treated with or without AgNPs for 24 h, and
ROS generation was measured using DCFH-DA.

CONCLUSION
In the present work, the cytotoxic and antibacterial
activities of MDR S.aureus and E.coli mediated synthesized
silver nanoparticles (AgNPs) were determined. The MIC
values of MDR S.aureus mediated synthesized silver
nanoparticles against L. monocytogenes and S. abony
were found to be 36.22 µM and 35.65 µM respectively.
Whereas MIC values of MDR E.coli mediated synthesized
AgNPs against L. monocytogenes and S. abony were
calculated to be 41.44 µM and 31.62 µM, respectively.
Similarly, IC50 values of MDR S.aureus and MDR E.coli
mediated synthesized AgNPs against SH-SY5Y cell
line was reported to 148.25 μM & 152.1 μM. DCFH-DA
results show that silver nanoparticles are capable of
generating large amount of ROS in their target cells; the
ROS generation was recorded to be increasing on the
increase of silver nanoparticle concentration. It was for
the first time that MDR bacteria mediated synthesized
were tested for their cytotoxicity against SH-SY5Y cell
lines. Further research on various other cell lines is
inevitable to establish these nanoparticles as a potent
anticancer agent, also, being of MDR bacteria origin;
these nanoparticles must also be assessed for any kind
of associated antigenic challenge in animal models in
order to determine the safety of these synthesized Silver
nanoparticles.
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Recombinant Sericin-Cecropin B Fusion Protein Aids
in the Proliferation and Cryopreservation of Human
Dermal Fibroblast Cells
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Ravikumar Gopalapillai*
Seri-Biotech Research Laboratory, Central Silk Board, Kodathi,
Carmelram Post, Bengaluru- 560 035, India

ABSTRACT

Silk sericin is a natural polymer with wide utility in biomedical applications. The use of native sericin protein
has been well documented in cell culture and cryopreservation of various types of cells. However, the use of
recombinant sericin is limited and currently there is no report on the effect of recombinant sericin fusion protein
on cell culture. In this work, we report the use of recombinant sericin-cecropin B fusion in the proliferation and
cryopreservation of primary human dermal fibroblast cells. Compared with cells cultured in the control with FBS,
those cultured in sericin/sericin-cecropin B supplemented media (along with FBS) showed enhanced proliferation
of cells. The culture medium containing sericin or its fusion also proved effective in cryopreservation of human
dermal fibroblasts with reduced amount of FBS. However, low DMSO concentration did affect the viability of
cells post-freezing. Both proliferation and cryoprotection properties were found enhanced in the recombinant
sericin-cecropin B treated group than in recombinant sericin alone. Our results clearly show that the use of sericincecropin B could act as potential media supplement for the enhanced proliferation and improved cryopreservation
of human dermal fibroblasts.

KEY WORDS: Silk sericin, Fusion protein, Cell proliferation, Cryopreservation..
INTRODUCTION
Sericin and fibroin are the two major proteins in the silk
fibre produced by the domesticated silkworm, Bombyx
mori. Sericin proteins are produced by the middle silk
gland (MSG) and Ser1 is the most abundant sericin
protein. It is characterized by a serine-rich peptide
consisting of 38-amino acids repeats reported to play
important roles in hydrophilicity, cryoprotection, and

Article Information:*Corresponding Author:ravikumarpillai@gmail.com
Received 10/01/2020 Accepted after revision 28/03/2020

Published: 30th March 2020 Pp- 39-145
This is an open access article under Creative Commons License,
Published by Society for Science & Nature, Bhopal India.
Available at: https://bbrc.in/
Article DOI: http://dx.doi.org/10.21786/bbrc/13.1/25

cell proliferation (Tsujimoto et al., 2001; Terada et al.,
2005). Fibroin has been used in textile manufacturing
and for several biomaterial applications, whereas sericin
is treated as a waste material in the textile industry.
However, sericin has shown interesting applications in
cosmetics and pharmaceuticals (Kundu et al., 2008; Cao
and Zhang, 2017; Zhang et al., 2019). The use of cell
and tissue culture is essential for various research and
medical applications. Hence, the culture and storage of
cells is of critical importance in a standard cell culture
laboratory. Fetal bovine serum (FBS) is widely used in cell
culture as it aids in cell proliferation, growth and storage.
However, the serum is expensive and also causes concern
regarding bovine spongiform encephalopathy (BSE).
Sericin has been presented as a potential alternative to
FBS, can promote proliferation of several types of cells
and protect cells from freezing stress. Dermal fibroblasts
are responsible for producing the extracellular matrix
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forming the connective tissue of the skin and play
a crucial role in wound healing, tissue repair, and
remodelling (Cao and Zhang, 2017).
Proteins derived from genetic engineering are
characterized by control over composition, sequence,
molecular mass, and stereochemical purity. Most
importantly, unlike native sericin, recombinant sericin is
free from contamination. Recently we have recombinantly
expressed partial repeat sequences of sericin 1 protein
and its fusion with cecropin B in bacteria (Thomas et
al., 2020 - paper communicated). The recombinant
sericin/sericin-cecropin B has shown strong antibacterial
activity against gram-negative and positive bacteria.
In this paper, we describe the effect of recombinant
sericin-cecropin B fusion protein in the proliferation
and cryoprotection of primary human dermal fibroblasts.
This is the first report on the use of recombinant sericin
fusion protein in cell culture applications.

Materials and Methods
recombinant sericin and sericin-cecropin B proteins:
B oth sericin and its fusion with cecropin were
expressed in Escherichia coli as described by us
(Thomas et al., 2020-paper communicated). Briefly,
282 bp Ser1 sequence of Bombyx mori (accession no.
aB112019) coding for 94 amino acids containing one
copy of 38-amino acid motif and two copies of
decapeptide repeats alone or fused with an open
reading frame of B. mori cecropin B (accession
no.nM_001102561) without its signal sequence were
cloned in to peT-47b(+) and expressed in E. coli
rosetta (De3) strain. recombinant proteins were
purified
by
immobilized
metal
affinity
chromatography (IMaC). The following recombinant
proteins were used for the assays: 1. sericin, 2. sericincecropin B fusion, and 3. proteins purified from
bacteria harbouring empty vector as control.
Cells and culture conditions: Human primary adult
dermal fibroblast cells (EZXpand Dermal Fibroblast,
HiMedia) were cultured in HiFibroXL Fibroblast
Expansion Medium, supplements and containing
gentamycin-amphoterecin B (HiMedia). This modified
culture medium contained reduced amount of FBS
(2%, unlike the conventional 10%) as indicated by the
manufacturer. Cells were cultured in an incubator at
37 oC under 5% CO2 till they attained confluency. Each
well (6-well culture plates) was seeded with 1x105 cells
and each treatment had three replicates. Recombinant
protein concentration was 25 or 150 µg/ml and added in
to medium in the respective groups. Cells were allowed
to grow and observations on adherent cells under
microscope followed by digestion with trypsin and
counting of cells. The following groups were employed
for the assays: 1. CM (Culture medium) alone, 2. CM +
PB (Protein purified from bacteria harbouring empty
vector), 3. CM + RS (Recombinant sericin), and 4. CM +
RSC (Recombinant sericin-cecropin B).
Cryopreservation of cells: Cells were grown to confluency
and resuspended at 1 x 105 cells/ml in the freezing

medium containing culture medium as above, 23% FBS
(MP Biomedicals) and 10% DMSO (Sigma). Different
concentrations of FBS (11.5%) and DMSO (5%) were
also tested. Recombinant protein concentration was
500 µg/ml or 2 mg/ml and added in to medium in the
respective groups. Cells after adding the freezing media
were chilled on ice for 5 min and then kept at -80oC.
After 24 h, cells were thawed, fresh culture medium was
added and centrifugation done to remove the DMSO.
Cells were then cultured on 6-well plates with 1 ml fresh
culture media for a day and observations taken. Cells
without the addition of recombinant proteins were also
used as control.
Cell morphology, number and viability: Morphology
of the cells was studied by visualizing the cells under
inverted microscope (Leitz, Germany). The viable and
non-viable cell densities were determined by the Trypan
Blue (HiMedia) exclusion method using a Neubauer
haemocytometer.

RESULTS AND DISCUSSION
Cell proliferation: Results are presented in Figure 1 a and
b. The cells grown in complete culture media (CM) were
used as control. The attachment, growth and proliferation
of cells were found in all groups and as same as that of
control. The morphology of cells was typically spindle
shaped and comparable to the cells grown in normal
culture media. The CM + pB exhibited normal growth as
it contained the complete culture media. Comparatively,
the cells grown in recombinant sericin (CM + rS) and
sericin-cecropin B fusion (CM + rSC) supplemented
media showed marked increase in density of viable cells.
Subsequently, the cell density gradually increased and
attained confluence at 48-72 h. The highest proliferation
of cells was observed in media supplemented with
recombinant sericin-cecropin fusion protein CM + rSC.
Compare to CM, the number of cells in the CM + rSC and
CM + rS increased by 1.22 and 1.16 times, respectively,
on 72 h. However, higher concentration of sericin and
sericin-cecropin fusion protein drastically inhibited the
cell growth and proliferation, resulting in round
shaped and reduced number of cells (Figure 1a and bD). We could not alter the concentration of FBS as the
culture media supplied by the manufacturer already
contained FBS with other ingredients. However,
reduced amount of FBS was used in cryopreservation
studies (below).
Cryopreservation: As shown in Figure 2, addition of
recombinant sericin or its fusion with cecropin in the
standard freezing media (CM containing 10% DMSO
and 23% FBS) resulted in an increased number of viable
cells recovered after freezing- thawing. Compared to all
groups, the maximum cell viability after cryopreservation
was achieved with CM + RSC followed by CM + RS.
Reduced amount of FBS to 11.50% did not alter the
viability of cells in the presence of CM + RS or CM + RSC
when compared to cells treated with CM alone. However,
FBS below 11.50% was found harmful (data not shown).
The concentration of DMSO at 5% had deleterious effect
on the survivability of cells although the effect was less
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pronounced in CM + RS and CM + RSC groups. Further,
when the concentration of recombinant sericin and its
fusion protein was increased to 2 mg/ml, significant
decline in viability of cells was observed (Figure 2-D).
In our study, addition of recombinant sericin or sericincecropin fusion proteins along with FBS supplemented
media can be used for enhanced growth of human
dermal fibroblast cells. Effect of sericin on serum-free
or serum-reduced media on cell culture is reported
(review by Cao and Zhang, 2017). However, previous
studies are limited by the use of native sericin except
one report which shows recombinant sericin helps in the
proliferation of cells (Terada et al., 2002). In addition,
no report on the recombinant sericin fusion protein on
cell culture studies yet. The recombinant sericin in our
constructs has repeat regions of Ser1 protein composed
of 94 amino acid containing one copy of 38-amino
Figure 1. Effect of recombinant sericin and sericincecropin fusion proteins on human dermal fibroblast
cell proliferation. CM: culture medium, CM + PB: culture
medium containing proteins purified from bacteria
harbouring empty vector, CM + RS: culture medium
containing recombinant sericin, CM + RSC: culture
medium containing recombinant sericin-cecropin fusion
protein. Recombinant protein concentration was 25 µg/
ml in the respective groups except in D where it was 150
µg/ml. Observations were taken at 24, 48, and 72 h (A-C)
and 24 h in D. a: Microscope observations showing cell
attachment, morphology and proliferation, b: Estimation
of viable cells. *Signiﬁcant difference from control
p < 0.05 by Student’s t-test

acid motif and two copies of decapeptide repeats. The
molecular mass of the recombinant sericin and sericincecropin is approximately 12 and 16 kDa, respectively.
Low molecular weight sericin is most suitable for cell
cultures (Terada et al., 2005; Cao and Zhang, 2017). The
repeats in Ser1 protein is reported to have mitogenic
and cryoprotective properties (Cao and Zhang, 2017).
Sericin can promote proliferation of various types of
cells including human fibroblast cells (Terada et al. 2002;
2005; Tsubouchi et al., 2005; Toyosawa et al., 2006;
Aramwit et al., 2010; Liu et al., 2016).
At the same time, sericin also suppresses carcinogenesis
and tumour promotion by reducing oxidative stress
(Zhaorigetu et al., 2003). CHO and Hela cells cultured in
the medium with 15 µg/ml sericin hydrolysate instead
of FBS show survivability of both cells is similar or
higher than that of FBS group (Zhang et al., 2019).
The addition of recombinant sericin-cecropin further
increased the proliferation of cells indicating that a
combination of both sericin and cecropin yielded superior
cultures than sericin alone. Similar to other polycationic
peptides, cecropin B possesses broad antimicrobial
spectrum, antioxidant and anti-endotoxin activity
(Moore et al.,1996). Further, cecropin B and analogues
have shown cytotoxic activity against several cancer
cell lines but do not affect normal cells and shown
proliferation of fibroblast cells (Reed et al., 1992; Chen
et al., 1997). The concerted action of both sericin and
cecropin resulted in the enhanced proliferation of cells
in our study. The proliferation of cells promoted by
sericin is shown to be concentration-dependent. Sericin
concentration from 0.01 to 0.1% was simulative while
1% is harmful to the culture (Terada et al., 2002) and
our results are comparable with this observation. Using
synthetic gene constructs, varying number of 38-amino
acid repeats of B. mori sericin 1 protein are expressed in
bacteria (Tsujimoto et al., 2001; Huang et al., 2003). In
the presence of 0.01% of a recombinant sericin consists of
two to four repeats of the consensus sequence, stimulated
the hybridoma proliferation as that of native sericin
(Terada et al., 2002). To conclude, addition of sericincecropin fusion protein into FBS culture medium yields
superior cell viability to FBS culture medium alone.
The cryopreservation of cells is crucial for the continuous
source of functional cell lines. The conventional
freezing media contains 10% DMSO and 25% FBS.
There is significant difference in the viability of cells
in the freezing media when supplemented with either
recombinant sericin or sericin-cecropin B fusion protein.
However, reduced FBS concentration to half results in
lower cell viability, but the cell viability is still at par
with control in sericin and sericin-cecropin treated
groups. Reduction in DMSO affects cell viability with a
slight change in fibroblast survivability in the presence
of recombinant sericin-cecropin. Our results show that
replacement of FBS may not be advisable but freezing
media with reduced amount of FBS, 10% DMSO along
with sericin-cecropin is better for the cryopreservation
of human primary dermal fibroblast cells. A 10% DMSO
concentration is optimal both for the freezing of primary
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Figure 2. Human dermal fibroblast cell viability after 24 h of cryopreservation using varying
concentrations of freezing media. Number of frozen cells was set as 100%. A: culture medium (CM),
10% DMSO and 23% FBS; B: CM, 10% DMSO and 11.50% FBS; C: CM, 5% DMSO and 25% FBS; D:
CM, 10% DMSO and 25% FBS; Recombinant protein concentration was 500 µg/ml in A-C and 2 mg/
ml in D. *Signiﬁcant difference from control p< 0.05 by Student’s t-test.

hMSCs and SAOS-2 cell line, and that sericin cannot
compensate for a 5% decrease of DMSO (Verdanova et
al., 2014). Most studies to date have not shown sericin
superior to FBS as a cryopreservative agent (Toyosawa et
al., 2009; Miyamoto et al., 2012; Ohnishi et al., 2012).
However, freezing medium containing 1% sericin, 0.5%
maltose, 0.3% proline, 0.3% glutamine and 10% DMSO in
PBS is found better than medium with FBS using various
cell lines (Sasaki et al., 2005). The serine-rich repetitive
motif of 38 amino acid residues in the silk protein ser1
is found to act as a cryoprotectant of cells under freezing
conditions and it functions as an antioxidant barrier
against oxidative stress (Tsujimoto et al., 2001). The
combined action of both sericin and cecropin B, which
is also an effective antioxidant, gives extra protection to
cells under freezing stress conditions. Our results clearly
show that recombinant sericin or sericin-cecropin fusion
proteins have significant impact on proliferation and
cryopreservation of primary human dermal fibroblast
cells and can be used as cell culture supplements. Another
potential application of the recombinant sericin-cecropin
fusion protein is that it can be an attractive alternative
to conventional antibiotics used in cell culture media.
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ABSTRACT
To assess and compare different conditioning regimes (laser and conventional) on shear bond strength (SBS) of resin modified
glass ionomer cement (RMGIC) bonded to dentinal tissue. Sixty permanent intact human third molars were prepared and
allocated into six groups (n=10 each). Group 1, dentin was conditioned with Nd-Yag laser (NYL), Group 2: Er, Cr:YSGG laser
(ECL), group 3: total etch adhesive, group 4: self-etch adhesive resin, group 5: 25% polyacrylic acid (PAA) and group 6: no
treatment group. After surface conditioning of all fifty samples resin modified glass ionomer cement (RMGIC) was mixed and
build up was performed. For SBS testing, specimens (n=10) in each group were placed in a custom jig of a Universal testing
machine. For the de-bonded surface fracture analysis was completed using stereomicroscope at 40x magnification. Descriptive
statistics i.e., means and standard for SBS were compared using analysis of variance (ANOVA) and Tukey's post hoc test at a
significance level of (p<0.05). The maximum SBS values were observed in PAA (20.44±3.92) and the minimum values were
noted (12.54±2.25). RMGIC conditioned with NYL (13.45±2.44) and control group (12.45±2.25) were comparable p>0.05. In
laser, irradiated groups admixed failure was common. Dentin conditioned with PAA exhibited cohesive failure. The use of ECL
and not NYL has a protentional to be used as conditioning regime in clinical setting prior to application of RMGIC.

KEY WORDS: RMGIC, DENTIN CONDITIONING, ER,CR:YSGG, ND-YAG LASER, SHEAR BOND STRENGTH.
INTRODUCTION
In clinical practice premature restorative failure is a
major concern. Most of the failures results at the interface
between tooth structure and dental tissue due to poor
bond strength resulting in secondary caries, microleakage,
discoloration and fracture (Mjör and Gordan, 2002).
Available evidence suggests glass ionomer cements
(GIC) unveils improved bond integrity due to physio-
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chemical bonding with hydroxy appetite crystals in
dentin, compared to adhesive resins (De Munck et al.,
2005; Yoshida et al., 2000). In recent years resin modified
glass ionomer cement (RMGIC) has become popular due
to fluoride release and biocompatibility (Swartz et al.,
1984). But, debate still exits on tooth conditioning prior
to RMGIC application. Recent reports have shown RMGIC
to improve bond integrity on application of various
conditioning regimes(Cardoso et al., 2010; Hotz et al.,
1977; Powis et al., 1982). Whereas, other studies have
stated no improvement in bond strength after surface
treatment (Hamama et al., 2014; Imbery et al., 2013).
The prime purpose for conditioning dentin is to remove
the smear layer formed during cavity preparation which
acts as a barrier, in forming a durable bond. Currently,
there are numerous conditioners available in the market,
but their efficacy and effectiveness are still dubious,
(Alkhudhairy, et al., 2019a).
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Alternative methods in the form of lasers Er,Cr:YSGG
(ECL) and Nd-Yag (NYL) to condition tooth surface has
displayed convincing results, (Alkhudhairy, AlKheraif,
et al., 2018; Alkhudhairy, Naseem, et al., 2018; Vohra
et al., 2018, Alkhudhairy, Naseem, Ahmad, et al., 2019;
Alkhudhairy, Vohra and Naseem, 2019a; Alkhudhairy,
Vohra, Naseem, et al., 2019). Interestingly, existing data
suggests that lased dentinal surface exhibit open tubules,
increase roughness and caters resembling to acid etched
surface, ( Ekworapoj et al., 2007, Alkhudhairy, Vohra
and Naseem, 2019a). Moreover, it provides a clean
surface free of smear layer and enhances tooth adhesion
(Kobayashi et al., 2003). To our knowledge from indexed
literature limited evidence on the use of lasers (ECL, NYL)
as dentin conditioner prior to GIC application exists.
Moreover, efficacy of different conditioning regimes
and their comparison with laser conditioning is scarce
and limited. It is hypothesized that dentin conditioned
with ECL and NYL will exhibit bond strength similar to
dentin treated with other surface regimens. Therefore,
the aim of the present study was to assess and compare
different conditioning regimes (lased and conventional)
on shear bond strength (SBS) of RMGIC bonded to
dentinal tissue.

Material and Methods
Sixty permanent intact human third molars free of
caries, cracks were used as a bonding substrate. Teeth
were isolated and stored in 0.5% chloramine T solution
at 4 °C for duration of one month to disinfect, following
storage in distilled water until use. With a low speed
diamond saw (Isomet, Buehler, USA) the enamel surface
was removed, and dentin surface was made flat. To
attain a homogenize surface roughness, dentin polishing
using silicon carbide grinding discs 800 and 1200 grits
(Buehler, Great Britain UK) under water irrigation on a
polishing machine (Stone Liu Shanghai Smedent Medical
Instrument Co., Ltd) was used. Teeth were mounted
vertically in acrylic resin within the sections of polyvinyl
pipes (6mm diameter) up to cement-o-enamel junction
(CEJ). Now based on the conditioning protocol the
samples were allocated into six groups (n=10 each).
Group 1: Dentin surface was conditioned with Nd-Yag
laser (NYL) (Hoya ConBio Delight, Sweden & Martina,
Padova, Italy) at 150 mJ, 10 Hz and 1W for a duration of
60 sec in a non-contact circular motion using a quartz
optical fibre having diameter of 320-μm.
Group 2: The surface of bonded dentin samples were
treated with Er,Cr:YSGG laser (ECL) (Biolase- Waterlase
I-Plus) at 0.5W and power 30Hz in a circular, noncontact position using tip MZ6 from a distance of 1mm
for duration of 60 sec.
Group 3: 37% phosphoric acid was applied on dentin
for 5 sec and washed with water spray thoroughly for
10sec. Bonding agent was applied and air dried for
10sec without the surface being desiccated. The bonding
agent was reapplied and photo cured (Bluephase G2,
Ivoclar,Vivadent) for 10 sec.

Group 4: On bonded dentinal surface self-etching primer
was implemented and left undisturbed for 20 sec, gently
air dried. Bonding agent was applied, spread uniformly
with a light air stream, and light cured (Bluephase G2,
Ivoclar,Vivadent) for 10 s.
Group 5: Polyacrylic acid (PAA) was applied on bonded
dentinal surface and was left undisturbed for 10 sec. The
surface was rinsed for 10 sec and air dried 5 sec without
desiccation.
Group 6: Dentinal surface of this group did not receive
any surface treatment.
After surface conditioning regimes of all fifty samples
resin modified glass ionomer cement (RMGIC) Fuji II LC
GC, Tokyo, Japan was mixed according to manufacturer
instructions and build up was done incrementally using
a tofelmire matrix holder at a height of 5mm and cured
20sec (Bluephase G2, Ivoclar,Vivadent).The specimens
were covered with GC varnish (GC, America, Inc) and
stored in distilled water at 24C until use. Shear bond
Strength (SBS) :For SBS testing specimen (n=10) each
group were placed in a custom jig of a Universal testing
machine (Lloyds, LF, plus, Ametek Inc, Great Britain,
UK) under a cross head speed of 1mm/ min until failure
occurred. The force was applied parallel to bonded
samples. The maximum force required to generate
fracture was recorded in MPa.
Failure mode Analysis: Fracture analysis was completed
by two examiners using stereomicroscope at 40x
magnification (Preconfigured Olympus Stereo Microscope
Systems, SZX7, Edmund Optics UK). Type of failure
was categorized into adhesive cohesive and admixed.
Statistical Analysis: SBS data was tabulated using
statistical program for social science (SPSS version
19, Inc., Chicago, US). Normality of data obtained was
assessed using Kolmogorov-Smirnov test. Descriptive
statistics i.e., means and standard for SBS were compared
using analysis of variance (ANOVA) and Tukey's post hoc
test at a significance level of (p < 0.05)

Results and Discussion
The data observed in the existing study was normally
distributed. Table 1 displays SBS of RMGIC bonded to
different conditioning regimes to dentin. The maximum
SBS values were observed in PAA (20.44±3.92) and
the minimum values were noted (12.54±2.25). RMGIC
conditioned with NYL (13.45±2.44) and control group
(12.45±2.25) were comparable p>0.05. Furthermore,
conditioning of RMGIC with ECL (18.54±3.24), TE
(19.44±3.74), SE (18.22±3.55) and PAA (20.44±3.92)
were comparable p>0.05. Mode of failure amongst all
experimental groups, adhesive failure type was pertinent
(Figure 1). In laser, irradiated groups admixed failure was
common. Moreover, In TE and SE groups adhesive failure
was found in majority. Dentin conditioned with PAA
exhibited cohesive failure. The existing study was based
on the hypothesis that dentin conditioned with ECL and
NYL and bonded to RMGIC will exhibit comparable bond
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integrity to different conditioning regimes. The present
in-vitro experiment revealed that bond strength of dentin
conditioned with ECL was comparable to PAA, SE and
TE. Whereas, dentin conditioned with NYL displayed low
bond strength scores compared to different conditioning
regimes but was comparable to non-treatment group.
Therefore, the hypothesis was partially accepted. The
durability of a restoration is contingent on the adhesive
capability, which can be assessed by SBS testing. In the
present study SBS of the restoration was determined
using universal testing machine. The method is simple
to use, widely acceptable, provides comparative analysis
and samples does not require further processing after
bonding procedures (Sirisha, Rambabu, Ravishankar, et
al., 2014; Sirisha, Rambabu, Shankar, et al., 2014).
Conditioners are used to promote adhesion, remove
smear layer, improve surface energy and promote surface
wettability (Tanumiharja et al., 2000). In the present study
ECL at 0.5 W and 30 Hz was used to condition dentin
prior to RMGIC. ECL works at a wavelength of 2780
micrometres displays strong affinity to hydroxyapatite
crystals in dentin and water. In the existing study ECL
at low level exhibited SBS (18.54±3.24) similar to dentin
conditioned with PAA (20.44±3.92). This finding was in
line with a study by (Alkhudhairy, Al-Johany, Naseem,
et al., 2019; Ekworapoj et al., 2007; Garbui et al., 2013).
A probable explanation to these conclusions is ECL
at low level causes loss of water and collapse of the
dentinal collagen resulting in reduction of hydrophilicity
of dentin, which indirectly improves the suitability of
hydrophobic polymeric materials like RMGIC to adhere
well with the dentin structure (Alkhudhairy, Al-Johany,
Naseem, et al., 2019). Furthermore, lased dentin results
in smear free layer following easy penetration of RMGIC
exhibiting strong bond affinity (Ekworapoj et al., 2007).
Moreover, due to improved surface energy of lased dentin
ionic exchange between the intermediary layer of RMGIC
and dentin structure might influence better bod integrity
(Alkhudhairy, Vohra and Naseem, 2019b).
The other laser used in the present study NYL (13.45±2.44)
exhibited statistically significant difference compared to
PAA (20.44±3.92) TE (19.44±3.74) and SE (18.22±3.55)
experimental groups. These findings were not in harmony
with the outcome of work carried out by Kobayashi
et al., (2003) and Aljdaimi et al., (2018). In authors

opinion diversity in results can be attributed to power
and frequency of laser, duration of laser, type of dentin
(human or bovine) and kind of RMGIC and conditioning
regimes. Moreover, since the power of NYL used in the
current study was 1W it is conceivable that NYL at low
level did not significantly removed the smear layer,
altered the hybrid layer and produced morphological
changes in dentin compromising bond integrity
(Kobayashi et al., 2003). Dentin conditioned with TE
(19.44±3.74), SE (18.22±3.55) and PAA (20.44±3.92)
displayed comparable bond strength. In the current
study, 37% phosphoric acid was used for 5 sec to
condition dentin. Reducing the conditioning time to 5 sec
enhances micro-mechanical retention by forming resin
tags, enhances resin infiltration of RMGIC and results
in less loss of calcium ions improving ionic bonding
of RMGIC with dentin (Tay et al., 2001).Moreover, SE
adhesives (18.22±3.55) displayed SBS values similar
to dentin conditioned with PAA (20.44±3.92) and TE
(19.44±3.74).
Our findings, of the present study were in concurrent with
the results of (Besnault et al., 2004; Coutinho et al., 2006).
Multiple explanations can be given for such outcomes.
Primary, reason is SE adhesives and RMGIC both have
carbon-carbon bonds which on polymerization changes to
covalent bonds improving adhesion. Secondly, presence
of water in both RMGIC and SE adhesives improves
their wettability on dentinal surface which indirectly
improve RMGIC spread over dentin conditioned surfaces
with SE adhesives. Thirdly, low modulus of elasticity of
RMGIC renders low polymerization shrinkage compared
to resin composites (Besnault et al., 2004; Coutinho et
al., 2006). Based on the result of our finding the author
recommends use of SE adhesives to condition dentin as
the conditioning method is less technique sensitive and
more user friendly and provide desirable results similar
to TE.
The highest bond strength scores were observed in group
conditioned with PAA (20.44±3.92). Possible explanation
reported for this outcome is that dentinal surface
conditioned with acid creates irregularities and pores
on the substrate surface boosting adhesion (Hamama
et al., 2014). This finding was in synchronization with
work of Tanumiharja et al., (2000). Moreover, in the
same study by Tanumiharja et al.,(2000) reported that

Table 1. Comparison of means and SD for bond strength values among study groups using ANOVA and
Tukey multiple comparisons test
Type of Group 1: NdRMGIC
Yag laser
(NYL)
irradiation

Group 2: Er,
Cr:YSGG
laser (ECL)
irradiation

Group 3:
Total etch
(Optibond
solo Plus)

Fiji II LC 13.45±2.44a

18.54±3.24b

19.44±3.74b

Group 4:
Group 5: Dentin
SelfConditioner
Etch
10% Polyacrylic
(Clearfill SE)
acid) PAA
18.22±3.55b

20.44±3.92b

Group 6:
Control
No
Treatment

P-value!

12.45±2.25a

<0.05

Different upper script letters indicate statistical differences (p < 0.05).
! Showing significant difference among study group (ANOVA
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Figure 1. Modes of failure among different experimental groups

wettability of surface enhances infiltration of HEMA
into collagen network of dentin increasing bond scores.
Recently, work by Sauro et al., (2018) reported dentin
conditioned with PAA increases the risk of collagen
collapse and degradation at dentin/ material interface
under prolong stress, mechanical cycling and saliva
immersion ultimately leading to bond failure. Therefore,
though the SBS values of PAA conditioned group is the
highest in the existing study, PAA as conditioner should
be used with caution. Based on fracture analysis, admixed
and cohesive failure was found to be pertinent in lased
dentin and surface conditioned with PAA. Such failure
type can be attributed to porosity within the material
which act as a centre of stress resulting in breakage
within the material, implying better bond integrity (Saraç
et al., 2009).
The biggest limitation of the study was not carrying
out the micro morphological analysis of the bonded
surface. Conditioning of dentin surface using laser is
a unique concept and needs further clinical and nonclinical assessment in the form of durability testing
of conditioned surface, surface energy measurements,
surface profiling and scanning electron microscopic
evaluation. Promising invitro results not always can
assure clinical success. These laboratory-based studies
act as a screening tool for selection of materials used
in in-vivo study design. Therefore, more studies to
extrapolate the findings and recommendations of present
study should be performed.

Conclusion
The use of ECL and not NYL has a protentional to be
used as conditioning regime in clinical setting prior to
application of RMGIC.
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ABSTRACT

The use of coronary artery bypass grafting due to its complexity and invasiveness requires effective physical
rehabilitation. In this regard, inclusion of health tourism into the composition of these measures was considered to
be very promising, which could significantly minimize the consequences of the operation in the late postoperative
period and improve the quality of life of patients and their degree of adaptation to any form of activity. The study
was conducted on 37 patients aged 45-65 years who underwent coronary artery bypass grafting 3 months ago.
Patients who received rehabilitation using wellness tourism showed an acceleration and deepening of recovery.
Only with its use it was possible to more fully strengthen the cardiovascular system, to optimize the overall physical
fitness and ability to self-service. One can think that the use of health tourism provides a quick and pronounced
healing effect in patients after coronary artery bypass grafting due to powerful stimulation of the muscular,
vascular, respiratory and nervous systems, balancing the processes of anabolism and catabolism and stimulating
protein synthesis throughout the body.

KEY WORDS: CORONARY ARTERY BYPASS GRAFTING, REHABILITATION, HEALTH, TOURISM, REHABILITATION.
INTRODUCTION
In the modern world there is a widespread prevalence
of cardiological pathology (Medvedev et al., 2007b). Its
presence in a significant part of the population, especially
of working age, weakens the health of the population as
a whole and creates a significant burden on healthcare
facilities. This problem stimulates the development of
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cardiology in all countries of the world, which goes in two
ways. One way is to improve the pharmacological effects
on the patient’s body in order to stabilize their condition.
The second way is more radical - it is associated with
the improvement of surgical operations on the heart and
blood vessels. One of such operations is coronary artery
bypass grafting, through which it is possible to increase
the duration and quality of life for a large number of
people with coronary heart disease. Recently, the number
and quality of such operations has increased in the world
(Uzhegov, 2005, Skoryatina et al., 2019).
Now coronary artery bypass grafting is considered as
a priority treatment for coronary artery lesions. By
coronary artery bypass grafting, the necessary blood
flow in the narrowed arteries is restored, myocardial
hypoxia is eliminated, myocardial infarction is prevented,
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its contractile function is strengthened, and the quality
and life expectancy of patients improves (Avaliani et
al., 2005).Coronary artery bypass grafting is a complex
surgical procedure that involves bones and muscles of
the chest, heart muscle and blood vessels. Very important
for the recovery of patients is the implementation
of rehabilitation measures in the postoperative
period aimed at minimizing the consequences of
the operation, preventing and treating postoperative
complications, and increasing the patient's adaptability
to motor activity, along with the recovery time,
(Mavrodiy, 2017; Mal et al 2018, Makhov et al., 2018b).
The aim of the present study was to evaluate the
effectiveness of the physical rehabilitation program for
patients who underwent coronary artery bypass grafting
based on health tourism.

MATERIALS AND METHODS
The study involved 37 patients of 45-65 years age, who
underwent coronary artery bypass grafting 3 months
ago. Randomly, these patients were divided into 2 equal
comparable groups - experimental and experimental. An
experimental group (18 people) underwent rehabilitation
according to the standard program of the rehabilitation
center. It included physiotherapy, classes on simulators,
physiotherapy and massage. The experimental group
(19 people) underwent rehabilitation according to the

program, which was based on health tourism with
elements of therapeutic exercises with breathing exercises,
the use of Scandinavian walking and massage. In both
groups, rehabilitation lasted 2 months. The control
group consisted of 22 clinically healthy volunteers
of 45-65 years old, examined once. Patients of the
experimental and experimental groups were examined
twice - when taken under observation and at the end of
the rehabilitation course.
Standard research methods were used: analysis and
synthesis, estimates of heart rate, respiratory rate, and
blood pressure levels. A standard orthostatic test was
also performed. The patient was lying for 5 minutes, and
then slowly got to his feet. The Ruthier test allowed us to
determine the performance of the heart during exercise.
The patient was in a lying position for 5 minutes, then
the pulse rate was determined for a 15-second interval
(P1) at rest. He then performed 30 squats for 45 seconds.
After the load, the patient lies down and his heart rate
was again counted for the first 15 seconds (P2), and then
for the last 15 seconds of the first minute of recovery
(P3).
The Ruthier Index was calculated using the formula:
4 x (P1 + P2 + P3) - 200/10.The 6-minute walk test is
carried out by determining the distance that the patient
is able to walk in 6 minutes along the corridor at the

Table 1. The results of the rehabilitation studies
Indicators

Traditional technique, 		
Author's technique, 		
Control,
M±m, n=18		
M±m, n=19		
M±m, n=22
exodus
in the end
exodus
in the end

Heart rate,
94.2±1.23 79.0±0.87
90.9±0.93 67.9±0.55 69.9±1.12
beats/minute		
p<0.05		
p<0.01
				
p1<0.05
Systolic blood
141.0±1.40 133.6±0.75
139.8±1.14 118.0±0.22 120.1±0.98
pressure, mmHg		
p<0.05		
p<0.01
				
p1<0.05
Diastolic blood
87.0±0.60 80.0±0.57
89.5±0.85
71.7±0.32
69.5±0.37
pressure, mmHg		
p<0.05		
p<0.01
				
p1<0.05
Respiratory rate,
21.3±0.26 18.6±0.46
21.9±0.31
17.3±0.11
17.1±0.24
times / minute		
p<0.05		
p<0.01
				
p1<0.05
Orthostatic test,
23.3±0.34 19.0±0.36
25.7±0.47 14.2±0.20 14.0±0.36
beats / minute		
p<0.05		
p<0.01
				
p1<0.05
Roufier
12.9±0.23
8.7±0.20
12.8±0.37
5.2±0.18
4.5±0.15
Index, points		
p<0.01 		
p<0.01
				
p1<0.05
6-minute walk
325.6±1.68 355.4±1.10
411.3±0.98 488.2±0.62 501.2±1.54
test, steps/				
p<0.01
minute				
p1<0.05
Legend: p - the reliability of the dynamics during rehabilitation, p1 - the reliability of
differences in the results of rehabilitation between groups.
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highest possible pace. According to the results, the
patient belongs to a certain functional class. The first
class corresponded to a distance of 425-550 meters. The
second functional class included a distance of 301-425
meters passed. To the third - 151-300 meters. In the
fourth functional class, the patient was able to walk less
than 150 meters in 6 minutes.The results of the study
were processed using Microsoft EXCEL by calculating
the Student t-test (t).

RESULTS AND DISCUSSION
The results of the studies carried out in the work are
presented in Table 1. No significant differences in the
indicators between patients in both groups were found.
Comparison of the results of using both rehabilitation
options for patients who underwent coronary artery
bypass grafting revealed that for all indicators between
them there are significant differences in favor of
the author's exposure regimen. As a result of the
rehabilitation in the experimental group, the heart rate
decreased by 33.9%, reaching the control level. In the
experimental group, this indicator decreased by only
19.2%. Similar dynamics in the experimental group
was experienced by normalized indicators of systolic
and diastolic blood pressure, which decreased by 18.5%
and 24.8%, respectively. The use of the traditional
regimen was accompanied by less functionally beneficial
dynamics of blood pressure levels. This was accompanied
by a decrease in the frequency of respiratory movements
in both groups, more pronounced in the experimental
group (26.6%), ensuring its exit to the control level.
During rehabilitation, the orthostatic test index
experienced a decrease in the experimental group by
22.6%, in the experimental group by 80.9% with its
exit in the second case to the control level. At the
same time, the Ruthier index also returned to normal
only against the background of the use of author's
rehabilitation schemes. In the experimental group, it
decreased by 2.5 times, while in the experimental group
it decreased by only 48.3%.When evaluating the results
of the 6-minute walk test, it turned out that the author's
rehabilitation scheme provided a more pronounced than
the traditional scheme increase in the number of steps
that the patient is able to go through during the test (by
18.7%). Moreover, the achieved changes allowed this
indicator to normalize during the observation period
only in the experimental group. Coronary artery bypass
grafting is a complex surgical intervention that allows
you to restore hemodynamics in the arteries of the heart
by bypassing the site of narrowing of the coronary
vessel using shunts. It is a proven surgical method for
the treatment of coronary heart disease (Bokeria et al.,
2016). Despite the rapid and significant improvement
in hemodynamics, after this operation, the general
condition of these patients improves slowly. Often,
recovery can be very delayed (Mal et al., 2018).
Given the importance of accelerating the process of
rehabilitation of patients after coronary artery bypass
grafting and especially increasing its effectiveness, we
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tested two rehabilitation schemes for such patients. More
preferred results were obtained in a group of patients
undergoing rehabilitation based on health tourism. This
was largely due to the achievement of a more pronounced
improvement in the state of the cardiorespiratory system
and the level of their general physical capabilities.
The obtained results give reason to believe that the
property of Wellness tourism with elements of easy
exercises, breathing exercises, Nordic walking and
massage earlier and more fully provides in patients
undergoing coronary artery bypass grafting, relief is
available for typical post-operative phase syndromes:
cardiac, poststenoticescuu, respiratory, hemorheological,
psychopathological, geodinamicheskogo and metabolic
(Mal, Kharitonov et al., 2018). Made more pronounced
effect in the experimental group should be linked here
optimizing complex effects on the brain, musculoskeletal
system and hemodynamics of patients (Makhov et al.,
2018a). The simultaneous use of all elements of the
author's rehabilitation has achieved a high result is not
simply due to the summation effects of all components of
the rehabilitation and development of vzaimoponimanija
their actions (Glagoleva et al., 2018; Vorobyeva et al.,
2019).
Apparently, the advantage of the developed scheme of
rehabilitation is determined by the use it health tourism,
implemented in Nordic walking. The use of these
components of rehabilitation led to the development of
in patients the rapid increase in exercise capacity with
the activation of regenerative processes in all organs of
the body and primarily in the heart and blood vessels
(Medvedev et al., 2007a). Under this option actively the
rehabilitation of most muscle, spend a maximum of
calories than when dosed walking. In addition, during
the proposed rehabilitation of the removed load from
the joints of the legs, and minimizes them the impact
(Medvedev, 2019).
Thanks to the combination of health tourism and Nordic
walking, adaptation to physical activity is accelerated,
as a result of which it is easier to tolerate, and positive
changes in hemostasis and blood rheology also occur.
This is manifested by functionally beneficial biochemical,
morphological and functional changes in the muscles, in
the cardiovascular system and in most neurons (Makhov
et al., 2019). Strengthening in the body of patients who
underwent coronary artery bypass grafting, aerobic
metabolism increases their mood, accelerates the general
restoration of physical abilities, leading to their reliable
return to their normal lives due to the approximation of
all indicators considered by them to the level of clinically
healthy volunteers.

CONCLUSION
For patients who underwent coronary artery bypass
grafting, a general weakening of the body and the
cardiovascular system is characteristic. The use of
the traditionally used physical rehabilitation scheme,
including therapeutic physical culture, training on
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simulators, physiotherapy and massage is not able to
provide a quick and pronounced healing effect in such
patients. The proposed method of physical rehabilitation
of patients who underwent coronary artery bypass
grafting, based on health tourism and including elements
of therapeutic exercises with breathing exercises and
Nordic walking, turned out to be much more effective
than the traditional healing scheme.
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ABSTRACT

The effects of khat chewing habits on the stainability of feldspathic metal ceramic (MC) materials used in the
fabrication of dental restorations remain unexplored. This study investigated the effect of khat extract (KE) on
mean color changes (ΔE*) and surface topography among different feldspathic MC materials, namely, VMK VM13,
VMK MASTER, and VMK 95). Sixty feldspathic MC specimens were prepared from nickel chromium alloy with the
above-mentioned ceramic materials. The ΔE* of the specimens were measured using a spectrophotometer before
and after immersion in KE and thermocycling for 10 days. The surface topography was captured to examine the
surface of specimens after KE staining with a white light interferometric microscope. Results showed that the ΔE*
values of the different types of tested feldspathic MC were influenced by KE. The lowest values of ΔE* were recorded
from glazed VMK VM13, VMK MASSTER, and VMK 95 with acceptable color changes, whereas the highest and
unacceptable values of ΔE* were observed from polished VMK MASTER and VMK 95. All the tested groups and
subgroups obtained significant differences with p values > 0.05 in Student’s t-test and ANOVA test. All the tested
feldspathic MC materials had showed significant differences in the parameter of average color changes for all tested
groups in form of glazed or polished specimens. Clinical significance: Re-glazing step is an essential step before
final cementation and after chair-side adjustment of any feldspathic MC prosthesis for patients who chew khat..
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INTRODUCTION
Feldspathic metal ceramic (MC) restorations are
considered as a color stable. In aesthetic prosthesis, such
as feldspathic ceramics, discoloration may occur due to
intrinsic or extrinsic factors. Intrinsic factors include
changes within the ceramic, whereas extrinsic factors
involve adsorption or absorption of stains from the oral
cavity and the smoothness of the prosthesis surface
(Singh et al., 2015). Restoration stainability has been
proven to be dependent on numerous factors, such as the
brand and shade of the prosthetic material, exposure time
and intensity of dissimilar food and beverages, drinking,
and polishing techniques (Stawarczyk et al., 2012).One of
the criteria for the success of aesthetic materials is color
stability. Thus, the assessment of color changes using
color measuring devices, such as spectrophotometers,
has become common. In such assessments, the precision,
standardization, and numerical expression of color are
recorded. The data are labeled in the CIE L*a*b*system,
which uses three-dimensional colorimetric quantities;
L*measures the brightness of the color, a* handles the
red–green content, and b* assesses the yellow–blue
content. Then, the mean color changes (ΔE*) are
calculated using L*a*b* (Rosentritt et al., 2015; Turgut
et al., 2011). ΔE* reveals whether a change in the
overall shade can be detected by a human observer
(Rosentritt et al., 2015) (3).
Previous studies have considered color differences
(ΔE*) greater than 3.5 unit to be clinically unacceptable
(Yilmaz et al., 2011 Abdalkadeer et al., 2019; Alghazali
et al., 2012, 2019). Many studies have been conducted
on the color stability of different aesthetic ceramic
materials in several common beverages. Some of the
researchers have shown that changes in color stability
are greatest in tea (Er et al., 2006; Haralur et al., 2019),
coffee or Arabic Qahwa (Abdalkadeer et al., 2019; Saba
et al., 2017; Sarikaya and Güler, 2011), and Coca-Cola
(Alghazali et al., 2019; Sarıkaya et al., 2018). Chair-side
or intraoral polishing of feldspathic ceramic restorations
is efficient, easy for clinicians, and minimizes repeated
laboratory procedures (Hmaidouc et al., 2014). However,
careful intraoral polishing of the ground surfaces is
always necessary because the final occlusal adjustments
of dental prostheses have to be made after cementation.
Some investigations have been made using different
polishing techniques on ceramic surface instead of
glazing (Raimondo et al., 1990; Wright et al., 2004).
Khat (Catha edulis) is an evergreen shrub that belongs
to Celastraceae family. It grows in Yemen and southern
Saudi Arabia, as well as in certain East African countries
(Ageely 2009).
Khat leaves are habitually chewed by people in these
regions because of their psychostimulant effect, which is
similar to that produced by amphetamine-like substances
(Wabe 2011). These leaves are most frequently chewed
in one preferred side of the mouth (usually the left side).
Young fresh leaves are chewed in form of a bolus and held
in the lower buccal pouch unilaterally for 3–5 hours or
longer (Al-Alimi et al., 2018). Given the rampant practice

of khat chewing, especially in southern region of South
Africa, exploring the effect of khat on materials used
for dental prosthesis fabrications is essential. However,
studies on the effect of khat on oral health remain scarce.
Few studies have investigated the association between
khat chewing and dental ceramic materials. Moreover,
the role of khat as a staining material contributing to
dental ceramic discoloration and surface effect in relation
to maintaining the polishability of ceramic materials has
yet been studied nor documented.
A recent clinical study by Al Moaleem et al., (2020)
concluded that khat chewing had a statistically significant
effect on the bacterial biofilm formation on restorative
materials, whereas no significant effect was found on
feldspathic and all ceramic prostheses. In view of khat
chewing in relation to composite restorations, a single
clinical study recorded that composite filling materials
may be related with demineralization of composite filling
materials at the composite tooth border; this possibility
may result in altered color of the composite and tooth
structure (Al-Alimi et al., 2014). Moreover, in vitro
studies have examined the effect of khat extract (KE) on
the color of composite materials and reported that KE
shows a clinically perceptible ΔE* with current types of
composite filling (Al Anesi et al., 2019). The objectives of
the present study were as follows: 1) to assess the effect
of KE on the stainability of selected VITA feldspathic
MC specimens (i.e., VMK VM(R)13, VMK MASTER, and
VMK 95); 2) to measure the color changes on the basis
of the basic color of VITAPAN classical shade guide
(A1–D4); and 3) to evaluate the surface topography of the
specimens after immersion in KE and aging using a white
light interferometric microscope. The null hypothesis of
this study is that KE and thermocycling can affect the
color stainability of polished feldspathic MC specimens
in comparison with glazed specimens. The color changes
were clinically acceptable.

Materials and Methods
Study Design: Sixty feldspathic MC specimens were
prepared for the in vitro study. The specimens were used
to measure the effect of KE on the color stainability of
glazed or polished feldspathic MC materials. Furthermore,
the surface topography of the specimens after immersion
in KE was evaluated using a white light interferometric
microscope. Table 1 presents the materials and devices
used in this study.
Specimen Preparation and Fabrication: Sixty metal
specimens with 0.4 mm thickness and 12 × 12 mm
dimension were prepared and constructed from green
wax. All metal specimens were invested, burned, and
casted with nickel–chromium dental casting alloy
(Wiron(R) 99, Bego, Germany) using the conventional
manner and according to manufacturer’s instructions.
The casted specimens were divested, and the residual
surface investment was removed by sandblasting with
250 μm aluminum oxide abrasion particles, finished
by carborundum discs and metal trimmers. Finally, the
specimens were adjusted to achieve a uniform thickness
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(i.e., 0.4 mm). The 60 metal disc specimens were divided
into three equal groups on the basis of the type of
feldspathic ceramic materials used.
The feldspathic ceramic of VITA VM(R) 13 (VITA,
Zahnfabrik, Germany) was used to make 20 specimens
of the first group. First, two coats of paste opaque were
used, and a dentine layer, in which powder and liquid
were mixed according to manufacturer’s instructions,
was then applied over the specimens using a metallic
jig. Subsequently, enamel layer was applied using the
same technique for dentine layer, and the specimens
were burned. Burning was performed according to
manufacturer’s instructions, and specimens were
grinded with a diamond bur to achieve the uniform
thickness. Using the same technique, 20 specimens were
constructed from each of VMK MASTER and VMK95
(VITA, Zahnfabrik, Germany). Lastly, the specimens were
glazed. The opaque layer was 0.3 ± 0.1 mm, whereas
the body porcelain was 2.0 ± 0.3 mm in thickness (Al
Moaleem et al., 2012; Jan et al., 2013).
Samples Surface Treatments: The prepared specimens of
the three groups were divided into two equal subgroups
with 30 specimens each. The first subgroup specimens
(10 samples from each group) were obtained from the
laboratory with glazed layer and without any further
treatment, whereas the specimens of the second subgroup

(10 specimens from each group) were polished using
a porcelain polishing kit according to manufacturer’s
instructions to characterize the clinical condition of
the prostheses. Each 10 feldspathic MC specimen was
polished using a polishing kit with equal number of grits
and in one direction under a constant load.
Color Measurements: The color of each specimen was
recorded before and after thermocycling and immersion
within KE mixture. The color of each specimen at both
intervals was measured at the same position (i.e., center
of the specimen) using a portable spectrophotometer
(Vita Easy Shade, Vita Zahnfabrik H. Rauter GmbH
& Co. KG, Bad Sackingen, Germany). A putty index
was made around the tip of the device with a window
of 4 mm diameter in the center to standardize the
extent of color measurement (Haralur et al., 2019). The
spectrophotometer was used to measure the CIE-Lab
values to provide a numerical representation of 3D
color measurements. Each time, the specimen color was
measured twice for L*, a*, and b*, and the average value
was then considered the color of the specimens before
immersion, following the CIL Lab color system. The ΔE*
values were calculated for the different specimens by
assuming the formula: ∆E* = [(L1* − L2*)2 + (a1* − a2*)2
+ (b1* − b2*)2]1/2, where ∆L* is the lightness of L*, ∆a*
is the variation of a*, and ∆b* is the variation of b*.

Table 1. Materials and devices used in the study
Material or
Device Type

Brand
Name

Composition

Nickel chromium
Wiron(R) 99
Ni 65%, Cr 22.5%, Mo
casting alloy		
9.5%, Nb 1% Si1%, Fe
		
0.5%, Ce0.5%, Cmax 0.021
Feldspathic P/L ceramic
VITA VM(R)13
Silicon dioxide, possesses
		
a glassy matrix, and has
		
assorted quantities of
		
potassium, sodium,
		
barium, or calcium
Feldspathic P/L ceramic
VMK MASTER
Natural feldspar veneering
		
ceramic for conventional
		
bonding alloys
Feldspathic P/L ceramic
VMK 95	Pure-grade potash and
		
albite feldspar materials
Khat
C. edulis plant
Alkaloids, terpenoids,
		
flavonoids, sterols, glycosides,
		
tannins, amino acids, v
		
itamins, and minerals
Spectrophotometer
Vita Easy Shade 	Device used for measuring
Spectrophotometer
wavelength transmitted from
		
one object at a time without
		
being affected by
		
subjective interferences of color
Surface roughness
White light
3D printer of
and topography
interferometric
surface characteristics
tester
microscope		
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Manufacturer

BEGO, Germany

VITA Zahnfabrik, Bad
Säckingen, Germany

VITA Zahnfabrik, Bad
Säckingen, Germany
VITA Zahnfabrik,
Bad Säckingen, Germany

VITA Zahnfabrik H.
Rauter GmbH & Co.
KG, Bad
Sackingen, Germany
Contour GT-K1, Bruker
Nano GmbH,
Berlin, Germany
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A low ∆E* was considered good shade matching, and a
score of ≥3.5 was considered an acceptable color change
(Alghazali et al., 2012; Alghazali et al., 2019). The Vita
Easy Shade spectrophotometer recorded the basic color of
the specimens according to the VITAPAN classical shade
guide A1–D4 before the immersion (Figure 1).

Figure 1: Basic VITAPAN classical shade guide on the
spectrophotometer

then mixed with NaOH until its pH was similar to that
of the oral cavity. All specimens were immersed in KE
for 10 days, as mentioned in previous in vitro studies
(Al Anesi et al., 2019; Al Moaleem et al., 2020a). The
same procedures were executed daily to obtain fresh
KE. During the immersion time, an aging process was
conducted using a thermocycling machine, where 100
cycles were accomplished every day in 5 °C cold water
and then in 55 °C hot water (1000 cycles). All specimens
were dipped in distilled water, followed by the removal
from immersion media. Specimens were wiped dry with
a tissue paper and left in place for complete dryness.
After 10 days of KE immersion and thermocycling, the
colors of the specimens were remeasured with the same
shade using the spectrophotometer, and the readings
were registered as after immersion. The aforementioned
equation was used to calculate the average color of
L, b, and a after immersion. The reading of the basic
shade for VITAPAN classical shade guide was measured
again as the reading after immersion. All procedures for
specimens’ preparation, fabrication, surface finishing and
polishing, specimen immersion, and thermocycling were
performed by the same operator. Color was measured for
all assigned specimens by the same operator under the
same settings and gray background.

Figure 2: Study design, steps for color measurement, and
type of staining materials with thermocycling

Specimen Immersion and Thermocycling: KE was
prepared and presented by the Substance Abuse and
Toxicology Research Center, Jazan University. It was
prepared from fresh mincing khat leaves in 100% distilled
water (V/W) and then finely minced. KE was kept in −80
°C ultralow-temperature freezer until further use. It was

Surface Topography Scanning: One specimen from
each glazed or polished porcelain was scanned after KE
immersion and thermocycling. The surface topography
of the six specimens was characterized graphically using
the white light interferometric microscope (Contour
GT-K1, Bruker Nano GmbH, Berlin, Germany) under
50× magnification, with back scan and dimension
parameters of 20 µm in VSI/VXI mode; this method was
performed to obtain a 3D interpretation of the specimen
surfaces. Vision 64 software (Bruker Nano GmbH, Berlin,
Germany), which is part of the GT-K1 system, was used
to replicate the surface topography constraints (Figures
3a–3f).
Data Statistical Analysis: The mean values of ΔE*, ∆L*,
∆a*, and ∆b* of the different feldspathic MC specimens
(i.e., VMK VM13, VMK MASTER, and VMK 95) in forms
of glazing and/or polishing were recorded and then
compared before and after KE immersion. Changes in the
basic color of VITAPAN classical shade were documented.
Data were entered into Microsoft Excel 13 and analyzed
using Statistical Package for Social Science version
22.0 (SPSS Inc., Chicago IL, USA) software. Descriptive
statistics was intended for each parameter for the three
groups. The ΔE* values were compared using one‑way
ANOVA test, followed by a post hoc comparison by
Bonferroni test to detect any significant difference
between and within the groups at P > 0.05. Student’s
t-test was used to detect the significances between each
pair of the three groups.

Results and Discussion
In the vitro study, 60 specimens were included, represented
by letters a–f, in the analysis of results. The images were
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recorded using the white light interferometric microscope,
in which a and b represent glazed and polished VMK VM
13, respectively; c and d denote the glazed and polished
VMK MASTER, respectively; and e and f represent
glazed and polished VMK 95 after KE immersion and
thermocycling of the specimens. The ΔE* values were
calculated using the aforementioned equation. High ΔE*
values were observed for the polished subgroups of VMK
MASTER, VMK 95, and VMK VM 13, followed by the
glazed VMK 95 and VMK MASTER; whereas glazed VMK
VM 13 had the lowest ΔE* of 0.348. The ΔE* values were
significantly differed among all tested groups, either in
glazed or polished forms, with P values of >0.05. Table
2 shows the significant differences in the ΔE* values
using Student’s t-test. From the table, VMK MASTER
had a significant P value of 0.005, whereas VMK VM13
had a nearly significant P value (0.053), and VMK95 had
an insignificant P value (0.337; Table 3). Figure 3 shows
the changes in the basic color of the VITAPAN classical
shade guide (A1–D4) of the tested groups. The highest
changes were observed for VMK MSSTER (90%), followed
by 70% for VMK 95, and only less than half (40%) for
VMK VM13 ceramic type.

Figure 4 shows the representative white light
interferometric microscopic images of the tested shades
of ceramics after KE immersion and thermocycling. The
red and blue areas represent the part of the surface with
the highest (i.e., the peaks) and lowest (i.e., the valleys)
heights, respectively. One specimen from each subgroup
showed a different high pattern of peaks and valleys
across the surfaces, with no identical pattern across each
surface in either glazed or polished form. Furthermore,
the microscopic images for VMK VM 13 specimens
obtainable a nonuniform surface with distinct sharp
projections, as shown by the dotted areas with pores at
different sides originating from the center (Figures 4a
and 4b). VMK MASTER showed a few pores located on
the border for the glazed specimens (Figure 4c), whereas
pores are all over the surface for the polished specimens
(Figure 4d). VMK 95 specimens demonstrated a uniformly
irregular surface pattern with heights and valleys, that
is, narrow at the border, irregular, and superficial scratch
areas at the border (Figure 4e); however, it is crossed
the entire surfaces, which causes a uniformly irregular
surface for all the specimens (Figure 4f).

Table 2. ΔE* after KE immersion and thermocycling for different groups in relation to
surface type based on ANOVA, followed by Bonferroni tests
Material
Surface
Type

Mean and SD
of (ΔE) for
Each Material

VMK
13a,b

VMK
MASSTERc,d

VMK
95e,f

P
value

Glazeda,c,e

0.348 (0.115)
VMK VM13
1.282 (0.259)
VMK 95
2.881 (0.399)
VMK MSSTER
2.963 (0.456)
VMK VM13
7.256 (0.529)
VMK 95
4.935 (0.569)
VMK MSSTER

---

0.000

0.000

0.000*

0.000

---

0.000

0.000

0.000

----

---

0.000

0.000

0.000

---

0.000

0.000

0.000

----

Polishedb,d,f

Table 3. Comparison among different groups in relation
to the surface type using Student’s t-test
Ceramic Type

Surface Type Mean

VMK 13	Glazed
	Polished
VMK MASSTER	Glazed
	Polished
VMK 95	Glazed
	Polished

0.348
2.962
1.282
7.258
2.881
4.935

SD

0.000*

Figure 3: Comparison between color changes in basic color
shade of VITABAN classical shade for the tested specimens
after KE immersion

Sig.

0.115 0.053
0.456
0.259 0.005*
0.529
0.399 0.337
0.569

*Significant (P < 0.05)

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

164

Evaluation of Color Changes and Surface Topography of Different

Al-Moaleem et al.,
MC prostheses are still used as restorative materials in
many countries due to their metal strength, aesthetic
properties, color stability, biocompatibility, marginal
integrity, and easy and familiar fabrication by dental
technicians (Jain et al., 2013). Exogenous staining may
occur due to the capability of prostheses to adsorb or
absorb stains from khat chewing in the oral cavity, which
may potentially affect color stainability.
Figure 4: Characteristic images of white light interferometric
microscope of tested VMK 13 (a, b), VMK MASSTER (c, d),
and VMK 95 (e, f) glazed or polished ceramic specimens
obtained at 50× magnification

This in vitro study investigated the effect of KE immersion
with thermocycling on the stainability of different types
of feldspathic MC specimens used for replacing missing/
decayed coronal portions or missing tooth/teeth. The ΔE*
values of glazed or polished surfaces were compared
using a physical polishing set. The results of this study
complement a wide range of adverse effect of KE on
feldspathic MC specimens. The first null hypothesis of
this study (i.e., KE and thermocycling can affect the color
stainability of polished feldspathic MC specimens in
comparison with glazed specimens) was accepted because
the stainability of feldspathic MC material specimens
in glazed or polished ceramic form were affected by
KE immersion and the thermocycling. Nonetheless, the
second hypothesis was at the margin because most of the
tested specimens were clinically acceptable in the glazed
form but mostly clinically unacceptable in the polished
form.The most problematic issue that prosthodontists and
dental clinicians face during their daily practice is shade
selection. The reference tooth most often considered by

dental clinicians is the neighboring, contralateral or the
opposing tooth/teeth. However, other teeth should also be
to obtain a clinically acceptable shade. Moreover, teeth
should be polished with prophylaxis before selecting the
appropriate shade.
The effect of KE solution and thermocycling on the color
of tested materials was evident in all specimens with
different degrees. Table 2 shows that the ΔE* value was
the highest on polished specimens, with 2.963, 7.256,
and 4.935 recorded for VMK VM 13, VMK MASTER,
and VMK 95, respectively. This result agrees with the
finding of Hill and Gibson., (1987), who stated that
khat modifies the enamel surface of teeth, resulting in
beverage collections on the surface and color change of
the tooth after a period of time Al-Alimi et al., (2014),
concluded that natural teeth become discolored because
of the acidic and mechanical effect of KE on the tooth
surfaces. Moreover, the use of large quantities of soft
drinks or beverages and sugar tablets for a long period
can result in cervical discoloration in the enamel and
dentine, staining of teeth, attrition, and cervical caries
at the chewing side (El-Wajeh and Thornhill., 2009; AlMeshal et al., 1991).
The clinical precision of Vita Easy Shade spectrophotometer
has been validated by several studies (Karagoz-Motro et
al., 2012; ALGhazali et al., 2011). However, such devices
may encounter problems while measuring curved surfaces
because the measuring probe tip is flat. Edge loss errors
are common due to the fact that the probe tip of the
instrument cannot be in direct contact with the buccal
surfaces of natural teeth or ceramic surfaces (Gupta et
al., 2012). In addition, positioning errors of the probe
tip cannot be excluded; such errors reduce the L* values
recorded for such types of ceramic crown. The ΔE* values
were assessed in terms of perceptibility and acceptability
for small color differences because of their role as a guide
control throughout the selection of ceramic materials for
khat users. The ΔE* measurements using Vita Easy Shade
spectrophotometer are more precise and accurate than
those of other digital instruments and can thus be used in
dental practice and research with some limitations (KimPusateri et al., 2009; Alghazali et al. 2011). Also, the CIE
Lab system was selected to evaluate the average color
differences because it is well suited for the determination
of small color differences (Alghazali et al., 2012; Sarikaya
and Güler, 2011).
Prosthesis must not only have the dimensions, texture
and contours of the teeth to be replaced but should also
have similar light behavior. The color stability of the
restoration is also critical for the long-term success of
aesthetic restorations. Although the physicomechanical
properties of ceramics have vastly improved, they remain
susceptible to discoloration (Derafshi et al., 2017).
Extrinsic factors, such as beverages, mouthwashes,
acid solutions, toothbrushing, and high temperatures,
are reported to induce surface degradation of ceramics
(Kukiattrakoon et al., 2009). Hmaidouc et al., (2014)
and Sarikaya and Güler., (2010) found no significant
difference between the surfaces of fine glazed and
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polished full-contour zirconia specimens and between
feldspathic VMK 95 and Ceramco III porcelain groups,
respectively. Lawson et al. (2014), recorded similar
surfaces for glazed or polished feldspathic Ceramco III
and lithium disilicate or zirconia. This result agrees with
the findings of the present study, that is, no significant
differences were observed between the glazed or polished
test specimens (Table 3).
By contrast, Sarikaya and Güler (2011) and Saba
et al. (2017), reported that Ceramco III feldspathic
porcelain demonstrated the highest ΔE* values with
no significant difference among the other groups (i.e.,
Mark II, Matchmaker MC, and VMK 95). The results of
the present study indicated that significant differences
were observed among the three types of tested feldspathic
materials (Table 2). These differences could be related to
the type of feldspathic material used and the technique
of construction of the specimens. Alghazali et al., (2012),
performed a clinical study and found that ΔE* of 2.8 is
clinically acceptable. Alghazali et al., (2019); Abdalkadeer
et al. (2019); Sarikaya and Güler (2011), concluded that
ΔE* values between 1 and ≤3.3 can be detected by the
human eyes and are clinically acceptable for feldspathic;
moreover, low-fusing porcelain specimens immersed
in coffee or Coca-Cola are color-stable, with average
values of ΔE* at an acceptable level. Saba et al. (2017)
confirmed that coffee may adversely affect color and may
consequently compromise the aesthetics of feldspathic
CAD/CAM blocks. All the tested specimens were clinically
acceptable in ΔE* values ranging from 0.348 for glazed
VMK VM13 to 2.963 for polished VMK VM13, which are
clinically acceptable.
The only unacceptable ΔE* values were for feldspathic
specimens of VMK MASTER and VMK 95, and this result
could be related to the composition of those ceramic
materials (Tables 2 and 3). Recdently, Alotaibi et al. (2019)
have evaluated the crown color of extracted teeth after
endodontic treatment with different endodontic sealers
using a Vita Easy Shade Advance and the equation ΔE* =
([ΔL*]² + [Δa*]² + [Δb*]²)½ after the aging period reached
3 months. They recorded the ΔE* values ranging from
7.02 to 8.14 without significant difference between the
groups. Greta et al (2020), performed a clinical study
using Vita Classic shade guide with Vita Easy Shade
Advance to measure the color They concluded that the
color difference between the restoration and the reference
tooth exceeded the perceptibility thresholds. The findings
demonstrated high percentage in the color changes in
relation to the basic Vita Classical shade guide and
recorded 90%, 70%, and 30% changes for VMK MASTER,
VMK 95, and VM VMK13, respectively (Figure 3).
Few studies have used white light interferometric
microscopic images in examining the surface topography
of ceramic materials after immersion in stained materials.
In this study, the polished samples of VM VMK13 (Figure
4b) showed high surface topography alteration compared
with other polished samples of VMK MASTER and VMK
95 (Figures 4d and 4f), indicating that the mechanical
and acidic effect of KE was noticeable. KE is fibrous in
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nature, and this property may cause a mechanical effect
on the surfaces of ceramics, especially those of polished
specimens (Jorgensen et al., 2009). The glazed surfaces
of VM VMK13 specimens replicated the lowest effect of
KE on their surface topography (Figure 4a). The images
obtained in this study were dissimilar compared with
the images documented in an earlier study by Egilmez
et al., (2018), but were in parallel of a previous finding
in relation to KE and feldspathic samples (Al Moaleem
et al., 2020b). The limitations of the current in vitro
study are as follows. Thermocycling was performed with
water. This condition is different from the oral cavity
environment during khat chewing, which is usually
associated with soft drinks and smoking. Moreover,
daily brushing of teeth by patients were not simulated
during the immersion and thermocycling period. During
aging, the immersion solution permitted staining on both
sides of the samples However, in clinical conditions, the
material is cemented to a tooth structure and is visible
to KE and light on the exposed one.

Conclusion
The following conclusions can be drawn from this in
vitro study. KE showed a significant effect on glazed
and polished specimens of feldspathic MC materials. It
showed an acceptable ΔE* values for all glazed specimens
and polished VMK 13, with significant differences among
all groups and subgroups. The effects were higher and
unacceptable for VMK MASSTER, followed by polished
VMK 95 specimens.

Acknowledgments
The authors would like to thank the Deanship of Scientific
Research, Jazan University, Kingdom of Saudi Arabia for
funding this study in Future Scientists Program #V under
Grant number FS5-038. The authors are also grateful for
Substance Abuse Research Center, Jazan University for
providing the khat extract.
Conﬂicts of Interest: The authors declare no conﬂict of
interest.
References
Abdalkadeer HK, Almarshedy SM, Al Ahmari NM, et al.
Influence of the Coca-Cola Drinks on the Overall Color
of Glazed or Polished Porcelain Veneers Fabricated from
Different Materials and Thicknesses: An In Vitro Study.
J Contemp Dent Pract 2020;21(1):56–61.
Ageely HM (2009). Prevalence of Khat chewing in
college and secondary (high) school students of Jazan
region, Saudi Arabia. Harm Reduct J. 6:18.
Al Moaleem MM, Amit P, Al Ahmari NM, Shariff M
(2020b). Oral Biofilm on Dental Materials Among khat
Chewers. Curr Phar Biot. 21(3); dOi: 10.2174/13892
01021666200121142300
Al Moaleem MM, Porwal A, Al Ahmari NM, Shariff M,
et al (2020a). Khat Chewing Induces a Floral Shift in
Dental Material-Associated Microbiota: A Preliminary
Study. Med Sci Monit. 26: e918219

166

Evaluation of Color Changes and Surface Topography of Different

Al-Moaleem et al.,
Al-Alimi KR, Razak AAA, Saub R (2014). Salivary caries
parameters: Comparative study among Yemeni khat
chewers and nonchewers. Journal of Dental Sciences.
9(4):328-31.
Al-Alimi, K. R.; Razak, A. A. A.; Saub, R. (2018). Is
Khat chewing habit a risk factor for occlusal caries
progression? African Health Sciences.1 8 (4), 10361045.
Al-Anesi WA, Madfa AA, Dubais MA and Albahari
AA (2019). Effects of Khat Extract and Other Staining
Media on Color Change of Composite Resins Subjected
to Various Polishing Methods. Oral Biol Dent. 7:1-10
Alghazali N, Burnside G, Smith PW, Preston AJ, et al
(2012). Assessment of perceptibility and acceptability
of colour difference of denture teeth. J Dent. 40 supp:
10-7.
ALGhazali N, Burnside G, Smith PW, Preston AJ, Jarad
FD (2011). Performance Assessment of Vita Easy Shade
Spectrophotometer on Colour Measurement of Aesthetic
Dental Materials. Eur. J. Prosthodont. Rest. Dent. 19(4);
168-174
Alghazali N, Hakami AA, AlAjlan GA, Alotaibi RM et
al (2019).
	Influence of the Arabic-Coffee on the Overall Color of
Glazed or Polished Porcelain Veneers – In vitro Study.
The Open Dentistry Journal. 13; 65-61.
Al-Meshal, I. A; Qureshi, S.; Ageel, A. M.; Tariq, M.
(1991). The toxicity of Catha edulis (khat) in mice.
Journal of substance abuse. 3 (1), 107-115
AL-Moaleem MM, Shah FK, Khan NS, Porwal A
(2011): The effect of thermocycling on the bonding
of different restorative materials to access opening
through porcelain fused to metal restorations. J Adv
Prosthodont. 4:186-189.
Alotaibi RM, Altuwaijri SM, Ahmed DR (2019). The
degree of crown discoloration induced by a bioceramic
and other conventional endodontic sealers. Saudi Endod
J. 9:192‑7.
	Derafshi, R.; Khorshidi, H.; Kalantari, M.; Ghaffarlou,
I (2017). Effect of mouth rinses on color stability of
monolithic zirconia and feldspathic ceramic: An in vitro
study. BMC Oral Heal. 17:129-35.
Egilmez F, Ergun G, Cekic-Nag I, Vallittu PK, Lassila
LV (2018). Comparative color and surface parameters
of current esthetic restorative CAD/CAM materials. J
Adv Prosthodont. 10:32-42
El-Wajeh, Y.; Thornhill, M. (2009). Qat and its health
effects. British dental journal. 206 (1), 17.
Er AU, Turker SB, Kocak A, Aktepe E (2006). Effect of
five staining solutions on the colour stabilityof two
acrylics and three composite resins based provisional
restorations. Eur J Prosthodont Restor Dent. 14: 121125
	Greta DC, Gasparik C, Colosi HA, Dudea D (2020). Color
matching of full ceramic versus metalceramic crowns - a
spectrophotometric study. MEDICINE AND PHARMACY
REPORTS j. 93(1); 89-96.

	Gupta R, Prakash H, Shah N, Jain V (2005).
Spectrophotometric evaluation of color changes of
various tooth colored veneering materials after exposure
to commonly consumed beverages. J Indian Prosthodont
Soc. 5:72-8.
	Haralur SB, Alqahtani NRS, Mujayri FA (2019). Effect of
Hydrothermal Aging and Beverages on Color Stability
of Lithium Disilicate and Zirconia Based Ceramics.
Medicina, 55, 749
	Hill CM, Gibson A (1987). The oral and dental effects
of q'at chewing. Oral Surg Oral Med Oral Pathol.
63(4):433-6.
	Hmaidouch R, Mu ¨ller W_D, Lauer H-C, Weigl P (2014).
Surface roughness of zirconia for full-contour crowns
after clinically simulated grinding and polishing.
International Journal of Oral Science. 6(4); 241-6.
Jain, C.; Bhargava, A.; Gupta, S.; Rath, R.; Nagpal, A.;
Kumar, P (2013). Spectrophotometric evaluation of the
color changes of different feldspathic porcelains after
exposure to commonly consumed beverages. Eur J Dent.
7; 172–180.
Jorgensen, E.; Kaimenyi, J. T. (1990). The status of
periodontal health and oral hygiene of Miraa (Catha
edulis) chewers. East African medical journal. 67 (8),
585-90.
Karagoz-Motro P, Kursoglou P, Kazazoglu E (2012).
Effects of different surface treatments on stainability
of ceramics. J Prosthet Dent. 108:231-7
Kim-Pusateri S, Brewer JD, Davis EL and Wee AG (2009),
Reliability and accuracy of four dental shade-matching
devices, J Prosthet Dent. 101: 193-199.
Koseoglu, M., Albayrak, B., Gül, P. and Bayindir, F.
(2019) Effect of Thermocycle Aging on Color Stability
of Monolithic Zirconia. Open Journal of Stomatology
9; 75-80.
Kukiattrakoon,B.; Junpoom,P.; Hengtrakool, C (2009).
Vicker’s micro hardness and energy dispersivexrayanalysis of ﬂuorapatite-leucite and ﬂuorapatite
ceramics cyclically immersed in acidic agents. J. Oral
Sci. 51, 443–450.
	Lawson N, Janyovula S, Syklawer S, McLaren EA,
Burgess J (2014). Wear of enamel opposing zirconia
and lithium disilicate after adjustment, polishing and
glazing. J Dent. 42: 1586-91.
Raimondo RL Jr, Richardson JT, Wiedner B (1990).
Polished versus autoglazed dental porcelain. J Prosthet
Dent. 64(5):553-7.
Rosentritt M, Sawaljanow A, Behr M, Kolbeck C, Preis
V (2015). Effect of tooth brush abrasion and thermomechanical loading on direct and indirect veneer
restorations. Clin Oral Invest.19: 53-60.
Saba DA, Salama RA, Haridy R (2017). Effect of different
beverages on the color stability and microhardness of
CAD/CAM 53. hybrid vs feldspathic ceramic blocks: an
in vitro study. Future Dent J. 3:61–66.
Sarikaya I, Güler AU (2010). Effects of different
polishing techniques on the surface roughness of dental

167 Evaluation of Color Changes and Surface Topography of Different

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Al-Moaleem et al.,
porcelains. J Appl Oral Sci. 18:10-6.
Sarikaya I, Güler AU (2011). Effects of different surface
treatments on the color stability of various dental
porcelainsy. J Dent Science. 6(2):65–70
Sarıkaya I, Yerliyurt K, Hayran Y (2018). Effect of surface
finishing on the colour stability and translucency of
dental ceramics. BMC Oral Health.. 18:40-47.
Singh K, Suvarna S, Agnihotri Y, Sahoo S, Kumar P
(2015). Color stability of aesthetic restorative materials
after exposure to commonly consumed beverages: A
systematic review of literature. Eur J Prostho. 2(1): 1522.
Stawarczyk B, Sener B, Trottmann A, Roos M, Ozcan
M, Hammerle C (2012). Discoloration of manually
fabricated resins and industrially fabricated CAD blocks
versus glassceramic: effect of storage media, duration,

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

and subsequent polishing. Dent Mater. 31(3):377-383
Turgut S, Bagis B. Color stability of laminate veneers
(11): An in vitro study. J Dent. 39: 57-64.
Wabe NT (2011). Chemistry, pharmacology, and
toxicology of khat (Catha edulis forsk): a review. Addict
Health. 3:137-49.
Wright MD, Masri R, Driscoll CF et al (2004). Comparison
of three systems for the polishing of an ultra-low fusing
dental porcelain. J Prosthet Dent. 92(5): 486–490.
	Yilmaz B, Karaagaclioglu L (2011). In vitro evaluation
of color replication of metal ceramic specimens using
visual and instrumental color determinations. J Dent.
105: 21-27.
	Yılmaz, C, Korkmaz T, Demirk¨opr¨ul¨u H, Erg¨un G,
¨Ozkan Y (2008). Color Stability of Glazed and Polished
Dental Porcelains. Journal of Prosthodontics. 17;
20–24.

168

Evaluation of Color Changes and Surface Topography of Different

Pharmaceutical
Communication
Biosc.Biotech.Res.Comm. Vol 13 Number (1) Jan-March 2020 Pp-169-173

Antidiarrheal and Antipyretic Activity of Ethyl
Acetate and Hydro-Alcoholic Extracts of Diplazium
esculentum Leaves
Julfikar Ali Junejo1, Kamaruz Zaman1, Mithun Rudrapal1*, Afsana Khan1, Khomendra Kumar
Sarwa2, Vijendra Kumar Suryawanshi3, Seema Verma4 and Nazim Hussain5
Department of Pharmaceutical Sciences, Dibrugarh University, Dibrugarh, Assam
Department of Pharmacy, Govt. Girl’s Polytechnic, Raipur, Chhattisgarh
3
Shri RawatpuraSarkar Institute of Pharmacy, Durg, Chhattisgarh
4
Royal College of Pharmacy, Raipur, Chhattisgarh
5
Kingston Imperial Institute of Technology and Sciences, Dehradun, Uttarakhand
1
2

ABSTRACT

The present study was aimed at evaluating antidiarrheal and antipyretic activities of the ethyl acetate and hydroalcoholic extract of the leaves of Diplazium esculentum. Antidiarrheal and Antipyretic activity was evaluated in
rodent animals at doses of 250 and 500 mg/kg B.W. The antidiarrheal activity was investigated by the effect of
extracts on castor oil-induced diarrhea in rats and the activities were compared to that of loperamide. Antipyretic
activity was estimated using Brewer’s yeast-induced hyperpyrexia in rats and the activities were compared to
that of paracetamol.Hydroalcoholic extracts showed the highest percentageinhibition of defecation (71.91%) was
recorded for leaf extract (500 mg/kgb w) of D. esculentum. Hydroalcoholic extract at the doses of (500 mg/kg p.o.)
significantly decreased the rectal temperature of the rats. The study corroborates the significant antidiarrheal and
antipyretic activities of hydroalcoholic leaf extract of D. esculentum and raise the demand of further scientific
investigation.

KEY WORDS: Diplazium esculentum, Hydro-alcoholic extract, Antidiarrheal, Antipyretic.
INTRODUCTION
Diarrhea is the passage of abnormal liquid or unformed
stool at increased frequency. Infectious agents, certain
medications, plant and animal toxins, gastro-intestinal
disorders and substances that increase gastrointestinal
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tract secretions may cause it. It can also be caused by the
ingestion of poorly absorbable materials, or inflammatory
and dysmotility problems of the gastro-intestinal tract
(Palombo, 2006; Meite et al., 2009). Diarrheal diseases
are one of the leading causes of morbidity and mortality
in developing countries and are responsible for the death
of millions of people each year. There are a number of
epidemiological and experimental evidences worldwide
related to acute diarrheal disease, which is one of the
principal causes of death in the infants. Around 2.5 million
children die each year worldwide and 80% of which are
reported in developing countries (Walker et al., 2011).
Diarrhea is most common in crowded living conditions
coupled with poor hygiene and malnutrition (Gutiérrez
et al., 2007).Antibiotics used as antidiarrheal drugs
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sometimes provoke adverse effects and microorganisms
tend to develop resistance toward them. Therefore, the
search for safe and more effective agents from plant
origin has continued to be an important area of active
research, (Junejo et al., 2018, Anand et al 2019).
Pyrexia or Fever is defined as an elevation of body
temperature. It is a response due to tissue damage,
malignancy, and inflammation or graft rejection.
Cytokines, interleukin, interferon and Tumor Necrosis
Factor α (TNF- α) are formed in large amount under this
condition, which increase PGE2 which in turn triggers
hypothalamus to elevate body temperature (Rajani et
al., 2011).Fever is associated with symptoms of sickness
behavior which consist of lethargy, depression, anorexia,
sleepiness and inability to concentrate. This increase in
set point triggers increased muscle tone & shivering.
However antipyretic medication can be effective at
lowering the temperature which may include the affected
persons’ comfort (Duraisankar and Ravichandran, 2012).
Antipyretics are drugs which can reduce elevated body
temperature. Regulation of body temperature requires a
delicate balance between production and loss of heat, and
the hypothalamus which regulate the set point of body
temperature. Drugs like paracetamol do not influence
body temperature when elevated by factors such as
exercise or increase in ambient temperature (Gupta et
al., 2008).
Diplazium esculentum (Retz.) Sw. (Athyriaceae) is a wild
edible rhizomatous fern mainly consumed as vegetables
which are probably the most consumed fern along the hill
tribe of North Eastern India and Western Ghats (Archana
et al., 2012). The young fronds are used in myriad of
way to prepare local dishes including stir-fried and
salads. The fern is believed to contain various medicinal
properties and some of them are evaluated and confirmed
by research. It act as mast cell stabilizer and can prevent
anaphylactic shock (Das et al., 2012), decoction of the
plant can be used to treat hemoptysis and cough (Rahmat
et al., 2004). The plant is also reported to use traditionally
for the treatment of dysentery, glandular swellings,
indigestion, diarrhea and various skin infections (Lense,
2011). In context of our research endeavor, we have
planned to study the antidiarrheal and antipyretic
activity of ethyl acetate and hydro-alcoholic extracts of
Diplazium esculentum leaves.

MATERIALS AND METHODS
Collection and extraction of plant material: Fresh leaves
of Diplazium esculentum (Retz.) Sw. were collected in
March 2014 from Dibrugarh forest, Dibrugarh district,
Assam, India. The plant species were identified and
authenticated by Botanical Survey of India, Eastern
Regional Centre, Shillong, India, and a voucher specimen
(BSI/ERC/2014/Plant identification/360) was deposited.
Air-dried powdered material of previously collected
plant, Diplazium esculentum was packed in a Soxhlet
extractor and extracted successively with the following
solvents: petroleum ether (60- 80oC), chloroform, ethyl
acetate, methanol and water. Each time before extracting

with the next solvent, the powdered material was air
dried first and then oven dried below 50°C. Finally, the
marc was macerated with chloroform water (ratio) for
24 hours to obtain the aqueous extract. Each extract was
concentrated by distilling off the solvent (in a rotary
vacuum evaporator) and then evaporated to dryness on
the water bath (Annan et al., 2013; Junejo et al., 2018).
Reagent and chemicals All chemicals used in the study
were of analytical grade, manufactured by Rankem
Fine Chemicals Limited (RFCL), Mumbai and Himedia
Laboratories, Mumbai.
Acute oral toxicity study: Acute oral toxicity test was
performed as per OECD) guidelines 423. The animals
were used with the approval of the Institutional Animal
Ethics Committee (Approval No.IAEC/DU/50 Dated
24.09.2013, Registration No. 1576/Go/a/11/CPCSEA
dated 17.02.2012)and the study was conducted following
internationally accepted principles forlaboratory animal
use and care. Experiments were performed using healthy
young adult wistaralbino rats(both male and female),
nulliparous, non-pregnant and weighing 150 to 250
gm(Junejo et al., 2014; Junejo et al., 2017).
Antidiarrheal activity: Healthy adult Wistar albino rats
of either sex (200-250gm) were used for the antidiarrheal
study. The animals were obtained from the Laboratory
Animal Resources, Dibrugarh University (Approval No.
IAEC/DU/50 dated 24.09.2013, Registration No. 1576/
Go/a/11/CPCSEA dated 17.02.2012) and acclimatized to
normal laboratory conditions for one week prior to study
and provided with pellet diet and tap water ad libitum.
Castor oil-induced diarrhea was done according to the
previously described methods(Shoba and Thomas, 2011;
Uddin et al., 2005). Rats of either sex were divided into
four groups of five rats each. The animals were fasted
for 18 h prior to the test. Group I animals were treated
with normal saline (10 ml/kg), which served as control,
while Group II received loperamide (50 mg/kg). Groups
III, IVand V, VI were treated with ethyl acetate and hydroalcoholic extracts of Diplazium esculentum leaves at 250
mg/kg and 500 mg/kg doses respectively. The activity
of each group was expressed as percent inhibition (%)
of diarrhea. The percent inhibition of defecation was
calculated using the formula:
%Inhibition of defecation= [(A-B)/A] x100
Where ‘A’ indicates mean number of defecation caused
by castor oil and ‘B’ indicates mean number of defecation
caused by drug or extract.
Antipyretic activity: The antipyretic activity of the tested
extracts was screened in adult albino rats (200- 250g
bw) by using yeast-induced hyperpyrexia model. The
animals were divided in six groups (n = 6). All groups
were kept at fasting and allowed free access of drinking
water. Group I received saline as control and group
II received paracetamol as standard drug while III-VI
groups received 250 and 500 mg/kg of ethyl acetate
and hydro-Alcoholic extracts of Diplazium esculentum
leaves. Normal temperature was recorded using digital
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thermometer and then pyrexia was induced in all animals
by injecting 20% aqueous suspension of Brewer’s
yeast (10 ml/kg s.c.). After 24 h, rectal temperature
was recorded and groups 3-8 were injected with above
doses. After drugs administration, rectal temperature was
again recorded periodically at 1, 2, 3 and 4 h of drugs
administration (Khan et al., 2014; Kang et al., 2008).
Statistical analysis: The results are expressed as the mean
± standard error of the mean (SEM). Statistical analysis
has been carried out with comparison between standard
and treated groups. Differences were considered to be
statistically signiﬁcant at p<0.05.

RESULTS AND DISCUSSION
Both ethyl acetate and hydro-alcoholic extracts showed
considerable antidiarrheal effect in castor oil-induced
diarrhea test in rats. Hydro-alcoholic extract significantly
inhibited the frequency of defecation when compared
with untreated control rats (p<0.05). Results are shown in
Table 1. Both extracts decreased the total number of wet
feces produced upon administration of castor oil when
compared to the castor oil treated rats. Hydro-alcoholic
extract showed 53.97 and 71.91% inhibition of defecation
at the doses of 250 and 500 mg/kg, respectively. Standard
drug loperamide (50 mg/kg) also increased onset of
diarrhea and exhibited 74.67inhibition of defecation.

Table 1. Antidiarrhea activity of leaf extracts of Diplazium esculentum
Group

Treatment
Group
		

Dose
(mg/kg
B.W)

I	
Blank control
II	Loperamide
(Standard)
III	Ethyl acetate Extract
IV	Ethyl acetate Extract
V
Hydro-Alcoholic Extract
VI	
Hydro-Alcoholic Extract

Number of
% Inhibition
diarrheal
of
faces in 4 hours defecation

10 ml/kg

12.32 ± 1.36

---

50 mg/kg
250 mg/kg
500 mg/kg
250 mg/kg
500 mg/kg

3.12 ± 0.95
10.21 ± 1.75**
8.11 ± 2.15
5.67 ± 1.81*
3.46 ± 1.42

74.67
17.12
34.17
53.97
71.91

Data are expressed as the means ± SEM. *p < 0.05, **p < 0.01 vs control group
Table 2. Antipyretic activity of leaf extracts of Diplazium esculentum
Group

Treatment
Dose		 Rectal temperature (°C)
Group
(mg/kg B.W)		After administration of drug
			
Normal
after 24h
1h
I	
Saline
10ml
37.12± 1.53 39.34± 1.37 39.35± 0.99
II	Paracetamol
(Standard)
150mg
37.03± 2.14 39.11± 0.97 38.65± 1.48
III	Ethyl acetate
250mg
36.23± 1.46 38.89± 1.75 38.58± 1.13
	Extract
IV	Ethyl acetate
500mg
37.05± 1.65 39.75± 2.42** 39.58± 1.75
	Extract
V
Hydro- Alcoholic
250mg
36.13± 0.87* 38.15± 1.53 38.11± 1.42
	Extract
VI	
Hydro- Alcoholic
500mg
37.34± 1.02 39.44± 0.95 38.67± 1.11
	Extract

2h

3h

4h

39.59± 1.23 39.65± 0.79 39.67± 1.45
37.89± 1.36* 37.77± 1.68 37.22± 1.64
38.46± 1.29* 38.47± 1.05 37.33± 1.89
39.46± 0.88 38.49± 1.46 38.11± 1.18
37.08± 2.12 37.07± 1.66** 36.77± 1.71
38.33± 1.53 37.54± 0.83* 37.48± 1.32

Data are expressed as the means ± SEM. *p < 0.05, **p < 0.01 vs control group

The inhibition was dose dependent and remained
significant up to 3h of administration as shown in Table
2. The maximum antipyretic effect of hydro-alcoholic
extract was observed at 500mg/kg i.e. 37.48 ± 1.32while,
the antipyretic effect of paracetamol was 37.22 ± 1.64.
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Administration of 50 mg/ml dose of loperamide
(standard) showed (3.12 ±0.95) diarrheal feces in 4 hours
causing 74.67% inhibition of defecation. Ethyl acetate
extract of Diplazium esculentum administered at 250 mg/
kg dose showed (10.21 ± 1.75) number of diarrheal feces
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in 4 hr causing 17.12% inhibition of defecation. When
administered at a higher dose (500 mg/ml), anti-diarrheal
activity increased to 34.17%. Similarly, the hydroalcoholic extract at 250 mg/kg concentration showed
53.97% inhibition while at 500 mg/kg, 71.91% inhibition
was observed. Thus with increasing concentration of
the drug dose, antidiarrheal activity also increases. The
subcutaneous injection of brewer’s yeast evoked pyrexia
by ultimately increasing synthesis of prostaglandin and
is considered as a valuable in-vivo screening test for
the assessment ofantipyretic potential (Muhammad et
al., 2012; Wan et al., 2013).
Yeast-induced pyrexia is called pathogenicfever. Its
etiology could be the production of prostaglandins.
Theinhibition of prostaglandin synthesis could be the
possible mechanism of antipyretic action as that of
paracetamol and the inhibition of prostaglandin can be
achieved by blocking the cyclooxygenase enzyme activity
(Igbe et al., 2009). The antipyretic effect of test extract
is related with several mediators which cause pyrexia
especially prostaglandins (Muhammad et al., 2013). The
intraperitoneal administration of Diplazium esculentum
leaf extracts significantly attenuated rectal temperature
of yeast induced febrile rats. Thus, it can be postulated
that Diplazium esculentum leaf extracts interferes with
the release of prostaglandins at any stage.

CONCLUSION
Finally we conclude that the test extract may be useful
in the protection against antidiarrheal and Antipyretic
diseases. In comparison with the standard drug
loperamide and paracetamol, hydro-alcoholic extracts
of Diplazium esculentum leaves showed significant
antidiarrheal and antipyretic efficacy. A more detailed
and in-depth phytochemical investigation is necessary
to identify the novel chemical entity responsible for the
bioactivity of Diplazium esculentum leaves.
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ABSTRACT

Learning duration is one of factors that can influence student achievement. The number of learning weeks in the
Undergraduate Program, Faculty of Medicine, Universitas Padjadjaran (Program Studi Sarjana Kedokteran Fakultas
Kedokteran Universitas Padjadjaran or PSSK FK Unpad) had changed since the 2018/2019 academic year. This
study aims to investigate the differences of Multidisciplinary Examination (MDE) and Student Objective Oral Case
Analysis (SOOCA) scores of students whom the number of learning weeks were different. This study was conducted
using a numerical comparative bivariate analysis with cross-sectional design. The data used in this study was MDE
and SOOCA scores of Endocrine and Metabolism System (EMS) and Neuro-Behavior and Special Sense System
(NBSS) of medical students batch 2016 who experienced 16 weeks of learning as well as batch 2017 who had 14
weeks of learning. Mann-Whitney test shows a significant difference of median in the EMS MDE scores between
batch 2016 and 2017 (Me batch 2016=77.33; Me batch 2017=63.75; p<0.001). A significant difference of median
was also found in MDE scores of NBSS between both batches (Me batch 2016=80.20; Me batch 2017=61.43;
p<0.001). A single SOOCA examination was used to assess both EMS and NBSS simultaneously, and the median
of its score between batch 2016 and 2017 was found to have no significant difference (Me batch 2016=79.25; Me
batch 2017=80.00; p>0.05). This study shows that different number of learning weeks might contribute to the
differences in the students’ achievement of MDE scores.

KEY WORDS: MDE SCORE, NUMBER OF LEARNING WEEKS, SOOCA SCORE.
INTRODUCTION
Learning achievement is an important thing to be
achieved by students because it could show the level
of students understanding about the material being
taught. It is shown by the examination scores and the
Grade Point Average (GPA). The study conducted in
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2014 revealed that the factor most affecting the passing
of the Indonesian Doctor Competency Examinations
(Uji Kompetensi Dokter Indonesia or UKDI) was the
GPA achieved at the undergraduate program(Utomo et
al., 2014). The medical student's understanding of the
material being taught could be factor that influences
the level of subsequent professional misconduct(Yates
and James, 2010). There are various factors that
could affect the academic performance of medical
students, such as the physical and mental condition,
motivation, quality of life of students, pressure from
parents and peers, and learning duration at university
(Mandal et al., 2012, Shawwa et al., 2015 Azizollah 2016,
Haque et al., 2018). The study about learning duration
factor to students academic achievement is still rarely
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done. The study conducted in 2013 revealed that six years
extended learning duration resulted better graduates in
terms of grades and time needed to graduate compared
to five years learning duration (Tešija et al., 2013). The
study on learning achievement differences of medical
students if the length of learning duration have a
difference that are not so long or only few weeks has
never been done.
The number of learning weeks in several system blocks
in PSSK FK Unpad had changed since the 2018/2019
academic year(FK Unpad, 2017)( FK Unpad, 2018). This
was in line with the Unpad policy to uniform academic
schedules throughout undergraduate study programs.
The system blocks that had changes in the number of
learning weeks for 2nd year medical students in odd
semester were EMS and NBSS (FK Unpad, 2017)( FK
Unpad, 2018). The number of learning weeks of EMS in
the 2017/2018 academic year (medical students batch
2016) was six weeks, while in the 2018/2019 academic
year (medical students batch 2017) reduced into five
weeks (FK Unpad, 2017) (FK Unpad, 2018). The number
of learning weeks of NBSS which was previously ten
weeks changed into nine weeks (FK Unpad, 2017)( FK
Unpad, 2018). This study aims to investigate learning
achievement differences in the MDE and SOOCA scores
of the EMS and NBSS between the batch 2016 and 2017
who have different number of learning weeks. The results
Table 1. Characteristics of research subjects

Gender:
Males
Females
Age average
Entrance selection:
SNMPTN
SBMPTN
GPA average of 1st
year study

of the study are expected to be utilized as a consideration
for policy makers in FK Unpad especially and Unpad
generally in making policies regarding the academic
system which will be applied.

MATERIAL AND METHODS
Ethical statement: This study was conducted after
getting approval from Ethical Committee of Universitas
Padjadjaran Bandung No. 885/UN6.KEP/EC/2019. Study
design: This study wasa cross-sectional numerical
comparative bivariate analytic using secondary data.
The data used were MDE and SOOCA scores of EMS
and NBSS.
Materials and/or Subjects: The population of this study
were the medical students of PSSK FK Unpad batch 2016
and 2017 who had different number of learning weeks (6
and 10 learning weeks of EMS and NBSS respectively in
batch 2016 and 5 and 9 learning weeks of EMS and NBSS
respectively in batch 2017), accepted through Seleksi
Nasional Masuk Perguruan Tinggi Negeri (SNMPTN)
or Seleksi Bersama Masuk Perguruan Tinggi Negeri
(SBMPTN) and did the tests for the first time.
The students who did the tests outside the first exam
schedule were excluded from this study. The variables
analyzed in this study were MDE and SOOCA scores of
EMS and NBSS of medical students batch 2016 and 2017.
The data were obtained from Academic Assessment Unit,
Faculty of Medicine, Universitas Padjadjaran.

2016 batch
n = 258 (%)

2017 batch
n = 271 (%)

Statistics: This study used total sampling technique.
Statistical analysis was performed using Mann-Whitney
testing, and processed using IBM® SPSS® version 20.

87 (33.72)
171 (66.28)
18

94 (34.69)
177 (65.31)
18

RESULTS AND DISCUSSION

126 (48.84)
132 (51.16)
3.44

104 (38.38)
167 (61.62)
3.45

Table 2. Data processing result of the EMS MDE scores

There were 258 students at the beginning of the
2016/2017 academic year (medical students batch
2016) and 271 students at the 2017/2018 academic year
(medical students batch 2017) who were registered as
new medical student in FK Unpad. In the batch 2016, 126
students entered through the SNMPTN and 132 students
Table 3. Data processing result of the NBSS MDE scores

EMS MDE
2016 batch
2017 batch
(6 learning
(5 learning
weeks, n = 228)
weeks, n = 265)
Median
Maximum
Minimum
p

77.33
89.33
49.33
<0.001

63.75
79.38
43.13

NBSS MDE
2016 batch
2017 batch
(10 learning
(9 learning
weeks, n = 252)
weeks, n = 263)
Median
Maximum
Minimum
p
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80.40
89.20
52.40
<0.001

61.43
77.29
41.68
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through the SBMPTN, while in the batch 2017, 104 and
167 students entered through the SNMPTN and SBMPTN,
respectively. Both of the batches had same age average,
18 years old, when the first year of study was begun.
The GPA average obtained by the batch 2016 in the first
year of study was 3.44, while the batch 2017 obtained
3.45. Characteristics of research subjects can be seen in
table 1. There were 228 and 265 data of the EMS MDE
scores of students batch 2016 and 2017 respectively,
after data selection was done. The EMS MDE scores data
obtained were tested using the Mann-Whitney test due to
abnormal data distribution. The p value=0,000 obtained
from the analysis using the IBM® SPSS® version 20 was
used to reject the null hypothesis.
Thus, in the EMS MDE scores result, it can be found a
significant median difference between the batch 2016
with six weeks of learning duration and batch 2017 with
five weeks of learning duration. Data processing result
of the EMS MDE scoresis shown in table 2. After data
selection done on the NBSS MDE scores data, there were
respectively 252 and 263 data scores of students batch
2016 and 2017. The NBSS MDE scores data obtained were
tested using the Mann-Whitney test due to abnormal
data distribution. The p value=0,000 obtained from the
analysis using the IBM® SPSS® version 20 was used to
reject the null hypothesis. Thus, on the NBSS MDE scores,
the significant median difference can be found between
the batch 2016 with ten learning weeks and the batch
2017 with nine learning weeks. Data processing result of
the NBSS MDE scores can be seen in table 3.
The number of the EMS+NBSS SOOCA scores data of
medical students batch 2016 and 2017 respectively
were 244 and 261 after data selection conducted. The
EMS+NBSS SOOCA scores data obtained were tested
using the Mann-Whitney test due to abnormal data
distribution. The p value=0.987 obtained from the
analysis using the IBM® SPSS® version 20 using was used
to accept the null hypothesis. Thus, in the EMS+NBSS
SOOCA scores, no significant median difference was
found between the batch 2016 and 2017. Data processing
result of the EMS+NBSS SOOCA scores can be seen in
Table 4.
In this study, it was found that the EMS and NBSS
MDE scores achieved by medical students batch 2016
(6 learning weeks of EMS and 10 learning weeks of
NBSS) were higher than batch 2017 (5 weeks learning
of EMS and 9 weeks learning of NBSS), either from
the median, the highest, or the lowest score. The batch
2016 medical students had one week longer than batch
2017 in learning weeks number either for EMS or NBSS
blocks. The one week difference of learning duration
could affect students in reading material deeperly. The
MDE examines the level of students material knowledge
in depth, thus one week difference of learning duration
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

in each system blocks could influence the students
ability in answering MDE questions. The previous study
revealed that longer learning duration resulted graduates
with better grades than shorter learning duration (Tešija
et al., 2013). The difference of difficulty level of MDE
questions between the batch 2016 and 2017 may also
cause significant differences in the achievement of the
EMS and NBSS MDE scores. The EMS+NBSS SOOCA
scores achievements between the batch 2016 and 2017
were not found significant median difference.
This could be due to the same tutorial cases of EMS and
NBSS blocks between the batch 2016 and 2017 and also
the tutorial process that made students familiar doing
presentations. The SOOCA exam is one of components of
learning process assessments in FK Unpad that assesses
the medical students’ analytical ability by presenting
cases in front of the examiners. The cases examined in
SOOCA are all cases that have been studied by students
in the tutorial. There are several cases studied in one
block system. The students do not know which case they
will get and present. It will be determined when students
enter the presentation material making room. Therefore
medical students tend to prepare the SOOCA in long
period of time to master all the tutorial cases.
The high study motivation of students batch 2016 and
2017 to get good score on the SOOCA could also be a
reason why the results of the EMS+NBSS SOOCA scores
were not found significant median difference. The SOOCA
score is one of the determinants of the final system block
score which has big proportion. The learning strategy
of the students batch 2016 and 2017 are self-directed
learning, as a result of the implementation of the Problem
Based Learning (PBL) system at FK Unpad(Loyens et al.,
2008) (Universitas Padjadjaran, 2018). Previous study has
shown that good motivation and learning strategy will
result in good test scores (Azizollah et al., 2016).
This study has not been conducted before, i.e. investigating
differences in learning outcome if the learning duration
difference is not too long. The limitation of this study
is that it did not investigate the differences of learning

Table 4. Data processing result of the EMS+NBSS SOOCA
scores
EMS+NBSS SOOCA
2016 batch
2017 batch
(16 learning
(14 learning
weeks, n = 244)
weeks, n = 261)
Median
79.25
Maximum
100.00
Minimum
16.00
p		

80.00
96.00
0.00
0.987
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achievement in other system blocks. This study did not
consider the difficulty level of the MDE questions between
the 2016 and 2017 batches. Previous study revealed that
there was an unexpected impact of the Multiple Choice
Question (MCQ) exam type in the learning process of
medical students (Aras et al., 2014). The students only
studied exam questions of previous batches before the
exam (Aras et al., 2014), therefore when they faced
new exam questions, the students can not answer it
optimally. Based on these findings, the study can also
be further developed by taking into account the level of
difficulty of the MDE questions of 2016 and 2017 batches
compared to the previous batches exam questions, since
it can affect the ability of students to answer the MDE
questions. Further study that aims to investigate the
factors that can influence the learning achievement is
required in order to obtain a comprehensive research
results regarding the factors that can affect students
academic achievement.
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ABSTRACT

To evaluate the efficacy of enamel matrix derivative (EMD) with bioactive glass (BG) in the management of
periodontal osseous defects. The addressed focused question was “Does the use of EMD with BG, improve its
efficacy in the management of periodontal defects in comparison to EMD alone?” Databases were searched up to
December 2019 using different combinations of MESH words. Six randomized clinical trials were included. One
study showed significantly better periodontal outcomes for BG as an adjunct to EMD as compared to EMD alone.
However, in two studies, improvement in the periodontal parameters for BG application as an adjunct to EMD and
EMD alone were comparable. One clinical trial indicated significant improvement in clinical periodontal measures
with the use of adjunctive EMD to BG compared with BG alone. However, one study showed equal outcomes
between adjunctive EMD and BG alone. One study showed significant clinical improvement for BG compared with
EMD. In conclusion, it remains unclear whether the efficacy of EMD in the management of periodontal osseous
defects is improved when it is used in combination with BG as compared to when EMD is used alone given that
the number of selected studies was relatively low and reported parameters were inconsistent.

KEY WORDS: ENAMEL MATRIX DERIVATIVE; BIOACTIVE GLASS; PERIODONTAL OSSEOUS DEFECTS; SYSTEMATIC REVIEW.
INTRODUCTION
Periodontitis is an inflammatory condition of periodontal
tissues caused by complex oral biofilms and is
characterized by irreversible periodontal tissue damage,
which if not treated, may lead to tooth loss (Tonetti et al.,
2018; Hajishengallis, 2015). This disease affects almost
50-90% of the global population and is considered one

Article Information:*Corresponding Author: ozzydey84@gmail.com
Received 17/01/2020 Accepted after revision 22/03/2020

Published: 30th March 2020 Pp-178-186
This is an open access article under Creative Commons License,
Published by Society for Science & Nature, Bhopal India.
Available at: https://bbrc.in/
Article DOI: http://dx.doi.org/10.21786/bbrc/13.1/31

of the most common oral diseases and is the sixth most
prevalent disease in the world (Preshaw et al., 2012).
The putative microorganisms that includes Porphyromonas
gingivalis, Prevotella intermedia, Tannerella forsythia,
and Treponema denticola are responsible in the
development of chronic periodontitis and activate
innate, inflammatory, and adaptive immune responses
(Van der Velden, 2017). As a result, this disease creates
a local proinflammatory state and secretes a plethora of
cytokine production which is manifested by dysregulated
immune responses and results in periodontal tissue
destruction (Akram et al., 2016).
Treatment of periodontitis aims to repair, regenerate and
maintain the periodontal tissues. Multiple management
strategies for periodontal disease have been utilized,
including scaling and root planning (SRP) (Smiley et al.,
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2015), administration of local and systemic antibiotics
(Keestra et al., 2015), photodynamic therapy (Akram et al.,
2017), probiotic therapy (Ikram et al., 2018), metformin
therapy (Akram et al., 2018), surgical intervention
(Akram et al., 2019) and guided tissue regeneration
(GTR) (Akizuki et al., 2005). Guided tissue regeneration
(GTR), which is placement of barrier membranes and
bone fillers or grafts in the periodontium (Bottino et
al., 2012), aims to achieve the regeneration of lost
periodontal tissues. Bioactive glass (BG), in particular, has
been used as a contemporary alloplastic bone substitute
to restore periodontal defects. It binds to natural bone
and stimulates the regeneration of periodontal tissues
in the implantation site (Hench, 2006). It induces the
formation of a hydroxy carbonate apatite (HCA) layer,
causing migration of osteoblasts to defect area, protein
adsorption, incorporation of collagen fibrils, and
attachment of stem cells and, therefore, regeneration of
bone (Mondal et al., 2018).
Use of BG filler to restore periodontal defects requires
much simpler surgical techniques as compared to using
GTR membranes (Mengel et al., 2006; Yukna et al.,
2001) and have demonstrated better bone regeneration
when compared to surgical interventions alone (Zhang
et al., 2016). In addition, when used with autogenous
bone grafts, BG fillers have shown results comparable
to autogenous grafts combined with hydroxyapatite
(Galindo‐Moreno et al., 2008). Lately, enamel matrix
derivative (EMD) has been used as an adjunct to surgical
periodontics for the regeneration of lost periodontal
bone (Miron et al., 2016). EMD comprises amelogenin
and other proteins extracted from porcine fetal teeth and
has shown to stimulate the regeneration of periodontal
ligament (PDL) cells (Amin et al., 2016). In addition,
it facilitates the proliferation and attachment of PDL
cells such as fibroblasts, by stimulating the production
and release of cyclic adenosine monophosphate levels,
transforming growth factor-β, and interleukin-6
(Kawase et al., 2000; Lyngstadaas et al., 2001; Schwartz
et al., 2000; der Pauw et al., 2000).
It is hypothesized that the use of EMD in combination
with conventional freeze-dried allografts could produce a
synergistic effect in periodontal regeneration procedures.
In a study by Sculean et al. (2005a), patients with
intrabony defects treated with EMD as an adjunct to BG
demonstrated substantial improvement in periodontal
measures compared with BG alone. However, Sculean et
al., (2002) in a clinical trial comparing the effect of EMD
combined with BG and EMD alone in the management of
periodontal osseous defects, concluded that all patients
showed comparable clinical outcomes at follow up
regardless of the materials used. Hence, there appears
to be a debate and contradictory results in terms of the
purpose of EMD with and without BG in the treatment
of periodontal defects and therefore, a systemic review
is deemed necessary. This review aims to systematically
evaluate the efficacy of EMD in combination with BG in
the management of periodontal osseous defects.

MATERIALS AND METHODS

Systematic review question and protocol: This systematic
review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Moher, Liberati, Tetzlaff, & Altman, 2009).
The focused systematic review question was “Does the
use of EMD, when used with BG, improve its efficacy in
the management of periodontal defects in comparison
to EMD or BG used alone?”
Eligibility criteria: To conduct the systematic review,
following criteria were considered: (a) Randomized
controlled clinical trials (RCTs) in humans (b) Trials
evaluating efficacy of EMD and BG in the treatment
of intrabony defect. (c) Studies reporting pocket
depth (PD), clinical attachment loss (CAL) as primary
outcomes and gingival recession (REC), plaque index
(PI), gingival index (GI) or bleeding on probing (BOP)
as secondary outcomes and (d) English language articles
only. The studies were excluded if they had in vitro or
experimental design, letters to the editor, review papers
and unpublished articles.
Search: The author searched the PUBMED, EMBASE, and
CENTRAL databases up to December 2019 for appropriate
articles addressing the focused question. A structured
approach to literature searching was used to identify
the relevant papers that directly compare the efficacy of
EMD with or without BG in subjects with the presence of
at least one intra-bony defect. Following that, reference
lists of original studies were hand-searched to identify
any articles that could have been missed during the
initial search. Hand searching of the following journals
was performed: Journal of Clinical Periodontology,
Journal of Periodontology, and Journal of Periodontal
Research. Different combinations of MeSH (Medical
Subject Headings) terms were considered: enamel
matrix derivative; enamel matrix protein; bioactive
glass; bioglass; ceramics; intrabony defect; intraosseous
defect.
Screening methods and data abstraction: Titles and
abstracts of articles that satisfied the selection protocol
were screened and checked for agreement. Thereafter,
the full-text screening was done. The information from
the accepted studies was tabulated according to the (1)
study design, (2) demographic characteristics of study
participants, (3) study groups, (4) intrabony defect, (5)
assessed periodontal parameters, (6) subjects follow up,
and (7) main outcome. The kappa value for the intraassessor agreement was 0.92.
Quality of the studies: The methodological quality of
the included studies according to a grading system was
developed using the Jadad scale (Jadad et al., 1996).

RESULTS AND DISCUSSION
Study selection: A total of 542 studies were initially
identified. Twenty-six studies which did not fulfill the
eligibility criteria after full-text screening were excluded
(Appendix A). In total, 6 studies (Kuru et al., 2006;
Leknes et al., 2009; Sculean et al., 2002; Sculean et al.,
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2007; Sculean et al., 2005a; Sculean et al., 2005b) were
included and processed for data extraction. All studies
(Kuru et al., 2006; Leknes et al., 2009; Sculean et al.,
2002; Sculean et al., 2007; Sculean et al., 2005a; Sculean
et al., 2005b) were performed at either universities or
health care centers. Figure 1 shows the PRISMA study
identification flow chart.
General characteristics of the selected articles: All 6
studies (Kuru et al., 2006; Leknes et al., 2009; Sculean
et al., 2002; Sculean et al., 2007; Sculean et al., 2005a;
Sculean et al., 2005b) included in the present systematic
review were RCTs. The total number of patients in these
clinical trials ranged between 6 and 30 individuals (Kuru
et al., 2006; Leknes et al., 2009; Sculean et al., 2002;
Sculean et al., 2007; Sculean et al., 2005a; Sculean et al.,
2005b). Only two studies (Leknes et al., 2009; Sculean et
al., 2007) reported the mean age of study participants,
which was 46.1 and 52.5 (age range 38 to 74). Five
clinical studies (Leknes et al., 2009; Sculean et al., 2002;
Sculean et al., 2007; Sculean et al., 2005a; Sculean et
al., 2005b) reported the number of female participants,
which ranged from 6 to 16 individuals. Five studies
(Sculean et al., 2002; Sculean et al., 2007; Sculean, et
al., 2005a; Sculean et al., 2005b) used EMD and BG in
the test group while one study (Leknes et al., 2009) used
BG alone in the test group. In the control group, four
studies (Kuru et al., 2006; Leknes et al., 2009; Sculean
et al., 2007; Sculean et al., 2005b) used EMD while two
studies (Sculean et al., 2002; Sculean, et al., 2005a) used
BG (Table 1). In all the studies (Kuru et al., 2006; Leknes
et al., 2009; Sculean et al., 2002; Sculean et al., 2007;

Sculean, et al., 2005a; Sculean, et al., 2005b) the followup period ranged from 24 – 192 weeks. In one study
(Sculean et al., 2007), 16.66% of patients dropped out of
the trial. Smokers were in included in studies by Sculean
et al and Leknes et al respectively (Leknes et al., 2009;
Sculean et al., 2002). All the enrolled participants had
a complication-free healing period with no side-effects
related to BG and EMD.
Clinical periodontal parameters of included studies: All
clinical studies (Kuru et al., 2006; Leknes et al., 2009;
Sculean et al., 2002; Sculean et al., 2007; Sculean, et
al., 2005a; Sculean et al., 2005a; Sculean et al., 2005b)
described clinical periodontal measures (Table 2). In four
studies (Kuru et al., 2006; Sculean et al., 2002; Sculean
et al., 2007; Sculean, et al., 2005a), the mean PI ranged
from 0.18 to 0.9 at follow up. In four studies (Kuru et
al., 2006; Sculean et al., 2002; Sculean et al., 2007;
Sculean, et al., 2005a) gingival index was reported,
which was 0.17 to 0.9 at follow-up. Three studies
(Sculean et al., 2002; Sculean et al., 2007; Sculean, et
al.,2005a) reported BOP in percentage which ranged from
22% to 43%. In 5 studies, the mean PD ranged from 1.0
mm to 5.73 mm at follow-up.
All six studies (Kuru et al., 2006; Leknes et al., 2009;
Sculean et al., 2002; Sculean et al., 2007; Sculean, et
al., 2005a; Sculean et al., 2005b) reported CAL and
five studies (Kuru et al., 2006; Leknes et al., 2009;
Sculean et al., 2002; Sculean et al., 2007; Sculean et
al., 2005a) reported REC which ranged from 6.3 mm to
13.7 mm and 2.4 mm to 6.5 mm respectively at follow-

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) flow diagram
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up. Relative bone loss was reported by only one study
(Kuru et al., 2006).
The main outcome of the studies: All studies (Kuru et al.,
2006; Leknes et al., 2009; Sculean et al., 2002; Sculean
et al., 2007; Sculean, et al., 2005b; Sculean, et al., 2005b)
that reported periodontal indices demonstrated that EMD
was successful in intrabony periodontal osseous defects
at follow-up. Among these clinical studies (Kuru et al.,
2006; Leknes et al., 2009; Sculean et al., 2002; Sculean
et al., 2007; Sculean, et al., 2005a; Sculean, et al., 2005b),
one study (Kuru et al., 2006) showed significantly better
periodontal outcomes for BG as an adjunct to EMD

as compared to EMD alone. However, two studies by
Sculean et al., (2007; 2005a).
Demonstrated equal improvement for BG as an adjunct
to EMD and EMD alone. Sculean et al. (2005b), showed
significantly better clinical measures for EMD as an
adjunct to BG as compared to BG alone. However, one
study (Sculean et al., 2002) showed equal improvement
in periodontal indices for adjunctive EMD and BG alone.
Leknes et al. (2009) reported significant improvement in
clinical periodontal parameters with BG compared with
EMD in intrabony osseous defects.
Quality of the clinical studies: All clinical studies in

Table 1. General characteristics of the selected studies
Investigator,
Study
Sample size
year
design
(Female %)
			

Mean
age range
(in years)

Study groups
Test
Control
(n)
(n)

Follow-up
(weeks)

Sculean et al.
2002
RCT
28
NA
EMD+BG BG
48
		
(53.5)		
(14)
(14)		
							
							
Kuru et al.
2006
RCT
23
NA
EMD+BG EMD
32
		
(NA)		
(13)
(10)		
							
							
							
Sculean et al.
2005a
RCT
30
NA
EMD+BG EMD
48
		
(53.3)		
(15)
(15)		
							
							
							
Sculean et al.
2005b
RCT*
6 (100)
NA
EMD+BG BG
24
							
							
							
							
Leknes et al. 2009 RCT*
13
52.5
BG
EMD
48
		
(61.5)
(41 – 74)
(13)
(13)		
							
							
							
Sculean et al.
2007
RCT
25 (56)
46
EMD+BG EMD
192
			
(38 - 55)
(12)
(13)		
							
							

Main
outcome

Equal improvements
in clinical parameters
for both groups at
follow-up
Clinical parameters
were significantly
better for test group
as compared to
control at follow-up
Improvements in
clinical parameters
for both groups
were comparable
at follow-up
Clinical parameters
were significantly
better for test
group as compared to
control at follow-up
Clinical parameters
were significantly
better for test group
as compared to
control at follow-up
Improvements in
clinical parameters for
both groups were
comparable at follow-up

RCT; randomized clinical trial, *Split-mouth technique, EMD; enamel matrix derivative, BG;
bioactive glass, PD; pocket depth
NA; not available
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this systematic review were RCTs. Four studies used
coin toss method for randomization (Kuru et al., 2006;
Leknes et al., 2009; Sculean et al., 2007; Sculean et al.,
2005a). Five studies (Kuru et al., 2006; Leknes et al.,
2009; Sculean et al., 2002; Sculean et al., 2007; Sculean
et al., 2005a a) reported the power analysis. The quality
of one study was regarded as high (Leknes et al., 2009)
and hence this study received a score of 5. Three studies

were graded as moderate receiving a score of 3 (Kuru et
al., 2006; Sculean et al., 2007; Sculean, et al., 2005a),
whereas two studies were graded as poor receiving a
score of 1 (Sculean et al., 2002; Sculean et al., 2005b). A
summary of the quality scoring of the studies is presented
in Table 3.
The present review was based on the hypothesis of

Table 2. Clinical periodontal parameters of the included studies
Authors

PD (mm)

CAL (mm)

Sculean
et al.
2002

REC (mm)

EMD+BG
EMD+BG
EMD+BG
Baseline:
Baseline:
Baseline:
8.07±1.14
9.64±1.59
1.50±1.16
Follow up:
Follow up:
Follow up:
3.92±0.73
6.42±1.08
2.50±1.08
BG
BG
BG
Baseline:
Baseline:
Baseline:
8.07±1.32
9.78±1.71
1.64±0.74
Follow up:
Follow up:
Follow up:
3.85±0.66
6.71±1.89
2.92±1.85
Kuru
EMD+BG
NA
NA
et al.
Baseline: 			
9.77±1.01			
2006
Follow up: 			
5.73±0.80			
EMD			
Baseline: 			
9.47±0.81			
Follow up: 			
5.03±0.89			
Sculean
EMD+BG
EMD+BG
EMD+BG
et al.
Baseline:
Baseline:
Baseline:
8.5±1.1
10.4±1.5
1.9±1.1
2005a
Follow up:
Follow up:
Follow up:
4.4±1.2
7.1±1.5
2.8±0.9
EMD
EMD
EMD
Baseline:
Baseline:
Baseline:
8.5±1.5
10.2±2.1
1.5±1.4
Follow up:
Follow up:
Follow up:
4.0±1.6
6.3±2.2
2.4±1.6
Sculean
NA
EMD+BG§
NA
et al. 		
Baseline:
2005b		
11-13
		
Follow up:
		
7-8 BG¶
		
Baseline: 9-14
		
Follow up: 7-11
Leknes
EMD:
EMD:
EMD:
et al.
Buccal:
Buccal:
Buccal:
2009
Baseline:
Baseline:
Baseline:
1.1±0.5
11.2±2.5
3.5±1.0
Follow up:
Follow up:
Follow up:
1.1±0.4
12.2±2.9
5.3±2.2
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PI

GI

BOP (%)

EMD+BG
EMD+BG
EMD+BG:
Baseline:
Baseline:
Baseline:
0.9±0.5
1.8±0.9
60
Follow up:
Follow up:
Follow up:
0.6±0.4
0.8±0.7
40
BG
BG
BG:
Baseline:
Baseline:
Baseline:
0.8±0.7
2.1±1.9
58
Follow up:
Follow up:
Follow up:
0.7±0.4
0.9±0.6
43
EMD+BG
EMD+BG
NA
Baseline:
Baseline: 		
0.30±0.05
0.30±0.06		
Follow up:
Follow up: 		
0.19±0.05
0.17±0.05		
EMD			
Baseline: 			
0.29±0.06			
Follow up: 			
0.18±0.05			
EMD+BG
EMD+BG
EMD+BG:
Baseline:
Baseline:
Baseline:
0.5±0.3
1.2±0.4
52
Follow up:
Follow up:
Follow
0.4±0.4
0.5±0.4
up: 28
EMD
EMD
EMD:
Baseline:
Baseline:
Baseline:
0.4±0.2
1.1±0.3
50
Follow up:
Follow up:
Follow up:
0.4±0.3
0.4±0.4
22
NA
NA
NA

NA

NA

RBL (mm)
NA

EMD+BG:
Baseline:
6.24±0.78
Follow up:
2.76±0.69
EMD:
Baseline:
6.38±0.62
Follow up:
2.15±0.42
NA

NA
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Sculean
et al.
2007

Lingual:
Baseline:
3.8±2.8
Follow up:
2.1±1.3
Proximal:
Baseline:
6.5±1.3
Follow up:
4.0±2.2
BG:
Buccal:
Baseline:
1.1±0.5
Follow up:
1.0±0.6
Lingual:
Baseline:
3.3±1.8
Follow up:
2.5±1.5
Proximal:
Baseline:
6.9±1.6
Follow up:
4.3±1.6
EMD+BG
Baseline:
8.6±1.0
Follow up:
4.1±1.0
EMD
Baseline:
8.6±0.9
Follow up:
3.9±0.6

Lingual:
Baseline:
12.0±3.2
Follow up:
11.9±2.
Proximal:
Baseline:
14.2±2.4
Follow up:
13.6±2.7
BG:
Buccal:
Baseline:
11.4±2.8
Follow up:
11.6±3.1
Lingual:
Baseline:
12.6±2.8
Follow up:
11.7±2.2
Proximal:
Baseline:
14.9±3.0
Follow up:
13.7±2.9
EMD+BG
Baseline:
10.3±1.6
Follow up:
6.7±1.2
EMD
Baseline:
10.4±1.6
Follow up:
6.7±1.1

Lingual:
Baseline:
3.8±1.6
Follow up:
5.0±1.6
Proximal:
Baseline:
4.2±1.3
Follow up:
6.5±1.8
BG:
Buccal:
Baseline:
4.4±2.1
Follow up:
5.0±1.8
Lingual:
Baseline:
4.5±1.6
Follow up:
5.5±1.6
Proximal:
Baseline:
5.5±1.6
Follow up:
6.2±1.3
EMD+BG
Baseline:
1.7±1.0
Follow up:
2.6±0.9
EMD
Baseline:
1.8±1.2
Follow up:
2.8±1.0

EMD+BG
Baseline:
0.8±0.4
Follow up:
0.9±0.4
EMD
Baseline:
0.7±0.5
Follow up:
0.7±0.5

EMD+BG
Baseline:
1.7±0.5
Follow up:
0.6±0.4
EMD
Baseline:
1.8±0.8
Follow up:
0.8±0.6

EMD+BG:
Baseline:
53
Follow up:
34
EMD:
Baseline:
49
Follow up:
36

NA

EMD; enamel matrix derivative, BG; bioactive glass, PD; pocket depth, CAL; clinical attachment loss, REC; recession, PI;
plaque index, GI; gingival index, RBL; relative bone loss, BOP; bleeding on probing; NA; not available.
§ treatment on tooth #19, #30, #31
¶ treatment on tooth #19, #4, #3

whether EMD when used with BG, improves with efficacy
in the management of periodontal osseous defects in
comparison to EMD alone. All studies (Kuru et al., 2006;
Leknes et al., 2009; Sculean et al., 2002; Sculean et al.,
2007; Sculean et al., 2005a; Sculean, 2005b) included
in the present systematic review showed that EMD was
effective in the treatment of intrabony periodontal
osseous defects at follow-up.Guided tissue regeneration
(GTR) and grafting have been used extensively since the
last few decades to restore periodontal defects (Bottino
et al., 2009; Bottino et al., 2012). It has been observed in
multiple RCTs that GTR is more effective than open-flap
debridement in treating periodontal defects (Jepsen et al.,
2002; Murphy & Gunsolley, 2003). EMD, a GTR material
that is primarily composed of porcine amelogenin, is
more effective in restoring clinical attachment levels and

radiographic bone when compared to flap procedures
(Amin et al., 2016). In addition to the clinical trials
(Esposito et al.,2009), in vitro as well as in vivo studies
have shown that EMD stimulates the proliferation of
pre-osteoblastic cells (Boyan et al., 2000; Schwartz et
al., 2000). Although a systematic review of using EMD
against other types of GTR materials and periodontal
treatments found it to be clinically effective, it did not
include any studies which used EMD in combination
with BG.
Studies included in this review assessed the clinical
effectiveness of using EMD with BG and compared that
with the use of BG or EMD alone. Comparable clinical
periodontal parameters were observed among the studies
using EMD with BG and those using BG or EMD alone
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(Kuru et al., 2006; Sculean et al., 2002; Sculean et al.,
2007; Sculean, et al., 2005a; Sculean et al., 2005b).
However, it is appropriate to mention that there was
inconsistency observed among the studies with regards
to study groups included and parameters measured. A
major shortcoming of these studies is the limited followup period of the treated patients. Only one study (Sculean
et al., 2005a) followed-up patients for up to 192 weeks
while the remaining studies followed up patients for a
period of only 12 to 48 weeks (Kuru et al., 2006; Leknes
et al., 2009; Sculean et al., 2002; Sculean et al., 2007;
Sculean 2005b). In addition, smoking harms periodontal
health (Preber & BergstrÖM, 1986) and quitting smoking
can improve the outcomes of periodontal treatment (Patel
et al., 2012). Given this, in only 2 studies included in
this review, smokers were included (Leknes et al., 2009;
Sculean et al., 2002). Therefore, further studies with
follow up of longer duration and strict inclusion and
exclusion criteria are needed to assess the long-term
efficacy of using EMD with BG in the management of
periodontal osseous defects.
Table 3. Assessing the quality of included RCTs
using the Jadad scale.
Reference Randomization Blinding An account Total
					 of all patients score
Sculean
0
0
0 0
+1
1
et al. 2002
Kuru et al.
+1 +1
0 0
+1
3
2006
Sculean
+1 +1
0 0
+1
3
et al. 2005a
Sculean
0
0
0 0
+1
1
et al. 2005b
Leknes et
+1 +1
+1 +1
+1
5
al. 2009
Sculean
+1 +1
0 0
+1
3
et al. 2007

Only half of the studies (Sculean et al., 2002; Sculean et
al., 2007; Sculean et al., 2005a) assessed in the present
review reported all major clinical periodontal parameters
(PD, CAL, REC, PI, GI, and BOP) and only one study
(Kuru et al., 2006) assessed RBL. A comparison of only
clinical parameters in the absence of RBL does not allow
accurate prediction of periodontal outcomes (Haffajee et
al., 1983). In addition, none of the studies assessed the
subgingival microbial flora of the treated periodontal
defects which is essential for an accurate surrogate
assessment of periodontal recovery. Also, studies aimed
at comparing the effectiveness of EMD+BG and BG or
EMD through the use of biomarkers present in oral fluids
are recommended (Taba., et al 2005) to accurately assess
the efficacy of these GTR materials.
The study by Sculean et al. (2005b) also assessed the use
of EMD+BG histologically and observed that healing
around EMD+BG showed more mineralized tissue, PDL,
and cementum. Conversely, when BG was used alone,
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more epithelial cellular growth was seen, suggesting that
EMD+BG is more effective than BG. This lack of bone
of formation around BG has been observed previously
as well. Nevins et al observed that using BG to fill
periodontal defects (Nevins et al., 2000) resulted in
cellular growth that was characterized by the formation
of junctional epithelium and limited formation of
mineralized tissue and clinical attachment. The findings
suggest that using BG alone decreases the likelihood
of the formation of mineralized tissue. However, these
histological observations are in contrast to the clinical
findings shown in this systematic review i.e. comparable
clinical outcomes for the use of EMD with and without
BG in the management of periodontal osseous defects.
Therefore, further randomized controlled trials aiming
to assess the clinical and histological outcomes of the
use of EMD with and without BG in the management of
periodontal osseous defects are recommended.

CONCLUSION
It remains unclear whether the efficacy of EMD in the
management of periodontal osseous defects is improved
when it is used in combination with BG as compared
to when EMD is used alone given that the number
of selected studies was relatively low and reported
parameters were inconsistent.
Conflict of interest statement: No conflict of interest
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ABSTRACT

How the application of photodynamic therapy (PDT) is clinically efficacious in the rapid treatment of oral squamous
cell carcinoma (OSCC)?. This focused question has been designed for the present study, which is comprised of
the theme: Does PDT offer effective treatment in the regression of OSCCs ? Three indexed databases were searched
(PubMed, EMBASE and CENTRAL) from May 1965 up to and including September 2019 for pertinent literature.
Articles were selected if they had prospective design, published in English language and reported efficacy of PDT
in the treatment of OSCCs in adult patients. Thirteen studies were included. A total of 447 patients with OSCCs
were included. Their mean age ranged between 60.8 years to 69.6 years. The follow-up period of the clinical trials
ranged from 3 months to 144 months. All studies showed statistically significant improvement in the complete
regression of OSCCs on follow-up. Several clinical trials categorized their outcomes as complete, partial or no
response to therapy. For PDT, the complete response ranged from 16% to 100% in the OSCCs. PDT shows to be
a clinically efficient therapeutic modality for OSCCs. PDT is equally effective as surgery with regards to rates of
recurrence.

KEY WORDS: Oral cancer, photodynamic therapy, photosensitizers, literature review.
INTRODUCTION
Oral cancer is ranked sixth among all cancers and is
considered a wide scale global health crisis distributed
among diverse geographical areas (highest recorded
in the South-East Asia) (Petti, Masood, & Scully,
2013). Among all the oral cancers, oral squamous cell
carcinoma (OSCC) cover almost 90% of all oral malignant
lesions (Johnson, Jayasekara, & Amarasinghe, 2011).
Oral cancers are about twice as common in men as in
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women and are slightly more common in blacks than
in whites (Kachuri, De, Ellison, & Semenciw, 2013).
Worldwide, OSCC is a major health-care problem, and is
the most frequently diagnosed cancer in some countries
(Parkin, Bray, Ferlay, & Pisani, 2005). Great improvements
in surgical techniques, radiotherapy, and chemotherapy
have been achieved (Cooper et al., 2004), but the 5-year
survival rate for OSCC is still between 40% and 60%
and has not greatly improved over the last 30 years
(Fonseca, 2017 Siegel et al 2019, Hung et al., 2020).
Oral squamous cell carcinoma is a malignant tumour that
commonly invades the jawbone. Treatment often requires
a surgical resection that compromises the patient’s
quality of life, function, and aesthetic. Intraorally, it
occurs most commonly in the tongue (20-30%), floor
of the mouth (15-20%), retro-molar and tonsillar pillar
areas (15%), soft palate (10-15%), buccal mucosa (10%),
gingiva (10%), alveolar bone (10%), and maxillary sinus
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(5-10%) (Marx & Stern, 2012). About 40% of head and
neck SCC mortality is due to locoregional recurrence,
and about 30% develop a distant metastasis in the 5-year
period following the diagnosis (de Bree, Deurloo, Snow,
& Leemans, 2000).A comprehensive number of factors
with probable impact on the outcome of the diseases are
well-established. These include patient related factors
that involve sex predilection, age, use of tobacco and
alcohol, Sociodemographic conditions, diagnostic delays,
organic stress and other miscellaneous factors (Massano,
Regateiro, Januário, & Ferreira, 2006). Early detection
and rapid treatment modality of OSCC are essential for
high survival rate (Hassona, Scully, Shahin, Maayta, &
Sawair, 2016 Li et al 2018, Siegel et al., 2019. Hung et
al., 2020).
There is a wide range of therapeutic modalities for
OSCC. The most common includes surgical excision of
the lesion. Other pharmacological treatment modalities
include topical application of drugs such as vitamin
A, steroids, herbal medicines, aloe vera, curcumin
and turmeric which requires a steady 3-5 months of
healing and recovery (Singh et al., 2016; Triesscheijn,
Baas, Schellens, & Stewart, 2006). In addition, there are
several systemic drugs that are useful for the regression
of tumor mass (Karemore & Motwani, 2012). Moreover,
certain other therapeutic modalities include radiotherapy
which possesses several unwanted side effects such as
oral mucositis, neuro-sensory disturbances, infections
and fibrosis that could compromise the patient’s quality
of life (Sroussi et al., 2017, Hung et al., 2020).
Nevertheless, surgery and radiation are widely used
because these modalities work effectively. Photodynamic
or photodynamic therapy (PDT) has gained a major
popularity in the field of oral health. Such type of
treatment utilizes photo/light therapy that activates
a photosensitizer dye in the presence of oxygen.
Several types of photosensitizers have been used
for photobiomodulation depending on their mode
of action (Castano, Demidova, & Hamblin, 2004).
These include intravenous injections, orally ingested
or topical application. The introduction of light on
the photosensitizer at tumor site creates an array of
destructive oxygen species including singlet oxygen and
damaging free radicals producing localized cell death
(Allison & Moghissi, 2013; Allison & Sibata, 2010). The
illustration in Figure 1 shows the use of an injected
photosensitizer in combination with a photodynamic
light to treat a facial tumor.

invasive or non-invasive. This does put a great impact
on the choice of therapy. On the other hand, research
indicates that there are several number of recurrence
rates found with the use of PDT (Schweitzer, 2001;
Schweitzer & Somers, 2010). However, to our familiarity
from the published data, no systematic review has been
published that evaluated the therapeutic efficacy of
PDT in the treatment of OSCC lesions in adult patients.
Considering the contrary results and novel idea, the aim
of the present study was to assess how the application
of PDT is clinically efficacious in the rapid treatment
of OSCC.

Material and Methods
Focused question: This systematic review was designed in
accordance with the general guidelines set by Preferred
Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) (Moher, Liberati, Tetzlaff, & Altman,
2009). The focused question designed for the present
study comprised of: “Does PDT offer effective treatment
in the regression of OSCC lesions?”
Data search and eligibility criteria: Three ISI-indexed
databases were searched (PubMed, EMBASE and
CENTRAL) from May 1965 up to and including September
2019 for pertinent literature. Articles were selected if they
had prospective design, published in English language
and reported efficacy of PDT in the treatment of OSCC
lesions in adult patients. Initial screening and evaluation
of pertinent studies was performed and those studies not
compliant with the selection criteria were omitted. The
exclusion criteria involved review studies, case reports/
series, in-vitro settings, animal studies and letters to the
editor. Original articles were manually sought in journals
including Lasers Med Sci, Photobiomodul Photomed
Laser Surg, Photochem Photobiol Sci, and Photodiagnosis
Photodyn Ther to recognize articles that may had missed
from electronic database search.
Data search and abstraction: The combination of
following key words were used to search for included
literature: ‘Photodynamic therapy’, ‘photochemotherapy’,
‘oral cancer’, ‘oral squamous cell carcinoma’, ‘invasive’,
‘non-invasive’, ‘primary tumors’, ‘recurrent tumors’,
‘malignancy’, ‘therapy’, ‘treatment’. Once the relevant
literature search was accomplished, the articles were
then subjected for data extraction. Important evidence
Figure 1. Photodynamic Therapy

Such modality has been widely used in a set of oral
diseases including periodontal diseases, lichen planus,
fungal infections, red and white leukoplakia (Akram et
al., 2016; Akram et al., 2018; Baltazar et al., 2015; Li,
Wang, Zheng, & He, 2018). Ample data confirms that
PDT has been used to treat more robust types of cancers
of head and neck origin including OSCC (Grant, Hopper,
Speight, Macrobert, & Bown, 1993; Alexander Kübler,
Haase, Rheinwald, Barth, & Mühling, 1998). However,
it is very important to understand that OSCC lesions
are of various types including primary or recurrent,
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from all the articles were extracted that included study
design, subject demographics, cancer site, follow-up
duration, final outcome, recurrence rate, laser and PDT
related parameters.
Quality assessment: The appropriate method to evaluate
quality in non-randomized controlled trials (NRCTs)
is controversial. For the purpose of this review, we
decided to use a modified scale method that allowed
us to rank selected reports according to a previously
established score system. The Methodological Index
for Nonrandomized Studies (MINORS) is an instrument
that was developed by a group of practicing surgeons in
France and validated specifically for NRCT evaluation
(Slim et al., 2003). Some modifications were introduced
to the MINORS to meet the needs of our study.
Data analysis: Meta-analyses could not be performed due
to high rate of heterogeneity in the study design methods,
lasers used, and cancer sites in the oral cavity.

Results and Discussion
Search result: Initial screening of the titles and abstracts
gave a total of 236 potential articles. Removal of the
duplicates (n=9) and articles that did not comply with
the focused question (n=201) were later excluded from
the study search. Out of twenty-six potential articles that
underwent full-text reading, thirteen articles were further
removed. After the final selection, thirteen studies were
included and processed for data extraction (Fan et al.,
1996; Fan, Hopper, Speight, Buonaccorsi, & Bown, 1997;
Feyh, 1996; Grant et al., 1993; Hopper et al., 2004; AC
Kübler, De Carpentier, Hopper, Leonard, & Putnam, 2001;
Alexander Kübler et al., 1998; N. Rigual et al., 2013; N.

R. Rigual et al., 2009; Schuller, McCaughan, & Rock,
1985; Schweitzer, 2001; Schweitzer & Somers, 2010;
Toratani et al., 2016). These studies were performed either
in health care setups or universities. The complete flow
of study selection is illustrated in Figure 2 according to
PRISMA standard.
Description of included studies: All clinical studies
were prospective longitudinal trials. Five studies were
performed in United States and United Kingdom, two
studies were performed in Germany, while one study was
performed in Japan. A total of 447 patients with OSCCs
were included for the treatment of PDT. Their mean age
ranging between 60.8 years to 69.6 years. Cancer sites
included in the clinical trials comprised of tongue, floor
of the mouth, alveolus, gingiva, buccal mucosa, lips,
larynx, neck, oropharynx and palate. The follow-up
period of the clinical trials ranged from 3 months to 144
months. Four studies reported about recurrence of the
OSCC to be 0% to 20% only (Table 1).
Photodynamic related parameters: A total of nine studies
used argon pumped dye laser, while two studies used
diode laser. One study each used excimer dye laser and
gold vapour laser, respectively. The wavelength ranged
from 628 to 665 nanometres (nm). Energy fluence and
power density were reported in ten and eight studies,
that ranged from 20–150 joules per centimetre square
(Jcm-2) and 100 to 250 milliwatts per centimetre square
(mW cm-2), respectively. Only two studies reported the
power output. Duration of irradiation was reported in
four studies that ranged from 1.8 to 143 minutes (min).
Optic fibre diameter was mentioned in only three studies
that ranged from 400 to 600 micrometre (μm). Five
studies used photofrin, two studies used hematoporphyrin

Figure 2: PRISMA flow chart representing study search.
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derivative (HPD), 5-aminolevulinic acid (ALA) and
Foscan as photosensitizer (PS), respectively. One study
used metatetrahydroxyphenylchlorin (mTHPC) and
3-(1’-hexyloxyethyl) pyropheophorbide a (HPPH) as
PS, respectively. Pre-irradiation time of PS ranged from
48 to 240 hours in the clinical studies. Dose of the PS
ranged from 0.15 mg/kg to 60 mg/kg. None of the studies
reported the number of laser sessions except one study
that reported only once (Table 2).
Quality Assessment: In general, they suffer from
methodologic drawbacks, mainly difficulties in
concealing the allocation of patients and the inherent
complexity of blinding between PDT and surgical cases.
Older clinical trials also are limited by the small number
of patients included (Table 1).
Main outcome of the studies: All PDT studies showed
statistically significant improvement in the complete
regression of OSCCs on follow-up. Several clinical trials
categorized their outcomes as complete, partial or no
response to therapy. For PDT, the complete response

ranged from 16% to 100% in the OSCCs. To achieve
high survival rate with sound quality of life, minimally
invasive intervention is preferred over radical surgical
therapy. This goes for all the type of head and neck
cancers including OSCC lesions (Maxwell et al., 2014).
Although surgical therapy and radiotherapy are suitable
therapeutic modalities, they often compromise the
significant functional roles of the oral environment.
PDT is a noninvasive method that maintains speech and
deglutition. The laser light application to stimulate the PS
does not interrupt the sound adjacent tissue structures.
Most importantly, PDT does not disrupt the underlying
fibrotic structures including collagen and elastin fibres;
therefore the level of scarring is reduced (Hopper et al.,
2004).
Repetitive surgical therapy is mainly problematic due to
limitations in the access and advanced deterioration in
the tissue structures. Moreover repeating radiotherapy is
generally unfeasible due to a maximum permitted dose to
the areas of the head and neck (Dilkes, Benjamin, Ovaisi,
& Banerjee, 2003; Hopper et al., 2004). In addition,

Table 1. General characteristics of the studies.
Author et
Country/ Sample
Male/
Mean age Cancer
al. Year
Patients
size Female ratio
(age
site
				
range)		

Follow- Recur
up
rence
(mos)
(%)

Schuller	United
24
14/10
67 (NA)
FM, T, L,
NR
NA
et al.22 1985
States				
F, N, TO, 			
					
LA, PH			
								
Fyeh 23 1996 Germany
83
NA
NA
PH, F, LA
50
NA
								
								
								
Grant	United
11
NA
NA
T, BM,
19
0
et al.17 1993
Kingdom				
A, L, P			
								
								
								
								
Kübler
Germany
12
11/1
NA
FM, BM
16
NA
et al.18 1998								
								
								
Fan	United
18
11/7
62.6 (NA)
BM,
48
NA
et al.24 1996
Kingdom				
FM, T, A			
								
Hopper	United
114
NA
64 (30-99) BM, T,
24
NA
et al.25 2004
Kingdom				
FM, P, 			
					
L, PH			
								
Schweitzer19	United
20
NA
NA
OC,
6-115
20
2001
States				
PH, LA			
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Main
conclusion

Quality
of studies

PDT is feasible
for oral cancer with
well-tolerable and
low toxicity.
PDT is an adequate
treatment for early
stage superficial
cancers
PDT offers an effective
repeatable treatment
option, whether on
its own or as
adjunct to local
excision
PDT offers an
effective repeatable
treatment option
without causing harm
PDT is an adequate
treatment for
superficial cancers
PDT offers an effective
alternative treatment
for early oral
squamous cell carcinoma
PDT offers a curative.
treatment of early stage
oral cavity and laryngeal

Low

Low

Moderate

Moderate

Moderate

Moderate

High
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malignancies with
								
minimal side effects
Fan	United
20
16/4
60.8
BM, T,
15
NA
PDT is a promising
Low
et al.26 1997
Kingdom			
(30-82)
FM, P			
new treatment for
								
patients with oral cancer
Rigual	United
20
14/6
61.2 (NA)
OC, L
53
NA
PDT is an adequate
Moderate
et al.28 2009
States							
treatment for oral
								
and laryngeal cancers
Rigual 	United
40
28/13
65 (39-88) P, BM,
3
NA
PDT is safe for the
High
et al.29 2013
States				
T, FM,			
treatment of early stage
								
cancer of the oral cavity.
Toratani
Japan
30
12/22
NA
A, T, G
6
NA
PDT is an effective
Low
et al.27 2016				
BM, FM,				
treatment modality for
								 superficial oral carcinomas,
								
with excellent
								
healing and minimal
								
side effects
Schweitzer and
30
15/15 NA (35-82) OC, L, OP
3-144
20		
PDT provides a surgical Moderate
Somers20 2010	United							
oncologic modality for
States							
potentially curative
								
treatment of early
								
stage oral cavity and
								 oropharyngeal smalignancie
Kübler	United
25
19/6
69.6 (NA)
L
3
8
PDT is an effective
Low
et al.30 2001
Kingdom							
treatment. modality
								
for small primary
								
tumours of the lips
A, alveolus; BM, buccal mucosa; FM, floor of mouth; G, gingiva; LA, larynx; L, lips; N, neck; OC, oral cavity; P, palate; PH,
Pharynx, OP; oropharynx; T, tongue; PDT – photodynamic therapy, NA – not available

surgical intervention at an already radiation induced
conveys a major possibility of higher disease rates
secondary to slow healing of the wound and formation
of fistula and warrants an increased doses that may
cause disturbances in the angiogenic component of the
cancer cells, making them low radiosensitive (Hopper
et al., 2004). The additional benefit of PDT is in the
procedure being a simple and PDT has the benefit of
being an outpatient method. This suggests that PDT is
completed within a short time, also entails a short healing
time, and involving a small cost (AC Kübler et al., 2001).
These features till date, characterise key factors when
opting between surgical therapy and radiation therapy
for other HNCs. However, the main limitation of PDT
is the complexity of use with regards to its direction
of phototherapy on the exposure area, that suggests its
fundamental use in treating shallow and easy to reach
and manageable cancers. Momentary photosensitization
has highly deterring problems, although novel PS are
curbing the duration of action of PDT (Fan et al., 1997;
Grant et al., 1993; Alexander Kübler et al., 1998).
It should be noted from the included clinical studies that
laser parameters were either missing or had meaningful
differences. Characteristics related to PDT including
wavelength, energy fluence, and power density either had
a large variation or data not reported. It is well-known
that multiple number of laser sessions has a significant
effect on the clinical efficacy of phototherapy (Wang et
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

al., 2001). In the reported studies, the number of sittings
were not mentioned. It is evident that by applying a
single application of PDT to sustain anti-proliferative
effect of cancer, it is assumable that one laser session is
equally effective. Moreover, diameter of fibre produces
an effect on total power density and output that may
alter the genuine energy released during the process,
thereby affecting the anticancer efficacy. None of the
studies described the power output of the laser used.
These missing parameters of laser protocols may put
some effect on the therapeutic efficacy of PDT on cancer
treatment. However, since most included studies were
incomplete, in terms of basic items such as drug and light
dose, number of treatment sessions, recurrence rate, this
proves the poor quality of the studies making a valid
conclusion impossible. Therefore, future research with
consistent laser dimensions are needed to interpret the
efficacy of PDT in treating OSCC.
Our systematic literature review does have some
limitations. Firstly, no meta-analyses could be performed
to interpret the overall odds ratios across different studies.
Studies being performed in different countries suggest the
inclusion of different ethnic group patients whose level of
severity and hence outcomes are critically affected which
may have produced potential bias with regards to a high
degree of selectivity. Presently, photobiomodulation for
treating OSCC is only being carried out in only limited
health care centres globally. Moreover, several studies
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Table 2: Laser and photosensitizer related parameters of the studies.
Investigators

Type
Wave Energy Power Power Duration Optic
Types
of laser
length fluence output density of irra. fibre
of
		
(nm) (J cm-2) (W)
(mW (min) diameter
PS
					
cm-2)		
(μm)		
Schuller et al.22
Fyeh23
Grant et al.17
Kübler et al.18
Fan et al.24
Hopper et al.25
Schweitzer19
Fan et al.26
Rigual et al.28
Rigual et al.29
Toratani et al.27
Schweitzer
and Somers20
Kübler et al.30

PreDose of Number
irra.
PS
of
time (mg/kg) laser
(hours)		
sessions

Argon
pumped dye
Argon
pumped dye
Argon
pumped dye
Argon
pumped dye
Gold
vapour laser
LED
Argon
pumped dye
Argon
pumped dye
Argon
pumped dye
Argon
pumped dye
Excimer
dye laser
Diode laser

630

NA

3

NA

NA

NA

HPD

72

3-5

NA

630

NA

NA

100

NA

600

HPD

48

NA

NA

630

50-100

NA

150

NA

NA

Photofrin

48

2.0

NA

630

100

NA

100

16.6

NA

ALA

120

NA

NA

628

NA

NA

250

143

400

ALA

150-240

60

NA

652
630

20
50-100

NA
NA

100
100-500

3.33
NA

NA
NA

0.15
2.0

NA
NA

652

5-20

NA

250

1.8-8.0

400

Foscan

72-96

0.15

NA

630

75

NA

NA

NA

NA

Photofrin

48

2.0

NA

665

50-140

NA

NA

NA

NA

HPPH

NA

4.0

1

630

100-150

0.16

NA

NA

NA

Photofrin

48

2.0

NA

630

50-100

NA

NA

NA

NA

Photofrin 48-60

2.0

NA

Argon
pumped dye

652

20

NA

100

NA

NA

0.15

NA

mTHPC
96
Photofrin 48-60

Foscan

96

ALA - 5-aminolevulinic acid; HPD – hematoporphyrin derivative; HPPH - 3-(1’-hexyloxyethyl) pyropheophorbide a; mTHPC - metatetrahydroxyphenylchlorin;
LED – light emitting diode; nm – nanometer; J cm-2 – joules per centimetre square ; mW – milliwatts; mW cm-2 – milliwatts per centimetre square; mm –
millimetre; PTC – Phenothiazine chloride; PS – photosensitizer; mg/mL – milligram per millilitre; NA – not available

on PDT included a limited number of study cohorts. For
instance, the total number of studies that were included
consisted only 447 patients with OSCC treated with
PDT. Furthermore, to achieve a high survival rate with
quality of life requires complete elimination or at least
control of tumor. It was observed that PDT studies did
not demonstrate these findings. Moreover, plenty of
scarring occurred in several trials in which functional
loss was also noted. All these measures do have an impact
on the overall quality of life. With future studies with
long period of follow-up, PDT could be reflected as a
valid and acceptable adjunctive therapeutic modality
in the future. It is well tolerable by patients, that could
additionally serve as a substitute therapy for patients
with medical problems who may not be able to bear the
unwanted complications of radiation therapy or those
patients who may be too hampered to undergo surgery. It
is indicated that PDT is associated with lower morbidity
rates and less side effects.

Conclusion
PDT shows to be a clinically efficient therapeutic
modality for OSCCs. PDT is equally effective as surgery

with regards to rates of recurrence. However, extreme
caution should be made while interpreting the findings
of this study as number of parameters including laser
parameters, type of patients and number of treatment
sessions may affect the overall outcome of PDT in the
treatment of OSCC.
Competing interests: None declared.
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ABSTRACT

Technological resource assessments security is a major concerned and Biometric is one of the most robust
identification techniques. The common approach for the biometric identification process is to compare the extracted
feature vectors of query imposter with feature vectors of rest imposters. In biometric recognition, the datasets
have very large number of imposters and this imposes the condition on the identification process. To make the
identification process fast, dimensionality reduction is required at either dataset or in feature vectors. This paper
proposes the palmprint identification algorithm with dimensionality reduction at datasets as it reduces feature
vector size too. One Dimensional Principle component analysis (1DPCA) cannot correlate the neighbor pixels and
transformation from 2-dimension-to-1-dimension increases the computation cost. Therefore, two Dimensional
PCA (2DPCA) is employed to process the dataset fast in comparison with 1DPCA. For classification, Supervised
learning-based classifier provides higher accuracy and hence Support Vector Machine (SVM) classifier is used for
recognition. The success of the classifier depends on the extracted features to be matched. The proposed algorithm
uses Histogram of Gradient (HOG) features which is the best combination with SVM. Accuracy of the proposed
algorithm is compared with the accuracy of other models. The experiment results and comparative analysis on
PolyU datasets reveal that the proposed algorithm achieves 96.36% accuracy which is best amongst all.
.
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INTRODUCTION
Biometrics is now a day's widely used for person
identification and authentication. It is a pattern
recognition process based on his/ her physiological or
behavioral characteristics (Zhang, 2013). The unique
physiological characteristics like iris, face, fingerprint,
hand geometry and voice are known as Biometrics,
various researchers have explained using these biometric
modalities for identification (Chen et al, 2013; Ahmad
et al, 2016). Both spatial and spectral features are used
for finger knuckle recognition (Kumar, 2019). Abdulbaqi
et al detected fingerprint edges using active contour
model of Euclidean distance transformation (Abdulbaqi
et al, 2018). Fusion of face and iris at feature level
and score level gives accuracy of 99.22% and 100%
respectively(Alay et al, 2019). Nguyen et al explained
convolutional neural network extractor of fingerprint
minutiae (Nguyen et al, 2020).
The major application areas of the biometrics are ATMs,
smart card, personal computers, network access, keyless
entry for automobiles etc. Even though many state-ofthe-art security systems are developed, the cyber-attack
has exposed weaknesses of the security systems. Out of
these, palm based identification have been intensively
developed because of its crucial advantage over other
features. The classical feature of palm region ridge ending
and ridge bifurcation (minutia) are used for palmprint
matching. The palm region can be easily recognized
in low resolution images also. High resolution image
also contains ridges and wrinkles which can be utilized
as classification and matching features. The palmprint
matching process consists of four steps. First is to
crop region of interests. Features are extracted in the
second step. The extracted features are reduced in third
step and the last step is classification for individuals’
identification.
The algorithms used for palmprint feature extraction are
classified as: 1) structure-based approaches, 2) Statisticsbased approaches, 3) Subspace-based approaches and
4) texture & transform domain frequency field feature
based methods. Structure features includes lines and
feature points which are sensitive to the captured
resolution of palmprint and hence difficult to capture it.
Frequency field features avoid the texture information
causing instability in capturing of palm features. Subspace methods include Eigen space based component
analysis like PCA, ICA and LDA. Hai-feng Sang and
Fang Liu (Sang et al, 2016) applied 2DPCA method for
contactless defocused palmprint images over the database
of 50 subjects. Euclidean distance based classifier was
used for matching. However, success rate for defocused
image was lower than that of clear image. To preserve
the 2D information of images over 2DPCA subspace,
2D- locality preserving projections (2DLPP) is used on
reduced features (Xin et al, 2007). 2DPCA is sensitive to
illumination changes. Jinyu Guo et al (Guo et al. 2007)
proposed a method using phase congruency with 2DPCA
to tackle illumination problem. Similarly to overcome
the noise in palmprint, local DCT based enhancement

was integrated with 2DPCA on the enhanced images
(Cui et al, 2010). Individual local mean 2DPCA is used to
resolve the light illumination problem in face recognition
( Hacherangchai et al, 2019).
For comparing the accuracy results of the distance
measurement, PCA is used to store the iris computing
process ( Sari et al, 2018). They implemented this palmprint
recognition algorithm on multimedia chip OMAP3530.
To increase the accuracy over the illumination variation,
entropy map and 2DPCA was proposed by Jinyu Guo et
al (Guo et al, 2013). Arunkumar et al proposed improved
histogram of oriented lines (IHoL) descriptor which is
less sensitive to translation and illumination. It is also
robust against small transformation variations. So the
histogram values used in the work remains unchanged
(Arunkumar and Valarmathy, 2016). Using PCA with
improved HoL gives high recognition rates. Lie and
Kim (Lie and Kim, 2016) proposed a method named
Local Micro-structure Tetra Pattern (LMTrP) which
obtains the advantages of direction and thickness. The
superfluous features are removed using line-sharp filter.
The given image is represented using single feature vector
formed by concatenating local region histograms of the
proposed descriptor LMTrP The dimensions are reduced
by applying linear kernel based discrimination analysis.
This method provides better stability against rotation and
translation up to certain extent.
Palmprint features are extracted using principle
component analysis and linear discriminant analysis.
SVM classifier is used to for recognition. The author
presented integration of palmprint features with features
of other modalities to increase the accuracy. Instead
of calculating histogram in spatial domain, Chaudhari
(Chaudhari et al, 2012) transformed the image plane into
Radon and histogram of Radon coefficients are used
for matching the palmprints. The algorithm is robust to
rotation and scaling invariance. Computationally simple
algorithm is proposed by (Chaudhari et al,2013) ,where
area and periphery of the polygon formed using the
outermost coefficients of the Radon. PCA and radon
transform used for face recognition (Hiremath et al,
2014). Probabilistic neural network, PCA and Radon
transform gives equal error rate of 9.87% in training
set of 10 images (Ooi et al, 2016). Using course to fine
patchmatch for palm vein recognition approaches the
state of the art results with improved time efficiency
(Hernandez et al, 2019). Gumaei (Gumaei et al, 2018)
proposed hybrid method for feature extraction which uses
histogram of gradient and steerable guassian filter. They
constructed efficient approach for palmprint recognition.
For dimensionality reduction for extracted features is
achieved using auto-encoder. The classification is done
with regularized extreme learning machine.
Attallah et al (Atallah et al, 2018) used two different
Haar wavelet decomposition components for feature
extraction of palmprint image. These features are
fused to give output. They used histogram of gradient
and binarized statistical image features for fusion.
The basic requirement for the palm print recognition
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algorithm is that features extraction must be robust
to the environmental conditions. In 1DPCA, 2D image
is transformed and represented as a point in highdimensional vector. However, the formation from 2D to
1D breaks the correlation between the pixels in spatial
domain. In this paper we have used 2DPCA. 2DPCA offers
projection in 2D space and hence reduces the conversion
time. HOG has inheritable advantages of illumination
invariant and extract the local information from strong
and lengthy lines. Thus PCA helps to characterize the
lines and HOG fulfill the robustness of the extracted
features. Therefore this paper proposes integration of
2DPCAand HOG for palm print identification. Later,
SVM is used over the HOG transformed features for the
classification..
Proposed Algorithm: Figure1 illustrates the proposed
palmprint identification system. To train the SVM
classifier (i.e. enrolment), A set of features from extracted
using 2DPCA and HOG from all users are used. The
classifier outputs each person. For the identification
process, test palmprint is passed through same feature
extraction process and SVM classifier. We used median
filter to remove noise, also referred as pre-processing of
palmprint. To process recognition step fast, size reduction
plays an important role. Multi-spectral (band) images
have tendency to be redundant at certain extent when
spectral are adjacent to each other. PCA de-correlates
these pixel values. Therefore PCA can be employed
reducing image dimension and hence the computation
cost. However, 1DPCA has weakness that it requires
the conversion of 2D image into 1D vector. This process
losses the correlation between the neighbor pixels and
also increases the computation cost of conversion
process. Therefore, 2DPCA which directly calculates the
eigen-vectors form image is employed instead of matrix
to vector conversion process (i.e. 1DPCA). 2DPCA works
in row and column to reduce the dimension. 2DPCA
calculation is as follows: Let A is a random matrix of
size m x n, which represents m x n image. Considering
the linear projection of A on X fields y = AX where X
is an n dimensional unit column vector and y is the
projected feature on x. Characterization of the A vector
using 2DPCA is as follows.
Considering that there are c pattern classes in the
space

R m×n and the sample space includes images

{X 1 , X 2 ...... X n } where, X i ∈ R mxn and each sample belongs

to a class j where
can be defined as

j ∈ {1, 2,....c}.

The total scatter matrix

ST = (1 / N )∑ k =1 (X K − X )(X K − X )
N

N indicates the number of samples and
is the mean of all training samples.

T

, where

X = (1 / N )∑ k =1 X k
N

In 2DPCA algorithm, the optical projection vector
satisfies with
Aopt = arg max AT ST A = [A1 , A2 ,..... Am ]

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Aopt

(1)

Where

{Ai

| i = 1, 2, ....m}

are orthogonal eigenvectors

of S corresponding to the largest m eigen values,
respectively.
T

Figure 1: Proposed Palmprint Matching System

In biometric recognition, the classification plays an
important role. All classification algorithms analyses the
various image features. These typical image features are
characterized and isolated in the training phase and this
partition is used to classify biometric in testing phase.
Further, priori knowledge based statistical processes are
used in supervised classification and clustering approach
is used in un-supervised classification. Some of them
are Maximum likelihood, K-means clustering, Support
vector machine, Neural network, decision tree classifier
etc. The choice of classifier depends on the type and size
of database and features extraction method. In biometric
recognition, the size of data base is too large and hence
SVM is the most suitable choice for the large sets of
images. In comparison with NN, SVM offers simple
geometric interpretation and provides sparse solution
reducing mathematical complexity. SVM with linear
kernel is used as it provides fast speed. Hence SVM is
used in the proposed approach.
The success of the classifier strongly depends on
extracted features from the palmprint. Principle lines
and wrinkle in the palmprint are the strongest features.
During the palmprint acquisition process, the translation
and rotation are encountered problems. HOG extracts
the orientation features of the gradient (i.e. lines) in
spatial domain. Further, extracted features are scale and
illuminationinvariant. Therefore HOG features are the
best choice for SVM based classifier. The HOG features
transform for vector image X can be written as
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[

ϕ ( X ) = Db ∗ ( g ∗ X ) Θ ( g ∗ X )
q
q
q

]

(2)

Where gq is oriented edge filter, b is blurring function
and D is the sparse selection matrix to achieve histogram.
This operation is performed over the bank of edge filters
and responses from each filter are concatenated to obtain
final feature vector.
ϕ

q

( X ) = [ ϕ ( X ), ϕ ( X )..........ϕ ( X )]
1
2
q

(3)

Further equation 2 can be expressed as second order
interaction (Bristow et al, 2014) in the form of

(

ϕ ( X ) = DBM G ⊗ G
q
q
q

)(X ⊗ X ) 		

(4)

Where M is the selection matrix, B and G are convolutional
matrices prototype. In equation 4, the BM (Gq ⊗ Gq )
can be viewed as filter bank applied to second order
statistics of image data. Thus HOG provides second
order covariance and filter bank based prior information.
This prior information helps SVM to classify the features
successfully. In addition, the second order covariance of
image is enough to discriminate one biometric image
from other biometric image. Overall, these features are
used as input on SVM classifier. Combining with HOG
extraction with 2DPCAand SVM training, the process
includes following steps: 2DPCA, features extraction
using HOG, training and detection.

RESULTS AND DISCUSSION
We experimented with Hong Kong polyU palmprint
datasets. Total 3800 gray scale palm images of 190
palms are used in the dataset. The resolution of the
image is 72 pixels per inch. From total sets, 50%
images are used for enrolment and rest are used to test.
As pre-processing step, median filtering is applied to
remove noise from palmprint. 25 largest Eigenvectors
are used in 2DPCAtransformation. The HOG features
Figure 2: Analysis of 2dpca Projection Over Accuracy

Table 1. Accuracy Comparison of the Proposed Model With
Other Models
Method

Accuracy

Proposed 2DPCA
+ HOG + SVM
Proposed HOG +
K- Nearest Neighbor
HOG +PCA + SVM
(Arunkumar et al, 2010)
HOG + PCA (Jia et al, 2014)
2DHOG + 2DPCA (Jia et al, 2014)
Pseudo-Zernike Moments+
Naive Bayes Classification
(Lakshmi et al, 2010)
Legendre Moments+ Naive
Bayes Classification (Lakshmi et al, 2010)
Chebyshev Moments+Naive
Bayes Classification (Lakshmi et al, 2010)
Pseudo—Zernike Moments +
BBN (Lakshmi et al, 2012)
Legendre Moments +
BBN (Lakshmi et al, 2012)
Chebyshev Moments + BBN
(Lakshmi et al, 2012)
IHoL + PCA (Arunkumar et al, 2016)
PCA+LDA+SVM (Vinodkumar, 2016)

96.36
92.72
95
95.37
95.68
79.24

80.45
51.27
90.1
92.5
54.9
94.2
83.5

are also tested with K- Nearest Neighborhood. 2DPCA
is applied to 128 x 128 palmprint. The window size of
3x3 is used for feature extraction. HOG features are
calculated by assembling the histogram with 9 bins and
range of 20 degrees per bin. These feature vectors are
normalized for SVM classification. In the experiment,
verification process consist of one to one comparison
and identification process consist of comparison of one
to all is carried out. SVM is binary classifier. The bias
value for SVM training model is kept in auto mode to
get best bias value. Fig 2 presents the effect of 2DPCA
projection for accuracy of identification. Large number
of projections provides better accuracy and after 30
projections, the KNN and SVM both achieved same
accuracy. Table 1 represents the comparison of obtained
accuracy with other model. Inclusion of HOG with 2DPCA
in the proposed algorithm provides better accuracy (i.e.
96.36%) in comparison with other 2DPCA or 1D PCA
algorithms.

CONCLUSION
This paper proposes the biometric recognition using HOG
and SVM. To reduce the dimensionality, 2DPCA is used
in comparison with 1DPCA to save time and to preserve
the locality of the features. Use of HOG method improves
the robustness and increases the feature distinguishing
capability.SVM having inherent advantages for large
set of databases is used.In addition, The HOG preserves
the locality with second order statistic and it is the key
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parameter for the success of SVM over KNN.Thus HOG
is the perfect the feature extraction method supporting
SVM. Experiments results show that the proposed
system improves detection accuracy while maintaining
a relatively satisfactory speed.
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ABSTRACT

The hemostatic properties of platelets in cattle are physiologically very significant, as they affect the course of
metabolic processes. This is especially significant in early ontogenesis and, apparently, strongly depends on the
genetic characteristics of animals. The study was carried out on 37 Dutch calves, which were obtained from healthy
cows after a normal pregnancy. All calves were examined and examined for 1-2 days, 3-4 days, 5-6 days, 7-8 days
and 9-10 days of their ontogenesis. In the work were applied biochemical, hematological and statistical research
methods. In the examined animals, during the neonatal phase, there was a tendency to inhibition of platelet
aggregation in response to all inductors used. The number of platelet-discocytes in the blood of the examined
Dutch calves in the first 10 days of their life experienced an upward trend. The amount of active platelet species
they had decreased by 11.1%. The number of small and large platelet aggregates in the blood also decreased in
them during the observation period. This was provided in the observed calves with a tendency to weaken the
severity of synthesis in thromboxane platelets, a decrease in the level of adenosine phosphates in them and a
weakening of their secretion. The level of platelet actin and myosin on the 1-2nd day in the examined calves
was small and tended to decrease during the observation. Additional self-assembly of actin and myosin during
platelet aggregation of the observed animals experienced some decrease during the observation period. It is clear
that newborn calves of the Dutch breed are characterized by a high degree of functional sufficiency of platelets,
creating physiologically favorable conditions for microcirculation processes. At the basis of these changes they
have a small activity of the mechanisms that implement the hemostatic properties of platelets. Low intravascular
activity of platelets in newborn calves of the Dutch breed is able to provide them with optimum perfusion and
metabolic processes in all animal tissues that are necessary for the normal development of animals.

KEY WORDS: CALVES, NEWBORN PHASE, DUTCH BREED, PLATELETS, AGGREGATION, SECRETION.

Article Information:*Corresponding Author: ilmedv1@yandex.ru
Received 05/01/2020 Accepted after revision 28/03/2020
Published: 30th March 2020 Pp-201-205
This is an open access article under Creative Commons License,
Published by Society for Science & Nature, Bhopal India.
Available at: https://bbrc.in/
Article DOI: http://dx.doi.org/10.21786/bbrc/13.1/34

201

Vorobyeva & Medvedev

INTRODUCTION
Hemostatic mechanisms are an important component
of maintaining homeostasis (Zavalishina,. (2018h). It is
clear that the state of the functional indicators of the
hemostasis system very significantly determines the
processes of hemocirculation (Usha et al., 2019). It is
greatly influenced by platelets, the state of activity of
which is able to regulate the course of microcirculation
(Zavalishina, 2018d) in various living organisms (Kulikov
et al., 2019). It is known that hemostatically significant
manifestations of platelets are capable of experiencing
dynamics at different ages (Zavalishina, 2018a), under
the conditions of the formation of many dysfunctions
(Chinarov, 2018), the development of pathological
processes (Zavalishina et al., 2019) and against the
background of their correction by any method (Zuev et
al., 2006). However, many aspects of platelet hemostasis
in cattle remain poorly understood. At present, only
certain facts are known on platelet activity in these
productive animals that are at separate stages of their
ontogenesis (Vorobyeva et al., 2018).
There is still no complete picture of the relationship
between the genetic characteristics of cattle and their
platelet activity at different stages of their ontogenesis.
At the same time, the efficiency of capillary blood flow,
and, consequently, the level of trophism of tissues and
the growth rate of all body structures and the formation
of their functional characteristics (Sharkayeva et al.,
2016; Zavalishina, 2018j), is largely related to the level
of platelet activity in calves. Considering the presence
of genetic differences between the breeds of cattle, it was
of great interest to find out the peculiarities of platelet
activity in calves of highly productive in terms of the
volume of Dutch milk yield at the very beginning of their
ontogenesis - during the neonatality phase. The goal of
the present work is to find out the level of platelet activity
in Dutch calves during the neonatal phase.

MATERIALS AND METHODS
Research was conducted in strict accordance with
ethical principles established by the European
Convent on protection of the vertebrata used for
experimental and other scientific purposes (adopted in
Strasbourg March 18, 1986, and confirmed in Strasbourg
June 15, 2006).The work was performed on 37 calves of
the Dutch breed. All calves taken into the study were
obtained from healthy cows after normal pregnancy.
All calves were examined and examined during the
neonatal phase 5 times: 1-2, 3-4, 5-6, 7-8 and 9-10 days
of life. All animals underwent an indirect assessment
of the activity of synthesis in thromboxane platelets
and an indirect elucidation of the enzymatic activity
of cyclooxygenase and thromboxane synthetase in
them using three transfer tests that evaluated platelet
aggregation on a photoelectrocolorimeter. In platelets,
the amount of adenosine triphosphate (ATP) and
adenosine diphosphate (ADP) was evaluated, as well as
the degree of their secretion in response to the contact
of collagen with platelets.
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

The content of actin and myosin in inactive platelets
and platelets that have aggregated in response to ADP
has been determined (Ermolaeva et al., 1992). The
expression of platelet aggregation (AP) was determined
using a visual micromethod using as inducers ADP (at
a dose of 0.5 x 10-4 M), collagen (at a dilution of 1:
2 from the main suspension), thrombin (at a dose of
0.125 u/ml), adrenaline (at a dose of 5.0x10-6 M) and
ristomycin (at a dose of 0.8 mg/ml) in plasma which was
previously standardized by the number of platelets to
the level of 200x109 platelets per liter (Shitikova, 2000).
The intravascular activity of platelets was determined
by applying the method of phase-contrast microscopy
(Shitikova, 2000). Statistical processing of received
information was made with the help of a programme
packet “Statistics for Windows v. 6.0”, “MicrosoftExcel”.
Differences in data were considered reliable in case
P<0,05.

RESULTS AND DISCUSSION
The Dutch calves taken under observation during the
neonatal period showed a tendency to decrease the
initial small platelet activity. Thus, in the examined
calves, at 1-2 days of life, the AP developed in response
to collagen for 37.4±0.13 s, in subsequent periods of
observation it was inhibited, reaching by 9-10 days of
life 38.6±0.15 s. A similar trend to slowing down the
AP process was found in relation to ADP and ristomycin,
which occurred at the end of observation at 47.6±0.26
s and 56.9±0.24 s, respectively. The tendency to slow
the development of antibodies in response to thrombin
(up to 60.1±0.20 s) and adrenaline (up to 108.2±0.15 s)
has also been clarified.
The level of platelet-discocytes in the blood of the
examined calves during the neonatal phase has undergone
a tendency to increase. During the observation period,
the sum of the activated platelet varieties experienced
a slight decrease, totaling 11.1%. The number of small
and large platelet aggregates in blood in the observed
animals in the first 10 days of life gradually decreased
by 21.7% and 2 times, respectively.It is clear that the
inhibition of AP in Dutch calves during the observation
period was largely due to the weakening of their synthesis
in thromboxane platelets, which was indirectly indicated
by a decrease in AP in a simple transfer test, the rate of
which for 9-10 days of life was 24.8±0.16%. These results
were provided in the observed calves due to the tendency
to a decrease in the activity of both platelet enzymes
for the synthesis of thromboxane, cyclooxygenase and
thromboxane synthetase. The intensity of AP recovery
during the collagen-aspirin test, which characterizes
the level of activity in platelets of cyclooxygenase, was
73.0±0.09% by the end of the observation. The degree
of AP recovery in the process of carrying out a collagenimidazole sample, which makes it possible to indirectly
estimate the level of platelet thromboxane synthetase
activity, in the examined calves also decreased during
the observation time and reached 34.3±0.12% on day
9-10.
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Table. State of platelet activity in newborn calves of Dutch breed
Considered
indicators		
1-2
day

Calves of dutch breed, n=37, M±m
3-4
5-6
day
day

7-8
day

The level of platelet %
75.9±0.14
75.5±0.17
74.8±0.09
73.7±0.08
aggregation recovery
during the collagenaspirin test,
The level of recovery
36.6±0.11
36.0±0.05
35.6±0.08
35.0±0.07
of platelet aggregation
during the collagenimidazole test, %
The state of platelet
26.5±0.14
26.2±0.12
25.6±0.10
25.0±0.09
aggregation in a
simple transfer test, %
The amount of ATP in
5.35±0.018
5.30±0.012
5.26±0.016
5.24±0.007
platelets prior to the
start of secretion, μmol
/109 platelets
The number of ADP in
3.20±0.004
3.16±0.002
3.13±0.007
3.10±0.006
platelets before the
start of secretion,
µmol/109 platelets
secretion level ATP,%
25.5±0.10
25.3±0.12
25.0 ±0.08
24.7±0.07
secretion level ADP,%
32.8±0.08
32.6±0.11
32.3±0.07
32.0±0.13
The amount of actin in
20.9±0.14
20.6±0.10
20.0±0.05
19.7±0.06
inactive platelets,% of
total protein in platelets
The amount of actin in
32.4±0.12
32.1±0.06
31.8±0.08
31.5±0.05
platelets with ADPaggregation,% of
total protein in platelets
The amount of myosin
9.8±0.15
9.6±0.18
9.4±0.06
9.1±0.07
in inactive platelets,% of					
total protein in platelets
The amount of myosin
22.3±0.10
22.1±0.16
21.7±0.05
21.5±0.10
in platelets with ADPaggregation,% of total
protein in platelets
Platelet aggregation
46.7±0.20
46.8±0.17
47.0±0.24
47.3±0.18
time with ADP, s
Platelet aggregation
37.4±0.13
37.7±0.20
38.0±0.14
38.3±0.19
time with collagen, s
Platelet aggregation
58.5±0.12
58.8±0.24
59.4±0.28
59.8±0.17
time with thrombin, s
Platelet aggregation
54.6±0.10
54.9±0.17
55.3±0.30
56.6±0.19
time with ristomycin, s
Platelet aggregation
105.8±0.25
106.8±0.22
107.3±0.16
107.6±0.18
time with adrenaline, s
The number of platelet
84.0±0.21
84.4±0.29
84.9±0.17
85.3±0.23
platelets, %
Total Active
16.0±0.19
15.6±0.12
15.1±0.16
14.7±0.15
Platelet Count, %				
p<0.05
The number of small
2.8±0.09
2.6±0.05
2.4±0.03
2.3±0.04
platelet aggregates per			
p<0.05
p<0.01
100 free platelets
The number of medium
0.10±0,017
0.09±0.012
0.07±0.014
0.06±0.010
and large platelet		
p<0.05
p<0.01
p<0.01
aggregates per 100 free platelets
Note: p - reliability of the dynamics of indicators in relation to 1-2 daily age
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9-10
day
73.0±0.09

34.3±0.12

24.8±0.16
5.19±0.005

3.07±0.008

24.2±0.13
31.5±0.10
19.3±0.04
31.2±0.10

8.9±0.14
p<0.05
21.2±0.15

47.6±0.26
38.6±0.15
60.1±0.20
56.9±0.24
108.2±0.15
85.6±0.26
14.4±0.14
p<0.05
2.3±0.06
p<0.01
0.05±0.018
p<0.01
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Initially, a small amount of ATP and ADP in the platelets of
calves in the observation process experienced a tendency
to decrease, reaching 5.19±0.005 and 3.07±0.008
μmol/109 platelets towards its end. Moreover, during
the observation, the levels of their secretion from the
platelet granules tended to decrease by 5.4% and 4.1%,
reaching 24.2±0.13% and 31.5±0.10% by the end of
the observation, respectively.In inactive platelets of the
examined calves, the number of molecules of actin and
myosin for 1-2 days was 20.9±0.14 and 9.8±0.15% of
the total protein in platelets, dropping to 19.3±0.04 by
the end of observation and 8.9±0.14% of total protein
in platelets. Self-assembly of actin and myosin in the
course of platelet aggregation in Dutch calves during
the neonatal phase also experienced a slight downward
trend.
Studies on various physiological aspects of blood have
been conducted for quite some time (Shitikova, 2000).
They helped to gather a large amount of information,
which allows finding out various aspects of regulatory
mechanisms in mammals (Korepanova et al., 2015).
It becomes clear that platelet activity has a greater
physiological significance in the organism of animals.
At the same time, its condition in young cattle of highly
productive cattle breeds is still very poorly studied. In
the work performed, an attempt was made to elucidate
the peculiarities of platelet activity in newborn calves,
a Dutch breed.
When evaluating the time of AP development in the
examined calves in response to collagen and ristomycin,
it was possible to note the initial small adhesive activity
of their platelets, which had a tendency to weaken during
the neonatal period. It is clear that these changes were
based on at least two biologically important mechanisms
(Zavalishina, 2018b). First, calves have a tendency to
weaken platelet aggregation, which develops in response
to the appearance of collagen in plasma (Zavalishina,
2018c). The basis of this phenomenon is the development
of a decrease in initially low density on the membranes
of platelets in calves of collagen receptors - glycoproteins
Ia-IIa and VI (Vorobyeva et al, 2018). The presence of
a second mechanism to ensure low platelet adhesion in
calves of the Dutch breed was indicated by a tendency
for AP to weaken in response to ristomycin (Zavalishina,
2018e). This biological mechanism was associated with
the development of a weak decrease in the concentration
of von Willebrand factor in the blood of calves during the
neonatal phase and the inactive involvement of receptors
to it (GPIb) on the platelet surface in the adhesive process
(Zavalishina, 2018f).
In the work it was found out that for newborn Dutch
calves a tendency to inhibition of initially inactive
platelet aggregation is characteristic. There is reason
to believe that these changes are designed to improve
blood circulation processes in microvessels, (Zavalishina,
2018g). The initial low sensitivity of platelets to the
stimulators of the aggregation process, which at the same
time has a tendency to weaken, was also manifested
by inhibition of interaction with the platelets of strong
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

aggregation inducers - collagen and thrombin (Usha et
al., 2019). Obviously, these changes were based on the
weakening of the activity of the phospholipase C and the
whole phosphoinositol mechanism, which were combined
with a small degree of phospholation of the proteins of
the actino-myosin complex (Zavalishina, 2018i). The
optimally low production of inositol triphosphate in their
platelets, apparently, provided a small degree of Ca2+
release from its depot and contributed to a decrease in
the intensity of actomyosin self-assembly and a decrease
in its reduction.
Considered weak agonists of the platelet aggregation
process, ADP and adrenaline provided a low degree of
severity in calves of the Dutch breed at birth, which
tended to decrease during neonatality (Zavalishina,
2018k). These changes were obviously based on a low
density of receptors for them on the platelet surface,
a small degree of expression of fibrinogen receptors
(GPIIb-IIIa), and low activation of phospholipase A2
during platelet aggregation. This provided a functional
minimum of the yield of arachidonic acid from
membrane phospholipids, which limited the synthesis of
thromboxane A2 (Zavalishina, 2018l). At the same time,
the activity of platelet cyclooxygenase and thromboxane
synthetase was low in calves of the Dutch breed,
which also restrained the synthesis of thromboxane A2
aggregate. This circumstance was proved by the results
of carried out transfer tests, which made it possible
to detect low activity of platelet cyclooxygenase and
thromboxane synthetase in the blood plates of calves.
A low AP level in newborn Dutch-born calves with all
inductors was also ensured by their basal actin formation
and myosin formation during platelet aggregation and
unexpressed secretion of ATP and ADP platelets from
granules (Shitikova, 2000).
Detection in the blood of Dutch calves of a low level of
active forms of platelets proved in them a low sensitivity
of platelets to any inducers of aggregation. The basal
level of intravascular platelet activity found in them
also proved the poor availability of collagen in their
vascular wall due to the high endothelial integrity.
This circumstance was ensured by the presence in the
blood of the observed calves of a small number of active
species of platelets and their aggregates. Indirectly,
this confirmed the low sensitivity of Dutch-born calves'
platelets to the aggregation inducers (ADP, thrombin,
adrenaline) that are constantly present in their blood
(Zavalishina, 2018m).
A decrease in the initially low aggregation ability of
platelets in the observed calves caused a decrease in
the level of their active forms and their aggregates of
any size circulating in the blood. The found changes
can be considered as an important mechanism for
ensuring low activity of platelet hemostasis, optimum
hemocirculation of capillaries and maintaining platelet
vascular relationships at a physiologically beneficial
level. The revealed small intravascular platelet activity
in the newborn calves of the Dutch breed indicated a low
activity of the adhesive and aggregation properties of
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the platelets exhibited in vivo. Taking into account the
data given in the literature (Kulikov et al., 2019), it can be
assumed that the platelets of newborn calves of the Dutch
breed have a very pronounced ability to disaggregate.
This is due to the high sensitivity of their receptors to
anti aggregant substances of vascular origin.

CONCLUSION
Newborn calves of the Dutch breed have a high degree
of functional perfection of platelets. It largely provides
physiologically favorable conditions for microcirculation
and tissue metabolism. This is possible as a result of
the low activity of their platelet mechanisms that ensure
the flow of adhesion, aggregation and secretion. Small
intravascular platelet activity in newborn calves of the
Dutch breed contributes significantly to the formation of
the optimum of their overall viability, which is required
for their rapid growth and development.
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ABSTRACT

The present study was designed to evaluate shear bond strength of dentin when bonded with self- etch and selfadhesive resin cements with ErCrYSGG laser (ErCrY) and Er-YAG (ErY) conditioning. Ninety extracted molar teeth
were mounted and allocated into nine groups (n = 10) according to the dentine surface conditioning and type of
cement. Three type of cement, Panavia, Rely-X and Maxcem were used in the study for comparison among the
laser conditioning SBS values. All specimens were tested for shear bond strength using universal testing machine.
Ten samples from each group were assessed for modes of failure. Data were assessed using analysis of variance
and Tukey multiple comparisons test. The highest mean shear bond strength was observed in conventional
treatment with Panavia cement application (21.51 (± 2.13) MPa) whereas the least mean shear bond strength was
measured in Er-YAG conditioning along with Maxcem cement application (14.89 (± 3.48) MPa). The hypothesis
was partly accepted as the influence of conditioning methods among different cements was comparable, except
Panavia cement (p >0.05). Moreover, the SBS values were significantly influenced by the type of resin cement
rather than the type of laser used in dentinal conditioning (P < 0.001). Among all groups the most common type
of observed failure was adhesive. The study was revealed that the type of Self-etch and self-adhesive cements
exhibited significant influence on their bond strength to laser treated (ErCrYSGG and Er-YAG) dentin compared
to the type of surface conditioning.

KEY WORDS: BOND STRENGTH; ERCRYSGG; ERYAG; SELF ETCH; SELF ADHESIVES; RESIN CEMENT.
INTRODUCTION
In the field of restorative dentistry, steps have been taken
to simplify the use of adhesive procedures. Initially, a
conventional adhesive restoration technique, a standard
procedure was employed; however, due to an increased
risk of excess demineralisation and salivary contamination
these procedures evolved over time. Recently, self- etch,
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self-adhesive resin cements are introduced for the purpose
of easy handling and quick bond formation (Durski et al.,
2016). Using the multipurpose system presents with an
opportunity for a positive bond formation in a restorative
retention. Several studies demonstrated the dentin
adhesive bond formation to be considered as a major
factor influencing the success of restorative retention
(Esteves-Oliveira et al., 2007, Gulec et al., 2018). The self
-etch self- adhesive cement exhibited reduction in the
need for pre-treatment of dentinal surface, minimises
the procedure time and technique sensitivity; however,
its viscosity limits decalcification and deep penetration
into dentin, which result in compromised bond formation
(Ferreira-Filho et al., 2018).
With the advancement in technology and change
in the perceptions, minimal invasive treatments are
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implemented in current practices. Recently, the use
laser technology has been introduced to enhance the
dentin surface adhesion to the resin cement (Gulec et
al., 2018). A contemporary method to enhance bond
strength is the use of high intensity lasers. Erbium:
yttrium-aluminum-garnet (ErYAG) and erbium,
chromium: yttrium-scandium-gallium-garnet (Er, Cr:
YSGG) belonging to the Erbium family have an ability
to ablate the hard tissues without thermal damage,
reduces dentinal hypersensitivity and exhibit bactericidal
property (Bandéca et al., 2012, Acar et al., 2014). The use
of these lasers increases the resistance of the dentine
surface against a caries progression developing under
the restoration (Harorli et al., 2015, Giray et al., 2014).
The dentinal conditioning has exhibited a positive
bond formation at the dentinal interface with the resin
cement. The phototherapy causes the hydroxyapatite
crystal as well as water to absorb wavelength energy
of the laser (Er:YAG, λ= 2.94 m; Er,Cr:YSGG, λ=2.87 m)
resulting in the dentin ablation and water evaporation
forming imbricate irregularities on the dentin surface.
The topographical change along with clearance of the
smear layer initiate favourable condition for adhesive
bond between resin and dentin (Esteves-Oliveira et
al., 2007, Lukac et al., 2016). Moreover, phototherapy
conditioned dentinal surface led to open dentinal tubules
and peritubular dentin rather than intertubular dentin
(Gulec et al., 2018).
Previous studies suggest that the laser irradiation
modifies the dentin surface cultivating susceptible
conditions for effective adhesive bond between resin and
dentine (Ramos et al., 2015, Aras et al., 2016). In addition
laser parameters including, wavelength, pulse-energy
and power are a critical factor, in dentin conditioning
outcomes for adhesive bonding to resins (Ramalho et
al., 2015, Ferreira-Filho et al., 2018, Lopes et al., 2015).
Esteves-Oliveira et al proclaimed that the use of self-etch
adhesives is influenced by the type of erbium laser as
the shear bond strength of resin to dentine was greater
in the Er: YAG-laser conditioned surface compared to
the Er, Cr:YSGG-laser irradiated, (Esteves-Oliveira et al.,
2007, David and Gupta, 2015). This mounting interest in
laser therapy encourages further investigation in laser
conditioning using different type of self- etch and self
-adhesive resin cements. It is hypothesized that use of
Er, Cr:YSGG and Er: YAG laser for dentin conditioning
presents with comparable self-etch, self- adhesive
resin cement bond strength outcomes to conventional
conditioning techniques. Therefore, the present study
was designed to evaluate shear bond strength of dentin
when bonded with self- etch and self- adhesive resin
cements with ErCrYSGG laser (ErCrY) and Er-YAG (ErY)
conditioning.

molars, with no caries, restoration or fracture were
selected and stored in thymol solution (0.01%) for 1
week. Each tooth was cleansed using the chlorohexidine
to remove the debris, calculus and plaque before sample
preparation. The samples were shifted temporarily into a
jar of distilled water at 4°C. All the specimen roots were
sectioned using a diamond saw (Leitz 1600, Wetzlar,
Germany) at 2mm below the cemento-enamel junction.
The teeth were then mounted in acrylic resin (Meliodent;
Kulzer, Hanau, Germany) and the occlusal enamel was
removed to expose the mid coronal dentine. Dentine
surface preparation: Each specimen was cut by the
diamond saw (Leitz 1600, Wetzlar, Germany) to prepare
an area of 4 mm in the mesiodistal plane followed by
400 – 600 grit carbide paper (Buehler) polish under a
water coolant spray. Using the stereomicroscope the
surface was closely examined for any enamel residue
or pulpal tissue exposure. The total 90 extracted tooth
was now divided into three categories: control (no laser
treatment - standard bur cut with cylinder diamond burs
with medium-sized particles), ErCrYSGG (ErCRY) laser
and ErYAG (ErY) laser application.
Composite disc preparation:A putty mould (Easy
Composites' Uni-Mould system, UK) combined with
a wax disc was prepared with dimension of 2 mm
diameter and 3mm height. Resin composite disc was
prepared with a similar dimension of 2mm x 3 mm using
technique of placing the putty mold on a glass slide and
packing the material (MultiCore Flow bulk-fill composite
Ivoclar-Vivadent, Schaan, Liechtenstein) in a mould.
The excess was removed using the hand instrument and
the disc was photo polymerised using the light source
(Bluephase G2; Ivoclar-Vivadent) for 40 sec from top to
bottom through another glass placed on the mould. The
composite discs were finished followed by polishing and
measured for required dimensions. Sample preparation:
The dentinal surface in the all specimens were polished
with a 600 grit silicon carbide waterproof abrasive paper
before dentinal conditioning, creating an area of 4 mm
in diameter under a water coolant spray. The samples
were divided randomly into three groups, conventional,
ErCrYSGG and ErYAG laser (n=30). Following the
distribution experimental groups abide by the subsequent
conditioning protocol
Group 1: Conventional treatment:Specimens were
conditioned using a diamond bur with medium sized
particles to flatten the dentine followed by polishing. No
laser treatment was applied on the dentine.

MATERIAL AND METHODS

Group 2: ErCr laser: Dentinal surface was conditioned by
Er,Cr:YSGG (Waterlase C100; BioLase Tech, Inc., CA) laser
power 4.5 W, wavelength of 2780 nm and frequency 20
Hz in a noncontact mode from a distance of 2 mm using
tip (MZ = 8, 6 mm) for a interval of 60 sec.

The project was approved by the institutional research
review board. The study compared the shear bond
strength of dentin when bonded with self- etch and
self- adhesive resin cements with ErCrYSGG laser (ErCrY)
and Er-YAG (ErY) conditioning. A total of 90 extracted

Group 3: ErY laser: Dentinal surface was conditioned by
the ErYAG laser (Kavo Key Laser 3, Kavo Dental GmbH
& Co. KG,). The laser frequency 6 Hz, with a working
distance of 20 mm, wavelength 2940 nm and directing
300 mJ per pulse.
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After the tooth dentin conditioning, each group consisting
of 30 specimens was distributed further into three sub
groups based on the type of cement applied.
Group A: Panavia 2.0
Group B: RelyX Unicem
Group C: Maxcem
Total of 9 groups were created as a result as shown
below:
Gp A1- Control
A3- ErY laser
Gp B1-Control
B3-ErY laser
Gp C1-Control
C3- ErY laser

Gp A2- ErCr laser		

Gp

Gp B2- ErCr laser

Gp

Gp C2- ErCr laser		

Gp

Each dentinal surface was smeared with a particular
cement according to manufacturer's instructions and
composite discs were cemented under a constant load
of 15kg for 30 secs. The excess cement was removed
using a micro brush. The cement layer was polymerized
from all sides for 20 seconds (80 seconds in total). After
completion of the process, tooth specimens underwent
thermocycling for 30,000 cycles, under temperature of
5 to 55 ºC with a dwell time of 30 sec in (Thermocycler
(GMBH, Miebacher Strabe, Germany) and then stored
in humid conditions (Incubator, Memmert Universal
Oven, Germany) at 37 ºC. The shear bond strength (SBS)
was evaluated using universal testing machine (Instron
8500 Plus, Canton) through the controlled application of
force at a cross-head speed of 0.5mm/min, resulting in
fracture at the cement interface. The chisel-shaped probe
was applied parallel to the interface on the composite
disc until fracture. Shear bond strength was expressed
in Megapascals (MPa). The fractured surface (bonding
interface) was evaluated through the stereomicroscope
and classified according to the type of failure; adhesive
(the interface between dentine and cement), cohesive
(within the material) and admixed (cement partly
remains on dentine interference). The normality of data
was assessed using Kolmogorov-Smirnov test. Mean
and standard deviations (SD) of the observed data were
assessed using descriptive statistics. Comparison of
means and SD was performed with ANOVA and Multiple
comparisons tests (Tukey-Kramer). Statistical software for
social sciences (SPSS 20.0 version) was employed and p
<0.05 was considered statistically significant.

RESULTS AND DISCUSSION
The Kolmogorov-Smirnov test displayed the normality
of the data to be distributed evenly. The study groups
without laser conditioning are designated as A1, B1, and
C1 for the Panavia, RelyX Unicem and Maxcem cement,
respectively. The laser conditioning, ErCrY laser and
ErYAG laser study groups were classified as A2, B2, C2
and A3, B3, C3 for the three types of cement (Panavia,
RelyX Unicem and Maxcem), respectively. The highest
mean shear bond strength was observed in conventional
treatment with Panavia cement application (21.51 (±
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

2.13)) whereas the least mean shear bond strength was
measured in Er-YAG conditioning along with Maxcem
cement application (14.89 ( ± 3.48)). Table 2 presents
the mean and standard deviation of shear bond strength
measured in each study group. Analysis of variance
(ANOVA) was performed among the study groups
exhibiting statistical differences in the calculated mean
SBS value (p-value <0.05) (table 2).
Two - way ANOVA and tukey HSD Post-hoc test revealed
that the SBS strength is significantly influenced by the
type of resin cement rather than a type of laser used in
dentinal conditioning (P < 0.001)(table 2). Except for
panavia, which successfully presented with a significant
difference between the control group and Er-YAG
conditioning (p<0.036); however, similar results were
appreciated with the ERYSGG group. As for the Rely
X and Maxcem, the results were comparable, each
group showing no evident significance (p >0.05). A
comparison between the three types of cement exhibited
a significant difference between Panavia and Maxcem
in each type of conditioning. Nevertheless, Rely X
presented with comparable results with no significance
in the study groups (p >0.05). However, tukey HSD Posthoc test demonstrated that study groups under different
circumstances also displayed a significant difference
in the mean value (p<0.05) that includes an evident
comparable result between panavia control to Rely X
Er- YAG and Rely X Er- YSGG.
The failure modes assessment pointed out that Adhesive
failure was more evident among the study group
compared to cohesive and admixed failure. 100%
adhesive failure was observed in the Rely-Er-Cr-YSG,
Max-Control and Max-Er-Cr-YSGG groups. Cohesive
failure was appreciated only in panavia control group
(n=1). Admixed failure ranged from 20 – 40 % mainly
among four study groups; Pan control, Pan-Er-YAG,
Rely-Er-YAG and Max-Er-YAG. The analysis of the failure
mode indicated Er-Cr-YSGG and Er-YAG conditioned
exhibited adhesive failures compared to conventional
treatment. However, all the cement study groups equally
demonstrated adhesive failure except panavia control,
which exhibited equal failure of adhesive and admix
failure (4 specimens each) and 1 failure of cohesive
type (table 3).
The present study was based on the hypothesis, that
use of Er, Cr:YSGG (30 Hz 4.5 W) and Er: YAG (6 Hz 2
W) laser for dentin conditioning will show comparable
self-etch, self -adhesive resin cement bond strength
outcomes to conventional conditioning techniques.
The influence of conditioning methods among different
cements was comparable, except Panavia cement. The
study’s results revealed the formation of a strong shear
bond strength depends upon the type of the cement used
rather than the type of dentin conditioning. Therefore, the
hypothesis was partly accepted in addition to a multitude
of explanations can be provided in this regards including
each step performed in the study for establishing a certain
standard and shear bond failure in the specimens. The
use of universal testing machine to measure the shear
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bond strength, sets a peculiar standardization, consistency and
homogeneity in the variable outcome (Jayasheel et al., 2017). To
age the bonded specimen and simulate the oral functions, the
specimen were placed in a thermocycler after cement application.
As stated by Brunzel et al (2010) thermocycling creates favorable

condition at the dentine bonding surface that instigates artificial
ageing of the bonding system.The present study aimed to
compare the effectiveness of dentinal conditioning between
the conventional technique and two different types of lasers,
ErCrYSGG and ErYAG.

Table 1. Cements used in the study and their application details
Cement/
manufacturer

Adhesive
Component
system		

Panavia 2.0

ED primer II
one-step
self-etch
Kuraray Inc.,		
Tokyo, Japan		
		
		
		
		
		
		
RelyX Unicem
No adhesive
3M, ESPE, USA		
		
		
		
		
		
Maxcem
self-etch, selfKerr Corporation
adhesive dual
1717 W. Collins Ave cure resin cement.
.Orange, CA 92867-		
5422 U.S.A		
		
		
		
		
		

Dentin
pretreatment

Material
pretreatment

Luting agent
pretreatment

ED primer
combine a drop Conventional preparation
Mix universal and
A 00252:
of each
or laser treatment.
catalyst paste for
ED Primer 2.0
ED primer liquid
Add one drop of each
20 s followed by 20 s
HEMA, MDP,
A and B for 5 s
Clearfil SE primer and
of light cure.
5-NMSA,
air dry for 60 s
Porcelain Bond activator
water, accelerator
gently.
for 5 secs for bond
ED primer B 00129: 		
activation.
5-NMSA, accelerator, w
ater, sodium benzene sulphinate
Universal paste 00269
Catalyst paste 00053
(filler load 72% wt,
No pretreatment
No pretreatment
Mix the capsule
particle size < 9.5 μm)			
for 15 s, light
Liquid: Methacrylated phosphoric 			
cure for 20 s
esters, dimethacrylates, acetate,
stabilizers, self-curing
initiators, lightcuring initiators
GPDM, co-monomers
No pretreatment
No pretreatment
use the automix cartridge
(mono-, di-, and tri-functional			
system and dispense the
methacrylate monomers),			
material Remove extra
proprietary self-curing			
cement and cure for 10
redox activator, photoinitiator			
seconds (self-cure for
(CQ), stabilizer, barium			
2 – 3mins).
glass fillers, fluoroaluminosilicate		
glass filler, fumed
silica (filler load 67% wt,
particle size 3.6 μm)

Table 2: Mean and standard deviation with three different types of cement-based on three
different dentine conditioning methods.
Note: Dissimilar superscript small alphabets in same row denote significant difference in
dentinal conditioning (p<0.05). Dissimilar superscript capital alphabets in same column
denote significant difference in a different types of cement (p<0.05). * denotes a significant
Cement Type

No laser
Er-Cr-YSGG
Er-YAG
(Control)			
		
Panavia
21.51 (2.13)a A*
19.16 (1.70)ab A
18.43 (1.36)bA
a AB
a AB*
Rely-X
18.24 (3.66)
17.39 (2.11)
17.54 (3.61)a AB*
aB
aB
Maxcem
16.40 (1.89)
15.71 (2.26)
14.89 (3.48)a B

ANOVA
P value

<0.001

difference between the two different study groups.
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It is proposed that laser conditioning causes the water
evaporation from the surface resulting in microburst
activity with increased surface tension for bonding
(Cassimiro-Silva et al., 2016, Gulec et al., 2018). The low
organic content in peritubular dentin is easily opened
up by the laser; thus, dentinal tubules produce a cuff
like appearance around it (Samad-Zadeh et al., 2011).
In the present study, use of laser showed comparable
outcomes of SBS to conventional conditioning technique.
It is narrated that the laser conditioning facilitates the
removal of the smear layer, which allows the formation
of retention tags to improve the shear bond strength
(Gulec et al., 2018). In addition, it is suggested that
using conventional bur conditioning leads to the
formation of a smear layer that limits the retention tags
formation compared to laser conditioning, which ablates
the interprismatic dentin and removes smear layer,
permitting resin tags formation(Naranjo et al., 2015,
Cassimiro-Silva et al., 2016).
Kiomarsi et al (2018), presented higher shear bond
strength with Er YAG laser-treated dentin compared to
the control group. The possible explanation for high SBS
was the micro ablation of the dentine surface without any
thermal damage to hard tissue and pulp; in addition, to
antimicrobial activity (Kiomarsi et al., 2018). However,
in the present study, only Panavia demonstrated similar
results of high SBS in ErYAG treated dentine compared to
the control group; however, other cement did not exhibit
an evident difference. Appreciating the descriptive
statistics, there was a slight difference between the
mean values of the study groups; nevertheless, multiple
comparison test proved no significant difference between
conditioning treatment in Relay -X and Maxcem cement
study groups. Therefore, the viscous nature of the cement
can be deduced as a limiting factor for strong SBS
observed. Furthermore, the slight difference in the mean
value of the Er YAG and ErYSGG study groups indicates
structural differences in ablated dentin after laser
conditioning. As per Kiomarsi et al (2018), ErCrYSGG
creates a scaled surface showing a thermal damaged
surface because its wavelength is easily absorbed in
the tissue leading to a rise in temperature. In contrast,
Er YAG creates a surface with close resemblance to the
conventional acid etched surface (Harorli et al., 2015).

Table 3: Failure mode between study groups.
Study Groups
Pan-Control
Pan-Er-Cr-YSGG
Pan-Er-YAG
Rely-Control
Rely-Er-Cr-YSGG
Rely-Er-YAG
Max-Control
Max-Er-Cr-YSGG
Max-Er-YAG

Adhesive

Cohesive

Admixed

40
70
80
60
100
80
100
100
80

10
0
0
0
0
0
0
0
0

40
30
20
40
0
20
0
0
20
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In the current study, the effect of dentinal conditioning
using three different types of cement; Panavia, Rely x
and Maxcem was evaluated. The results displayed a
significant difference between the SBS among Panavia
and Maxcem specimens. However, SBS among the
specimens of Rely-X and other cement groups was
comparable. Naranjo, Ali, and Belles (2015) presented in
their study no significance in the shear bond strength
in self- etch self- adhesive resin cements. These authors
recommended that conventional methods and total etch
methods are more preferred compared to self- etch and
self- adhesive cement. Furthermore, in the present study,
no significant relation with Rely X was evident because
of its low pH and low surface interaction, which leads to
limited resin tags formation (Zidan et al., 2015).
Nevertheless, statistical test revealed that if dentinal
conditioning was varied in addition to change in cement
preference, a significant difference was observed among
the Panavia controls and Rely X. Many studies' have
assessed the tensile bond strength that measures the
adhesive nature of the luting cement (Brunzel et al., 2010,
Souza et al., 2016, Sekhri et al., 2016). This study, on the
contrary, evaluated shear bond strength; the analysis of
shear bond indicates the strength of the adhesive bond
in an altered configuration (Brunzel et al., 2010). Few
authors have reported that cohesive failures are observed
in cases of the shear bond test; however, the present study
displayed adhesive failure in the majority of specimens
(Brunzel et al., 2010, Souza et al., 2016). Despite the
effort for dentin conditioning to make the surface more
retentive, the self -etch and self - adhesive cements has
a limited capacity to demineralized dentine. In addition,
they displayed limited inflow of viscous cement leaving
a thick area of collagen mesh resulting in 100% adhesive
failure (Weiser and Behr, 2015, Aguiar et al., 2014). I
t is pertinent to mention that there was no evident
difference between the three dentin conditioning
groups suggesting ablated surface may not influence
the interfacial bond between dentine and cement. The
outcomes of the study should be viewed in light of the
possible limitations. The study observed an in-vitro
design, with extracted teeth; in contrast, in-vivo, dentin
shows fluid movement in and out of the tubules possibly
challenging the adhesive bond. In addition, the variation
in the morphology and composition of dentine along
with directions and dimensions of dentinal tubules vary
among the teeth employed in the in-vitro design. Despite
these limitations, results produced were comparable
to previous in vitro studies (Jayasheel et al., 2017,
Cassimiro-Silva et al., 2016). However, in vivo studies
under clinical conditions are essential to validate these
outcomes. As conventional etch and rinse methods has
shown a better dentine adhesion compared to the selfetch and self- adhesive cements (Kiomarsi et al., 2018).
Therefore, to clinical trials assessing self-etch and total
etch adhesives with laser treatments are recommended.

Conclusion
The adhesive bond strength of self-etch and self-adhesive
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resin cements was not influenced by the use of ErCrYSGG
and Er-YAG laser for dentin conditioning, except
Panavia. The type of Self-etch and self-adhesive cements
exhibited significant influence on their bond strength to
laser treated (ErCrYSGG and Er-YAG) dentin.
Conflict of interest statement: No conflict of interest
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ABSTRACT

Aedes aegypti is the vector mosquito of dengue fever, which is an endemic disease in Saudi Arabia, Jeddah.
The use of conventional insecticides in water sources introduces risks to people and/or the environment. In this
study, mosquitocidal activity and adult development inhibition were investigated using four medicinal plants
(Rhazya stricta, Lantana camara, R. chalepensis, and Punica granatum) against Ae. aegypti under laboratory
conditions. A laboratory bioassay was conducted to assess larvicidal activity of leaves and peels crude acetonic
extract of L. camara, Ruta chalepensis, Rh. stricta and P. granatum. Under controlled laboratory conditions, late
3rd or early 4th instar larvae were exposed to various concentrations – ranging from 150ppm to 1000 ppm – of
the extracts to obtain the median lethal concentration (LC50) values for each plant extract tested. Mortalities were
observed to increase with the increase in concentrations. Acetone extract of Rh. Stricta revealed high activity
against Ae. aegypti compared to the rest of the extracts. The larval mortality rates of mosquito larvae ranged from
25 to 97% for Rh. stricta, 23 to 94% for L. camara, 17 to 96% for R. chalepensis, and 10 to 72% for P. granatum.
In terms of effects on adult emergence, the inhibition percentage of the mosquito ranged from 26 to 100% for Rh.
stricta, 13 to 100% for L. camara, 10 to 100% for R. chalepensis, and 22 to 92% for P. granatum. The evaluated
medicinal plants seemed to be a better alternative to synthetic insecticides for controlling Ae. aegypti.
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INTRODUCTION
Dengue fever is an arthropod-borne viral disease found
in many tropical and subtropical countries throughout
the world (Gubler, 2018; Hosseini et al., 2018).
Aedes aegypti (L) is presently considered the main vector
of dengue, yellow fever, Zika, and chikungunya viruses
in many parts of the world (Kraemer et al., 2015; Mayer
et al., 2017). For many decades, synthetic pesticides
have been employed to successfully control the infection
cycle. However, the development of insect resistance to
synthetic pesticides has also been documented globally,
(Smith et al., 2016, Goindin et al., 2017; David et al., 2018).
High operational costs and environmental pollution have
created the need for developing alternative approaches
for controlling vector-borne disease (Ohia and Ana,
2015). In early historical time, humans used plant extracts
and concentrated compounds to control certain pests and
disease-causing insects (Pavela, 2016). Overall, the search
for such compounds has been directed extensively at the
plant kingdom, (Veer and Gopalakrishnan, 2016,; Ninan
et al., 2017 Lakshmi et al., 2018).
Medicinal plants are common sources of bioactive
compounds, especially in tropical and subtropical
countries (Van Wyk and Wink, 2017). The use of
phytochemicals is one such strategy that may be suitable
for mosquito control. The first, commonly used plant
extract against adult mosquitoes was the flower extract
of Chrysanthemum cinerariaefolium in South Africa
and India, (Maheswaran and Ignacimuthu 2012 and
Govindarajan, 2016) Many authors across the world
started large screening activities for using extracts of
medicinal and herbaceous plants to control mosquitoes.
Extracts and oils from leaves, flowers, and roots of
plants were found to display mosquito larvicidal activity
(Chansang et al., 2018; Pavela et al., 2018).
Several researches from all over the world have
documented the toxic effect of plant extracts such as
L. camara and Rh. stricta and those of essential oils in
controlling Ae. aegypti L mosquito (Ghosh et al., 2012;
Hari and Mathew, 2018; Kalita et al., 2012; Kumar
and Maneemegalai, 2008; Mappau and Ganing, 2018;
Muangmoon et al., 2018; Ved et al., 2018). Lantana
camara Linn. (Verbenaceae) is a hardy, evergreen,
straggling shrub with a characteristic odor; it has
antibacterial, antifungal, and insecticidal properties,
and its oil provides protection from Aedes mosquitoes
(Mossa et al., 1987). R. chalepensis L. (Rutaceae),
commonly known as “ruda” is a perennial herb, which
is widely distributed in the Mediterranean region and
the Kingdom of Saudi Arabia area (Verma, 2018). The
toxic effect of the R. chalepensis extract against insects,
particularly mosquitoes, have been reported previously,
(Morsy et al., 1998, Al-Myah et al., 2011; Madkour et
al., 2012). It is an ancient medicinal plant still used in
the traditional medicine of many countries as recently
reported by Bedini et al., (2018).
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There is a scarcity of literature regarding the insecticidal
potential of P. granatum. Its reported larvicidal activity
was observed against the instar larvae of Chrysomya
albiceps decades ago in Egypt (Sameeh et al., 2010).
Moreover, its larvicidal activity was also reported
recently against the larvae of Anopheles pharoensis
(Eidi et al., 2005). To the best of the author's knowledge,
this is the first study to address the larvicidal properties
of P. granatum and Rh. stricta against Ae. aegypti. In
this study, mosquitocidal activity and adult development
inhibition were investigated using four medicinal plants
(Rh. stricta, L. camara, R. chalepensis, and P. granatum)
against the dengue fever vector Ae. aegypti under
laboratory conditions.

Materials and Methods
Mosquito strain source and rearing: Ae. aegypti (Diptera;
Culicidae) was obtained from the mosquito laboratory
at Al-Amana, Jeddah, Saudi Arabia. The Ae. aegypti
(L) larvae were reared under laboratory conditions for
over 12 generations using diet media fish food. Larvae
from the culture were used for the different treatments
described in this study. The stock colony was maintained
at room temperature (27±1°C) and relative humidity of
70±5% with a 14:10 (LD) photoperiod throughout the
study. The adults were fed on a 10% sugar solution.
Plant collection and extraction: The medicinal plants
L. camara, R. chalepensis, Rh. stricta, and P. granatum
were collected from the campus of King Abdulaziz
University, Jeddah and were identified by an experienced
botanist at the department of Botany. Fresh leaves
from the plants were washed and shade-dried at room
temperature for one week. They were then prepared
to extract the effective ingredients according to the
published standard method (WHO, 2005). Forty to sixty
gm of leave tissues were finely ground and loaded
into a 250 ml glass stoppered Soxhlet apparatus.
Absolute Acetone (200 ml) was added to the glass and
the extraction was performed for 6 hours. The rotary
evaporator was used to concentrate the extracts to turn
them into a semi-dry material. The extracted components
were kept at –10°C until use for testing against selected
insect stages.
Bioassay of plant extract against Ae. aegypti (l): The
larvicidal bioassay followed the WHo standard
protocols (finney, 1972). The stock solution of each plant
extract was prepared by adding 1 ml of re suspended
extracts to 99 ml of distilled water containing 0.3%
dimethyl sulphoxide (dMSo). from this stock solution,
concentrations of 150, 250, 500, 800, and 1000 ppm
were prepared in distilled water. Larval treatments were
carried out by exposing the late 3rd or early 4th instar
larvae continuously to various concentrations of the
plant extracts. Tests were performed in groups of 250
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ml glass beakers containing 100 ml tap water. Four
replicates of 25 larvae for each concentration and control
trail were assembled. The larvae were given the usual
larval food during these experiments. After 24 hours of
exposure time, the percent of mortality was recorded.
The cumulative mortalities of larvae and pupae were
recorded daily for the tested plants. Live pupae were
transferred to untreated water in new beakers for further
observation. X Actelic 50% EC (Primiphosmethyle)
was tested as a positive control, while acetone was the
negative control.
Statistical Analysis: This study used a completely
randomized design (CRD) in a factorial experiment.
The collected data were statistically analyzed using
analysis of variance (ANOVA) tools, and the means
were compared by LSD at p ≤ 0.05 using the SAS
software program [SAS Institute (2006) version 9.3].
IC50 and IC95 were calculated according to the Probit
analysis program (Finney 1972, Abbott, 1925). The
95% confidence intervals, values, the χ2 goodness of

fit test, and regression equations were estimated by a
computerized log-probit analysis. The mortalities were
corrected for control mortality using Abbott’s formula
(Tisgratog et al., 2016).

Results and Discussion
The screening of herbal bioactive insecticides is a rapidly
emerging research field that aims to find potential
mosquito control agents with advantages such as low
costs, ease of administration, and risk-free properties that
can overcome the resistance to synthetic insecticides,
and safety to the environment (Remia and Logaswamy,
2010). In the present study, crude leaves / peel extracts
of Rh. stricta, L. camara, R. chalepensis and P. granatum
showed larvicidal activity against Ae. aegypti when
the larvae were exposed to concentrations of the plant
extract ranging from 150 to 1000 ppm for 24 hours. The
detailed results of the larvicidal activity of, Ae. aegypti
larvae are presented in Tables 1 and 2 and depicted
graphically in Figs. 1–4.

Table 1. Toxicity effect of four plant extracts against different
stages of Ae. aegypti.
Plant extract		
Conc.
(ppm)
150
250
500
800
1000
Control
8
L. camara
150
250
500
800
1000
Control
3
R. chalepensis
150
250
500
800
1000
Control
2
P. granatum
150
250
500
800
1000
Control
Positive control
2
Rh. stricta

Larval		
Mortality
(%)A
25
42
77
90
97
92
23
44
74
86
94
97
17
39
72
87
96
98
10
23
41
60
72
5
100

Pupation
%		
75
58
23
10
3
90
77
66
26
14
6
95
83
61
28
13
4
96
90
77
59
40
28
95

Adult emergence
Total Inhibition (%)B

67
50
17
10
0
10
69
38
23
7
0
5
77
40
21
8
0
4
72
51
36
20
7
92

26
44
80
89
100
27
60
76
93
100
33
60
79
92
100
22
47
61
78
92
8

A Four replicates of 25 larvae each B Corrected with Abbott’s formula [35]
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Table 2. Statistical parameters of plant extract against Ae. aegypti.
Statistical parameters
LC50 (ppm)
Inhibition of (%)
adult development
95% (*F. L)
LC95 (ppm)
95% (*F. L)
Slope
Calculated (Chi)2
Tabulated (Chi)2
R2

Rh. stricta

L. camara

275
48

286
68

312
75

585
71

233–298
729
648–842
2.8
1.26
7.8
0.96

251–320
1203
990–1560
2.63
0.87
7.8
0.90

280–345
1095
931–1149
3.02
1.3
7.8
0.92

550–696
2050
1628–2873
2.43
1.04
7.8
0.98

Figure 1: The relationship between concentrations of L.
camara extract and mortality percentage of Ae. aegypti
larvae.

Figure 2: The relationship between concentrations of Rh.
stricta extract and mortality percentage of Ae. aegypti
larvae.

The mortality rates of the larvae exposed to
various concentrations of the extracts were 25–
97% (Rh. stricta), 23–94% (L. camara), 17–96%
(R. chalepensis), and 10–72% (P. granatum).
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R. chalepensis P. granatum

Figure 3: The relationship between concentrations of R.
chalepensis extract and mortality percentage of Ae. aegypti
larvae.

Figure 4: The relationship between concentrations of P.
granatum extract and mortality percentage of Ae. aegypti
larvae.

The acetone extract of Rh. stricta showed a significantly
high larvicidal activity against Ae. aegypti compared
with the other three extracts. The LC50/ LC95 for the
four plant values were 275/729, 286/1203, 312/1095 and
585/2050 ppm for Rh. stricta, L. camara, R. chalepensis,
and P. granatum respectively.
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The findings of the present study are comparable to
several earlier studies, (Remia and Logaswamy, 2010,
Ghosh et al., 2012; Mappau and Ganing, 2018). Indeed,
Ghosh and associates reported that the LC50 value of
the Rh. stricta plant extract against mosquitoes was
251 ppm, while Remia and Logaswamy reported that
the highest mortality of acetone extracts of L. camara
leaves against Ae aegypti larvae with LC50 value was
230.7 ppm (Ghosh et al., 2012; Remia and Logaswamy,
2010). However, a higher value for LC50 (468.5 ppm)
was reported by Indian scholars (Jayaraman et al., 2015).
On the other hand, a higher mortality rate (85% at 150
ppm conc.) of Ae. aegypti 4th instar larva was reported
in a recent study (Hemalatha et al., 2015).
Currently, the larvicidal mechanisms of phytochemicals
are poorly understood. Recently, it has been reported that
some alkaloids inhibit in vitro activity of glutathione
S-transferase (GST) and acetylcholinesterase (AChE)
of Lymantria dispar and the octopaminergic system /
receptor in Ae. aegypti (Wang et al., 2019; Zou et al.,
2017). However, subsequent studies revealed that protein
carbonylation mediates an oxidative damage to the
proteins involved in the energy metabolism of Ae. aegypti
larvae (Rodríguez-Cavallo et al., 2018). The presence
of certain phytochemicals (alkaloids, steroids, and
phenolics) in plant extracts might be the reason for their
larvicidal activity (Lakshmi et al., 2018). Unfortunately,
scientific literature is unavailable regarding the efficacy
of R. chalepensis and P. granatum against Ae. aegypti.
However, their effects against other species of mosquitoes
have been tested. For instance, P. granatum has been
evaluated for its larvicidal activities against Culex
gelidus and Culex quinquefasciatus mosquitoes. Methanol
extracts showed absolute mortality of the larvae at 500
μg/ml after 24 hours (Kamaraj and Rahuman, 2010).
Strikingly, a recent Libyan study found the acetone
extract of R. chalepensis’ aerial parts to demonstrate
powerful larvicidal activity (LC50 at 1.08 ppm) against
Culex pipiens (El-Bokl, 2016).
The cumulative mortalities during larval development
to pupae and adults were recorded for the evaluation
of the tested plants. The inhibition percentage of adult
emergence were 26–100%, 27–100%, 33–100%, and
22–92% for Rh. stricta, L. camara, R. chalepensis,
and P. granatum respectively (Table 1). Furthermore,
mortality rates were observed at both the pupal stage
and incomplete adult emergence. This could be due to
morphological aberrations leading to failure of emergence
from the exuviae of the pupal stage (Yu et al., 2015). The
R. chalepensis extract exhibited the highest inhibition
of adult emergence (75%) at LC50 (275 ppm), whereas
the Rh. stricta extract showed the lowest activity (48%)
at LC50 value (585 ppm) (Table 2). As shown in Table 2,
when compared with earlier studies, these results revealed
that the experimental plant extracts were effective in
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

controlling Ae. aegypti and showed promising results
(Ghosh et al., 2012; Morsy et al., 1998). The activity of
plant extracts is often attributed to the complex mixture
of active compounds (Kumar et al., 2012). The high
efficacy of Rh. stricta and L. camara extracts may be
due to the presence of chemical components including
furanonaphthaquinones regioisomers and camaric acid
as reported previously (Kamaraj et al., 2011). However,
the biological effect of R. chalepensis against mosquitoes
might be attributed to its high content of biologically
active alkaloids (Sousa and Costa, 2012).

Conclusion
The acetone extract of Rh. stricta, L. camara, R.
chalepensis, and P. granatum could comprise other
approaches to be utilized for controlling the dengue
vector mosquito, Ae. aegypti. These results could
encourage the search for new active natural compounds
offering a suitable alternative to insecticides synthesized
from other medicinal plants; these alternatives would be
safer and easier to handle than synthetic insecticides.
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ABSTRACT

Tooth avulsion is the displacement of an intact tooth out of the bony socket. This study evaluates the knowledge of
Emergency Room physicians about tooth avulsion management, and determine the demographic factors associated
with knowledge. A cross-sectional observational study was conducted on ER physicians. Major public hospitals
were conveniently selected and used as clusters; test subjects were conveniently approached. Data were collected
through a validated, self-administered questionnaire. Levels of knowledge were assessed in certain fields of
avulsion management through selected questions. A total of 244 medical practitioners in emergency departments
participated in the study. When asked about the importance of immediate management and critical extra-alveolar
time of avulsed teeth, 35.4% of the respondents responded correctly. As for the importance of not replanting
primary teeth, 46.3% of the respondents reported correctly. The majority of physicians knew the proper handling
and proper cleaning technique of avulsed teeth with 78.5% and 79.3% correct responses respectively. The overall
knowledge levels of physicians were poor in 61% and only 39% showed good knowledge. Results showed that ER
physicians have demonstrated poor knowledge level regarding tooth avulsion management. Therefore, training
programs would be helpful for timely dental referral of the patient presented with tooth avulsion in ER.
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INTRODUCTION
Traumatic dental injuries (TDI) are an impact type
of injuries that occur to teeth and/or the associated
hard and soft tissues of the oral cavity. And it is well
documented in the literature that traumatic dental
injuries are the most common injuries of the orofacial
region, and it varies from simple enamel chipping to
complete loss of the tooth. Tooth avulsion can be defined
as the displacement of an intact tooth out of the bony
socket. It is a serious condition, the most serious among
all traumatic dental injuries. In a systematic review of
literature the findings were that the prevalence of TDI
is high worldwide. In Riyadh, it was measured that the
prevalence of dental trauma among Saudi boys aged 5-6
years was found to be 33% with tooth avulsion being
the second most common cause of trauma, while among
Saudi 12-14 year old boys the prevalence was 34% with
tooth avulsion comprising 3% (Ai-Majed, Murray, et al.,
2001, Holan and Shmueli, 2003, Andersson, et al., 2007,
Glendor, 2008, Lam, 2016, Aren et al., 2018).
TDIs are the most common type of injuries among all
facial injuries, with tooth avulsion ranging between
1-16% among all dental traumas (Flores, Andersson, et
al., 2007). In a review by (Glendor, 2009), the possible
etiologies and risk factors of traumatic dental injuries
were presented as: oral related factor, intentional
TDI or unintentional TDI, with the latter being the
most common cause; and it included falls, collisions,
struck by an object, sports and road traffic accidents
(Glendor, 2009). According to the guidelines of the
International Association of Dental Traumatology,
better prognosis of the avulsed tooth can be achieved
by appropriate emergency management and adherence
to the recommended time of sixty minutes (Flores,
Andersson, et al., 2007). Furthermore, the consequences
encountered from an avulsion injury will have a negative
impact on the patient’s biology, psychology and emotions
(Bendo, Paiva, et al., 2010, Glendor, 2008).
In a study that investigated the association between
treating/non-treating TDIs and the impact on patient’s
quality of life, it was concluded that children who have
experienced TDI are more likely to have an impact than
those without TDI, and that treatment did not eliminate
the impact, though it reduced it (De Souza Cortes,
Marcenes, et al., 2002; Ramos-Jorge, Bosco, et al., 2007;
Fakhruddin, Lawrence, et al., 2008; Bendo, Paiva, et al.,
2010). From an economic point of view, tooth loss due
to trauma would require prosthetic therapy to replace
the tooth, such therapies imply a high cost (Borum and
Andreasen, 2001 Aren et al., 2018).
Avulsion is considered a public health problem, as of its
high frequency, occurrence at early age, high cost and
long follow-up which usually persists for the rest of the
patient’s life (Glendor, 2008). It’s a serious condition,
with unfavorable, avoidable consequence (De Souza
Cortes, Marcenes, et al., 2002; Flores, Andersson, et al.,
2007; Ramos-Jorge, Bosco, et al., 2007; Fakhruddin,
Lawrence, et al., 2008; Bendo, Paiva, et al., 2010). It’s

prevalence have increased over the past decade, and it’s
continuing to increase (Glendor, 2008). Those injuries
would require immediate medical attention (Flores,
Andersson, et al., 2007) and often medical practitioners
are the first to provide patients suffering from trauma
with primary care. With that in mind, literature suggests
that knowledge regarding avulsion and other traumatic
dental injuries among medical practitioners is poor (Díaz,
Bustos, et al., 2009; Subhashraj, 2009; Kumar, Sajjanar,
et al., 2017; Aren, et al., 2018). The aim of this study
was to determine the level of knowledge of medical
practitioners in treatment of tooth avulsion in the city
of Riyadh, Saudi Arabia.

MATERIAL AND METHODS
The current study is a cross-sectional observational
study of emergency room physicians working in public
hospitals. Ethical approval was obtained from the
Institutional Review Board of King Abdullah International
Medical Research Center (KAIMRC). Data was collected
through a validated, self-administered questionnaire
previously developed by (Abu-Dawoud, Al-Enezi, et al.,
2007), the questionnaire consisted of sixteen close-ended
questions and five open-ended ones regarding personal
information; questions were divided into three parts.
In the first part, personal information questions were
included, in the second and third parts, questions to
assess knowledge were included. An informed consent
was obtained prior to participants’ enrollment in the
study, and confidentiality was strictly maintained as
no identifiers were required. A representative sample
size was estimated at 223 subjects based on an assumed
prevalence of knowledge from previous research studies,
a significance level of 5% and a precision of 5%. Six
Major public Hospitals’ Emergency Rooms in Riyadh were
conveniently selected as clusters of samples, test subjects
within each cluster were conveniently approached.
Males and females, Saudi and non-Saudi medical
practitioners working in ER of hospitals in the public
sector as residents, specialist, registrars and consultants
were included. Analysis of results were done, and
knowledge was evaluated by scoring the participants’
knowledge level with a standardized method. Fields of
knowledge that were assessed include: (1) importance
of immediate management of avulsed teeth, (2) the
importance of not replanting primary avulsed teeth, (3)
knowledge regarding proper cleaning technique of grossly
contaminated avulsed teeth, (4) knowledge regarding the
proper handling technique and (5) knowledge regarding
proper storage media. These knowledge fields were tested
through nine questions. Each of the knowledge questions
were given a score of one point, based on a score range
of zero to nine points, zero being no knowledge and nine
being full knowledge. Then, in between the two extremes,
two levels existed, a poor knowledge score (0 - 5.9), and a
good knowledge score (6.0 - 9.0); if all the nine questions
were answered correctly, the participant would score a
9/9. The guidelines of the International Association of
Dental Traumatology were used as a reference for correct
answers (Andersson, Andreasen, et al., 2012; DiAngelis,
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Andreasen, et al., 2012; Malmgren, Andreasen, et al.,
2012). Statistical analysis was performed using SAS
software, Version 9.4 of the SAS System for windows.
Copyright (c) 2002-2012 by SAS Institute Inc., Cary, NC,
USA. All variables were summarized as means, standard
deviation and percentages. Factors associated with
knowledge were tested using chi-square. Values were
considered significant when P<.05.

RESULTS AND DISCUSSION
A total of 244 medical practitioners working in emergency
departments gave their consent to participate in this study
and filled the questionnaire, the mean age was 33.19
(8.18) of those 162 (66.7%) were males and 81(33.3%)
were females. The study included 49.4% residents, 30%
specialists and 20.6% consultants in hospital emergency
rooms. The mean of years of experience was 6.82 (6.82).
Among the participants, 66.5% have obtained their
medical degree from Saudi Arabia, while 33.5% from
other countries. The majority of the practitioners 69.5%
reported that dental health education was not covered
during medical school; in addition, 63.1% of physicians
did not have any first aid course in the management
of dental trauma. Whereas, 71.7% of physicians have
received information on management of tooth avulsion
in form of lectures, seminars, posters, from peers or
personal reading (Table. 1).

Table 1. Participants Demographics and Characteristics
Variables
Age mean (S.D.)
Gender n (%)
Male
Female
Level of Education n (%)
Resident
Specialist
Consultant
Years of Experience mean (S.D.)
Country of Graduation n (%)
Saudi Arabia
Others
Dental health education
during medical school n (%)
Yes
No
First aid training in “Management
of Dental Trauma” n (%)
Yes
No
Received information on
avulsion management n (%)
Yes
No
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Sample (n=244)
33.19 (8.18)
162 (66.67)
81 (33.33)
120 (49.38)
73 (30.04)
50 (20.58)
6.82 (6.82)
157 (66.53)
79 (33.47)

73 (30.54)
166 (69.46)

90 (36.89)
154 (63.11)

175 (71.72)
69 (28.28)

		

In the questionnaire, the participants were asked
about the importance of immediate management and
critical extra-alveolar time of avulsed teeth, 35.4% of
the respondents answered correctly (Fig. 1). As for the
importance of not replanting primary teeth, 55.5% of the
respondents reported correctly (Fig. 1). The majority of
physicians knew the proper handling and proper cleaning
technique of avulsed teeth with 78.5% and 79.3% correct
responses respectively (Fig. 1).
Participants were given a total of 14 possible storage
media, among them are correct and incorrect options, and
participants had the choice of choosing multiple options
simultaneously. The correct answers have been selected
64.3% of the time, of which, “milk” had the highest score
66.80%, followed by “patient’s mouth” with a score of
37.3%, and “saline” coming in third place with a 34% of
overall storage media correct answers. The most selected
incorrect answers were “tap water” 20.1%, followed by
“gauze” with a score of 9.4%. Approximately 39.6%
of the participants felt confident about replanting the
tooth, while 27.9% felt that they lack the knowledge and
training about replanting avulsed teeth (Table. 2).
Table 2. Responses to a Question Regarding Willingness
to Replant an Avulsed tooth
If you were at a site where
someone knocked out a
tooth, you would
Not take action because
of lack of knowledge and training
Not take action because of
medico-legal consequences
Be confident and replant the tooth
Not be confident but replant
the tooth anyway

n (%)

67 (27.9)
41 (17.1)
95 (39.6)
37 (15.4)

Table 3. Associated and Unassoliated Factors with Levels
of Knowledge
Age

0036*

Gender
Level of experience
Years of experience
Country of graduation
‘First Aid’ course covering ‘
Management of Dental Trauma’
Receiving information
on management
Dental health educational course
during medical school
*Statistically significant

.1138
.0014*
.0196*
.8763
.3801
<.0001*
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Based on the analyzed data, the overall knowledge
levels of physicians were poor in 61%, while 39%
showed good knowledge. To compare knowledge levels
across individual’s demographics, we implemented a
chi-square test, and factors were considered significant
when (P<.05), all factors analyzed are shown in (Table.
3). Variables such as age (P=.0036), level of experience
(P=.0014), years of experience (P=.0196) and “received
information on what to do if a tooth is knocked-out”
(P<.0001) were found to be statistically significant
factors. Other participants’ characteristics including
gender, country of graduation, “first aid course in
dental trauma management” and “covering dental
health education in medical school” were found to be
insignificant (P>.05).
Figure 1. Participants Overall Scores of the Tested Fields
of Knowledge

Literature revealed that the number of children visiting
the emergency departments due to orofacial trauma is
high (Aren, Sepet, et al., 2013). In the study of (Al-Malik,
2009) who studied the types of oral injuries attending
a hospital in Jeddah, Saudi Arabia, the prevalence of
avulsion to permanent teeth was found to be 16%,
on the other hand, it was found that the prevalence
of avulsed primary teeth was 3%. Similarly, (Aren,
et al., 2018) reported that in the age group of 6 - 10
years, the prevalence of orofacial trauma was 23.7%
and 18.9% for age group 11 - 18 years. In the present
study, the prevalence of emergency room physicians
who encountered an avulsion type of dental trauma was
found to be 18.4%. Ergo, due to the high prevalence of
orofacial trauma, tooth avulsion in particular, this study
aimed to evaluate the level of knowledge of emergency
department (ED) physicians of proper management of
tooth avulsion. Díaz, Bustos, et al., (2009) reported that
90.2% of participants have not had any formal training
on treatment of dental injuries, and that the majority of
the participants had poor knowledge on the matter. In a
study by (Trivedy, Kodate, et al., 2012), they concluded
that among the participants lack of confidence in
managing dental trauma was found, and that among
all dental emergencies, the lowest confidence observed
was for tooth avulsion.
Other studies by (Ulusoy, Onder, et al., 2012) and (Aren,
Erdem, et al., 2018) revealed that the participants’
perceived knowledge of dental emergencies treatment
was insufficient and that the majority were willing to

undergo training on the subject. Similarly, (Abu-Dawoud,
Al-Enezi, et al., 2007) reported in their study which
compared dentists and physicians that the knowledge
level of physicians was low in 26.6% and average in
73.3%. In our study, our findings presents better results
than that of (Abu-Dawoud, Al-Enezi, et al., 2007) who
showed that none of the physicians have showed good
knowledge, while, more than one third of the participants
in our study have demonstrated good knowledge, the
reason for that may be the sample of their study, in
which, they included young physicians who have only
graduated recently. Thus, the experience and the amount
of exposure to such cases could be the controlling factor
in the observed differences of knowledge.
The management of avulsed teeth differ between primary
and permanent teeth (Andersson, Andreasen, et al.,
2012; Malmgren, Andreasen, et al., 2012). In a survey
by (Ulusoy, Onder, et al., 2012), participants were asked
about their opinion on replantation of primary avulsed
teeth, only about one third opted not to replant the
tooth under any circumstances, while, about two thirds
of them had no opinion or would replant the tooth in
specific situations; their findings suggest that knowledge
about avulsion management in case of primary teeth is
insufficient. Similarly, these findings are consistent with
that of ( Erdem, et al., 2018) in which, they revealed that
physicians’ knowledge of traumatic dental injuries to
permanent teeth were higher than that of primary teeth.
On the other hand, (Needleman, Forbes, et al., 2012) found
that there were no differences in the responses regarding
primary and permanent teeth avulsion management,
although, a significant difference were found for the
luxation and uncomplicated fractures injuries. In the
present study, a little more than half of the respondents
had answered questions regarding knowledge of avulsion
management in primary teeth correctly, and participants’
knowledge were higher when compared to the previously
cited literature. This could be explained by the fact that
most of the emergency departments of the hospitals
visited had a separate pediatric ER department.
The prognosis of avulsed teeth depends on several factors,
extra-alveolar time, proper storage and transportation
media, and care in handling and cleaning to preserve
vitality of the periodontal ligament. The guidelines of
the IADT recommends an extra-alveolar time of 60
minutes (Andersson, Andreasen, et al., 2012), beyond
this, the prognosis of replantation decreases greatly as
the cells of the periodontal ligament are non-viable.
Thus, immediate management within this time period
would increase chances of survival of the avulsed tooth
up to 90%. In our study, such knowledge was lacking
among the majority of the participants 64.6%, most of
them chose “within few hours” and “before 24 hours
have elapsed”.
Similar to extra-alveolar time, handling of the avulsed
tooth and appropriate initial procedures prior to re
implantation is a critical factor in prognosis of the
treatment provided. In the present study, our results
indicate that three thirds of the physicians have a
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good knowledge regarding the proper cleaning and
handling of avulsed teeth. Nearby results were obtained
by (Kumar, Sajjanar, et al., 2017), they found that 78%
of the respondents preferred the appropriate cleaning
technique, and that 48.7% would handle the avulsed
tooth appropriately. Most of the previously cited studies
obtained conflicting results, (Holan and Shmueli,
2003) found that only 4% of physicians would have
appropriately provided initial treatment, in their study,
only those who have answered all questions regarding
the initial steps correctly would be included in the list of
those who provided appropriate initial treatment.
Similarly, in a study by (Aren, Erdem, et al., 2018) about
10% of physicians chose the appropriate management
technique. Midway results were found by (Ulusoy,
Onder, et al., 2012) that about half of the physicians
had no knowledge of the appropriate steps of replanting
avulsed teeth. The reason for these conflicting results
could be the tools used in each study or response bias
of the participants, where they could be tempted to
select certain answers. Therefore, further investigations
should be performed to accurately determine knowledge
levels of handling and cleaning techniques. Storing the
tooth in a proper media would preserve the vitality of
the periodontal ligament and increase prognosis. In the
present study, 66.8% of the physicians chose milk as
the proper transport medium. Contrary to the results of
(Aren, Erdem, et al., 2018) where only 4% thought that
milk is an appropriate medium. Also, in our study, 37.3%
of participants recognized that intraoral transportation
of avulsed teeth is appropriate.
While, Aren et al., (2018) found that 8.7% deemed
intraoral transportation as the best transport medium.
Similarly, in the study of (Lin, Levin, et al., 2006) 13.2%
of the respondents chose saliva as the best transport
medium. In our study, almost one third 27.9% of the
respondents felt that they lacked sufficient training
and knowledge about replanting an avulsed tooth,
and 17.1% would not replant the tooth because of
medicolegal consequences. Similarly, (Aren, Erdem, et al.,
2018) showed that 44.4% thought that their knowledge
were insufficient, and that 27.8% of emergency room
physicians would not replant an avulsed tooth because
of medicolegal issues. Reports by (Hamilton, Hill, et
al., 1997) and (Addo, Parekh, et al., 2007) highlighted
that physicians were frightened of possibly hurting the
child and of legal implications. Therefore, establishing
guidelines on management of tooth avulsions would be
of great benefit. In conclusion, first aid management
of traumatic dental injuries are usually provided by
medical professionals, the results of this study suggest
that emergency room physicians’ knowledge is poor.
Therefore, further education and training in management
of dental trauma should be emphasized in both
undergraduate and postgraduate studies.
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ABSTRACT

Several mosquito genera such as Anopheles, Culex and Aedes serve as vectors of numerous deadly diseases
throughout the world. Prevalence of these diseases strongly coincides with the prevalence of their respective
vectors. During the present study adult mosquitoes of three genera (Anopheles, Culex and Aedes) were collected
from selected four cattle sheds and four human habitations in both rural and urban areas of Hooghly district, West
Bengal through hand collection method employing four man hours (two for human habitations and two for cattle
sheds) in the first week of every month throughout the year (Jan’18 - Dec’18). Environmental temperature, humidity
were recorded and GPS location of the collection points were plotted on the study area map. Altogether 4754
Anopheles (56.36%), 3312 Culex (39.26%) and 369 Aedes (4.37%) mosquitoes were collected from rural areas and
3766 Anopheles (50.16%), 3302 Culex (44.38%) and 372 Aedes (5%) mosquitoes were collected from urban areas.
Anopheles and Culex mosquitoes showed higher prevalence in cattle sheds than human habitations in both rural
and urban areas, whereas reverse situation is shown by Aedes mosquitoes. Monthly prevalence of different species
of Anopheles also showed a significant difference between rural and urban areas (p<0.01). This study indicated
that Anopheles and Culex mosquitoes are more prevalent in cattle sheds besides human habitations. Present study
will illuminate about the resting-habitats in relation to mosquito ecology so that proper management strategies
may be taken with a view to prevent the mosquito borne diseases in the endemic areas of Hooghly District.

KEY WORDS: Mosquitoes; Prevalence; Human habitations; Cattle sheds; Disease.
INTRODUCTION
Mosquitoes belonging to several genera mainly Anopheles,
Culex and Aedes serves as nuisance vectors of numerous
deadly diseases like malaria, filaria, dengue etc. occurring
throughout the world (Mondal et al, 2015). Several species
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of Anopheles mosquitoes severs as a vector of different
types of malaria in tropical and subtropical countries.
Anopheles gambiae and Anopheles funestus serves as
the main malarial vector in African countries (Lindh et
al, 2005).Whereas Anopheles culicifacies serves as the
main malarial vector in Asian countries (Chatterjee and
Chandra, 2000;Chavshin et al, 2014; Lindh et al, 2015;
Seal et al 2018).
It was reported that in some rural areas of Hooghly
district, West Bengal Anopheles subpictus Grassi serves
as the main malarial vector (Chatterjee and Chandra,
2000). Some Culex species mostly Culex vishnui group
and Culex quinquifasciatus serves as a vector of Japanese
encephalitis, lymphatic filariasis in many regions of India
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(Kanojia et al 2003) and West Bengal also (Chandra et al,
2007; Azmi et al, 2015), whereas some species of Aedes
mosquitoes like Aedes aegypti and Aedes albopictus
globally transmits dengue fever (Gubler 2002). In all
the cases adult female mosquitoes are responsible for
the transmission of disease causing pathogens. So, the
prevalence of these diseases is strongly coincides with the
prevalence of two factors: one is the abundance of the
respective vectors and second one is the introduction of
the disease causing pathogens in the suitable host, which
are mostly dependent on environmental conditions like
temperature, humidity, rainfall, availability of suitable
breeding grounds, (Khan et al, 2017).
For the purpose of management of diseases, adult
control strategies are mostly used today, which uses
several insecticides like DDT, malathion, pyrethroid to
control the adult mosquitoes. In this regard it is very
important to have a better knowledge about the ecology
of mosquitoes especially their resting site preference and
biting behavior throughout the different times of a year
(Alten et al, 2000). Reports on prevalence of different
mosquitoes in rural and urban areas of Hooghly district,
West Bengal are very scanty. So, the present study has
been aimed to determine the month wise prevalence of
three genera of adult mosquito vectors like Anopheles,
Culex and Aedes in some rural and urban areas of
Hooghly district, West Bengal, India along with the
species composition of anopheline mosquitoes and to
find out their correlations with some environmental
factors like temperature and humidity throughout the
year. This study would have a great impact on better
understanding of mosquito ecology and their proper
management strategies in the study areas.

Materials and Methods
The entire study was performed monthly for one year
starting from January’2018 to December’2018.The entire
study was carried out in some rural and urban areas of
Hooghly district, West Bengal, India. For the collection
of adult mosquitoes four human habitations and four
cattle sheds were fixed in both rural and urban areas.
The location of the study areas were recorded with a
hand held GPS (Germin Etrex201 model) and thereafter
these way points were superimposed on study area map
and satellite image (Fig.1).
The adult mosquitoes were collected by hand collection
method from four fixed human habitations and four
cattle sheds in each of rural and urban areas of Hooghly.
Four man hours (two for human habitations and two
for cattle sheds) were employed for the collection of the
adult mosquitoes and the collection was done in three
different time periods (morning: 6 am - 8 am; afternoon:
4 pm - 6 pm and night: 10 pm-12 am) of the same
day in the first week of every month. The duration of
collection time was fifteen minutes in each place. Both
the indoor biting and resting mosquitoes were collected
in test tubes with a small piece of net plugged at mouth
of the tubes and on the next day they were brought to
the Parasitology and Microbiology Research Laboratory
for their identification. The environmental temperature
and humidity of the collection points were recorded by
Fischer Scientific machine. In laboratory the mosquitoes
were anesthetized by applying chloroform to cotton and
plugging on the opening of the tubes containing adult
mosquitoes.

Table 1: Month wise prevalence of three genus of mosquitoes (Anopheles, Culex and
Aedes) in human habitations and cattle sheds in rural areas of Hooghly District (Day
time: 6a.m-8a.m from Jan’2018-Dec’2018)
Month

Temperature Humidity		Number of collected Mosquitoes
(0C)
(%)
Anopheles
Culex		
Aedes
			
H.H
C.S
H.H C.S H.H C.S
January
February
March
April
May
June
July
August
September
October
November
December

14.00C	
18.10C	
27.40C	
28.20C	
29.40C	
30.00C	
29.20C	
28.20C	
28.70C	
23.40C	
22.60C	
15.20C	

58.1%
51.5%
62.1%
63.2%
67.7%
76.2%
79.7%
81.8%
77.0%
70.3%
66.7%
61.2%

12
36
42
48
28
36
68
82
84
40
22
15

27
88
86
64
52
64
112
146
124
56
32
18

10
20
32
62
36
48
76
92
68
36
30
37

15
28
52
94
68
74
132
156
96
48
44
42

0
08
10
05
09
18
13
18
20
28
11
0

0
04
02
08
03
02
04
03
06
15
05
0

*H.H- Human Habitation, C.S- Cattle Shed
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Then the mosquitoes were shorted morphologically
according to the genus under a dissecting binocular.
The total number of Anopheles, Culex and Aedes
mosquitoes were noted down. Then the collected
Anopheles mosquitoes were sorted out according to the
species following Nagpal and Sharma (1995) and their
numbers were noted down. Statistical analysis was
performed following Zar, (1999) using SPSS software
version 16.0.

RESULTS AND DISCUSSION
The locations of cattle sheds and human habitations in
rural and urban study areas are given in Figure 1. The
distance between rural and urban areas was 37.72km
(Figure 2). Total 4754 Anopheles (56.36%), 3312 Culex
(39.26%) and 369 Aedes (4.37%) mosquitoes were
collected from rural areas and 3766 Anopheles (50.16%),
3302 Culex (44.38%) and 372 Aedes (5%) mosquitoes were
collected from urban areas throughout the year. Month
wise prevalence of three genera of adult mosquitoes
(Anopheles, Culex and Aedes) in human habitations and
cattle sheds in rural areas and urban areas are given
in Table 1-3 and in Table 4-6 respectively. During the
whole study period Anopheles and Culex mosquitoes
showed higher prevalence in cattle sheds (81.42±7.14
and 77.67±7.02 respectively) than human habitations
(50.64±4.58 and 50.92±4.2 respectively) in rural areas
which was statistically significant (p<0.01).
In case of urban areas the mean density of Anopheles and
Culex mosquitoes were also significantly higher (p<0.01)
in cattle sheds (62.53±5.23 and 63.25±4.6 respectively)
than human habitations (42.08±3.90 and 43.14±3.41
respectively). Whereas in both rural and urban areas
Aedes mosquitoes showed more prevalence (p<0.01) in

human habitations (7.25±1.24 and 7.0±1.08 respectively)
than cattle sheds (3.0±0.72 and 3.33±0.83 respectively)
in the study areas. There is no significant difference in
the prevalence of total number Anopheles (p=0.289),
Culex (p=0.058) and Aedes (p=0.949) mosquitoes
between rural and urban areas. Prevalence of these three
genus of mosquitoes showed positive correlation with
environmental temperature and humidity. On the other
hand Anopheles and Culex mosquitoes showed higher
prevalence during night time in human habitations and
cattle sheds in both rural and urban areas (Figure 3 &
Figure 4) whereas prevalence of Aedes mosquitoes in
night time is significantly lower than the day time in
the study areas (Figure 5).
Species composition of Anopheles mosquitoes showed
a significant difference (p<0.01) in different months
of the year, which also differ among rural and urban
regions of the study area (Figure 6 & Figure 7). Four
species of Anopheles mosquitoes were recorded in both
rural and urban areas: An. barbirostris, An. subpictus,
An. annularis and An. vagus. Monthly prevalence of
different species of Anopheles also showed a significant
difference between rural and urban areas (p < 0.01). In
case of rural areas the peak month of prevalence of An.
barbirostris was recorded during the month of January
whereas in case of urban areas the prevalence of this
species was found to be very low throughout the year.
An. subpictus was more prevalent in rural areas than
urban sites. This mosquito species showed two peaks,
one during June-July and another during SeptemberOctober in rural areas. Prevalence of An. annularis and
An. vagus found to be high in urban areas in comparison
with rural areas.
During the winter season starting from November to

Table 2: Month wise prevalence of three genus of mosquitoes (Anopheles, Culex
and Aedes) in human habitations and cattle sheds in rural areas of Hooghly District
(Dusk time: 4p.m-6p.m from Jan’2018-Dec’2018)
Month

Temperature Humidity		Number of collected Mosquitoes
(0C)
(%)
Anopheles		
Culex		
Aedes
			
H.H
C.S
H.H C.S H.H C.S
January
February
March
April
May
June
July
August
September
October
November
December

18.00C
21.40C
28.70C
29.80C
30.70C
32.10C
30.80C
28.70C
29.80C
24.00C
23.20C
21.60C

59.3%
56.6%
60.4%
68.7%
62.5%
71.4%
73.5%
78.2%
75.0%
66.4%
66.6%
62.7%

19
56
68
68
34
44
72
84
96
48
24
14

32
96
124
82
58
76
122
136
132
64
38
22

15
28
38
82
44
56
82
86
72
56
36
40

21
44
56
120
72
80
144
132
98
64
56
46

0
05
09
05
10
16
10
0
17
21
08
0

0
0
0
07
05
03
18
0
09
04
07
0

*H.H- Human Habitation, C.S- Cattle Shed
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January there is a sharp decline in the prevalence of
all of the three genera of mosquitoes which reflects to
the fact that there are some strong correlation between
the mosquito oviposition to egg hatching with the
environmental temperature.
In a field study at Gorakhpur district of Uttar Pradesh,
Kanojia et al (2003) observed that there was a short peak
of Culex quinquifasciatus in the month of March and
a long peak of Culex tritaeniorhynchus in the month

of September. They concluded that abundance of this
species was related with rice cultivation as because they
are mainly paddy field breeders. The present study also
recorded higher abundance of Culex and Anopheles
mosquitoes in the month of August, which may be
due to the much availability of breeding sites during
this time. Reports of several studies indicated that
Culex quinquifasciatus as the most house frequenting
mosquitoes, their prevalence in human habitations is
higher than the cattle sheds (Chandra et al, 2013; Azmi
et al, 2015).

Table 3: Month wise prevalence of three genus of mosquitoes (Anopheles, Culex
and Aedes) in human habitations and cattle sheds in rural areas of Hooghly District
(Night time: 10p.m-12a.m from Jan’2018-Dec’2018)
Month

Temperature Humidity		Number of collected Mosquitoes
(0C)
(%)		Anopheles
Culex		
Aedes
			
H.H
C.S
H.H C.S H.H C.S
January
February
March
April
May
June
July
August
September
October
November
December

12.50C
20.10C
29.00C
30.10C
30.50C
32.20C
30.40C
28.90C
28.30C
23.20C
23.70C
19.80C

57.2%
58.7%
63.6%
65.4%
69.2%
78.7%
73.8%
76.5%
72.0%
60.6%
62.2%
56.9%

16
40
86
56
48
54
84
94
112
56
28
09

21
108
146
76
72
84
146
152
146
68
46
15

15
24
36
70
56
56
96
100
88
48
32
30

18
40
112
102
80
88
172
156
108
56
44
38

0
0
03
02
0
02
04
0
04
05
0
0

0
0
0
0
0
01
02
0
0
0
0
0

*H.H- Human Habitation, C.S- Cattle Shed
Table 4: Month wise prevalence of three genus of mosquitoes (Anopheles, Culex and
Aedes) in human habitations and cattle sheds in urban areas of Hooghly District
(Day time: 6a.m-8a.m from Jan’2018-Dec’2018)
Month

Temperature Humidity		Number of collected Mosquitoes
(0C)
(%)
Anopheles
Culex		
Aedes
			
H.H
C.S
H.H C.S H.H C.S
January
February
March
April
May
June
July
August
September
October
November
December

13.80C
19.80C
28.40C
31.40C
29.60C
30.20C
29.50C
29.10C
26.70C
26.60C
24.70C
20.30C

55.9%
57.6%
60.1%
66.5%
66.2%
68.7%
75.2%
74.2%
75.2%
66.2%
62.4%
58.5%

14
28
38
32
22
24
48
66
72
36
20
08

27
40
56
56
36
46
88
112
96
48
28
16

19
16
48
40
28
42
56
82
56
28
26
25

29
36
42
68
56
56
96
106
68
36
34
38

0
0
10
8
11
12
12
12
09
16
21
0

0
0
0
0
04
03
02
06
0
08
12
0

*H.H- Human Habitation, C.S- Cattle Shed
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Table 5: Month wise prevalence of three genus of mosquitoes (Anopheles, Culex and
Aedes) in human habitations and cattle sheds in urban areas of Hooghly District (Dusk
time: 4p.m-6p.m, Jan’2018-Dec’2018)
Month

Temperature Humidity		Number of collected Mosquitoes
(0C)
(%)
Anopheles
Culex		
Aedes
			
H.H
C.S
H.H C.S H.H C.S
January
February
March
April
May
June
July
August
September
October
November
December

15.90C
23.30C
32.30C
30.50C
31.70C
33.70C
32.10C
29.60C
28.00C
27.70C
25.90C
20.70C

59.2%
57.8%
62.2%
62.7%
63.4%
72.3%
77.3%
76.8%
78.7%
64.6%
58.2%
55.9%

18
44
58
58
28
36
64
76
64
44
24
16

29
72
96
68
48
68
96
114
84
56
36
30

16
24
28
52
38
42
72
88
58
40
32
30

36
44
46
66
62
64
104
112
88
56
46
51

0
0
0
12
12
14
8
16
16
20
04
0

0
0
0
6
8
10
16
18
09
10
0
0

*H.H- Human Habitation, C.S- Cattle Shed
Table 6: Month wise prevalence of three genus of mosquitoes (Anopheles, Culex and
Aedes) in human habitations and cattle sheds in urban areas of Hooghly District (Night
time: 10p.m-12a.m, Jan’2018-Dec’2018)
Month

Temperature Humidity		Number of collected Mosquitoes
(0C)
(%)
Anopheles
Culex		
Aedes
			
H.H
C.S
H.H C.S H.H C.S
January
February
March
April
May
June
July
August
September
October
November
December

11.60C
21.20C
30.00C
29.80C
31.90C
30.30C
28.60C
29.70C
27.80C
24.20C
23.50C
19.90C

58.9%
59.4%
63.5%
66.5%
66.6%
68.7%
76.2%
72.6%
75.6%
68.4%
62.5%
60.5%

11
24
64
52
42
46
72
84
104
44
24
10

17
36
106
74
66
66
92
122
116
64
28
18

19
16
42
62
48
38
66
92
72
36
34
42

18
28
82
92
72
72
112
128
88
48
48
49

0
0
03
09
06
0
0
08
0
04
09
0

0
0
0
0
03
0
0
0
0
05
0
0

*H.H- Human Habitation, C.S- Cattle Shed

The present study recorded higher prevalence of Culex
and Anopheles mosquitoes in cattle sheds than human
habitations in both rural and urban areas of Hooghly,
West Bengal. It may be due to their resting habitat
preferences in cattle sheds or zoophilic nature. As in
many areas mosquito control strategy involves the
control of adult mosquitoes by spraying insecticides, so
it is very much necessary to have a better knowledge
about the mosquito ecology, their biting behavior and
resting habitat preferences.
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The present study found that in the rural and urban areas
of Hooghly district, West Bengal, among three mosquito
genera, the abundance of Anopheles and Culex is more
than the Aedes throughout the year. Besides this although
the prevalence of Aedes mosquitoes was less but they
prefer to rest in human habitations than cattle sheds
which throw a light on their anthropophilic behavior. On
the other hand Culex and Anopheles mosquitoes prefer
to rest more in cattle sheds than human habitations in
both rural and urban areas which indicated that they
also prefer to feed cattle blood besides human blood.
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Species composition of Anopheles mosquitoes were
different in case of rural and urban areas of Hooghly.
An. subpictus is more dominant species in the rural areas
where as An. vagus found to be more prevalent in urban
regions of Hooghly. Anopheles subpictus Grassi has been
incriminated as a primary vector of malaria in rural areas

of Hooghly, West Bengal (Chatterjee et al, 2000). The
present study recorded two peak months of prevalence
of this vector, one during June-July and another during
September-October, which strongly coincides with the
emergence of malaria in the study areas.

Figure 1: Location map of the study areas

Figure 2: Distance between rural and urban sample sites
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Figure 3: Percentage of Anopheles mosquitoes collected
in three different times from Human habitations and
Cattle sheds of Rural & Urban areas of Hooghly District
(Jan’2018-Dec’2018).

Figure 4: Percentage of Culex mosquitoes collected in three
different times from Human habitations and Cattle sheds
of Rural & Urban areas of Hooghly District (Jan’2018Dec’2018).

Figure 5: Percentage of Aedes mosquitoes collected in three
different times from Human habitations and Cattle sheds
of Rural & Urban areas of Hooghly District (Jan’2018Dec’2018).

Figure 6: Month wise species composition of Anopheles
mosquitoes in rural areas of Hooghly district (Jan’2018Dec’2018).

Figure 7: Month wise species composition of Anopheles
mosquitoes in urban areas of Hooghly district (Jan’2018Dec’2018)

cattle sheds also during the application of insecticides
to control the adult mosquitoes. Present study will
illuminate about the resting-habitats of three genera
of mosquitoes in relation to mosquito ecology so that
proper management strategies may be taken with a view
to prevent the mosquito borne diseases in the endemic
areas of Hooghly District.
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ABSTRACT

Amylases are a class of starch degrading enzymes catalyzing the hydrolysis of internal glycosidic bonds in
polysaccharides and plays a crucial role with potential industrial and commercial applications. In the present study
five bacterial isolates have been evaluated for the production of extracellular amylase and one potent isolate was
selected based on maximum starch hydrolysis. Bacillus altitudinis (KY777585) has been used for the production
of amylase under submerged fermentation. B. altitudinis GVK38 showed maximum enzyme production of 728 U/
mL at 45°C for 48 hours at pH 9.0. Further enhanced production was obtained by supplementing 1.0 % maltose
as carbon source, 1.5 % Yeast extract as nitrogen source and 2.0 % salt concentration. The results of RSM reveals
that F-value of 1.44, Lack of Fit F-value of 0.33, coefficient of determination (R2) for enzyme activity calculated
as 0.9231, value of the adjusted determination coefficient, R2 was 0.2822. RSM depicts that the optimal level of the
significant variables for the maximum amylase production were: Incubation period 72 hrs, pH – 8.00, temperature
45°C, NaCl Conc. -1.25%, maltose conc. – 1.25% and yeast extract conc. – 1.25%. The results of the study show
that the isolate can be further exploited for commercial production of amylase.
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INTRODUCTION
Enzymes are biological catalysts, which regulate
specific biochemical reactions. They speed up a reaction
without being used up in the reaction. In recent past,
chemical catalysts had been replaced by enzymes in
various industrial applications (Keshavamurthy et al.,
2018). Amylases are enzyme which hydrolyses starch
molecules to give diverse products including dextrin and
progressively smaller polymers composed of glucose units.
Among the industrially important enzymes, amylases are
considered to be the most prominent enzyme due to its
wide area of potential application. Amylases are used in
detergents, textiles, starch, baking and animal feed are
the main industries, which use about 75% of industrially
produced enzymes (Panneerselvam and Elavarasis, 2015).
To meet the higher demands of these industries, low
cost production of amylase is necessary. Bacillus sp. are
one among the industrially important microorganisms
used due to their rapid growth rates that lead to shorter
fermentation cycles, their capacity to secrete proteins
into extra cellular medium and general handling
safety (Pandey 2000). In recent years, the potential of
using microorganisms as biotechnological sources for
the production of industrially relevant enzymes has
stimulated interest in the exploration of newer and
potential isolates (Alva et al., 2007). Amylases are widely
distributed in nature and can be derived from various
sources such as plants, animals and microorganisms
(Reddy et al., 2003; Gopinath et al., 2017, Keshavamurthy
et al., 2019).
Microbial enzymes have been generally favored for their
easier isolation in high amounts, low-cost production in
a short time, and stability at various extreme conditions,
and their compounds are also more controllable and less
Table 1. Morphological and biochemical characteristics
of B. altitudinis strain GVK38
Morphological Characteristics
Gram staining
Colour
Motility test
Spore
Physiological characteristics
Catalase
Indole
Methyl red
Voges Proskauer
Citrate utilization
Oxidase reaction
Casein hydrolysis
Gelatin liquefaction
Starch hydrolysis
Nitrate reduction
Growth at 4oC
Growth at 45oC

Results
Positive rods
Creamish white
Motile
Spore former

harmful (Pandey et al., 2000). Amylases, biosynthesized
by the bacteria, show unique characteristics such as
thermophilic, thermotolerant, alkaline and acidophilic
properties (Konsoula and Liakopoulou-Kyriakides 2007).
The major advantage of using microorganisms for the
production of amylases is the economical bulk production
capacity and the fact that microbes are easy to manipulate
to obtain enzymes of desired characteristics. Many
microorganisms used in a-Amylases and b-amylases
production include Bacillus subtilis, B. cereus, B.
polmyxa, B. amyloliquefaciens, B. coagulans, B. subtilis,
Lactobacillus, Escherichia, Proteus, B. lincheniformis, B.
steriothermophilu, B,megaterium, Strepotmyces sp., and
Pseudomonas sp. etc., (Gupta et al., 2003; Elmansy et
al., 2018, Keshavamurthy et al., 2019).
Amylase substrates are widely available from cheap
plant sources, rendering the potential applications
of the enzyme more plentiful in terms of costs. To
obtain maximum yield of an enzyme, development
of a suitable medium and culture conditions is
obligatory (Srivastava and Baruah, 1986). Starch or
other sugars as a carbon source and ammonium salts
or complex organic compounds as a nitrogen source
are needed for bacterial growth and enzyme production
(Ellaiah, 2002). Optimization of the various parameters
and manipulations of media are one of the most
important techniques used for the enhanced production
of amylase in large quantities. To meet industrial
demands, production of amylase in bacteria is known to
depend mostly on metabolic state of the culture. Various
physical and chemical factors such as temperature,
pH, incubation period, carbon and nitrogen sources
have been known to affect the production of amylase
(Gangadharan, 2008).
The production of amylase by submerged fermentation
(SMF) and solid-state fermentation (SSF) has been
thoroughly investigated by many researchers and is
affected by a variety of physiochemical factors. To meet
the growing demands in the industry, it is necessary to
improve the performance of the system and thus increase
Figure 1. Starch hydrolysis on starch agar plate by bacterial
isolate B. altitudinis GVK38.
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Positive
Positive
Positive
Positive
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the yield without increasing the cost of production.
Among the wide range of microbial species that secrete
amylase, its production from bacteria is cheaper and
faster than other microorganisms. The statistical
experimental designs and mathematical methods have
wide application in the field of microbial biotechnology.
Response surface methodology (RSM) is one such method
that is applied for modelling problems with the aim to
optimize responses that were influenced by multiple
variants. Performing statistically designed experiments,
filling experimentally determined response data into
a quadratic model, predicting response and checking
significance of the model are the major steps involved
in this process (Keshavamurthy et al., 2019).
RSM is advantageous for industrial purposes as it requires
fewer numbers of experimental trials for prediction and
quantification of combined interactions between the
variables and hence eases the process of optimization.
The 3D plots for response surface enables visualization
of parameter interaction and it was often applied to
satisfactory optimization of microbial enzyme production
(Keshavamurthy et al., 2019). Hence to overcome all
these challenges and to meet the demand a study was
undertaken with the main aim of isolating the potent
strain from the extreme environment and to use it in the
production of amylase under submerged fermentation.
Further the optimization of process parameter and media
constituents were performed for enhanced production.

MATERIALS AND METHODS
Sample collection and Isolation of Bacteria: Soil sample
was collected from the Hutti gold mines (16o 11’ 45”
North Latitude and 76o 38’ 31” East Longitude), Raichur
district of Karnataka state, India. The bacteria were
isolated by serial dilution plating method. The samples
were inoculated onto nutrient agar plates and incubated
at 37ºC for 24 h. The colonies obtained after incubation
were further sub cultured and preserved under 4ºC
for further use. Screening and selection of strain for

Optimization:The isolates were screened for amylase
production bacterial colonies were screened on starch
agar medium [g/L: Starch -10.0, Peptone - 5.0, NaCl - 2.0,
MgSO4 - 0.2, Agar – 20.0, and pH 9.0. Inoculated plates
were incubated at 37 0C for 24 h. After incubation, the
plates were flooded with iodine solution [g/L: Potassium
iodide - 2.5, Gram’s iodine - 0.125]. Amylase positive
bacterial strains were identified and recorded based on
the clear zone formation around the bacterial growth.
Out of five isolates, one strain of bacteria which produced
maximum clear zone of hydrolysis for extracellular
amylase, which was selected for further experimental
studies.
Molecular identification of bacteria: Amylase positive
strain Bacillus sp. GVK 38 was subjected for basic
microscopic, biochemical, physiological and cultural
characterization based on biochemical characteristics
as per Bergey’s Manual of Systematic Bacteriology
(Niall and Paul, 2009) The bacterial isolate was further
identified by 16S rDNA sequence analysis using universal
primers and genomic DNA as template. The genomic
DNA of the isolate was extracted as described by (Roohi
et al., 2012). The PCR amplified product was sequenced
at Microbial Ecology Laboratory, National Centre for
Cell Science, Pune. After DNA sequencing, the obtained
results were subjected to BLAST analysis to compare
with the sequence similarities. Phylogenetic tree was
constructed with MEGA 6.0 software using neighborjoining method (Tamura et al., 2011). Duly annotated
partial nucleotide sequences of the novel bacterial strain
was deposited with NCBI Genbank and accession number
was obtained.
Production of amylase by submerged fermentation:
Amylase producing bacteria was grown on the starch
production media [g/L: Peptone – 5.0, Starch 10.0,
NaCl-2.0, MgSO4-0.2, pH 9.0, incubated on a rotary
shaker for 48 hours at 370C. Enzyme was extracted by
centrifuging the incubated broth at 8,000 rpm for 10
min at 40C. Supernatant was used as crude enzyme

Figure 2. Phylogenetic analysis of 16S rDNA gene sequence data of isolate B. altitudinis GVK38 and
of a number of related strains
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source. The experiment was carried out in 250 mL
plugged Erlenmeyer flasks, each containing 100 mL
sterile starch broth medium and inoculated with 1% of
standard inoculum (2.3 × 106 CFU ml−1) for the tested
bacterial isolate which was incubated at 45 °C on rotary
shaker at 160 rpm for 48 h. The fermented medium
was centrifuged at 10,000 rpm for 10 min in order to
determine periodically the cell dry weight and amylases
activity in the precipitate and supernatant, respectively
(Yassien and Asfour, 2012).
Enzyme Assay: The amylase assay was measured by
following the methodology proposed by Bernfeld
(1955). Amylase activity was assayed in the reaction
mixture containing 0.5 mL enzyme, 1mL of 1% starch as
substrate, 1mL phosphate buffer and incubated at room
temperature for 15 minutes. The reaction was arrested
by adding 1mL DNS reagent. The inactivated reaction
mixture was incubated on water bath for 10 minutes and,
made up to 10 mL and absorbance was measured at 540
nm. Blank was prepared by immediate addition of 1mL
DNS reagent to 0.5 mL enzyme, followed by the addition
of 1mL starch and 1mL phosphate buffer. One unit of
amylase activity is defined as the amount of enzyme
required to release 1µg of reducing sugar (maltose) per
ml per min under the above assay conditions.
Optimization of culture conditions and medium
components for amylase production: One Variable at a
Figure 3. Effect of incubation period on amylase
production

Figure 4. Effect of pH on amylase production.

Time Approach (OVAT): Optimization of production of
amylase by Bacillus altitudinis GVK38 was checked by
varying the following physical and chemical parameters
using one-variable-at-a-time-approach: Amylase
production by B. altitudinis GVK38 was carried out in
basal medium with different combinations of carbon
and nitrogen sources (1% w/v) and 1% inoculum size at
37 °C for 72 h in a rotary shaker (120 rpm). The initial
pH of the medium was adjusted to 7.0. Parametric
optimization was performed with respect to incubation
period (24 to 120 h), pH (6 to 10), temperature (30 to
60oC) were studied by using various levels of the test
parameter and keeping the other parameters constant.
The bacterium was grown in the production medium
supplemented with different carbon sources (1% w/v)
such as arabinose, fructose, glucose, lactose and maltose
and nitrogen sources (1% w/v) like peptone, yeast extract,
beef extract and ammonium chloride. At the end of the
fermentation, the fermentation broth was centrifuged
at 8,000 rpm for 10 min. The supernatant obtained by
the centrifugation was used for measuring the amylase
activity. The un-inoculated flasks served as controls.
All the experiments were done in triplicates and the
average of enzyme activity was taken for statistical
analysis to know the significance of each factor.
Optimization of amylase production using Response
surface methodology approach: Response surface
methodology (RSM) is a well-accepted statistical
technique which is able to design and optimize the
experimental process that involves choosing the optimal
experimental design and estimate the effect of the
several factors independently and also their interactions
simultaneously. RSM combined with Central Composite
Design (CCD) was established using Design Expert
software (Version 11.0, Stat-Ease Inc., Minneapolis, USA)
to analyze and plot the response surface graphs. Five
factors, namely, pH, temperature, maltose, yeast extract
and NaCl were optimized for enhanced production of
amylase using the isolate B. altitudinis GVK38. Based on
CCD, the factors were analysed at two levels: -1, for low
level, and +1, for high level. A total of twenty-nine (29)
runs were performed to optimize the process parameters,
and experiments were performed according to the
experimental design matrix. The results were evaluated
by applying the coefficient of determination (R2), analysis
of variance (ANOVA) and response plots. Employing
Figure 5. Effect of temperature on amylase production.
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RSM, the most widely used second-order polynomial
equation was developed to fit the experimental results
and identify the relevant model terms:
Y=β0 ΣβiXi+ΣβiXβij+ΣXiXj

(1)

where Y is the predicted response; b0, bi, and bij are
constant regression coefficients of the model; and Xi and
Xj represent independent variables. The experimental
design helps in investigating linear, quadratic and cross
product effects of these factors and also centre points for
replication (Kathiresan and Manivannan, 2006).

RESULTS AND DISCUSSION
In the current study, 52 individual bacterial isolates
were isolated from the soil sample collected from mining
area. Amylase producing ability of five Bacillus species
were checked on starch media and all were found to be
positive, but Bacillus altitudinis GVK 38 was found to
be the best amylase producer (fig. 1). Verma et al., (2011)
found the maximum amount of amylase production in B.
subtilis followed by B. megaterium, among nine strains
tested which included B. cereus, B. megaterium and B.
subtilis. But later during screening it was found that
only three strains showed amylase activity on agar plate.
The maximum amylase producing Bacillus altitudinis
GVK 38 was taken for optimization studies through
submerged fermentation by varying the temperature,
pH, incubation period, carbon and nitrogen source, since
the production of amylase enzymes are influenced by
diverse physico-chemical and biological factors (Raj
and Hemashenpagam, 2012). The strain GVK38 is gram
positive rod, motile, spore former and was tentatively
identified as Bacillus sp. based on its morphological and
biochemical characteristics (Table 1). Identification of
selected Bacillus altitudinis GVK 38 strain was identified
on the basis of standard biochemical tests according
to Bergey's Manual of determinative Bacteriology. The
occurrence of amylolytic organisms from the soil agrees
with earlier reports of Rehana et al., (1989).
The comparison of the 16S rRNA gene nucleotide
sequence (1465 bp) of the strain Bacillus altitudinis
GVK 38 with other 16S rRNA genes sequences of closely
related strains from NCBI database showed that this
Figure 6. Effect of sodium chloride on amylase
production.
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isolate has 99 % sequence homology with B. altitudinis
Asd M5-2B (Accession No. FM955870) (fig. 2). The
phylogenetic tree, constructed by the neighbor-joining
method indicated that the strain B. altitudinis GVK38 is
affiliated with the genus Bacillus and closely related to B.
altitudinis strain IHBB 6804 - Accession No. KF668457.
The obtained nucleotide sequence of B. altitudinis GVK
38 was submitted to GenBank database and the accession
number assigned is KY777585 (https://www.ncbi.nlm.
nih.gov/ nuccore/KY777585). The enzyme production
by the bacterial strain B. altitudinis GVK38 was studied
in submerged fermentation. The significant amylase
yield was obtained for the incubation period 48 h. It was
observed that the enzyme production from the bacterium
was found maximum at 48 h (152 U/mL). An increase in
the enzyme production was observed from 24 h to 48 h.
After 48 h of incubation a decreasing trend of enzyme
activity was observed (fig. 3). The results are similar to
the study conducted on a-amylase production by B.
altitudinis in shake flask for different intervals of time (0
to 144 h) (Kumar et al., 2014). The production of enzyme
was reached maximum at 48 h after inoculation. Further
increase in incubation period however, did not show any
significant increase in enzyme production rather it was
decreased. This is because the cells would have reached
decline phase with lowered enzyme synthesis. It might
be also due to the depletion of the nutrients, death phase
of organism or due to the production of amylase in the
medium. This result was also supported by Oyeleke and
Oduwole (2009) where the optimum incubation period on
the yield of amylase enzyme was found at 48 h. Our result
was also in agreement with the similar findings obtained
for production of α-amylase from B. amyloliquefaciens
(Gangadharan et al., 2008).
The result revealed that after 48 h incubation decreased
in enzyme yield might be due to the denaturation of
enzyme caused by interaction with other components in
the medium. The pH of the production medium plays an
important role in microbial growth and hence influences
the enzyme production. Previous reports on amylase
production indicate greater influence by pH (Parbat
and Singhal, 2011; Sankaralingam et al., 2012). In the
present investigation the enzyme activity for different pH
ranging from 6.0-10.0 were determined by keeping the
Figure 7. Influence of different carbon sources on amylase
production.
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optimum incubation period and temperature conditions.
The maximum amylase production was found at pH
9.0. Further increase in the pH decreased the activity of
amylase. Amylase production by B. altitudinis GVK38
was found to be maximum at pH 9.0 (259.5 U/ml) (fig.4).
When pH is altered below or above the optimum, the
activity appears to be decreased or becomes denatured
(Devi et al., 2012). Different organisms have different
pH optima and decrease or increase in pH on either side
of the optimum value results in poor microbial growth
(Sankaralingam et al., 2012).
In this present work the amylase activity was studied for
the temperature from 30°C - 60°C. It was observed in
the present study that the maximum enzyme production
from the bacterium was found to be maximal after
48 hours of time at 45°C (367 U/ml) (fig. 5). Previous
report on optimum production of amylase by B. marini
at 40°C indicates that as the temperature increased or
decreased, there was gradual decrease in the enzyme
activity (Ashwini et al., 2011). At 60°C, the production
of amylase was extremely low. This might be due to
inhibition of bacterial growth at high temperature and
hence, enzyme formation was also prohibited. Similar
finding was also reported by Riaz et al., (2003) when
study was carried out on production of amylase by B.
subtilis GCUCM-25 at 30 - 60°C. The production of the
enzyme decreased with increased temperature. The effect
of temperature on activity of amylase produced by B.
megaterium was found to be maximum at 40°C followed
by a sharp decrease in amylase activity at 50°C reported
Figure 8. Effect of different concentration of maltose on
amylase production.

Figure 9. Influence of different nitrogen sources on
amylase production

by Oyeleke and Oduwole (2009) which is similar to the
present study. Jogezai et al., (2011) also reported the
maximum production of a-amylase at 40°C by using B.
subtilis. As the incubation temperature was increased,
the production of the enzyme was decreased. Liu and
Xu, (2008) reported that the strain B. aquimaris VITP4
exhibited maximum enzyme production at 40°C.
Although growth was observed in the temperature range
30°C to 60°C, it was found maximum at 40°C indicating
one-to-one correlation between enzyme production and
biomass, which clarifies that the enzyme production
is growth dependent. Sodium chloride (NaCl) is an
important nutrient factor for growth and physiological
activities. Various concentrations of NaCl such as 0.5%,
1.0%, 1.5%, and 2.0% were used to supplement the
production media. Among the various concentrations
the maximum amylase production (596 U/mL) was
induced when the media was supplemented with 2.0
% (fig. 6). Vijayabaskar et al., (2012) reported 3% NaCl
concentration was suitable for the amylase production
. Ashwini et al., (2011) reported enzyme production at
different concentrations of NaCl and found optimum
enzyme yield at 4.5% NaCl concentrations. Further
there was gradual decrease in enzyme production as
the NaCl concentration was increased or decreased.
Kokab et al., (2003) reported amylase production from B.
subtilis having medium containing 2.0 % concentration
of NaCl.
The effect of carbon sources on amylase production
from B.altitudinis GVK38 was studied using different
carbon sources such as arabinose, fructose, glucose,
lactose, maltose and sucrose (1%) as supplement in the
production media. The maximum amylase production
was found when production medium was supplemented
with maltose (698.5 U/mL) followed by fructose (582 U/
mL) (Fig. 7). Least growth and amylase production have
been recorded by lactose and arabinose. The addition of
carbon source in the form of either monosaccharide or
polysaccharides may influence the production of amylase
enzyme. In this present study, the influence of maltose
was found best carbon source than the other carbon
sources. Similar finding was observed by Ashwini et al.,
(2011) when amylase production was optimized using
different sugars at 1% (w/v) concentration. B. marini
Figure 10. Effect of different concentration of yeast extract
on amylase production.
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showed the maximum enzyme activity in the presence of
starch as carbon source, whereas, the minimum enzyme
activity was observed in the presence of dextrose. The
decrease in the production of enzyme with other carbon
sources may be due to catabolite repression. The finding
in the present study was in agreement with earlier report
where starch was observed as the best carbon source
utilized by the organism Rameshkumar and Sivasudha,
(2011). Similar result was also found by Goyal et al.,
(2005) that the soluble starch as the best carbon source
supplement for amylase production by B. lichenifomis
and Bacillus sp.I-3.
In the present study the supplementation of nitrogen
sources on amylase production showed that yeast extract
was found to be a better nitrogen source for the production
of amylase (728 U/mL) (fig. 9). Yeast extract was the best
nitrogen source for amylase production, probably due
to its high content in minerals, vitamins, coenzymes
and nitrogen components and when yeast extract was
used as nitrogen source for B. stearothermophilus and S.
albidoflavus respectively (Narayana and Vijayalakshmi,
2008; Roohi et al., 2011). The improvement of the
nutritional value in the medium by the supplementation
of organic and inorganic sources will also improve the
growth of the bacterial culture and subsequently in the
enzyme production. Similarly, enzyme production was
more efficient in medium containing organic nitrogen
sources, especially yeast extract as compared with
inorganic nitrogen sources (Santos and Martins, 2003;
Sourav et al., 2011). Optimization using Response Surface
Methodology (RSM): To examine combined effect of the

independent variables starch (A), Incubation period (B),
pH (C), Temperature (D), NaCl Conc. (E) Maltose conc. (F)
Yeast extract on the activity of amylase from Bacillus
altitudinis GVK38 under submerged fermentation, an
experiment of 54 runs were designed and performed
with an incubation period of 120 hrs. The Model F-value
of 1.44 implies the model is not significant relative to
the noise. There is a 43.58% chance that an F-value
this large could occur due to noise. P-values less than
0.0500 indicate model terms are significant. In this case
there are no significant model terms. Values greater than
0.1000 indicate the model terms are not significant. The
Lack of Fit F-value of 0.33 implies the Lack of Fit is not
significant relative to the pure error. There is a 77.76%
chance that a Lack of Fit F-value this large could occur
due to noise. Non-significant lack of fit is good. The
coefficient of determination (R2) for enzyme activity
was calculated as 0.9231.
This indicated that the statistical model explained 92.31%
of the variability in response and only 07.69% of variance
was not explained by the model. Value of R2 near to 1.0
indicated that the model was strong and it can predict the
response in a better and this supports our results (Box et
al., 1978; Keshavamurthy et al, 2019). The adjusted R2
value corrects the R2 value for the sample size and for the
number of terms in the model. The value of the adjusted
determination coefficient, R2 was 0.2822. This implied a
higher significance of the model applied for analysing the
data (Cochran and Cox, 1957; Khuri and Cornell 1987).
In the present study, the adjusted R2 value (0.2822) was
lesser than the R2 value (0.9231). The smaller value of

Figure 11. Response surface plots of combined effects of two variables on the production of amylase.
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adjusted R2 as compared to that of the R2 may be due to
the presence of multiple terms but small sample size. The
interactive effects of independent variables on enzyme
were studied by plotting 3D surface curves. The 3D curves
of the calculated enzyme activity for the interactions
between the variables are shown in Fig. 11. Optimal level
of the significant variables for the maximum amylase
production were: Incubation period 72 hrs, pH – 8.00,
temperature 45°C, NaCl Conc. - 1.25%, maltose conc. –
1.25% and yeast extract conc. – 1.25%.
RSM mediated optimization of amylase production
from Bacillus sp. has previously been reported by many
researchers. This method was previously used to evaluate
the effect of pH, temperature and inoculum size on
production of amylase from Bacillus sp by applying a
full factorial central composite design (Zambare, 2011). In
another report by Tanyildizi et al., (2005) on optimization
of a-amylase production by Bacillus sp using RSM,
combined interaction of starch, glycerine, peptone
and yeast extract on the production of enzymes was
evaluated. Optimized level of variables for the maximum
a-amylase yield from Bacillus subtilis 168 were starch
2.55 g/l, yeast extract 8.4 g/l, sodium chloride 8.1% and
48 h of incubation (Samreen, 2011).

Conclusion
Bacillus altitudinis GVK38 (KY777585) isolated from
mining environment showed a good amylolytic activity.
The optimum yield of amylase was found at 40°C and
48 h and pH 9.0 under submerged fermentation using
OVAT approach. Among the different carbon sources,
starch supported highest amylase production followed
by maltose under submerged fermentation. Yeast
extract supported maximal amylase production from
different nitrogen sources. A NaCl (2.0 %) concentration
was observed for highest amylase production under
submerged fermentation. Amylase produced by B.
altitudinis GVK 38 was found to be potent since it could
be active at a wide range of pH, temperature, carbon,
nitrogen sources and sodium chloride concentrations
under submerged fermentation. Therefore the selected
strain of B. altitudinis GVK38 could be beneficial and
further can be exploited for industrial purposes at large
scale production.
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ABSTRACT
The effect of different pre-milling treatments on dehulling fractions, dehulling efficiency and dehulling loss were studied using
CIPHET mini dhal mill. Pre-milling trials were conducted using different levels of oil (0%, 0.3% and 0.5%) and water treatments
(0%, 25% and 50%) on pigeon pea. Response surface method based on a single factor and three-level design was used to
study the effect of the independent variables and to optimize process conditions. Overall best values of dehulling fractions and
parameters were observed for 50% water treatment which was found similar to the predicted data.

KEY WORDS: DEHULLING EFFICIENCY; DEHULLING FRACTIONS; DEHULLING LOSS; PRE-MILLING TREATMENT
INTRODUCTION
India stands top in worldwide pulse production as well
as for its highest consumption. Pigeon pea (Cajanas
cajan L.) is one of the highly produced and consumed
pulses throughout India after chickpea and pea. Pulses
have an essential role in human nutrition and are
found more prevalent in vegetarian people diet as one
of the major protein sources (Anon, 1984). The Annual
production of total pulses in India in 2017-2018 was
25.23 Million MT from which Pigeon pea accounts
for 4.25 Million MT and in 2018-19 it is estimated
around 3.68 Million MT (DES, DAC Report; 2017-18 &
2nd Adv Est for 2018-19).The per capita availability of
pulses was approximately 35g as against the requirement
of 70g per day as per the recommended dietary allowances
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(Roy et al., 2017). Generally, pulses are consumed in
India after being converted into dhal, the dehulled splits.
It is estimated that about 80% of pulses produced in the
country are converted to dhal (Deshpande, 1990 and
Tiwari et al., 2017). The recovery of dhal varies from 60
to 75%, depending upon the type of pulses and techniques
adopted by the millers such as methods of pre-milling
treatment and milling machinery used (Chavan et al.,
1983; Deshpande et al., 2007 & Jennifer et al., 2011).
Dehulling is the most crucial operation of post-harvest
handling of pulses. The removal of the seed coat is
imperative because it is indigestible and bitter. Since
in most of the pulses, husk is tightly attached with
cotyledons, (Kulkarni, 2002; Gupta, 2013); therefore, a
pre-treatment before milling is desirable for loosening
seed coats. Singh and Ilyas (1994) and Chunilal (2017)
reviewed the various pre-treatments used in pigeon pea.
Edible oil treatment (up to 1%) is used in commercial
mills to loosen the husk of pulses that are difficult to
mill (Singh, 1995; Sokhansanj & Patil, 2003). Tiwari et
al. (2007) observed an 85.5% dehusking loss and a 6.98
% powdering loss in black gram at 0.8% oil treatment
with 90 °C drying temperature. Erskine studied the effect
of seed size and different pre-treatments on splitting
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and dehulling of lentil (Lens culinaris) and reported
that dehulling efficiency was highest with low seed
moisture content, (Phirke & Bhole, 1999; Wang, 2005).
Kurien (1968) investigated that dehulling of pigeon pea
can be rendered easier by prolonged soaking in water
for 12hours or more, but the dhal so obtained remains
uncooked and tough even with prolonged boiling. Hence,
it is necessary to optimise the oil treatment of pigeon pea
to enhance recovery (Phirke & Bhole, 1999). Therefore
the present study was undertaken to study milling
characteristics for the CIPHET dhal mill for dehulling of
pigeon pea using different pre-treatments.

MATERIALS AND METHODS
Raw material: Pigeon pea grains (Variety: Pigeon pea407) used in the study were obtained from the agroprocessing Centre of Central Institute of Post Harvest
Engineering and Technology (CIPHET) Ludhiana.
Equipments used: Experiments were conducted using
CIPHET developed mini dhal mill at Food Grain &
Oil Processing Division, CIPHET, Ludhiana which has
overall dimensions of 1000 mm × 555 mm × 1225
mm, abrasive circle surface perimeter of 1100 mm and
feed rate capacity of 100 kg/h. It was driven by 3 hp
electric motor rotating at 1580 rpm speed, and dhal
mill shaft rotates at 615 rpm. In this machine, all three
carborundum materials were laminated on a single roller,
and two stoppers were provided on the screen to increase
the retention time of pigeon pea (Sahay & Bisht, 1988;
Mangaraj et al. 2004).
Sample Preparation: As per the conventional method
of milling, cleaning of grains was done by using pedal
cum power operated grain cleaner with 500-800 kg/h
capacity in agro-processing centre of CIPHET, Ludhiana.
Further separation of stones, pebbles, soil particles were
done by using Destoner of capacity 100-200 kg/h. After
cleaning and grading of pigeon pea grains, the moisture
content of the grain was determined using the hot air
oven drying method (AOAC, 2000).

Pre-milling treatments: Pre-milling trials were conducted
on pigeon pea using different levels of refined soybean
oil (0%, 0.3% and 0.5%) and by using water (0%, 25%
and 50%). Total 18 experiments were run each having
an equal sample size of 2 kg. In the case of water
pre-treatment, grain was finally dried to 8% and 12%
moisture content on a wet basis for 25 % and 50% water
treatment respectively. After addition of water, grains
were kept in airtight plastic containers for 12 hours
conditioning. The reduction of moisture content to the
desired level was achieved by the conventional method of
drying, i.e. by sun-drying (Mazza & Campbell, 1985; Ante
et al., 2014). While in case of oil treatment, refined soya
bean oil of 0.3% and 0.5 % (v/w) was added to pigeon pea
samples, and the grains were mixed thoroughly to ensure
all grains were uniformly coated. The oil pre-treated
grains were also heaped in airtight plastic containers
for 36 hours for tempering (Sokhansanj & Patil, 2003;
Hiregoudar, 2014).
Drying: The pre-treated pulses were then dried in open
sunlight to the desired moisture content of 9-10% (d.b)
(Kurien and Parpia, 1968; Kurien, 1981; Goyal et al.,
2008).
Milling: Based on preliminary trials conducted at CIPHET
and optimization of milling time for dehulling pigeon
pea, 12 seconds residence time was observed to be
optimum. So, a complete unit for dehulling pigeon pea
grain has been developed taking residence time as one
of the design parameters. Thus after pretreatment, grains
were milled using CIPHET dhal mill (as described above)
& fractional analysis was carried out to study the effect
of pre-treatment on the recovery of quality dhal. Various
fractions such as dehulled grains i.e. dhal, partially
dehulled grains, unhusked grains, husk and chuni were
obtained, which through manual sorting weighted
separately to find out the total recovery of dhal.
Dehulling efficiency, η in % and dehulling loss, ξ in %
in terms of broken grains and powder were calculated
using the following equation (Saxena, 1985, Singh et al.
2004 and Goyal et al., 2008).

Figure 1. Orthographic view of CIPHET mini dhal mill
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Experimental design: Optimization of the milling process
was done using response surface methodology (RSM)
to study the effect of different pre-milling treatments
on dehulling parameters and dhal recovery. The reason
behind the selection of RSM was due to its suitability
to find the ideal process settings to achieve optimal
performance. The independent variables used in this
design were oil treatment (Xi) and water treatment (Xj),
each at three levels (0, 25 & 50%) for water and (0, 0.3,
&0.5%) for oil treatment. The coded levels of independent
variables were -1, 0 and+1 (Table 1a & 1b).
These levels were selected based on previous experiments
conducted at CIPHET, Ludhiana. Since two different premilling treatments,i.e. using oil and water were studied,
experiments were conducted separately. Thus, one factor
RSM design was used for the linear model, and statistical
analysis was done separately for each independent
parameter. The experiments were taken in a randomized
manner to reduce the effect of unexpected variations in
observed responses. Considering independent variables
affect the total amount of dehulled grains (TDG),unhulled
grains (TUG), broken grains (TBG), powder (TP), dehulling
efficiency (η)and dehulling loss (ξ) hence these were
considered as responses. For this purpose, Design
Expert software (Version 11) developed by Stat-Ease
Inc., Minneapolis, USA,was used. Experimental data
values were analyzed using one factor RSM methodand
fitted in following second-degree polynomial equation
as given below.
Y = β0+ ∑ βiX + ∑ βiX2

(3)

Here Y is predicted response, β0 is constant regression
Table 1a. Coded levels of independent variables used in
oiltreated dhal milling
Independent 			
variable		
Notation
-1
Oil treatment (%)
Xi
0

Coded level
0
0.3

+1
0.5

Table 1b. Coded levels of independent variables used in
watertreated dhal milling
Independent
variable
Notation		
		
-1
Water treatment (%)
Xj
0
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Coded level
0
25

+1
50

coefficient, βi is the linear regression coefficient, and
X is coded independent variable. To optimize process
parameters, the independent variable was kept within
the experimental range for maximizing TDG as well as
dehulling efficiency and minimizing TUG, TBG, TP as
well as dehulling loss.
Experimental justification: Dehulling experiments
using different pre-milling treatments were conducted
at optimum conditions prescribed by Design Expert
software to analyze results. Observations were replicated
three times and examined for any remarkable difference
from predicted data values.

RESULTS AND DISCUSSION
The experimental results for different pre-milling
treatments are presented in terms of the total amount
of dehulled grains (TDG), unhulled grains (TUG), broken
grains (TBG), powder (TP), dehulling efficiency and
dehulling loss in Table 2a & 2b.
Dehulling fractions: From ANOVA for different dehulling
fractions such as total dehulled grains (TDG), total
unhulled grains (TUG), total broken grains (TBG) and
total amount of powder (TP) are shown in Table 3a & 3b.
It was observed that both pre-milling treatments were
significant. In most of the cases, the quadratic model
was found significant expect TP in oil treatment and
TUG & TP in water treatment, where a linear model was
found significant. Linear regression equations obtained
for given suitable linear or quadratic model of first or
second degree respectively in terms of coded factor X
are shown below.
For oil treatment-

						

(4)

For water treatment-

			

(5)

From Table 3a & 3b, it was found thatfor each response,
R2 value and adjusted R2 value were within approximately
0.20 of each other, i.e. in reasonable agreement. Therefore
given models predicted response values very well. Also,
high R2 values proved that selected first and second
degree models were sufficient. Since only one factor
was involved, representation of the response surface for
dehulling fractions showed by using two-dimensional
graphs. A radar chart is a unique graphical method to
represent multivariate or multilevel data in the form of
two-dimensional graphs. Hence, the data obtained using
three different levels of each pre-milling treatment viz.
oil (0%, 0.3% & 0.5 %) and water (0%, 25% & 50%)
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treatment were shown as three distinct axes points in
separate radar charts as Figure 2a & 2b below. Such type
of model representation helps in understanding the effect
of various factors. In case of oil treatment, TDG initially
increased and then decreased as oil content goes beyond
0.3% while TBG was continuously decreased with the
increase in oil percentage, i.e. from 0 to 0.5% (Figure 2a).
TDG was increased with an increase in water percentage,
i.e. from 0 to 50% while TBG was decreased respectively
with it (Figure 2b).
Kurian & Ramakrishnaiah (1983) mentioned results
indicating a high amount of water content cause rupture
of mucilage-gums which was tightly bonded to the hull
and cotyledon layers while higher oil percentage cause
difficulty in dehulling the grains properly. TP first slightly
decreased with an increase in both the cases, i.e. in both
water and oil treatment, but remained nearly constant for
a prolonged treatment period. Similar studies were done
by Goyal et al. (2008) & by Tiwari et al. (2010) reported
that total loss of powder was influenced by drying
temperature and water content for pigeon pea.
Dehulling parameters: The experimental results for
dehulling efficiency as well as dehulling loss are
represented in Table 2a & 2b. The analysis of variance

for dehulling efficiency (η) and dehulling loss (ξ) was
shown in Table 3a & 3b. It was seen that both pre-milling
operations were quite significant. Here, as a result, the
quadratic model was suggested to study the effect of
different pre-milling treatments except for dehulling loss
in oil treatment in which linear model was found to be
significant. Regression equations in terms of coded factor
X for the suitable linear model of first degree or quadratic
model of the second degree are shown as following.
For oil treatment				

(6)

For water treatment					

(7)

The model F-values from Table 3a &3b implies only
models which were found significant, and there was only
a 0.01% chance that a model F-value this large could
occur due to noise. P-values less than 0.05 indicated that
model terms were significant. Hence both oil treatment &
water treatment have significant model terms which have

Table 2a. Experimental design matrix for coded values & responses in oil treated
dhal milling
Run
order
1
2
3
4
5
6
7
8
9

Oil
TDG
treatment (Xi) (%)
+1
-1
0
+1
-1
0
+1
0
-1

44.2
45.2
50.3
46.4
41.7
51.4
45.9
49.3
42.6

TUG
(%)

TBG
(%)

TP
Dehulling Dehulling
(%) efficiency (%) loss (%)

54.3
44.7
45.4
51.4
50.4
45.3
52.4
47.9
48.5

1.4
9.5
3.9
2.1
7.4
3.0
1.6
2.6
8.4

0.1
0.6
0.3
0.1
0.5
0.3
0.1
0.1
0.5

44.2
45.2
50.3
46.4
41.7
51.4
45.9
49.3
42.6

1.5
10.1
4.3
2.3
7.9
3.2
1.7
2.8
8.9

Table 2b. Experimental design matrix for coded values & responses in water
treated dhal milling
Runorder

1
2
3
4
5
6
7
8
9

Water
TDG
treatment (Xj) (%)
-1
0
-1
+1
+1
0
-1
+1
0

42.6
62.6
41.7
67.4
68.1
57.5
45.2
69.2
58.6

TUG
(%)

TBG
(%)

TP
Dehulling Dehulling
(%) efficiency (%) loss (%)

48.5
33.5
50.4
31.9
30.8
39.6
44.7
29.3
38.0

8.4
3.6
7.4
0.7
1.1
2.7
9.5
1.4
3.1

0.5
0.3
0.5
0.0
0.1
0.2
0.6
0.1
0.2
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42.6
62.6
41.7
67.4
68.1
57.5
45.2
69.2
58.6

8.9
3.9
7.9
0.7
1.1
2.9
10.1
1.5
3.4
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a substantial effect on the responses. Since the Prob>F
values from Table 3a & 3b were obtained very small
(less than 0.05), curvatures were found significant which
means that the predicted value at the centre point was
significantly different from the value that was obtained
when running the centre point conditions. Also, R2 values
and adjusted R2 values for every response were found
within the reasonable agreement, i.e. approximately 0.20
of each other. Therefore given models predicts response
values very well. Also, high R2 values proved those first
and second degree models selected were adequate. One
factor response surface diagrams for dehulling efficiency
and dehulling loss represented as two-dimensional radar
charts (Figure 3a & 3b) which help in identifying the
effect of various responses. In oil treatment, dehulling
efficiency was increased initially and then decreased as
oil content goes beyond 0.3% (Figure 3a).
Dehulling efficiency in water treatment was increased
with an increase in water percentage, i.e. from 0 to 50%
(Figure 3b). Increase in water pre-treatment percentage
of pigeon pea grains from 0 to 50% showed a sharp
increase in dehulling efficiency from 43.2 to 59.6%
initially, and then it gradually increased up to 68.2%.
These results found contrary to the results obtained by
Kurien & Ramakrishnaiah (1983) because the moisture
content of pigeon pea grains was less than 13%. The
results obtained found in agreement with Tiwari et al.
(2010) who denoted increased dehulling efficiency with
an increase in water content, reaching a maximum
after approximately 10 minutes of treatment. Whereas,
dehulling losses found to be decreased with increase

inboth oil and water treatment levels. Increase in the level
of oil treatment beyond 0.3%, although not significant
for dehulling efficiency, yet decrease in dehulling losses
(0.5-2.8%) were obtained. Hence, oil pre-treatment assists
in dehulling of pigeon pea by not increasing losses during
dehulling (Goyal et al., 2008).
Numerical optimization of experimental conditions:
Design Expert 11software was used to achieve optimal
conditions for dehulling studies of pigeon pea obeying
certain conditions as given in Table 4a & 4b for oil and
water pre-treatment, respectively. The experimental
conditions were optimized to obtain maximum TDG and
dehulling efficiency with minimum TUG, TBG, TP and
dehulling loss. Lower and higher limit values of factors
and responses were obtained from experimental readings.
It was predicted that oil pre-treatment of0.3% gave 50.2%
TDG, 46.6% TUG, 3% TBG, 0.2% TP, 50.2% dehulling
efficiency and 3.9% dehulling loss as optimum values
with the most convenient desirability of 0.81. Similarly,
water treatment of 50% gave 68.2% TDG, 29.9% TUG,
1% TBG, 0.0% TP, 68.2% dehulling efficiency and
1.1% dehulling loss as optimum values with the most
convenient desirability of 0.97.
Predicted model accuracy of oil treated samples was 50.2
± 0.8% for TDG, 46.6 ± 1.1% for TUG, 3 ± 0.4% for TBG,
0.2 ± 0.03% for TP, 50.2 ± 0.8% for dehulling efficiency
and 3.9 ± 0.4% for dehulling loss. While for water treated
samples accuracy of 68.2 ± 1.1% for TDG, 29.9 ± 1.4% for
TUG, 1 ± 0.4% for TBG, 0.0 ± 0.04% for TP, 68.2 ± 1.1%
for dehulling efficiency and 1.1 ± 0.4% for dehulling loss

Table 3a. Analysis of variance for oil treatment on response variables
Response

TDG
TUG
TBG
TP
η
ξ

Significant
SS
df
MS
F-value
model					
Quadratic
Quadratic
Quadratic
Linear
Quadratic
Linear

80.49
68.39
74.65
0.30
80.17
80.96

2
2
2
1
2
1

40.24
34.19
37.33
0.30
40.08
80.96

21.67
8.04
66.17
63.53
20.96
80.04

p-value
R2
Prob > F		

Adj. R2

0.0018
0.0201
< 0.0001
< 0.0001
0.0020
< 0.0001

0.8378
0.6376
0.9422
0.8866
0.8331
0.9081

0.8784
0.7282
0.9566
0.9007
0.8748
0.9196

Table 3b. Analysis of variance for water treatment on response variables
Response

Significant
SS
df
MS
F-value
Model					

p-value
R2
Prob > F		

Adj. R2

TDG
TUG
TBG
TP
η
ξ

Quadratic
Linear
Quadratic
Linear
Quadratic
Quadratic

< 0.0001
0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

0.9701
0.8839
0.9577
0.8919
0.9696
0.9573
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969.09
441.96
86.53
0.35
972.41
98.16

2
1
2
1
2
2

484.55
441.96
43.27
0.35
486.20
49.08

			

130.63
61.90
91.48
66.98
128.74
90.70

0.9776
0.8984
0.9682
0.9054
0.9772
0.9680
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were obtained. In order to check the validity of optimal
conditions, experiments were conducted in triplicate
manner and the average TDG, TUG, TBG, TP, dehulling
efficiency and dehulling loss were observed to be 50.3
± 1.1%, 46.2 ± 1.5%, 3.2 ± 0.7%, 0.2 ± 0.1%, 50.3 ± 1.2
and 3.4 ± 0.8 respectively for oil treated samples and
similarly, 68.2 ±0.9 %, 30.7 ± 1.3%, 1.1 ± 0.4%, 0.1 ±
0.06, 68.2 ± 0.9 and 1.1 ± 0.4 were obtained for water
treated samples respectively. Since, both predicted and
average values were quite similar hence it confirms the
optimum conditions.

CONCLUSION
With the help of Response surface method (RSM)
design, the relationships between one or more measured
responses and the vital input factors were quantified
for optimizing pre-treatment conditions (oil and water
treatment) for milling studies of pigeon pea. These
optimized parameters could be used to design integrated
mini dhal mills which will help to small commercial
scale milling industries. The best optimal conditions
among all pre-treatments were obtained for 50% water

Figure 2a & b. Dehulling fractions relationship for oil (2a) & water treatment (2b) respectively

Figure 3a & b. Dehulling parameters relationship for oil (3a) & water treatment (3b), respectively
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Table 4a. Optimization criteria for dehulling fractions &
parameters of oil pre-treated pigeon peas
Name
Goal
		
Oil Pretreatment
TDG
TUG
TBG
TP
Dehulling
efficiency
Dehulling
loss

Lower
Limit

Upper Importance
Limit

in range

0

0.5

***

maximize
minimize
minimize
minimize
maximize

41.7
44.7
1.4
0.1
41.7

51.4
54.3
9.5
0.6
51.4

***
***
***
***
-

minimize

1.5

10.1

-

Table 4a. Optimization criteria for dehulling fractions &
parameters of oil pre-treated pigeon peas
Name
Goal
		

Lower
Limit

Water
in range
0
Pretreatment
TDG
maximize 41.7
TUG
minimize 29.3
TBG
minimize 0.7
TP
minimize 0.1
Dehulling
maximize 41.7
efficiency
minimize 0.7
Dehulling		
loss

Upper Importance
Limit
50

69.2
50.4
9.5
0.6
69.2
10.1

***

*
*
*
*

**
**
**
**
-

pre-treated sample indicating highest 0.97 desirability
value. Yet the amount of dehulled grains remained after
milling is a bit higher as compared to commercial mill
outputs. It was due to the small sample size and single
time feeding of samples. Besides this, different varieties
of pigeon pea, their shape, size and season of harvest
also affect milling studies. Hence to promote its further
application, pre-treatments should be tested considering
the above different aspects.
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ABSTRACT
The effect of dietary management of probiotic micro organism, Bacillus firmus cas 7 on increase, survival and colour
enhancement of smoke angelfish Apolemichthys xanthurus become evaluated. within the gift take a look at, fishes have been
fed with basal diet supplemented with probiotic B. firmus cas 7 at 50, 100 and 150 mg kg-1 and manage basal food regimen
containing no probiotic. the outcomes discovered that the basal weight-reduction plan supplemented with probiotic at one
hundred fifty mg kg-1 produced considerably better weight benefit (80.95 ± 1.5g), precise increase price (0.675), survival
charge (one hundred%) and feed conversion ratio (zero.ninety one) than diets supplemented with different concentrations
and manage. furthermore, carotenoid content material was relatively better in fishes fed feed supplemented with probiotic in
amount a hundred and fifty mg kg-1 (6.24 mg g-1) than a hundred and 50 mg kg-1 and manipulate (2.ninety one mg g-1).
the experimental end result proves that the probiotic bacteria b. firmus cas 7 substantially stepped forward growth and color
of smoke angelfish Apolemicthys xanthurus which might be useful in ornamental fish industry as feed complement. further,
studies concerning the synthesis of carotenoid and appropriate dose of probiotic must be executed earlier than the use of
probiotics on a massive scale to prevent any undesired consequences.
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INTRODUCTION
Modern aquaculture demands alternatives that can
sustain a healthy environment with best production
practices (Ai, Xu, Mai, Xu, Wang, & Zhang, 2011).
Probiotics in aquaculture have been reported to provide
helpful property and the use of probiotics is an
important management tool in fish culture (Balcazar,
De Blas, Ruiz-Zarzuela, Cunningham, Vendrell, &
Muzquiz,, 2006). The probiotics in aquaculture is use
full for reduction of the use of harmful antimicrobial
compounds, particularly antibiotics, and also improved
the growth performance of the farmed species in an
eco-friendly and sustainable manner (Wang, Xu, & Xia,
2005). Probiotics as feed supplements beneﬁt to host with
improving the value of feed, enzymatic role to digestion,
inhibition of pathogenic microorganisms, medical
properties, growth promoting factors and increasing
immune response (Harikrishnan, Balasundaram, & Heo,
2010; Gupta, Gupta, & Dhawan, 2014; Gupta, Geetika, &
Paromita, 2016). Several reports suggest that probiotics
supplementation can cut down the cost of culture by
improving the fish growth and feed utilization efficiency.
The most typically used probiotics in aquaculture belong
to gram-positive spore forming bacillus spp. (Wang et
al., 2008; Gupta & Dhawan 2011, 2013; Gupta et al.,
2014, 2016).
The genus Bacillus as putative probiotics has been used
substantially as aquaculture feed components, due to
its resistance to excessive temperature and excessive
stress (Rengpipat, Rukpratanporn, Piyatiratitivorakul,
& Menasa-veta, 2000). Nutritional supplementation of
Bacillus spp. advanced the boom performance, immunity
and ailment resistance of ﬁsh (Ai et al., 2011; Geng, Dong,
Tan, Yang, Chi, Liu, & Liu, 2012) and giant freshwater
prawn (Macrobracium rosenbergii (Gupta & Dhawan
2011, 2012). In rainbow trout (Oncorhynchus mykiss),
signiﬁcant development of feed conversion ratio (fcr),
speciﬁc growth price (sgr) and protein performance
ratio (in line with) turned into observed when the fish
was fed with diets containing bacillus spp. (Merriﬁeld
et al., 2010; Gupta et al., 2014), as color of decorative
species is taken into consideration as an essential factor
for marketing of the product (Gouveia & Empis 2003;
Gouveia & Rema 2005).
Color changes in fish are regularly related to environmental
strain, and illumination might be a number one factor
regulating pigment distribution via hormone regulation
(Van der Salm, Martnez, Flik, & Wendelaar Bonga,
2004). Shade of fish pores and skin is predominantly
depending on the presence of chromatophores containing
colored pigments (Fox, 1957). The colour of fish pores
and skin is generated via the absorption, mirrored
image, and scattering of mild through the pigments and
microstructures within the fish integument (Fujii, 2000).
carotenoids are evidently going on pigments that variety

in shades from yellow to crimson (Hill, 2002) which
are lipid soluble pigments, are answerable for pores and
skin coloration of ornamental ﬁsh, and might determine
their commercial feed. The prosperity of the decorative
fish industry has precipitated the indiscriminate use of
antibiotics and chemo therapeutants for improvement
in fitness and vitamins, and this therefore has led to
the development of drug resistant traces of pathogenic
microorganisms (Amabile-Cuevas, Cardenas-Garcia,
& Ludgar,1995). Fishes are unable to perform de novo
synthesis of carotenoids (cd) like other animals and
consequently rely on nutritional supply to gain their
herbal pigmentation (Goodwin, 1984).
Below in depth farming conditions and aquarium rearing,
ornamental fish are fed completely with compound
feeds, which ought to consequently be supplemented
with carotenoids (Wang, Li, & Lin, 2008). The yellow,
orange and red colors discovered in ﬁsh pores and skin
are the end result of the group of carotenoid pigments,
each carotenes and xanthophylls (Simpson, Katayama,
& Chichester, 1981). Spore-forming bacillus species able
to synthesizing carotenoid pigments and the biochemical
evaluation at the carotenoids answerable for the yellow/
orange pigmentation found in bacillus sp. has been
performed and the identification of the carotenoids
was elucidated (Perez-Fons, Steiger, Khaneja, Bramley,
Cutting, Sandmann, & Fraser, 2011).
The most typically found pigments had been yellow,
orange and red. isolates have been nearly usually
participants of the bacillus genus and in maximum cases
have been related with recognised species consisting
of B. marisﬂavi, B. indicus, B. ﬁrmus, B. altitudinis
and B. safensis. 3 types of carotenoids were found
with absorption maxima at 455, 467 and 492 nm,
corresponding to the visible colors like yellow, orange
and pink, respectively (Perez-Fons et al., 2011). A total
of 1471 species of ornamental fish are traded globally
(Wabnitz, Taylor, Green, & Razak, 2003) of which, marine
angelfishes (Pomocanthidae) are the following maximum
crucial organization than damsel and anemone fish
(33%), consisting of approximately 25% of the overall
change. Pomacanthus angelfish are the various most
high prized of the coral reef fish (Frische, 1999; Debelius,
Tanaka, & Kuiter, 2003). The marine angelfish circle of
relatives pomacanthidae consists of 8 genera and 82
species global (Nelson, 2006).
Marine angelfish, Apolemichthys xanthurus (Bennett,
1833) are extensively dispensed at some point of the
Indian ocean, in regions such as the Maldives and the east
coast of India. these fish tend to stay in coral-rich areas
singly or in pairs, often found outer reef facet and reef
slopes at depths of 15 m with the most size approximately
25 cm, feeds mainly on sponges, sea squirts and small
amounts of copepods (Rajeswari, & Balasubramanian,
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2014) to the fine of our understanding, very little
statistics is available on its replica and early ontogeny,
possibly because of the problems of field observations
because of low populace densities and massive domestic
stages, and also because of the issue in breeding such
species in small aquaria (Moyer, 1987). But, there was
no tries had been made on increase, survival, coloration
enhancement, herbal spawning and larval rearing of
Apolemichthys xanthurus in captivity. Even though the
software of probiotics has been diagnosed in aquaculture
by means of some researchers global, no concerted tries
have been made on these marine angel fishes to enhance
boom and color till date. therefore an attempt turned
into made to analyze the impact of probiotic bacteria B.
firmus cas 7 on boom overall performance, survival and
color enhancement of smoke angelfish Apolemichthys
xanthurus that's one of the maximum appealing and
commercially essential marine angel fish species.

Material and Methods
Isolation and identification of probiotic bacteria Bacillus
firmus CAS7: Samples were collected from marine
sediments of Parangipettai, Tamil Nadu, India and
brought to the laboratory aseptically at 4 C. in nutrient
broth sea water (NBSW) (salinity 34 g/l and pH 7.89),
speared on nutrient marine agar 2216 (Himedia, USA) and
incubated at room temperature for 24 h at 30 C. Colonies
were spread on nutrient marine agar plates. After Gram
staining and catalase testing, only one strain (CAS7) were
showed Gram and catalase positive rods were retained.
Retained strains were enriched for 24 h at 30 C in NBSW.
Colonies were re-isolated on nutrient marine agar and
preserved in the laboratory. The purity of such cultures
was routinely checked during this work. Stock cultures
were frozen at 80 C with 20% (vol/vol) glycerol.
Table 1. Morphological, physiological and biochemical
characteristics of the probiotic strain CAS 7
Characteristics

Results

Shape 	Rod
Gram stain
Positive
Spore formation
+
Motility
+
Glucose
+
Mannitol
+
Xylose
+
Starch Hydrolysis
+
Gelatin Hydrolysis
+
Fat Hydrolysis
+
Casein Hydrolysis
+
Catalase activity
Nitrate reduction
+
Indole
+
Citrate
+
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Characterization of the potent strain: Pure cultured
colonies were biochemically characterized (Himedia,
Mumbai). The identification was confirmed by partial
sequencing the 16 S rDNA by kumaran et al., 2009.
The isolated bacterial DNA were extracted and 16s
rDNA sequences were amplified by polymerase
chain reaction (PCR) using universal primers of 8f
(3'-AGAGTTTGATCCTGTGCTCAG 5') and 1490r (5'GACTTACCAGGGTATCTAATCC-3'). The PCR products
were electrophoresed on 1% agarose gel and visualized
via ultraviolet transillumination. After that the PCR
product was purified to remove the primer, primer-dimers
and low molecular weight DNA fragments generated
by nonspecific amplification. Five volume of binding
buffer was mixed with one volume of PCR product and
loaded into the purification column. The nucleotide
sequences of the PCR products were determined by
using the automated DNA sequence with forward and
reverse primers (Bio serve pvt. Bio Technologies, India).
The sequences was compared with all 16S rRNA gene
sequence data stored NCBI by nucleotide BLAST.
Table 2. Formulation and Proximate composition of basal
diet
Ingredients
Fish meal
Shrimp meal
Soybean meal
Wheat flour
Fish oil
Soybean phospholipids
Vitamin mineral mix
Proximate composition
Dry matter
Crude protein
Crude lipids
Ash

g kg-1
600
160
20
140
40
20
10
941
491
98
96

Vitamin mineral mix (EMIX PLUS, Mumbai, India)
(Quantity per kg)
Vitamin A: 22 00 000 IU; Vitamin D3: 4 40 000 IU;
Vitamin B2: 800 mg; Vitamin E: 300 mg; Vitamin K:
400 mg; Vitamin B6: 400 mg; Vitamin B12: 2.4 mg;
Calcium Pantothenate: 1000 mg; Nicotinamide: 4 g;
Choline Chloride: 60 g; Mn: 10 800 mg; I: 400 mg; Fe:
3000 mg; Zn: 2000 mg; Cu: 800 mg; Co: 180 mg; Ca:
200 g; P: 120 g; L L-lysine: 4 g; DL-Methionine: 4 g;
Selenium: 20 ppm.
Culture of probiotic bacteria B. firmus CAS 7: The strain
B. firmus CAS 7 was cultured and prepared as described
by Sun et al., (2010). 500 mL of fresh nutrient broth was
seeded with 1% inoculum (1.50 x 106 CFU mL-1) and kept
in a shaker incubator (200 rpm) at pH 7.5, temperature
28 oC, and salinity 30 PSU for 48 h. After incubation
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period, the cells were harvested by centrifugation at 5000
xg for 10 min, washed twice with phosphate-buffered
saline (pH 7.5) and re-suspended in same PBS buffer for
addition to the basal diet and this was administrated for
probiotic study. Cell growth was estimated by measuring
optical density at 600 nm from the aliquots withdrawn
at every 6 h intervals.
Preparation of control and probiotic feed: The control
basal diet was formulated using the ingredients such
as fish meal, shrimp meal, soya bean meal, wheat flour,
fish oil and vitamin mineral mix (Table1) (Sun, Yang,
Ma, & Lin, 2010).All the ingredients were dried overnight
at 80º C in a hot air oven and powdered. The powdered
ingredients were sieved through a ﬁne-meshed screen
(0.5 mm diameter) and mixed well. The dough was
prepared by adding required amount of water with the
ingredients, sterilized (autoclave at 121º C for 15 min)
and incorporated with 3% (v/w) commercial vitamin
mineral mix (EMIX PLUS, Mumbai, India) and pelletized
using hand pelletizer to obtain 1 mm pellets. The pellets
were initially sun dried and then oven dried at 60 ± 5ºC
for 12 hours to get moisture content. Further, they were
manually broken into smaller bits and stored at room
temperature in an air tightened sterile polypropylene
containers.
The test feeds for the experiments were prepared by gently
spraying the required amount of bacterial suspension on
the control diet and mixing it part-by-part in a drum
mixer to obtain a ﬁnal concentration of 50, 100 and 150
mg kg-1 probiotic based on preliminary experiments in
our laboratory. The probiotic cell suspensions (108cells
mL-1) were added to the control diet after the dosage
had been autoclaved and subsequently cooled, before
pelletizing. The proximate composition (moisture,
protein, ash, lipid and ﬁbre) of all probiotic feeds and
control feed were determined by the standard procedures
of AOAC (1990). The viability counts (CFU/g) of the
probiotic incorporate feed before and after drying was
enumerated using a pour plate technique using the
method described by Reddy et al., (2009) and expressed
in % of survival. The probiotic strain-incorporated feeds
were packed in sterile polypropylene containers and
stored at 4ºC for further studies.
Experimental design: The experiment was conducted at
Aquaculture breeding center, Centre of Advanced Study
in Marine Biology, Annamalai University, India. The
juveniles of smoke angelfish, Apolemichthys xanthurus
were obtained from MAV Breeders (Mandabam, Tamil
Nadu, India) and acclimatized for 4 weeks before the
trial. The feeding experiment was conducted in (20 L)
rectangular ﬁbre glass tanks, with temperature ranging
from 26 - 30oC, salinity 28 -30 PSU, pH 7.4 - 7.8; and
dissolved oxygen (DO) 4.2 to 5.6 mg L-1. A total of 30
fish seeds were maintained in each tank throughout

the experiment (12.89 ± 0.41 g mean weight) and each
treatment was conducted in triplicate. In control, the
fishes were feed with prepared pellet feed alone. The
probiotic bacteria of 50, 100 and 150 mg kg-1 were
mixed with experimental feed. The feeding rate was
about 3% of biomass per day provided in equal rations
at 8.00 AM, 1.00 PM, 6.00 PM for 120 days and the
excess diet was collected and dried at 60 ºC, put in room
temperature for 3 days to restore the natural moisture and
then weighed. Feeding rate was adjusted every fortnight
during sampling by batch weighing of ﬁsh in each tank
after a 24 h period of starvation. At the same time, fish
survival was also determined by counting the individuals
in each aquarium. Experimental tanks were cleaned and
water exchange was done once a week.
Growth indices: The growth parameters such as weight
gain, specific growth rate (SGR), survival rate and feed
conversion ratio (FCR) were assessed at 30, 60, 90 and
120 days. The weight gain (WG), speciﬁc growth rate
(SGR) and feed conversion ratio (FCR) was evaluated
based on standard formula as follows.
Weight gain (g) = (Final body weight (g) – Initial body
weight (g)
Specific growth rate (SGR) = 100 (loge final body
weight - loge initial body weight)
/ culture period (days)
Feed conversion ratio (FCR) = total dry feed fed (g) /
total live weight gain (g)
Colour enhancement and carotenoid content
estimation
The color enhancement was monitored by visual
examination and estimation of carotenoid content in
the skin of experimental fishes. The carotenoid content
of the experimental fish skin was extracted according
to the method of Torrissen & Naevdal (1984). Three
fishes from each experiment were randomly sampled,
anesthetised using clove oil (dissolved in 95% ethanol
at 1:10) and used for carotenoid content analysis in
triplicate. Briefly, 2 mg of skin were collected from
both sides between the abdominal and dorsal regions of
the fish and then transferred to 10 mL of pre - weighed
glass tubes after the fat layer had been removed from
the skin and ground well with acetone containing
anhydrous sodium sulphate and made up to 10 mL with
acetone. The samples were stored for 3 days at 4oC in a
refrigerator, and then extracted three times till no further
colour could be obtained and centrifuged at 5000 xg for
5 min. The total carotenoid content of the samples was
determined using spectrophotometer (Shimadzu, UV mini
1240) using extinction coefficients (E1%, 1 cm) of 2000
for astaxanthin (Hata, & Hata, 1971) at 475 nm, and
2500 for carotenoids from alfalfa at 450 nm (Schiedt,
& Jensen, 1995).

254 Bacillus firmus as Feed Supplement for Smoke Angelfish

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

MV et al.
Data analysis: In the present study, all the data were
analyzed by statistical methods. The two way analysis of
variance (ANOVA) was performed using SPSS (Statistic
Package for social science) version 11.5 software to
determine the significant differences among means. For
all tests, a criterion of P<0.01 was used to determine
statistical significance.

Results and Discussion
Based on the morphological, physiological, and
biochemical characteristics, the strain CAS 7 is a Grampositive and endospore-forming bacillus, with catalase
but without oxidase, which grows in both aerobic and
anaerobic environments (Table 1). Further, 16S rRNA
gene sequencing and BLAST analysis confirmed that
the strain belongs to B. firmus and designated as B.
firmus CAS 7 (GenBank accession no. HQ116805).The
16S rRNA gene sequences of the probiotic strain CAS 7
obtained from the present study was deposited in NCBI
with accession number HQ116811.
The results revealed that the weight of fishes increased
with the increase in days of culture in all the experimental
groups (Table.2). At the end of the experiment, it was
found that there was significant weight gain in all
the three experiments where fishes were fed with
probiotic-supplemented basal feed. The weight gain was
comparatively less in the control group. The weight gain
was the highest in group 150 mg kg-1(80.95 g) followed
by group 100 (67.26 g), 50 (57.37 g) and control groups
(45.81 g). The specific growth rate (SGR) was significantly
(P<0.01) higher in 150 mg kg-1 group (0.675) compared
with fishes in the group of 100 mg kg-1 (0.527), 50 mg
kg-1 (0.457) and control (0.382). Furthermore, the most
advantageous value for conversion ratio (FCR) classified
as follows: 150 > 100 > 50 > control group (Table 3). The
survival rate of the fishes was 80 - 100% (in control and
150 mg kg-1group, respectively) (P<0.01).
The results of the carotenoid analysis revealed that the
initial carotenoid content of the fish skin varied between
1.24 and 1.28 mg g-1 in all experimental groups and
control and increased gradually with increasing days of
culture. At the end of the experimental period, carotenoid
content was 2.91 - 6.24 mg g-1 (in control and 150mg
kg-1 group) (Table 3) (P<0.01) (Table.3). Thus, these
results depicted that the carotenoid content of fish group
fed with feed was supplemented with 150 mg kg-1 of
probiotic was the highest. The research on the use of
probiotics in aquatic animals has received heightened
attention with the demand for environment friendly
health management in aquaculture (Geng et al., 2011). A
growing number of studies have demonstrated the ability
of probiotics to increase the growth rate and / or feed
utilization of farmed aquatic animals (Carnevali et al.,
2004; Wang et al., 2008). The benefits of probiotics in
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ﬁsh farming are improvements of growth performances,
immunity and pathogen exclusions (Qi, et al., 2009; Sun
et al., 2010). Most of the probiotic studies have focused
on use of Lactobacillus and Bacillus spp. (Lee, 2013).
Bacillus species are gaining more and more importance
and are widely used in aquaculture due to their longer
stability, easy preparedness, antagonistic effects on
pathogens and enhancement of immunity (Hong et al.,
2005; Gupta et al., 2014). Earlier studies suggested that
the Bacillus species significantly improved the growth in
Catla catla (2 × 105 B. circulans PB7 cells per 100 g feed)
(Bandyopadhyay & Mohapatra ,2009), Labeo rohita (1.5
x 105 B. circulans) (Ghosh et al., 2003), Macrobrachium
rosenbergii (Artemia salina nauplii with B. subtilis
(108cells mL-1) (Keysami et al., , 2007) and Penaeus
monodon (Rahiman, et al.2010). Although several studies
have been undertaken to study the beneficial effects
of probiotic bacteria on growth and survival rate of
various organisms, no studies have been attempted on
marine ornamental fishes, especially on marine angel
fish, Apolemichthys xanthurus. Hence, an attempt was
made in this study to ascertain the effect of probiotic,
Bacillus firmus CAS 7 as feed supplement on growth,
survival and colour enhancement in marine angelfish
Apolemichthys xanthurus.
In the present study, the fishes were fed basal diet
supplemented with probiotic B. firmus CAS 7 at 50,
100 and 150 mg kg-1 and the growth performance such
as weight gain, survival rate and color enhancement
was evaluated for 120 days. Results suggested that the
growth, weight gain and SGR were comparatively higher
in fish group fed with feed supplemented 150 mg kg-1
of probiotic than other experimental groups and control.
Other reports also reported that the probiotic (Bacillus
sp.) supplemented diet (bio encapsulated Artemia
nauplii by 3×108 CFU/ L) signiﬁcantly increased the
weight, length and SGR of ﬁsh when compared to the
control diet. Several studies suggested that the probiotic
supplementation has signiﬁcantly increased the weight
gain and SGR in Rachycentron canadum (Geng et al.,
2012), Labeo rohita (Giri, Sukumaran, & Oviya, 2013)
(Giri et al., 2013), Oreochromis niloticus (Aly et al., 2008),
Epinephelus coioides (Sun et al., 2010) and Larimichthys
crocea (Ai et al., 2011).
The results suggested that the FCR was lower in the
fish group fed with feed supplemented 150 mg kg-1
probiotic followed by 100 and 50 150 mg kg-1 and
control. It seems that the reduction in FCR of fishes in
experimental groups revealed dietary nutrients were
utilized more efficiently when the diet was supplemented
with probiotics. Similarly, Neja, Rezaei, Takami, Lovett,
Mirvaghefi, & Shakouri (2006) reported that Bacillus spp.
could be used to increase the digestive enzyme activity,
survival and growth in the Indian white shrimp.Fishes
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are incapable of biosynthesizing carotenoids, so diet
is their sole source as only plants, bacteria, fungi and
algae have the capacity for its synthesis (Geng et al.,
2011). Many reports have demonstrated that skin color
change over time depended on the level of carotenoid
in the diet and differed among species (Chatzifotis,
Pavlidis, Jimeno, Vardanis, Sterioti, & Divanach, 2005;
Dharmaraj, & Dhevendaran, 2011; Ho, Zong, & Lin, 2014).
The results of the study on color enhancement suggested
that the carotenoid content in the skin of fishes fed
with probiotic maintained coloration during periods of
social interaction, suggesting that the probiotic Bacillus
firmus CAS7 may play important roles in maintaining
fish skin coloration. Steiger, (2012)& Liu et al., (2009)
were suggested that carotenoids are commonly found in
pigmented bacteria which are known to have a positive
role in the intermediary metabolism of fish that could
enhance nutrient utilization.The research on the use of

probiotics in aquatic animals has received heightened
attention with the demand for environment friendly
health management in aquaculture (Geng et al., 2011).
A growing number of studies have demonstrated the
ability of probiotics to increase the growth rate and / or
feed utilization of farmed aquatic animals (Carnevali et
al., 2004; Wang et al., 2008). The benefits of probiotics in
ﬁsh farming are improvements of growth performances,
immunity and pathogen exclusions (Qi et al., 2009; Sun
et al. 2010). Most of the probiotic studies have focused
on use of Lactobacillus and Bacillus spp. (Cabello et
al., 2013; Lee, Kim, Song, Oh, Cha, Jeong, Heo, Kim, &
Lee, 2013). Bacillus species are gaining more and more
importance and are widely used in aquaculture due to
their longer stability, easy preparedness, antagonistic
effects on pathogens and enhancement of immunity
(Hong, Le Duc, Cutting, 2005; Gupta et al., 2014).

Table 3. Growth performance and survival rate of smoke angel fish Apolemichthys xanthurus fed with basal diet (control
-without probiotic) and basal diet supplemented with 50, 100 and 150 mg kg-1 of probiotic strain B. firmus CAS7.
Values are presented in mean ± SD, n = 3, FCR - feed conversion ratio; SGR - specific growth rate (% d-1)
Days of
culture

Growth
Control
Parameters		

0 - 30	Initial weight (g)
12.33±0.38
	Final weight(g)
20.27±1.60
	Weight gain (g)
7.94±1.60
	SGR	
0.265±0.03
	FCR	
2.33±0.04
	Survival rate (%)
80
	Carotenoid content (mg g-1)
1.24±0.06
0 - 60	Initial weight (g)
12.33±0.38
	Final weight(g)
32.83±1.50
	Weight gain (g)
20.5±1.50
	SGR	
0.342±0.03
	FCR	
1.80±0.05
	Survival rate (%)
80
	Carotenoid content (mg g-1)
2.54±0.03
0 - 90	Initial weight (g)
12.33 ± 0.38
	Final weight(g)
46.24±0.80
	Weight gain (g)
33.91±1.60
	SGR(% day-1)
0.377±0.04
	FCR	
1.64±0.05
	Survival rate (%)
80
	Carotenoid content (mg g-1)
2.76±0.05
0 - 120	Initial weight (g)
12.33±0.38
	Final weight(g)
58.14±1.3
	Weight gain (g)
45.81±1.4
	SGR	
0.382±0.03
	FCR	
1.61±0.03
	Survival rate (%)
80
	Carotenoid content (mg g-1)
2.91±0.08

50 mg
kg-1

100 mg
kg-1

150 mg
kg-1

12.57±0.29
25.94±1.20
13.37±0.29
0.446±0.04
1.38±0.03
90
1.28±0.08
12.57±0.29
39.92±1.60
27.35±1.20
0.456±0.02
1.35±0.02
90
3.14±0.03
12.57 ± 0.29
55.32 ±1.50
42.75 ±1.50
0.475±0.02
1.30±0.03
90
3.55±0.07
12.57±0.29
69.94±1.20
57.37±1.30
0.457±0.03
1.29±0.03
90
4.26±0.06

12.63±0.32
29.93±1.40
17.3±0.30
0.577±0.02
1.07±0.03
90
1.25±0.04
12.63±0.32
45.57±1.10
32.94±1.40
0.549±0.01
1.12±0.03
100
3.79±0.05
12.63 ± 0.32
61.02 ±1.30
48.39±1.30
0.552±0.05
1.15±0.06
90
4.01±0.04
12.63±0.32
79.89±0.90
67.26±1.40
0.527±0.02
1.10±0.04
90
5.74±0.03

12.89±0.41
30.13±1.10
17.24±1.20
0.641±0.03
1.07±0.02
100
1.25±0.06
12.89±0.41
51.56±1.30
38.67±1.40
0.763±0.02
0.96±0.05
100
4.38±0.06
12.89 ± 0.41
72.56 ± 0.90
59.67±0.90
0.730±0.02
0.93±0.01
100
5.69±0.004
12.89±0.41
93.84±1.40
80.95±1.50
0.675±0.04
0.91±0.02
100
6.24±0.05

256 Bacillus firmus as Feed Supplement for Smoke Angelfish

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

MV et al.
Earlier studies suggested that the Bacillus species
significantly improved the growth in Catla catla (2 × 105
B. Circulans PB7 cells per 100 g feed) (Bandyopadhyay &
Mohapatra ,2009), Labeo rohita (1.5 x 105 B. circulans)
(Ghosh et al., 2003), Macrobrachium rosenbergii (Artemia
salina nauplii with B. subtilis (108cells mL-1) (Keysami
et al., 2007) and Penaeus monodon (Rahiman et al., 2010).
Although several studies have been undertaken to study
the beneficial effects of probiotic bacteria on growth and
survival rate of various organisms, no studies have been
attempted on marine ornamental fishes, especially on
marine angel fish, Apolemichthys xanthurus. Hence, an
attempt was made in this study to ascertain the effect
of probiotic, Bacillus firmus CAS 7 as feed supplement
on growth, survival and colour enhancement in marine
angelfish Apolemichthys xanthurus.
In the present study a B. firmus CAS 7 isolated from
marine environment was cultured in nutrient broth
for 48 h and used as feed supplement to evaluate the
improvement in growth and colour enhancement on
marine smoke angel fish. The growth kinetic study
revealed that the maximum cell growth of the probiotic
bacterium was achieved at logarithmic phase (24th h).
Elayaraja et al., (2011) studied the effect of amylase
produced by B. cereus on the growth of polycheate and
maximum cell growth as well as enzyme production
was found at late logarithmic phase (36th h). The short
incubation period for achieving maximum growth
makes this a potential probiotic candidate species which
could be used in the aquaculture industry. The dietary
supplementation of B. firmus CAS 7 in the present study
exhibited good growth performance and signiﬁcantly
increased survival rate of Apolemichthys xanthurus. In
a previous study, Bacillus administration has also been
shown to increase survival by enhancing resistance to
pathogens by acting both cellular and humoral immune
defence in shrimp and prawn (Rengpipat et al., 2000;
Gupta, & Dhawan, 2013).
Abraham et al., (2007) suggested that the probiotics
greatly helps in achieving natural resistance and high
survivability of ﬁsh. In the present study, the fishes were
fed basal diet supplemented with probiotic B. firmus CAS
7 at 50, 100 and 150 mg kg-1 and the growth performance
such as weight gain, survival rate and color enhancement
was evaluated for 120 days. Results suggested that the
growth, weight gain and SGR were comparatively higher
in fish group fed with feed supplemented 150 mg kg-1
of probiotic than other experimental groups and control.
Jafaryan et al., (2008) also reported that the probiotic
(Bacillus sp.) supplemented diet (bio encapsulated
Artemia nauplii by 3×108 CFU/ L) signiﬁcantly increased
the weight, length and SGR of ﬁsh when compared to the
control diet. Several studies suggested that the probiotic
supplementation has signiﬁcantly increased the weight
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gain and SGR in Rachycentron canadum (Geng et al.,
2012), Labeo rohita (Giri et al., 2013), Oreochromis
niloticus (Aly et al., 2008), Epinephelus coioides (Sun et
al., 2010) and Larimichthys crocea (Ai et al., 2011).
The results suggested that the FCR was lower in the fish
group fed with feed supplemented 150 mg kg-1 probiotic
followed by 100 and 50 150 mg kg-1 and control. It seems
that the reduction in FCR of fishes in experimental groups
revealed dietary nutrients were utilized more efficiently
when the diet was supplemented with probiotics.
Similarly, Nejad et al., (2006) reported that Bacillus spp.
could be used to increase the digestive enzyme activity,
survival and growth in the Indian white shrimp. Fishes
are incapable of biosynthesizing carotenoids, so diet
is their sole source as only plants, bacteria, fungi and
algae have the capacity for its synthesis (Geng et al.,
2011). Many reports have demonstrated that skin color
change over time depended on the level of carotenoid
in the diet and differed among species (Chatzifotis et al.,
2005; Dharmaraj, & Dhevendaran, 2011; Ho et al., 2014).
The results of the study on color enhancement suggested
that the carotenoid content in the skin of fishes fed
with probiotic maintained coloration during periods of
social interaction, suggesting that the probiotic Bacillus
firmus CAS7 may play important roles in maintaining
fish skin coloration. Steiger, (2012) & Amar et al., (2001)
were suggested that carotenoids are commonly found in
pigmented bacteria which are known to have a positive
role in the intermediary metabolism of fish that could
enhance nutrient utilization and may ultimately result
in improved growth. in improved growth.

Conclusion
The results confirmed that Apolemicthys xanthurus fed
with 150 mg kg-1 probiotic bacteria B. firmus CAS 7
exhibited significantly improved growth performance,
survival and colour enhancement. Therefore, 150 mg
kg-1 of probiotic B. firmus CAS 7 should be used for
formulating nutritionally balanced diet of marine angel
fish for its better growth and survival. The mode and
mechanism of actions about carotenoid content increase
in the fish skin and carotenoid production by this
probiotic strain need further investigation.
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ABSTRACT

The increasing number of partially dentated patients is the result of changes in the patterns of teeth loss and the
ageing of the population. The extent and type of occlusal change may compromise the prostheses of the unopposed
tooth and teeth bounding the extraction area. Undesirable tooth movements may be prevented. The purpose of
this systematic review is to summarize the different techniques used for the management of unilateral or bilateral
supraerupted tooth/teeth in the anterior/posterior and maxillary/mandibular regions. Electronic and manual searches
were conducted by an independent reviewer to identify relevant articles, case reports, and case series published
up to November, 2019. A pilot checklist consisting of 10 items was implemented to methodologically assess the
relevant published studies. Only 30 studies and case reports were included after the exclusion of all irrelevant
papers. The majority of cases were related to the supraeruption of maxillary teeth, whereas few cases were related
to mandibular supraeruption, and only two cases were related to anterior maxillary and mandibular supraeruption.
Most clinical cases of all types of teeth supraeruption were managed semi conservatively by mini-implants or
miniscrews, and only a few cases were treated with endocrowns, ameloplasty, removable or fixed appliances, or
nonconservative surgical orthodontics. Dentists will obtain a brief idea of the various treatment modalities for
managing supraerupted tooth/ teeth discussed in this review.
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INTRODUCTION
If the extraction side is not restored immediately
following tooth/teeth loss, the opposing dentition will
erupt, and the vertical dimension for prosthetic treatment
decreases (Ataoglu et al., 2002). In this case, securing
insufficient intermaxillary space for either a fixed or
removable prosthesis can be an extremely valuable
point in establishing treatment plans (Ataoglu et al.,
2002; Joshi et al., 2010). Supraerupted posterior tooth/
teeth are common clinical findings during daily dental
practice. Postponing the replacement of the extracted
tooth/teeth often leads to the extrusion of the opposing
tooth/teeth into the edentulous space; this effect will
lead to masticatory insufficiency and temporomandibular
disorders. Re-establishing a functional posterior occlusion
requires a comprehensive dental treatment plan when a
fixed or removable prosthesis is planned for the opposing
edentulous arch (Mahoorkar et al. 2010).
In adult patients, if the dentoalveolar extrusion is not
severe, the space can be recaptured by performing
coronoplasty and intentional endodontic treatment of
the supraerupted tooth. When the extrusion is moderate,
orthodontic intrusion can be conducted, and if the
extrusion is severe, prosthetic rehabilitation is impossible
and the removal of the teeth is often proposed (Mahoorkar
et al., 2010; Shillingburg et al., 2012; Rosenstiel et al.,
2015). The teeth most likely to become unopposed,
and therefore susceptible to supraeruption, are those
occluding against edentulous parts. Clinically, the most
commonly missing posterior teeth are the first permanent
maxillary molars (Djemal et al., 2004; Basutkar et al.,
2018; Prakash et al., 2014; Salazar et al., 2018; Al-Fraidi
& Zawawi 2010) and teeth in the mandibular arch (Patil
et al., 2016; Arslan et al., 2010; Tiago et al., 2016; Baeg et
al., 2016), followed by the maxillary premolars (Djemal et
al., 2004); the mandibular premolars are rarely missing.
The mandibular posterior teeth are more likely to be
extracted than the other teeth, and with increasing age,
the posterior teeth are more likely to be extracted and
lost bilaterally than the other types of teeth (Marcus et
al. 1991; Meskin & Brown 1988). Other studies found
that maxillary teeth are the most commonly extracted
teeth (Craddock et al., 2007a).
The unopposed bilateral maxillary first molars in
healthy mouths and in mouths with some periodontal
pathology present were studied by Compagnon and Woda
1991. They found that the majority of supraeruption
occurs in the early years following opposing tooth/
teeth extraction. At later years, the loss of periodontal
support may be superimposed on the area. However, in
healthy individuals, the gingival margin remains at its
original level on the tooth/teeth during occlusal tooth
movements. After 10 years of remaining unopposed,
periodontal migration reverses and root exposure occurs.
This phenomenon was described as passive eruption
(Craddock & Youngson 2004). Most published articles
related to the management of supraerupted teeth are
mainly in a form of case reports, case series, or clinical

and technical reports only. Thus, the aim of this review
is to collect these publications in an organized manner
and to simplify the methods or techniques for treating
cases that may face similar conditions during daily
dental practice.
Methodology for Data Collection: This review conformed
to the PRISMA review protocol. The database of PubMed/
Medline, ScienceDirect, and Scopus was searched using
the terms “overerupted teeth, supraerupted tooth,
treatment of overerupted teeth, case report, case series,
review of literature.” The investigators then screened
the titles, cases, and abstracts using English language.
Studies that reported the treatment of overeruption
through orthodontics only and did not mention
prosthetic treatment were excluded. Case reports and
case series were mainly shortlisted; full-text articles
were then collected, and the same criteria were applied.
Related Definitions (GPT 9., 2017). The supraeruption or
overeruption of tooth/teeth is defined as the movement
of a tooth or teeth above the normal occlusal/incisal
plane.
Occlusal analysis: A systematic examination of the
occlusion with special consideration of the interocclusal
relations of mounted casts. Occlusal contact (deflective
occlusal contact/initial occlusal contact): The touching
of opposing teeth on the elevation of the mandible or
any contact relation of the opposing teeth.
Coronoplasty, enameloplasty, or occlusal adjustment:
Occlusal or aesthetic reshaping. It can be performed
through occlusal correction, which is occlusal adjustment
or reshaping.
Aesthetic reshaping: The physical modification of the
surfaces of the teeth to improve appearance. These
modifications can be performed through axial or occlusal
reduction.
Crown lengthening: A surgical procedure designed to
increase the extent of supragingival tooth structure for
restorative or aesthetic purposes.
Crown–root ratio: The physical relationship between
the portions of tooth not within the alveolar bone as
determined by a radiograph compared with the portion
of tooth within the alveolar bone.
Endocrowns: Indirect monoblock restorations that use
the pulp chamber of the ETT for retention (Tzimas et
al., 2018).
Osteotomy: The surgical cutting of a bone; this term is
also frequently used to describe smoothing, leveling,
or altering the external contours of the bone and may
include alveolectomy and alveoplasty.
Posterior segmental osteotomy: A surgical procedure
for drastically restoring previously diminished vertical
dimension following the extraction of opposing molar/
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molars; dentists recommend this procedure as a treatment
method to facilitate prosthetic restoration (Baeg et al.,
2016).
Corticotomy: A selective alveolar bone cutting technique
using ultrasonic bone surgery to enhance tooth
movements (Grenga & Bovi 2013).
Objective of the Occlusal Management of Supraerupted
Teeth: In general, all the needed diagnostic data must be
prepared and ready for interpretation. These data include
X-ray views (preapical, panoramic, and cephalometric).
In addition, a maxillary and mandibular cast mounted on
an appropriate articulator is necessary before designing
the treatment plan needed for a particular case. The
objectives of the treatment of supraeruption are as
follows (Mahoorkar et al., 2010; Shillingburg et al., 2012;
Rosenstiel et al., 2015):
1.
2.
3.
4.
5.

To direct the occlusal forces along the long axis
of the teeth.
To attain the simultaneous contact of all teeth in
centric relation and maximum intercuspation.
To eliminate any occlusal interference contact on
inclined planes to enhance the positional stability
of the teeth.
To coincide centric relation with the maximum
intercuspation position during different mandibular
movements.
To arrive at the occlusal scheme selected for a
particular patient (Rosenstiel et al., 1998).

Prevalence of Supraerupted Teeth: Craddock et al. (2007a)
stated that the average amount of overerupted tooth/teeth
ranges from 1.68 mm to 3.99 mm of tooth/teeth without
opposing, in which 1.03 and 1.91 mm were in mandible
and maxilla, respectively. Kiliaridis et al. (2000) found
that 24% of unopposed tooth/teeth had more than 2 mm
of supraeruption among 82% of the examined subjects
with unopposed tooth/teeth. A conclusion from another
study stated that the occlusal change in unopposed teeth
is mostly within 2 mm (Faggion et al., 2011).
Causes and Sequences of Supraeruption: Supraerupted
posterior tooth/teeth are one of the most common clinical
findings in dental practice. The delayed replacement
of lost tooth/teeth often leads to the extrusion of the
opposing teeth into the edentulous space; this effect
leads to masticatory insufficiency and TMJ disorders
(Mahoorkar et al., 2010). When the prosthesis is planned
on the opposing edentulous area, re-establishing a
functional posterior occlusion requires a comprehensive
dental treatment plan. The tooth/teeth opposing the
extracted sites are usually tilting lingually in the
mandibular teeth and buccally in the maxillary teeth. In
addition, the teeth adjusent to the extracted tooth/teeth
usually drifted to the mesial and distal side. (Shillingburg
et al., 2012; Rosenstiel et al., 2015). If the dentoalveolar
extrusion is mild, the space can be recaptured by
performing coronoplasty and intentional endodontic
treatment of the supraerupted tooth. Orthodontic
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

intrusion can be done when the extrusion is moderate,
but if the extrusion is severe, prosthetic rehabilitation is
impossible, and the removal of the teeth is often proposed
(Shafad et al., 2017).
Prevention of Supraeruption: Supraeruption of tooth/
teeth can be prevented by the light forces generated
during chewing against an antagonist (Gierie et al.,
1999). Thus, the replacement of the lost tooth/teeth
with a fixed or removable prosthesis that prevents the
overeruption of its antagonist is mandatory, and it should
be fabricated before vertical movement had occurred
(Davenport et al., 1988). Extraction is another option for
dealing with an unopposed tooth, provided this tooth is
not the key tooth for future restorative options (Kayser
1981). Solnit et al. (1988) demonstrated the use of an
etched metal splint to bond the unopposed tooth to its
adjacent opposed tooth. This approach may eliminate
supraeruption provided that the bond between teeth
remains intact. Jepson and Allen (1999) recommended
the use of adhesive distal cantilever bridges to stabilize
tooth position following tooth removal and to prevent
undesirable eruptive movement.
Considerations during the evaluation of supraerupted
tooth/teeth (Craddock & Youngson 2004):
1.
Is the tooth a key for future prosthesis options?
2.
Has the tooth remained unopposed for a time
without signs of supraeruption?
3.
Could the supraeruption of the tooth/teeth present
prosthetic or occlusal difficulties?
4.
What is the overall state of the dentition?
5.
Patient preferences and tolerance in form of
aesthetic considerations and the other planned
restorative treatments for the unopposed tooth/
teeth and the extracted spaces.
Classification of Supraerupted Teeth: Supraeruption can
be classified according to the length of the overerupted
tooth/teeth from the occlusal plane (Craddock &
Youngson 2004; Graddock et al., 2007a; Carranza et al.,
2018) into the following categories (Figs. 1A–1C): Mild,
in which the supraerupted tooth extends between 0.1–1.5
mm; moderate, wherein the supraeruption of the occlusal
surface is between 1.6–3.5 mm; and severe, wherein the
amount of supraerupted tooth/teeth exceeds 3.5 mm in
relation to the level of the occlusal plane.
Moreover, supraerupted teeth can be classified in
accordance with physiological changes in the position of
the gingival margins. The appearance of supraeruption
may have several components, including passive and
Figure 1. Mild (A), Moderate (B), Severely overerupted
teeth (C)
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active eruption, periodontal growth, or physiological
wear. Compagnon and Woda (1991) described periodontal
growth as passive eruption that is distinct from active
eruption wherein the tooth/teeth is/are in continuous
movement in an occlusal direction in the absence of
periodontal growth. Periodontal growth is a process in
which the attachment apparatus moves in an occlusal
direction with the tooth, whereas in active eruption, the
tooth erupts and the attachment apparatus comes to lie
apically to its original position. Wear is a physiological
sequence that occurs with increasing age (Craddock &
Youngson 2004; Craddock et al., 2007a) (Figs. 2A–2E).
When a tooth wears down, the occlusal level may remain
constant with the alveolar bone becoming closer to the
occlusal plane (Fig. 2E) as described by Compagnon and
Woda 1991.
Figure 2. Modified classification of overerupted teeth.
(A) Tooth erupted beyond the occlusal plane. (B) Gingival
margins follow tooth eruption (periodontal growth). (C)
Gingival margins remain at original level (active eruption).
(D) Gingival margins recede, whereas the tooth remains
parallel to the actual plane (passive eruption). (E) Gingival
margins remain at the original level but occlusal wear is
present (relative wear) (Compagnon & Woda 1991).

Techniques for the Management of Supraerupted Tooth/
Teeth Prior to Prosthetic Treatment: Before any correction
of supraerupted tooth/teeth, examination and diagnosis
must be conducted throughly. A diagnostic cast or
model should be made then mounted on an articulator
using facebow transfer, and a trial adjustment of
occlusion on cast should be done first. Many materials,
including occlusal registration strips, occlusal indicator
wax, marking ribbon, articulating papers, and T-scan,
can be used to examine, diagnose, and detect occlusal
interferences (Mahoorkar et al. 2010; Shillingburg et
al 2012; Rosenstiel et al., 2015). Supraerupted tooth/
teeth are preferably adjusted after the treatment of
an existing disease, such as gingival inflammation,
healing of a pathogenesis, and treatment of trauma from
occlusion (Carranza et al., 2018; Rosenstiel et al., 2015).
Treatment modalities differ and depend on whether the
supraeruption involves a single tooth or a group of teeth,
whether it is unilateral or bilateral or in the maxillary
or mandibular arch, and on the degree or amount of the
occlusal/incisal supraeruption (Basutkar et al., 2018). The
types and techniques for the treatment of supraerupted
teeth can be divided into three main categories:

1.Conservative: In this group, the supraerupted tooth/
teeth will not be reduced from the occlusal or incisal
plane. They are usually extended beyond the occlusal/
incisal plane from 0.1 mm to 4 mm. They can be corrected
in the following ways:
Removable acrylic appliance: In this approach, the
supraerupted tooth/teeth can be corrected using a
removable appliance, such as a modified posterior bite
plane appliance (MPBP), which is fabricated for retention
with a ball-end clasp to manage a supraerupted maxillary
molar along with ongoing fixed orthodontic treatment
(Shafad et al., 2017). MPBP appliances have numerous
advantages. For example, their physiological force
generates minimal root resorption, and it is noninvasive
and cost-effective compared with mini-implant-assisted
intrusion. Moreover, it reduces buccal flaring compared
with occlusally placed brackets for intrusion. It may
minimize discomfort to patients, is easy to remove and
clean with slight bulkiness, and reduces overall treatment
time (Figs. 3A–3F). It can intrude more than one tooth at
the same time without the need for the special retention
of the intruded molar as the same bite plane appliance
and can be modified by adding an acrylic tooth to the
appliance. Thus, the same appliance can act as a retention
appliance, a space maintainer, and a removable partial
denture. Finally, the appliance can be reactivated by
increasing the height of the appliance by adding selfcuring acrylic on its occlusal surface if the required
intrusion is increased. However, sometimes the use of
removable appliances or splint for the management of
supraerupted teeth in a temporomandibular dysfunctionfree patient is not preferable because it might exacerbate
signs and symptoms related to appliance wearing rather
than increasing the occlusal vertical dimension (Abduo
& Lyons 2012).
Figure 3. (A) Overeruption measurement. (B and C)
Modified Removable Posterior Bite Plane Appliance. (D)
MRPBPA with acrylic tooth. (E and F) Appliance in function
after months (Shafad et al., 2017).

Fixed composite bite plane: In the case of a small posterior
space, the correction of a supraerupted tooth can be
adjusted using a reinforced direct composite plate to
intrude a maxillary premolar tooth on the basis of the
Dahl concept (Dahl et al., 1975). Subsequently, the space
can be restored by an FP (Djemal et al., 2004). This type
of treatment can be extended for up to a year or more
(Figs. 4A–4F).
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Figure 4. (A) Supraerupted tooth # 25. (B) Composite
occlusal plate on teeth # 34 and 36. (C) RBB replacing
tooth # 24 and composite occlusal stop on # 34. (D
and E) Radiograph of tooth # 25 showing funneling of
coronal crestal bone at end of tooth movements. Complete
treatment after year. (F) At the 5th year, tooth # 25 is
being held in the occlusal plane by an opposing bridge
(Djemal et al., 2004).

Intrusion only: This type of treatment can be performed
using orthodontic intrusion only or in combination
with mini-implants for anchorage. This treatment
depends mainly on temporary skeletal anchorage devices
and miniscrew and microscrew implants for skeletal
anchorage. It can be accomplished after orthodontic
treatment (Salazar et al., 2018), without orthodontic
treatment (Al-Fraidi & Zawawi 2010), or with segmental
orthodontic treatment as edge-wise arches (Acar &
Ates 2016). The intrusion can be on a single tooth or a
group of teeth, unilateral (Foat et al., 2015), or bilateral
(Prakash et al., 2014; Salazar et al., 2018; Al-Fraidi &
Zawawi 2010). It is an interdisciplinary approach based
on the use of orthodontic, periodontal, restorative, and
implant therapy (Arslan et al., 2010). It is considered as
a better treatment option for intruding tooth/teeth than
prosthodontic reduction or extraction of extruded teeth
(Prakash et al., 2014). It demonstrates a low, continuous,
well-controlled manner of force without causing
reciprocal movements of other teeth in direction and
magnitude and creates an adequate interocclusal space
for replacing missing tooth/teeth by construction of FPs
(Acar & Ates 2016; Faot et al., 2015; Al-Fraidi & Zawawi
2010). It can be applied for the treatment or correction of
the supraerupted tooth/teeth of the maxillary arch (Acar
& Ates 2016; Prakash et al., 2014; Salazar et al., 2018;
Figure 5. (A–C) Preoperative and panoramic views.
(D–G) Segmental archwire and miniscrew. (H and K)
Views after the removal of minscrew and appliances
(Acar & Ates 2016).
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Faot et al., 2015; Al-Fraidi & Zawawi 2010) as shown in
Figs. 5A–5K and Figs 6A–6I, or in the mandibular arch
(Arslan et al., 2010; Tiago et al., 2016) as seen in Figs.
7A–7F and Figs. 8A–8H, or in the anterior region (Faot
et al., 2015) as presented in Figs. 9A–9D).

Figure 6. (A–C) Preoperative and panoramic views. (D–F)
Intrusion of bilateral maxillary molars using miniscrews
with alloy spring. (G–I) Postoperative intraoral views
(Faot et al., 2015).

Figure 7. (A) Supraerupted mandibular 2nd molar. (B)
Over-trimmed occlusal surfaces of the left mandibular 2nd
premolar and 1st molar. (C) Postoperative. (D) Miniscrews
and mini-implants attached to the mandibular 2nd molar
by coil spring and elastic thread. (E) Partial fixed appliance
on mandibular 1st and 2nd premolars and 1st molar to
correct the position of the mandibular 2nd molar. (F)
Intruded left mandibular 2nd molar (Arslan et al., 2010)

Figure 8. (A) Extrusion of tooth # 47. (B) Orthodontic
mini-implant. (C and D) Radiographic of mini-implant
and orthodontic abutment cemented and archwire.
(E and F) View of intrusion and verticalization. (G)
After intrusion and stabilization. (H) With rehabilitation
(Tiago et al., 2016).
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Figure 9. (A) Model of anterior region of maxilla. (B)
Frontal view of clinical evaluation. (C) Interocclusal space
available after prosthetic abutment’s selection. (D) Frontal
view of final rehabilitation (Faot et al., 2015).

stable occlusion and occlusal schema after adjustment,
and improves the functional relationship between teeth
(Mahoorkar et al., 2010 and Malathi et al., 2014).
Clinical steps of coronoplasty/enameloplasty or
dentoplasty: This method can effectively reduce occlusal
discrepancy in a slightly to moderately extruded tooth.
Approximately 0.1–1.5 mm of enamel can be reduced or
reshaped in different clinical situations. This reduction
can be polished or reshaped with composite restoration
and can be created by the reshaping of a single cusp
for improving the occlusal plane (Stewart et al., 1983;
Mahoorkar et al., 2010; Malathi et al., 2014). It can be
performed through the following methods:
1.

Removing retrusive prematurities and eliminating
the deflective shift from the retruded cuspal
position to the intercuspal position (ICP).
Adjusting the ICP to achieve stable, simultaneous,
multipointed, and widely distributed contacts.
Testing for excessive contacts (fremitus) on incisor
teeth.
Removing posterior protrusive supra contacts
and establishing contacts that are bilaterally
distributed on anterior teeth.
Removing or lessening mediotrusive (balancing)
interferences.
Reducing excessive cusp steepness on the
laterotrusion (working) contacts.
Eliminating gross occlusal disharmonies.
Rechecking tooth contact relationships.
Polishing all rough surfaces (Carranza et al., 2018;
Rosenstiel et al., 2015).

The advantages of this type of treatment are that it is
noninvasive and inexpensive. It allows the immediate
application of forces to intrude the supraerupted tooth/
teeth, requires in-office installation, and stimulates
patient cooperation (Choi et al., 2005; McGuire et al.,
2006; Mizrahi & Mizrahi 2007). Moreover, this system
shows a good biological response of the tooth/teeth and
the bony structures and soft tissues surrounding the
intrusion. Tooth/teeth appear normal and acceptable,
and the vitality and periodontal health of the area
surrounding the treatment area are maintained (Arslan
et al., 2010; Faot et al., 2015). The overall outcome of
this treatment is excellent during different follow-up
intervals. In general, orthodontic intrusion techniques are
suitable methods for the management of supraerupted
tooth/teeth and are unaccompanied by reciprocal effects
on anchorage units (Hakami Z 2006).

2.

2. Semiconservative Treatment: This type of treatment
for supraerupted tooth/teeth is mainly dependent on
the amount of supraeruption. If the supraeruption is
between 0.1–2 mm, it can be managed by enamloplasty
or coronoplasty. If the amount of supraeruption exceeds
1.5 mm, it can be corrected by intentional root canal
treatment (RCT) followed by endocrown; by intrusion
followed by RCT; or by the reduction of the supraerupted
tooth/teeth followed by intentional RCT in the maxillary
arch or mandibular arch. Finally, it can be assembled by
a combination of crown lengthening (CL) and crowning.
These approaches are described below:

In some cases, the clinician may slightly increase
reduction; thus, the minimum amount of dentine should
be removed and recovered with a layer of composite
or glass ionomer restoration in the usual manner
(Mahoorkar et al., 2010). Coronoplasty/enameloplasty
or dentoplasty can be performed following a previously
reported form (Carranza et al., 2018; Stewart et al., 1983)
as illustrated in (Figs. 10A–10C). Grooving is usually
conducted using a tapered diamond and results in the
restoration of the depth of developmental grooves.
Spheroiding is performed using a light paint brush
stroke; this process restores the original tooth contour
while reducing supra contacts. Pointing entails restoring
cusp point contours.

Enameloplasty or coronoplasty: This approach is a
selective reduction of occlusal interferences to influence
mechanical contact conditions and the neural pattern of
sensory input. It is a direct and irreversible change in
the occlusal scheme. The complete function of occlusal
adjustment is to eliminate the harmful action of occlusal
forces. It provides the functional stimulation necessary
to preserve periodontal health during activities (Carranza
et al., 2018; Rosenstiel et al., 2015; Shillingburg et
al., 2012; Mahoorkar et al., 2010). The objectives of
coronoplasty are to mechanically eliminate all occlusal
supra contacts in function and parafunction habits. In
addition, it prevents trauma from occlusion, provides a

3.
4.
5.
6.
7.
8.
9.

Figure 10. Types of enamloplasty or coronoplasty, A,
Grooving; B, Spheroiding; C, Pointing (Stewart et al.,
1983).
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Endocrowns with intentional RCT: Results of clinical
trials showed that clinicians can restore teeth by using
endocrowns to improve long-term restorations for
patients (Sun et al., 2019). Endocrowns after intentional
RCTs are a good treatment option for restoring
supraerupted endodontically treated posterior tooth/
teeth. Its use, especially for endodontically treated teeth
with short clinical crowns and for teeth where radicular
anatomy eliminates the use of post and core, can also
be justified (Basutkar et al., 2018) as shown in Figs.
11A–11E. New enhanced bonding mechanisms and
advances in ceramic technology and adhesive techniques
have increased the reliability of endocrowns as treatment
options (Basutkar et al., 2018; Bindle & Mormann 1999;
Sevimli et al., 2015).

Figure 11. (A) Supraerupted tooth # 16 and 17 with
↓ interocclusion. (B) After RCT, occlusal reduction
was performed to restore occlusal plane and regain
interarch space resulting in short clinical crown. (C)
After RCT with shoulder finish line supragingivally and
preparation inside the pulp chamber for endocrown. (D)
Dies of scanned endocrowns. (E) Cemented endocrowns
(Basutkar et al., 2018).

by covering the gingival recession and fixed prostheses
to replace the extracted tooth/teeth; intentional
RCT is then recommended as seen in Figs. 12A–12I
(Mehta et al., 2018).
Reduction of teeth with intentional RCT and crowning:
The supraerupted teeth in arches are reduced, followed
by intentional RCT, CL, and crowning. These steps are
done to create a stable, long term aesthetic results. The
long term stability of the marginal bone levels, gingival
levels, and status of the teeth subjected to endodontic
therapy followed by CLP and final restorations are
evaluated. Cases that underwent CL and endodontic
therapy for corrections of the supraerupted teeth to
regain the lost interocclusal spaces were retrieved, and
cases with a complete set of clinical data and radiographs
were obtained. The cases were followed by clinical and
radiographical recording. The amount of interocclusal
space regained was adequate to restore the missing
teeth in the opposing arch. CL is a predictive procedure
for the correction of supraerupted teeth in the maxilla
(Figs. 13A–13E) or in the mandibular arches (Figs. 14A–
14F) with a survival rate of 100% over 24–96 months
(Patil et al., 2016).
Figure 13 . (A and B) Preoperative views of supraerupted
tooth # 16, 17, and 18. (C) Intentional RCT of tooth #16
and 17 and extraction of tooth #18. (D) Crowning of tooth
# 16 and 17 and implants with crowns of mandibular
molars. (E) Postoperative view after 96 months (Patil et
al., 2016).

Intrusion with RCT and crowning: In some cases,
the successful treatment of overerupted tooth/teeth
with severe gingival recession may necessitate a
multidisciplinary approach. After initial nonsurgical
periodontal therapy and intentional RCT, maxillary molar
extrusion can be corrected using a microimplant followed
Figure 12. (A) Supraerupted tooth # 26. (B) Bone checking
with periodontal probe. (C) Microimplant placement and
postorthodontic intrusion. (D–J) Post endodontic and flap
surgery. (H and I) Cemented crown (Mehta et al., 2018).
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Figure 14. (A and B) Preoperative view of tooth # 46 and
47. (C and D) After occlusal reduction and intentional
RCTs. (D) Maxillary and mandibular teeth with final
prosthesis. (E–G) Postoperative views after 56 months
(Patil et al., 2016).
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Crown lengthening with crowning: Tooth/teeth with
short clinical crowns and have undergone RCT followed
by osseous CL resection and final prostheses with
equigingival margins survive for long durations with
stable gingival tissue and bone levels. This type of
treatment may be predictably used to correct overerupted
tooth/teeth and to obtain the necessary interarch space
for prosthetic purposes. This treatment results in a
favorable long-term prosthesis outcome (Patil et al.,
2016).

Figure 16. (A and B) Preoperative views showing the
supraeruption of teeth with 0 mm interdental space.
(C and D) During PMSO. (E and F) Postoperative views
showing ↑interarch space by implant-supported FPD
(Baeg et al., 2016).

3. Nonconservative Treatment: In this category,
supraerupted tooth/teeth may be extended by 4 mm or
more from the occlusal plain and can be corrected by
orthognathic surgery only or removal. This category
involves the following treatments
Orthognathic surgical treatment: In this approach,
posterior maxillary segmental osteotomy (PMSO) can be
effective in correcting the supraeruption problem by a
dentoalveolar extrusion (Meningaud et al., 2006; Punde
2013). This technique is simple, safe, and quick but strict
that can achieve a good surgical outcome but a poor final
occlusion. Some distortions can occur at any stage of
surgery. Thus, using a surgical guide in the form of an
acrylic splint is mandatory to achieve an acceptable final
occlusion. The placement of an orthodontic arch wire or/
and interim denture may prevent the risk of movement
in the transverse and vertical dimensions (Erverdi et
al., 2006). The PMSO technique is recommended for
providing adequate interarch space in the presence
of posterior supraerupted tooth/teeth and is usually
conducted under general anesthesia. Through this
technique, approximately 4 mm or more of interocclusal
clearance can be achieved from the existing preoperative
clearance; this effect allows the prosthetic restoration
of dentition in the opposing arch. The outcome of this
technique is stable without complications over 16–18
months postoperatively as presented in Figs. 15A–15H
(Punde 2013). Moreover, PMSO can be bilateral (Baeg et
al., 2016) as shown in Figs. 16A–16F.

Corticotomy: This method is an effective approach for
gaining the intrusion of the supraerupted tooth/teeth
without any side effects using skeletal anchorage. It
is quick and provides highly predictable results when
performed through ultrasonic piezoelectric surgery,
which is safer and causes less bone trauma than other
techniques for osteotomies (Grenga and Bovi., 2013)
(Figs. 17A–17L).

Figure 17. (A–C) Preoperative view of tooth # 26. (D–F)
During surgery and bone cuts adjacent to tooth. (G and
H) Miniscrews inserted mesial and distal to vertical bone
cuts with palatal ligature wire. (I and J) During intrusion.
(K and L) Postoperative views (Grenga and Bovi 2013).

Fig u r e 1 5 . ( A ) S u p r a e r u p t e d m a x i l l a r y t eeth.
(B and C) Preoperative views. (D) Mock surgery and
posterior segment repositioned for splint fabrication. (E
and F) Osteotomy cuts 5 mm above the apices of molars
and superiorly placed segment. (G and H) Postoperative
after 6 months (Punde 2013).

Tooth extraction: This method is applied for cases of
resorption or the loss of the alveolar bone support around
the supraerupted tooth/teeth, such as tri/bifurcation
involvement, or for cases where supraeruption resulted
in inadequate or improper crown/root ratio (Mahoorkar et
al., 2010; Baeg et al., 2016; Mehta et al., 2018; Rosenstiel
et al., 2015; Shillingburg et al., 2012). The removal of
tooth/teeth is recommended if the tooth is not a key
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tooth for future prosthetic option (Craddok & Youngson
2004).
Concluding Remarks from Previous Clinical Studies and
Reviews: During routine examinations and treatment
planning for the replacement of extracted teeth and its
importance in preventing supraeruption, dentists should
be aware and familiar with the occlusal changes following
individual tooth/teeth loss. Moreover, they should advise
patients on the importance of replacing missing teeth to
maintain intact dentition throughout life (Craddock &
Franklin 2005). A series of studies investigated the type
and extent of supraeruption and tooth/teeth movements
associated with posterior teeth without their antagonist
and recorded any relationship between supraeruption and
oral or patient factors. The relationship of tooth/teeth
positional interferences following posterior tooth loss
during different jaw movements were studied (Craddock
et al., 2007a; Craddock et al., 2007b; Craddock 2008;
Faggion et al., 2011). The following conclusions were
obtained:
•

•

•

The mean supraeruption for subjects without
antagonists was between 0–3.99 mm and that for
the control group was 0–1.46 mm (Craddock et
al., 2007a).
Supraeruption in the maxillary tooth/teeth was
statistically higher than that in the mandibular
tooth/teeth and was recorded in 92% of subjects
with unopposed teeth.
Supraeruption is classified on the basis of the
form of attachment loss, periodontal growth,
and palatal movement of the tooth distal to the
extraction position. Three types of supraeruption,
which may be recorded alone or in combination,
have been identified. Attachment loss is associated
with active eruption, whereas periodontal growth
is inversely associated with attachment loss. Both
conditions are common in the maxillary arch,

•

•

•

•

among young female patients, and in premolar
teeth. Wear is directly associated with increasing
age and is highly common in unopposed
mandibular teeth (Craddock et al., 2007a).
A statistically significant difference was observed
between the subjects and control groups in terms
of the degree of tipping of maxillary tooth/teeth
mesial and distal to the extraction site (nonvertical
movements). Moreover, a significant difference
was noted in the rotation of the tooth/teeth mesial
to the site (Craddock et al., 2007b).
Protrusive interferences are associated with
the position and presence of tooth/teeth distal
to the extraction area, whereas working side
interferences are associated with the tipping
of the tooth mesial to the extraction area, and
many other jaw movements are related mainly
to the other types of interferences (Craddock and
Youngson 2004; Craddock 2008).
An intraexaminer agreement using Kappa
scores and Spearman’s correlation revealed
no statistically significant difference between
supraeruption and occlusal interference even in
the presence of supraerupted teeth (Craddock &
Youngson 2004).
A single study provided evidence for a statistically
significant correlation between supraeruption
resulting from the nonreplacement of mandibular
first molars and recorded some gradual changes
in the occlusal pattern; these interferences even
extended to cause temporomandibular dysfunction
(Gupta et al., 2014). In the same category, a study
recommended that prosthodontic therapy in the
presence of supraerupted teeth should be performed
even in the presence of temporomandibular
dysfunction if needed and indicated (de Carlsson
& Klineberg 2000a; de Carlsson & Klineberg

Figure 18. Summary of techniques for correction of supraerupted teeth
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•

2000b).
An in vitro study measured the amount of the
supraeruption of teeth following RPD treatment
by comparing data collected from a surfacecomputer-aided design by dental casts at different
time points (before and after RPD treatment).
Supraeruption was exhibited by 38.1% of teeth
antagonized with RPD and was considerably less
than that in teeth that were unopposed by RPD
(Matsuda et al., 2014).

CONCLUSION
Supraeruption of tooth/teeth is a serious problem faced by
dental practitioners during their daily dental practice. The
importance of the treatment of supraerupted teeth is to
re-establish the proper occlusal plane and the relation of
both arches during different jaw movements to minimize
further trauma of the occlusion to the tooth/teeth and
their surrounding structures. This problem can be
managed through easy and straightforward approaches,
such as a conservative technique. This technique can be
performed without any reduction of the supraerupted
tooth/teeth and can be applied with a removable
appliance, composite bite plane, and tooth intrusion. The
semiconservative technique can be performed with tooth
reduction only or by enamloplasty, which is effective in
reducing occlusal discrepancy in a moderately extruded
tooth by reducing a single cusp. This approach improves
the occlusal plane. The amount of reduction is controlled
by the clinical crown length of the tooth or by the size
of the dental pulp. In some cases, the reduction can be
extended into intentional RCT followed by the crowning
of the supraeruption tooth/teeth. Other treatment choices
can be surgical orthodontics, corticotomy, or extraction
of the severely supraerupted tooth/teeth. A summary of
techniques for correction of the supraerupted tooth/teeth
before prosthetic treatments is presented in Fig. 22.
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ABSTRACT

Bacterial adhesion over composite restorations may lead to secondary caries and periodontal inflammation. Postcuring finishing/polishing aim to reduce this exposure. This study investigated and compared the degree of single
species Streptococcus mutans (S. mutans) and multi-species salivary biofilm adhesion on four restorative composites
across three finishing/polishing systems. Standardized disc samples (2×10mm) were produced from each composite
material. Ten discs of each material were subjected to three finishing and polishing systems. Half the samples
(n=5) were incubated in human saliva and the other half were incubated in S. mutans for biofilm development
for 48 and 24 h, respectively. Following dilution and bacterial growth, the mean number of colony forming units
(CFU/mL×5; log10) was counted using a colony counter and analyzed using SPSS Statistics V22.0. Data were
analyzed using three-way analysis of variance and the Tukey’s post-hoc tests (p<0.05). There were no significant
differences in biofilm adhesion in the saliva incubation group across the three polishing systems (F=1.138; p=0.328)
or the four types of materials (F=1.001; p=0.399). There were significant differences in biofilm adhesion in the
S. mutans group across the three polishing systems (F=3.918; p=0.025) and the four types of materials (F=3.899;
p=0.013). Multiple comparisons revealed that biofilm adhesion was lowest in the Astropol® group. Filtek™ Bulk Fill
had significantly lower biofilm adhesion than Filtek™ Z350 XT (p=0.008). Surface properties vary by composite
materials and finishing and polishing techniques, which influences bacterial adhesion. The least bacterial adhesion
was observed with Sof-LexTM finishing and polishing system and Filtek™ Bulk Fill composite material..
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system; Streptococcus mutans.

Article Information:*Corresponding Author:
rashidhabib@hotmail.com
Received 13/01/2020 Accepted after revision 15/02/2020
Published: 30th March 2020 Pp-274-279
This is an open access article under Creative Commons License,.
Published by Society for Science & Nature, Bhopal India.
Available at: https://bbrc.in/
Article DOI: http://dx.doi.org/10.21786/bbrc/13.1/44

273

AlSarhan et al.,

INTRODUCTION
Resin-based composites (RBCs) can provide maximum
tooth-like esthetics with a compatible tooth bonding
structure and minimal cavity preparation (Chesterman
et al., 2017). Due to these features, RBC dental materials
are now widely used in daily clinical practice. However,
RBCs also suffer from various limitations, including
technique sensitivity and the multi-step etching and
bonding procedure that requires incremental application.
To address these concerns, manufacturers introduced
bulk-fill RBCs. Clinicians can place bulk-fill RBCs in
large increments, ranging from 4 to 10 mm, with less
polymerization shrinkage and postoperative sensitivity,
but improved aesthetics, durability, and working time.
SDR and Filtek bulk fills were introduced as flowable
composites with enhanced features, including radioopacity, visible light cured, fluoride-containing, and
applicable in relatively large increments of 4 mm
(Chan et al., 2010, Benetti et al., 2015 Benetti et al., 2015;
Van Ende et al., 2017. Chesterman et al., 2017).
Although there is a diverse number of available bulkfill RBCs and their physical and chemical properties
keep advancing, a variable degree of oral microbiota
still adheres to RBCs. These microbiota can exert
unwanted complications, including development of
secondary caries and risks of periodontal disease, which
restoration longevity. Among the complex bacterial
colonies that are present in the oral flora, Streptococcus
mutans (S. mutans) species play a major role in dental
caries. Further, these cariogenic species are increasingly
prevalent on composite restorations compared to natural
teeth. Jaberi et al., (2014) evaluated 1,339 posterior teeth
restored with amalgam or RBCs for secondary caries. RBC
restorations showed a higher prevalence of secondary
caries compared to amalgam restorations, (Loesche 1986,
Thomas et al., 2008, Jaberi et al., 2014, Denson et al.,
2018 Soliman et al., 2019).
RBC restorations also presented with a higher percentage
of replacement due to secondary caries compared to
amalgam restorations (Mjör and Jokstad 1993; Bernardo
et al., 2007). Growing evidence indicates that the surface
geometry of RBCs, namely the surface roughness,
chemical composition, and clinical manipulation,
influences attraction and colonization of microbial flora
(Derchi et al., 2017). It is well established that material
surface roughness is a key factor that makes composites
vulnerable to bacterial adhesion and biofilm development
(Montonaro et al., 2004). A rough, unfinished, and poorly
polished composite surface is more likely to accumulate
plaque (Eick et al., 2004). Finishing and polishing RBC
materials can minimize plaque accumulation, subsequent
marginal tissue inflammation, and recurrence of caries
while improving wear behavior and the marginal integrity
of posterior fillings (Ferreira et al., 2004, 2017).
Recent developments in finishing and polishing systems
have allowed for smoother composite surfaces that
may impact microbial adhesion levels (Ferreira et al.,
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2017). Pereira et al.,(2011) evaluated S. mutans biofilm
adhesion on the surface of three RBCs subjected to
different finishing and polishing techniques. There was
a significant increase in bacterial adherence on all three
composite surfaces, regardless of the polishing treatment
performed.A limited number of studies have reported how
the surface characteristics of bulk-fill RBC's influence
biofilm formation and bacterial adhesion (Montonaro et
al., 2004). Of these, none have investigated the effect of
different finishing and polishing systems with variable
steps on biofilm formation on bulk-fill RBCs. Therefore,
the aim of this in-vitro study was to investigate and
compare the degree of single species S. mutans and
multi-species salivary biofilm adhesion on the surface
of four common restorative composites across three
finishing and polishing systems.

MATERIAL AND METHODS
This study was approved by the institutional review
board of King Saud University (Reg. # E-18-3347). One
conventional (FiltekTM Z350 XT (FZ)) and three bulk-fill
(SDR® flow+ (SBF), FiltekTM (FBF), SonicFillTM 3 (SF))
commercially available RBCs with variable types of filler
particles were utilized in the present study (Table 1). Discs
were created from the four materials using a stainlesssteel mold with a diameter of 10 mm and thickness
of 2 mm. Briefly, the RBC material were placed in the
mold and a clear matrix strip was pressed to produce
a bubble-free, smooth surface disc. The disc was then
light cured for 80 s by applying the tip of a hand-held
light curing unit (Spectrum 800; Dentsply Inc., York,
PA, USA) directly on the matrix strip. Thirty discs were
created from each material, subdivided into three groups
(n = 10), and subjected to Sof-LexTM (SL) finishing and
polishing wheels, Astropol® (AS), or Enhance® PoGo
® (EP) finishing and polishing systems according to
the manufacturer instructions (Table 1). The materials
were then cleaned for excess fragments, washed with
distilled water, and air dried. They were then sterilized by
ultraviolet light at a wavelength of 253.7 nm for 1 min.
The specimens were stored in sterile plastic containers
with distilled water prior to the experimental phase.
Experimental phase Saliva group: Unstimulated human
saliva was collected from one healthy participant who
volunteered. Briefly, the participant was instructed to
stop her oral hygiene practice one day prior to collection
as well as not to eat or drink for at least 1 h prior to
collection. Then, saliva was collected between 9:00 and
10:00 a.m. post-fasting after their mouth was washed
with water and a 5 min resting period. A 50 ml sterile
polypropylene tube was provided for the volunteer to
expectorate unstimulated (drooled) saliva to achieve a
volume of 5–7 ml. The saliva was directly placed on
ice and transferred to the laboratory for processing.
Five samples per RBC type and finishing and polishing
subgroup were placed in 24-well polystyrene tissue
culture plates (Thermo Fisher Scientific Inc., USA) and
incubated in 1 ml of thawed sterilized human saliva for
48 h at 37C° in a CO2 chamber.
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Table 1. Description of materials used in the study.
Material Trade
Name

Abbreviation
Manufacturer
Used		

Description
(% weight)

Inorganic
filler

Composite
Filtek™ Z350 XT
FZ
3M ESPE	Resin: Bis-GMA, UDMA,
Materials				
TEGDMA, and bis-EMA.
				
Filler system:
				
Combination of non-agglomerated
				
/non-aggregated 20 nm
				
silica filler, non-agglomerated/
				
non-aggregated 4 to 11 nm
				
zirconia filler, and aggregated
				
zirconia/silica cluster filler
				
(comprised of 20 nm silica
				
and 4 to 11 nm zirconia particles).
SDR® flow+
SBF
Dentsply	Resin: Modified UDMA,
Bulk Fill Flowable			
TEGDMA, and EBPDMA.
				
Filler system:
				
Barium and Strontium
				
AluminoFluoroboro Silicate
Filtek™ Bulk Fill
FBF
3M ESPE	Resin: Bis-GMA, Bis-EMA,
				
UDMA, and Procrylat.
				
Filler System:
				
Combination of Ytterbium
`			
trifluoride and
				
zirconia/silica particles
SonicFill™ 3
SF	Kerr	Resin:
				
Bis-GMA, TEGDMA,
				
and EBPDMA.
				
Filler system:
				
SiO2, glass, oxides, and chemicals
Sof-LexTM®
SL
3M ESPE	
2-step finishing and polishing
Spiral Finishing			
system composed of
and Polishing Wheels			
thermoplastic elastomer
Finishing and
			
impregnated with
Polishing Materials
			
aluminum oxide particles
Astropol®
AS	Ivoclar
3-step finishing and
			
Vivadent
polishing silicon
				
rubber system:
				
Astropol F: Silicon carbide
				
particles and color pigments
				
Astropol P: Silicon carbide
				
particles and color pigments
				
Astropol HP: Diamond particles,
				
aluminum oxide, titanium
				
oxide, and iron oxide
	Enhance® PoGo®	EP
Dentsply
1-Step Diamond Micro
				
Polishers composed of
				
pre-mounted, diamond
				
impregnated polishers

78.5%

68%

64.5%

84%

-

-

-

Bis-GMA: bisphenol A-glycidyl methacrylate; UDMA: Urethane dimethacrylate; TEGDMA:
Tri-ethylene-glycol-dimethacrylate; bis-EMA: bisphenol A glycol
dimethacrylate; EBPDMA: ethoxylated Bis-GMA
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S. mutans group: The other half of the samples
(n = 5) for each group were placed in 24-well plates then
covered with 1.5 ml of brain heart infusion agar (BHI
agar, Difco, Detroit, MI, USA). A standard suspension of
S. mutans was then prepared by seeding S. mutans onto
BHI agar and samples were incubated for 24 h at 37C°
in a CO2 chamber.
Bacterial adhesion: Following the protocol described
by Pereira et al (2011), the samples were removed and
washed with sterile physiological buffered solution
(Gibco®, ThermoFisher Scientific, MA, USA) to remove
loosely bound material. Then, the samples were placed
in tubes with 1 ml of sterile physiological solution
and mixed on a mixer (Super Mixer® II, LAB-LINE
Instruments, IL, USA) for 30 s to disperse the biofilms.
The obtained suspension was diluted 10, 100, 1,000,
and 10,000 times and 0.1 ml aliquots were seeded in
duplicate onto BHI agar and incubated for 48 h at 37C°
in a CO2 chamber. Following incubation, the plates with

bacterial colonies were counted in a colony counter
(Reichert Quebec® Darkfield Colony Counter, Cambridge
Instruments. NY. USA)
Data analysis: Data was analyzed using SPSS version
21.0 (IBM Inc., Chicago, IL, USA) statistical software.
The mean saliva and S. mutans values (CFU/ml x 5)
were converted to log10 to attain a normal distribution
for analysis. Descriptive statistics (mean ± standard
deviations) were used to describe the quantitative
outcome variables in saliva and S. mutans groups. Oneway analysis of variance was used to compare the mean
saliva and S. mutans values across the three polishing
systems (SL, AS, and EP) and four composite materials
(FZ, SBF, FBF, and SF). Tukey’s multiple comparisons
tests were used to compare the mean values of different
pairs of polishing systems and composite materials. A
p-value of <0.05 was used as the cut-off for statistical
significance.

Table 2. Comparison of biofilm adhesion levels following saliva or S. mutans incubation across
the three polishing systems.
Type of
Mean (SD) biofilm F-value p-value
polishing adhesion (log10)			
system
following saliva			
incubation				

Mean (SD) biofilm
adhesion
(log10)
following S. mutans
incubation

SL
AS
EP
Overall
Mean

7.26 (0.39)1		
6.89 (0.64)2
7.23 (0.24)3
7.12 (0.42)		

5.99 (0.52)		
1.138
0.328
6.11 (1.07)				
6.37 (0.74)				
6.15 (0.77)				

F-value

p-value

3.918

0.025*

*Statistically significant; (SL vs AS: p = 0.040; SL vs EP: p = 0.985; AS vs EP: p = 0.059) (by Tukey’s
test) SL: Sof-LexTM finishing and polishing wheels; AS: Astropol®; EP: Enhance® PoGo ®

Table 3. Comparison of biofilm adhesion following saliva or S. mutans incubation across the four
RBCs.
Type
of
material

Mean (SD)
biofilm F-value p-value Mean (SD) biofilm F-value
adhesion
(log10)			
adhesion
(log10)
following
Saliva			
following S. mutans
incubation				
incubation

FZ
SBF
FBF
SF
Over all
mean

6.46 (0.41)		
1.001
0.399
6.10 (0.77)				
5.99 (1.32)				
6.06 (0.38)				
6.15 (0.72)				

7.44 (0.42)1		
7.10 (0.61)2
6.90 (0.37)3
7.07 (0.33)4
7.12 (0.43)		

3.899

p-value

0.013*

*Statistically significant; (FZ vs SBF: p-value = 0.157; FZ vs FBF: p-value = 0.008; FZ vs SF: p-value =
0.118; SBF vs FBF: p-value = 0.626; SBF vs SF: p-value = 0.999; FBF vs SF: p-value=0.712) (by Tukey’s
test). FZ: FiltekTM Z350 XT; SBF: SDR® flow+; FBF: FiltekTM; SF: SonicFillTM 3
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RESULTS AND DISCUSSION
Finishing & Polishing systems: The mean biofilm adhesion
level following saliva incubation (6.15 ± 0.77) across
the three polishing systems was less than following S.
mutans incubation (7.12 ± 0.42). The type of polishing
system used did not significantly alter biofilm adhesion
in the saliva incubation group (F = 1.138; p = 0.328). In
comparison, there was a significant difference in the S.
mutans incubation group (F = 3.918; p = 0.025), with
AS having significantly less biofilm adhesion than SF
(p = 0.040) and EP (p = 0.059) (Table 2).
Composite materials: The mean biofilm adhesion level
following saliva incubation (6.15 ± 0.72) across the four
RBCs was less than following S. mutans incubation (7.12
± 0.43). The type of RBC did not significantly alter biofilm
adhesion in the saliva incubation group (F = 1.001; p =
0.399). In comparison, there was a significant difference
in the S. mutans incubation group (F = 3.899; p = 0.013),
with FBF having significantly less biofilm adhesion than
FZ (p = 0.008) and no other significant group differences
(Table 3).
The performance and long-term service of RBC
restorations is not only dependent on their intrinsic
properties, but also is greatly influenced by their extrinsic
properties (Barbosa et al., 2005; Jung M 2007). The
intrinsic properties are closely related to the success
or failure of the restoration in terms of its internal
composition and resistance to fracture. However, the
external surface properties following finishing and
polishing directly affect the surrounding microflora
and influence bacterial adhesion (Ikeda et al., 2007).
Biofilm formation that results from poorly finished
and polished RBCs increases the chances of periodontal
disease, secondary caries, and esthetic complications like
discoloration (Attar 2007; Koh et al., 2008). Surface
roughness is one element that makes RBC materials
susceptible to bacterial attachment and biofilm formation
(Mei et al., 2011). Previous studies have proposed that a
surface roughness value of 200 nm is the upper limit for
bacterial retention. No reductions were seen in measures
of bacterial retention below this value, whereas biofilm
accumulation increased with higher roughness values
(Ikeda et al., 2007). RBC surface roughness is influenced
by resin matrix, filler type, size, shape, and distribution
of the fillers in the matrix, as well as the finishing and
polishing techniques used (Türkün and Türkün 2004).
Stoddard and Johnson (1991) suggested that the material
itself, filler size, content, type of abrasive used, number
of strokes, amount of pressure applied, time spent
on each abrasion, direction of the abrading surfaces,
and geometry of the abrasive instruments impact the
effectiveness of finishing and polishing systems. These
factors determine whether a surface is properly polished,
which decreases the risk of initial bacterial adherence
and subsequent colonization (Gedik et al., 2005; Yap
et al., 1998). Previous studies have reported that lower
S. mutans biofilm adhesion rates were observed in
FZ RBCs due to their smaller particles and fillers size
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

		

and their wide distribution in the resin matrix. These
factors reduce surface roughness after finishing and
polishing, consequently decreasing S. mutans adherence
(Montonaro et al., 2004). However, the present study
found that the highest bacterial adhesion rate was
observed on the conventional FZ RBC regardless of
incubation type, with the SF and AS polishing groups
in the presence or the absence of human saliva, and it
was higher compared to the FZ specimens finished and
polished using EP finishing system.
This finding is in opposition to previous studies observing
finishing and polishing techniques. Antonson et al.
(2011), concluded that the SF finishing system provided
the smoothest surface when compared to AS and EP
(Pereira et al., 2011). SF disks were also found to provide
a smoother RBC surface than carbide bur finishing,
followed by the Astrobrush. This may be due to SF disk’s
inability to displace filler particles in RBCs, thereby
providing a homogenous abrasion of the fillers and resin
matrix which promotes less bacterial adhesion (Gyo et
al., 2008). The results of the current study showed that SL
disks in the presence of human saliva recorded the lowest
bacterial adhesion over systems and composite materials
(p=0.040), which also coincided with material surface
roughness (data not shown). However, in the absence of
human saliva, the SL group recorded the highest bacterial
adhesion on SBF and FBF materials among all groups. In
contrast, in the absence of saliva, in the AS group, the
SBF and FBF composite materials recorded the lowest
bacterial adhesion among all groups.
However, a study by Abuelenain et al. (2017) observed
a surface roughness value greater than 200 nm was
observed in SBF and SF RBCs, suggesting roughened
surface beyond this threshold will lead to more bacterial
retention due to presence of micro-retentive surface
alterations, which increases surface area for pellicle
formation as previously reported by Øilo et al., (2015).
In the presence of saliva, SF composite in the EP group
recorded the lowest bacterial adhesion among the four
types of composites in the same group. In contrast, in
the absence of saliva, SF recorded the highest bacterial
adhesion in the EP group. Although we did not perform
specific characterization and quantification of the salivary
sample utilized in the experiment, it has been reported
that human saliva contains and serves as a growth media
for S. mutans species (Newman 1974). The specimens in
the current study that were incubated in human saliva
containing S. mutans exhibited a significant increase in
biofilm growth using the conventional FZ composite.
This demonstrates the powerful ability of salivary
components to modulate biofilm adhesion because oral
bacteria adhere to receptors of the host origin in saliva
pellicle (Øilo et al., 2015).
Bacterial adhesion is not only influenced by the physical
and chemical composition of composites, but also by
the material type, polishing medium, finishing and
polishing technique performed, and the presence of
saliva pellicle. A study done by Nasoohi N et al. (2017)
regarding polishing medium reported that dry finishing
Finishing and Polishing of bulk fill composites
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and polishing of microhybrid and nanohybrid RBCs
increased the micro hardness and surface roughness
(Abzal et al., 2016). By comparing the RBCs with other
dental materials, one previous study showed that glass
ionomers with a rough surface and increased inorganic
components harbors more bacteria than RBCs. Therefore,
the increase in bacterial adhesion to RBCs after finishing
and polishing may be due to the change in the surface
roughness (Stoddard and Johnson 1991).
A study by Derchi et al. (2017) revealed that indirect
dental restorative composite resins were less prone to
biofilm adhesion than direct composite resins (Derchi
et al., 2017). Another study that investigated surface
roughness and S. mutans adhesion in the presence and
absence of saliva on composites and ceramics found that
enamel was the roughest, Leucite/feldspathic ceramics
were rougher than the feldspathic ceramic, and indirect
composites were similar to direct composites. The highest
level of bacterial adherence was found on enamel in
the presence and absence of saliva, whereas the leucite/
feldspathic ceramic demonstrated greater adherence
than the feldspathic ceramic, and the composites were
all statistically similar (Ikeda et al., 2007). The present
study used S. mutans to promote biofilm adhesion
because S. mutans bacterium is known to be the main
etiological factor in the initiation and progression of
dental caries. Moreover, the bulk of the microorganisms
present in dental plaque are S. mutans (Montonaro L
et al., 2004), and its adherence to enamel surface and
restorative materials is a preliminary condition for
biofilm formation. These formations can eventually
promote secondary caries and periodontal diseases (Jung
et al., 2007; Sissons et al., 1991).
A possible limitation of the current research is that
it only observes a few of many techniques that are
available to investigate RBC performance within an
experimental oral environment. Further, there is a lack
of consistency across some experimental protocols,
which means that the current study may not be directly
comparable to some published results. Further, short
term investigations concerning bacterial adhesion
may not provide information that is representative of
long-term intraoral RBC use, which could be gained by
clinical studies. Nonetheless, an attempt was made to
standardize and reproduce the conditions present in the
oral environment. Use of the artificial mouth continuous
culture, or systems as suggested by Sissons et al., (1991)
and Sissons (1997) is recommended for future studies
related to oral biofilms. These models reproduce biofilmgrowing conditions similar to the in vivo environment.

CONCLUSION
Multiple conclusions can be made within the limitations
of this study. Firstly, RBC surface properties differ across
materials and finishing and polishing techniques, which
influence bacterial adhesion. Due to differences in the
size, shape, number of filler particles, and the type of
resin, one finishing and polishing system was incapable
of creating the smoothest surface for all the RBCs tested.
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Pairing RBCs with the polishing system recommended by
the manufacturer is suggested for clinical use. Overall,
the lowest levels of bacterial adhesion were observed
with the SL system and FBK RBC. Understanding the
relationships among surface roughness, saliva, and
biofilm formation in environments containing S. mutans
is important to preventing secondary caries around
composite restorations.
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ABSTRACT

Acute myeloid leukemia (AML), a cancer of myeloid cells involves the abnormal proliferation and differentiation
of myeloid stem cells. AML accounts for approximately 30% of leukemia’s but >40% of leukemia-related deaths.
AML is highly diverse and cytogenetic analysis of metaphase cells reveals that approximately 40-50% of patients
with de novo AML have a normal karyotype.. This study demonstrated activating mutations of FLT3 gene due to
recent advances in cell and molecular biology have revolutionized our understanding of normal hematopoiesis.
Mutations within the FMS-like tyrosine kinase 3 (FLT3) genes represent one of the most frequently identified genetic
alterations that disturb intracellular signaling networks with a key role in leukemia pathogenesis. The present
study has been designed to highlight and signify the importance of FLT3 and its related gene mutations involved
in the onset and progression of Leukemias. Since mutations in FLT3 gene are one of the most common clinically
relevant mutations which are expressed in 90% of leukemic blasts of patients with acute myeloid leukemia. Thus,
there is an urgent need for the better understanding of the key genetic mutations involved in disease progression
and prognosis. FLT3 testing should be done in parallel with cytogenetic testing and can open new horizons for
better diagnosis and better treatment option.

KEY WORDS: Acute myeloid leukemia, FMS-like tyrosine kinase, genetic mutations.
INTRODUCTION
Leukemias are monoclonal diseases that originate from
individual cells in the bone marrow. Leukemia like any
other cancer also follows a multistep process which a
normal cell must possess or pass through a number of
distinct intermediate stages before attaining the status
of malignancy. Based on the origin of the predominant
cell type (myeloid or lymphoid) and the rate of disease
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progression (acute or chronic), leukemia is categorized
into four major subtypes: acute myelogenous leukemia
(AML), chronic myelogenous leukemia (CML), acute
lymphocytic leukemia (ALL), and chronic lymphocytic
leukemia (CLL). According to a recent report published
by Taisen et al., (2019), the incidences of AML and
CML has remained constant prior to 2011 but there
has been a sudden increase in the incidence rates
of CLL. Acute myeloid leukemia (AML), a cancer of
myeloid cells involves the abnormal proliferation and
differentiation of myeloid stem cells. It is generally
accepted that survival, proliferation and differentiation
are the three fundamental cellular processes that define
normal hematopoietic cells. In acute myeloid leukemia
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(AML), a heterogeneous disorder of the hematopoietic
progenitor cells, abnormalities have been identified that
affect the balance between cell proliferation, survival
and differentiation. These abnormalities result in the
expansion of an abnormal stem cell clone (Irons et al.,
1996 Taisen et al., 2019 Nicholas et al 2020).
AML accounts for approximately 30% of leukemia’s
but >40% of leukemia-related deaths. It is the most
common acute leukemia in adult population. The
median age at diagnosis of AML is approximately 67
years and about 1/3rd of Leukemias among adults have
been reported from developed countries. The therapeutic
armamentarium of acute myeloid leukemia (AML) has
rapidly expanded in the past few years, driven largely
by translational research into its genomic landscape and
an improved understanding of mechanisms of resistance
to conventional therapies (Nicholas et al., 2020). Genetic
alterations are the frequent features of all human cancers
which include amplification, deletions, rearrangements
and point mutations. Thus, genomic investigations of
AML have also demonstrated the role of several genes
which on recurrent mutations can lead to the new
genomic classifications and predictive biomarkers, and
new therapeutic targets (Daver et al., 2019 Nicholas et
al 2020).
AML is highly diverse and cytogenetic analysis of
metaphase cells reveals that approximately 40-50% of
patients with de novo AML have a normal karyotype.
These patients are classified with an intermediate clinical
prognosis because clinically they do not have a reference
marker and its biological origin is still unknown. The
most frequent abnormalities are translocations t(15;17),
t(8;21), inv(16) and a gain of number 8. Recently, with the
development of methodologies of massive sequencing,
new genetic mutations associated with acute myeloid
leukemia have been identified. Some of the identified
genes include KIT, FLT3, NPM1, CEBPA, RAS, WT1,
BAALC, ERG, MN1, DNMT, TET2, IDH, ASXL1, PTPN11
and CBL. Of all these, WHO highlighting the related
mutations in FLT3, NPM1 and CEBPα genes because
they are associated with treatment response and progress
of this disease (Swerdlow et al., 2008, Takahashi 2011,
Martelli 2013 and Liesveld and Lichtman, 2016, Rubnitz
et al., 2016 Nicholas et al 2020).
A number of genetic mutations, such as point mutations,
gene rearrangements, and chromosomal translocations,
which are involved in the pathogenesis of leukemia, have
been documented. Recent advances in cell and molecular
biology have revolutionized our understanding of normal
hematopoiesis. Mutations within the FMS-like tyrosine
kinase 3 (FLT3) genes represent one of the most frequently
identified genetic alterations that disturb intracellular
signaling networks with a key role in leukemia
pathogenesis. FLT3, a receptor tyrosine kinase (RTK),
is a membrane-bound receptor is primarily expressed
on committed myeloid and lymphoid progenitors. FLT3
is composed of an immunoglobulin-like extracellular
ligand-binding domain, a transmembrane domain,
a juxtamembrane dimerization domain and a highly
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conserved intracellular kinase domain interrupted by a
kinase insert. FLT3 belongs to the class III subfamily of
RTKs, which include structurally similar members such as
c-FMS, c-KIT, and PDGF receptor (Martelli et al, 1996 and
Gabbianelli et al., 1995 Liesveld and Lichtman 2016).
FLT3 is expressed in 90% of leukemic blasts of patients
with acute myeloid leukemia (Carow et al.,1996) .
Approximately 20–30%ofAMLpatientsharbor a unique
feature i.e. Internal Tandem Duplication (ITD) mutation
in the FLT3 gene between exons 14 and 15 in the
juxta membrane domain, which often results in high
blast accounts, increased risk of relapse and decreased
survival. FLT3-ITD is especially a frequent feature in
patients with normal karyotype, t (15;17) (q22;q12)
[PML-RARA] and t(6;9)(p23;q34) [DEK-NUP214]which
leads to uncontrolled cellular proliferation, survival, and
differentiation through constitutive activation of FLT3,
(Meshinchi and Appelbaum (2009). Stirewalt and Radich
2003, Parcells et al, 2006) .FLT3-ITD occurs in the form
of a replicated sequence in the juxta membrane domain
and/or TKD1 of the FLT3 receptor and varies in location
and length within these domains.
FLT3-ITD (high) is a driver mutation that presents with
a high leukemic burden, confers a poor prognosis, and
bears a signiﬁcant negative impact on the management
of patients with AML (Ding et al., 2012, Grimwade and
Mrozek 2011). This ITD disrupts the auto inhibitory
function of the juxta-membrane domain and results
in ligand independent activation of the FLT3 receptor.
This leads to a proliferative signal via activation of its
downstream effectors (Kiyoi et al., 1998, Levis 2013)
. Thus, the ITD leads to gain of function mainly by
inducing hyper-responsivity of the FLT3 receptor to
FL rather than through auto-activation of the receptor
(Griffith et al., 2004), Therefore, the FLT3-ITD mutation
directly or indirectly confers a selective advantage to a
clone in its microenvironment. About 75% of patients
with FLT3ITD–mutated AML at diagnosis continue to
have the ITD mutation at relapse (Zheng et al., 2011)
suggesting that FLT3-ITD may function as the driver
mutation responsible for progressing the disease into
overt leukemia.
The second common types of mutations in FLT3 are
missense mutations in exon 20 of the activation loop
(A-loop) in the tyrosine kinase domain (TKD). Almost all
these mutations involve the substitution of an aspartate
with a tyrosine at codon 835 (D835Y) by a point mutation
(GAT→TAT). Aspartate in the 835 position belongs to
the domain DFG (Aspartate-Phenylalanine-Glycine)
in the A-loop, playing a critical role in preventing
efficient binding of ATP. This type of mutation occurs
in approximately 7% of patients with AML (Yomamoto
et al., 2001 Kronke et al., 2013 Liesveld and Lichtman
(2016).
In recent years, it has been shown that somatic activating
mutations of the FLT3 gene are the most common
genetic abnormalities in AML and have a significant
impact on prognosis. Female patients are affected more
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Fotra et al.,
frequently and these mutations are also associated with
hypercellularity and a higher incidence of recurrence
(Abu- Duhier et al., 2001). Routine testing for FLT3 in
patients with cytogenetically normal AML had been
recommended since at least 2010 (Fenski et al., 2000),
which corresponds to the time at which molecular testing
was routinely performed in 100% of patients at academic
centers but not at community sites. This suggests that
there is a lack of awareness about the significance of
molecular testing at community sites.

Conclusion
Identification of FLT3 mutations in AML has yielded
novel approaches to the management of this disease.
Over the last decade, the biology and the function of
the wild-type and mutated FLT3 receptor have been
well characterized. Whether it is through their utility as
prognostic factors or their use as a target for directed
therapies, FLT3 mutations have provided clinicians with
novel therapeutic options for a large subset of AML
patients. Identification of FLT3 mutations in AML has
raised the potential for its utility as a molecular marker
for risk-based therapy and as a target for directed therapy
with novel small molecular inhibitors. Subsequent studies
identified numerous other potential compounds (MLN518,
PKC412, SU5416, SU5614, SU11248, CEP-701, CEP5214) that also block FLT3 activation. Two compounds
(CEP-701 and PKC-412) have shown some therapeutic
promise for AML patients with FLT3 mutations. CEP701 (Lestaurtinib) is an indolo carbazole compound that
inhibits auto phosphorylation of the WT and mutant
FLT3 receptors (Levis et al., 2005 and Levis et al., 2004,
Nicholas et al 2020). Current clinical trials are combining
FLT3 inhibitors with conventional chemotherapy in an
attempt to increase the cytotoxic effect against leukemia
cells and reverse the poor prognosis for AML patients
with FLT3 mutations.
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ABSTRACT

In present investigation, distribution and diversity of macrophytes in Kolar river in Nagpur region of Maharashtra
state, India have been studied, to investigate overall health of the water body. Since the studies on macrophytes
diversity are very less in Kolar river this paper is intended to report macrophytes diversity in present investigation,
the present study was conducted on monthly basis for the period of two years from February 2010 to January
2012 by following standard protocols. The statistical analysis of the analytical data was computed and it reveals
that submerged macrophytes are abundant followed by marginal and free floating. The species diversity is more
at sampling Site-B in shallow water and less water current. In the present investigation, 25 species from three
groups were recorded from Kolar lotic ecosystem under study which was categorized by free floating, submerged
and marginal aquatic weeds. The data of the present investigation show that the enrichment of the shallow water
with high bottom sediments provides an ideal habitat for luxuriant growth of macrophytes. It is also demonstrated
that the diversity of macrophyte is less where water current is more and diversity increases as the water current
decreases and organic contents increases.

KEY WORDS: MACROPHYTES, RIVER KOLAR, SPECIES DIVERSITY.
INTRODUCTION
In a natural ecosystem macrophytes have been shown
to remove both toxic and nontoxic elements in the
sediment and water, Narayan and Somshekhar, (1997).
These are unchangeable biological filters and carry
out purification of the water bodies by accumulating
dissolved metals and toxins in their tissues, Shaha &
Vyas (2015). The variation in water chemistry can be
assessed by surveying the abundance of macrophytic
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communities. The trophic nature is mainly influenced the
variety of communities and indicator species occur at the
sources. Moreover, metabolic activities of macrophytic
communities accelerate the metabolic and the physicochemical conditions of stream Gregg and Rose, (1982).
Some relevant and recent studies on aquatic macrophytes
have been made by, Tenna Riis et al., (2019), Ester Vieira
Noleto et al., (2019), Szymon Jusik and Staniszewski,
(2019), Hanife Ozbay et al., (2019), Rameshkumar et al.
(2019), Patel and Dubey (2019), ), Prasad and Das (2018),
Bhute and Harne (2017).
The macrophytes stimulate the growth of phytoplankton
and help in the recycling of the organic matter. The
submerged species of macrophytes at the margin also
act as a green manure favorable the abundance of
zooplankton and benthic fauna, supported by Bhute and
Harne, (2017) from Nagrala Lake. Macrophytes serve
as a substratum, manure and also provide food and
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shelter for many aquatic organism, Kudryavtsev and
Yeshov, (1980) and Raut and Pejaver, (2005) Seasonal
fluctuation in riverine water flow is responsible for
limited macrophyte diversity, Rulikm et al., (2020).
Macrophyte diversity significantly affects overall aquatic
biodiversity, Prasad and Das, (2018). Since the studies
on macrophytes diversity are very less in Kolar river
this paper is intended to report macrophytes diversity
in present investigation.

Materials and Methods
The river Kolar is in the vicinity of Khaparkheda town,
located at 21.38581070 north latitude and 78.92013790
east longitudes in Nagpur district of Maharashtra
state. This river flowing besides the thermal plants
(Khaparkheda TPS and Koradi TPS) and some villages
in the downstream are located on the bank of this river
and receiving effluents and domestic water. Therefore,
the river was monitored by collecting samples from
four locations covering the complete stretch of the river
receiving discharges during the period of two years from
February 2010 to January 2012 in winter, summer and
monsoon seasons to know the seasonal variation. These
sampling locations are Site - A (Dam Site), Situated at
Nanda Dam, Site - B (Village Site), Situated near Kolar
bridge on N.H.69 at Mahadula, Site - C (Village Site),
Situated at Khaparkheda, Site - D (Confluence point
Site), Situated at Confluence point of river Kolar and
Kanhan at Waregoan. The macrophytes biodiversity of
river Kolar was evaluated and assessment was made by
analyzing parameters of interests.The sampling program
was planned taking into account the objectives of the
study and the parameters to be analyzed. Efforts were
made to centralize the aim of sampling to achieve
the representativeness and validity of the samples.
Macrophytes were collected at monthly intervals during
the period of investigation from shallow littoral zone by
hand picking. After collection specimens were thoroughly
washed with water, excess water was soaked with filter
paper, kept in polythene bags, brought to laboratory in ice
box and specimens identified up to species with the help
of standard literature Edmondson (1959), APHA (1996),
IAAB publication no.2, (1998) and Fassett (2000).

in aquatic ecosystem Pieczynska and Ozimek, (1976).
During investigation period of the total mcrophytes; free
floating-20%, submerged-48% and Marginal aquatic
weeds-32% were observed (Figure-1).
The free floating macrophytes were represented by,
Wolffia spp, Lemna spp, Spirodella spp, Pistia stratiotes
and Eichhornia crassipes.
The submerged macrophytes were represented by,
Hydrilla verticellata, Vallisneria spiralis, Potamogeton
natans, P. crispus, P. pectinatus, P. richardsonii,
Ceratophyllum demersum, Najas spp, Utricularia spp
and Chara vulgaris. Myriophyllum, Hyperium spp. The
marginal aquatic weeds were represented by, Rotala
ramosior, Lythrum alatum, Penthorum spp, Cyperus
diffuses, Typha angustata, Ludwigia spp. Marsilea
quadrifolia and Ipomoea aquatic, Ludwigia spp.
Macrophyte diversity was found low in sampling site
D which was confluence point of river Kolar and river
Kanhan, where water current was fast. Maximum number
of macrophyte species was recorded at sampling site-B
(Village site near Kolar bridge where water current is
slow, water is shallow and some anthropogenic activities
were found Table-3 and Figure-3).
Table 1. Total numbers of Macrophytes recoded during
Feb 2010 to Jan 2012
Type
Number of
Species
Total

Free Floating

Submerge

Marginal

05

12

08

25

Figure 1. Percentage of Macrophytes recorded During Feb.
2010 to Jan 2012

Results and Discussion
In the present investigation, 25 species from three groups
were recorded from Kolar lotic ecosystem under study
which was categorized by free floating, submerged
and Marginal aquatic weeds (Table-1 and Table-2).
Azolla species were not recorded from Kolar river while
Eichhornia crassipes was recorded. The Azolla spp. is
considered as pollution free species and Eichhornia as
pollution tolerant species Narayana and Somashekhar,
(2002). The macrophytes also provide suitable breeding
and sheltering place for macroinvertebrates and fishes
Meshram, (2003). Macrophytes in fresh water play major
ecological role and help in the regulation and stabilization
of trophic state and mineral cycling in the aquatic
ecosystem Melzer, (1981), Wielgleb, (1984). They serve
as the bioindicators for the possible degree of damage
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The data of the present investigation show that the
enrichment of the shallow water with high bottom
sediments provides an ideal habitat for luxuriant growth
of macrophytes. It is also demonstrated that the diversity
of macrophyte is less where water current is more and
diversity increases as the water current decreases and
organic contents increases, these data are well supported
by the work of Tenna Riis et al., (2019) from River
Gudena, Denmark, where shallow water was found to
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Table 2. The diversity of Macrophytes in the Kolar river During
Feb. 2010 to Jan 2012
SN

Macrophytes

A
1
2
3
4
5
B
1
2
3
4
5
6
7
8
9
10
11
12
C
1
2
3
4
5
6
7
8

Free Floating
Lemna spp,
Pistia stratiotes
Eichhornia crassipes.
Wolfia spp.
Spirodella spp.
Submerged
Najas spp.
Potamogeton richardsonii
P. crispus
P. pectinatus
P. natans
Ceratophyllum demersum
Hydrilla verticellata
Valisnaria spiralis
Utricularia spp.
Hyperium spp,
Chara vulgaris.
Myriophyllum
Marginal
Rotala ramosior
Lythrum alatum
Typha angustata
Ipomoea aquatica.
Penthorum spp.
Cyperus diffusus
Ludwigia spp.
Marsilea quadrifolia

Family

Site A Site B Site C Site D

Salvanaceae
Lemmaceae
Lemmaceae
Lemmaceae
Lemmaceae

+
+
+
-

+
+
+
+
+

+
+

Najadaceae
+ 			
Najadaceae 		
+
+
Najadaceae
+
+
+
Najadaceae 		
+
+
Najadaceae
+ 			
Hydrocharitaccae
+
+
Hydrocharitaceae
+ 			
Hydrocharitaceae
+
+
Lentibulariaceae
+ 			
Hyparaceae 		
+
+
Characeae
+ 			
Hydrocharitaccae
+
+
Lythraceae 		
Lythraceae
+
Iridaceae 		
Compositae
+
Crassulaceae 		
Cyperaceae 		
Onagraceae
+
Marsileaceae 		

Table 3. Total Number of species recorded on each sampling
site During Feb. 2010 to Jan 2012
Sampling Site

A

B

C

D

Species Diversity

15

20

13

11

Figure 2. Total Number of species recorded on each
sampling site During Feb. 2010 to Jan 2012

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+

+
+
+
+

+
+
+

+

be enriched with high bottom sediments for luxuriant
growth of aquatic plants. This has also has been recently
reported by Patel and Dubey, (2019). Environmental
factors such as topography, season, rain fall expected
to create numerous ecological niches, also leads to high
diversity of aquatic plants as shown by Prasad and Das
(2018). The findings of the present investigation that
the shallow water when enriched with high bottom
sediments provides an ideal habitat for luxuriant growth
of macrophytes has also been reported by the recent
findings of Rulik et al., (2020).
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ABSTRACT

Failure in academics is a leading cause of suicides in India. Among students appearing for Board examinations, 82
percent reported academic pressure and 74 percent experienced test anxiety. Parental pressure over academics is
specific to South Asian cultures and related to parents’ socioeconomic status. The present study aimed to explore
role of parents’ education and occupation in parental pressure and test anxiety of students appearing for Board
examinations. It adopted sequential explanatory mixed method. 123 students appearing for Board exams of grade
10 from Pune participated in the first (quantitative) phase. Parental pressure was found to be a significant predictor
of test anxiety (B= .022, p=.000, adjusted R2= .095). The mean scores of test anxiety and parental pressure did not
vary based on education and occupation of parents. Four participants who had reported high parental pressure
and test anxiety were interviewed in the second (qualitative) phase. Themes about antecedents and effects of
test anxiety and parental pressure, role of education/occupation of parents in these, solutions for mitigation got
revealed. The findings would aid to device specific interventions and stress free evaluation systems.

KEY WORDS: PARENTAL PRESSURE, TEST ANXIETY, BOARD EXAMINATION, PARENTS’ EDUCATION, PARENTS’ OCCUPATION.
INTRODUCTION
India would become the youngest country in the world
by 2020 with 64 percent of her population in the working
age group (The Hindu, 2013). Contrastingly, India has
the highest rate of suicides among people ranging from
15 to 29 (Patel et.al, 2012). Failure in examination is
among the top ten causes of suicide in India accounting
for 2 percent of total number of suicides (National
Crimes Records Bureau, 2016). The literature identifies
academics as a stressor for students. Frequency and
performance in examinations was one among the
stressors (Swaminathan et al., 2016). Competition in
Indian educational system makes academics a stressor.
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Grades obtained in 10th and 12th standard influence
the choice of subjects, stream, college and career (Deb
et al., 2015). 82 percent of students appearing for board
examinations reported academic pressure and 74 percent
experienced test anxiety (Deb et al., 2014) irrespective
of the curriculum and type of school (Sasikala and
Karunanidhi, 2015). The pressure may reach the extent
of verbal and physical abuse pushing students to suffer
depression or take extreme steps like committing suicide
(Times of India, 2011). It adversely affects students’ overall
well being by interfering with academic, interpersonal
and intrapersonal domains (Desai & Sathiyaseelan, 2017,
Nair and Sathiyaseelan, 2018).
The biopsychosocial model highlights the role of social
systems like family, school and community in shaping
academic self efficacy of the child which is related to
test anxiety (Lowe et al, 2008). South Asian countries
observe a trend of parental pressure because education is
considered a way to move up higher in the socioeconomic
hierarchy (Gulf News, 2015). Putwain, Woods and Symes
(2010) found parental pressure to be a predictor of test
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anxiety. Comparison and acceptance based on grade was
prominent among traditional Asian families (Putwain,
2009). In the Indian context, test anxiety was observed
to be a mediator between parental pressure and test
anxiety (Nagpal & Sinha, 2016). Social derogation was
salient in experiences of test anxiety Indian students they
perceived failure as bringing shame to the family. They
feared examinations due to disapproval, punishment
and shame which might follow test evaluations (Bodas,
Ollendick & Sovani, 2008). Socioeconomic status of
parents influenced parental pressure and test anxiety
(Chen, 2012). In India, education of parents and
occupation of mother were related to parental pressure.
Parental pressure was related to academic stress but not
test anxiety (Deb, Strodl & Sun, 2015). However, Deb,
Strodl and Sun (2014) did not find any relationship in
these variables. Considering the large scale extent and
debilitating consequences of test anxiety and parental
pressure, detailed study is warranted.

Material and Methods
The present study was aimed to investigate the role
of Parents’ Education and Occupation in Parental
Pressure and Test Anxiety among students appearing for
Board examinations of grade 10. It adopted sequential
explanatory mixed method. Results obtained in the initial
quantitative phase are explained with the aid of later
qualitative phase (Creswell, 2014).
First (Quantitative Phase): Two schools following the
state syllabus from Pune, India were chosen based on
the convenience. School principals signed the informed
consent as guardians. 123 students of grade 10 signed
the assent form to participate in the study. The exclusion
criteria were repeaters, physically challenged and staying
away from either/both parents. Participants responded
to the Demographic Data Sheet which included columns
to indicate education and occupation of each parent
based on revised Kuppuswamy Socioeconomic Status
Scale (Oberoi, 2014), Parental Pressure Subscale (PPS)
of the Inventory of Parental Influence (Campbell, 1994)
and Westside Test Anxiety Scale (WTAS) (Driscoll, 2007).
Participants meeting the predetermined criteria (Cut off
score of 39 on PPS, 3 on WTAS) were shortlisted for the
next phase. Second (Qualitative) Phase. To maintain the
homogeneity, education (both parents were graduates)
and occupation (either parent is employed) were
checked. Participants and their parents’ consents were
obtained for audio recordings. Adopting Interpretative
Phenomenological Approach, face to face interviews
were conducted based on the interview guide which
had been validated by three experts. Memo interviews
were conducted based on transcripts. Member check was
carried out to ensure validity. Thematic analysis revealed
basic, organizing and global themes.

Results and Discussion
Phase One: Quantitative Phase: The characteristics of the
sample are mentioned in table 1.
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Test anxiety = 1.685 + .022 × Parental pressure
Several studies conducted worldwide (Putwain et
al., 2010; Chen, 2012) and in India (Nagpal & Sinha,
2016) identified parental pressure as a predictor of test
anxiety. Deb, Strodl & Sun (2014) presented evidence
indicating no relationship between parental pressure
and test anxiety. However, the models tested in
America (Pang, 1994 as cited in Chen, 2012) and China
(Chen, 2012) could explain 20 and 70 percent variance in
test anxiety respectively. Bodas et al., (2008) suggested
that the unique cultural setting in India allows for several
influences on test anxiety which may not be applicable
to other countries. This could account for the lower beta
coefficients.
Hypothesis 2. H1 Education and occupation of parents
play significant roles in parental pressure and test
anxiety of the student: The education and occupation
of a parent was measured using seven categories each
described in revised Kuppuswamy Socioeconomic Status
Scale (Oberoi, 2014). The data was regrouped into two
categories each for education and occupation of each
parent (table 2).
As per the results of T test and Mann Whitney U test, the
mean scores on test anxiety and parental pressure did not
differ when the education and occupation of each parent
was considered (p >.05). Thus, hypothesis 2 is rejected.
The findings are similar to a study done Kolkata which
found no relation between parents’ education and exam
related anxiety (Deb, Strodl & Sun, 2014). But, studies
conducted in China (Chen, 2012) and India (Deb, Strodl
& Sun, 2015) observed that education and occupation
of parents’ influence parental pressure and test anxiety.
Wards of non graduate parents and self employed
mothers were likely to experience more academic and
parental pressure (Deb, Strodl & Sun, 2015). In the light
of the mixed evidence, qualitative analysis would help
us understand and explain the results obtained in the
first phase.
Phase Two: Qualitative Analysis: Profiles of four
participants interviewed for phase two are mentioned
in table 3.
[PC: Participant’s code, WTAS: Westside Test Anxiety
Scale (Discroll, 2007); PPS: Parental Pressure Subscale
Table 1: Demographic Details of the Participants
Descriptions Frequency Percentage Mean

SD

N

School					 123
School 1
70
56.9
School 2
53
43.1			
Sex					 123
Male
77
62.6
Female
46
37.4			
Age 			
14.72 .563 123

Role of Parents in Parental Pressure and Adolescents Anxiety
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(Campbell, 1994); Education and Occupation based
on revised Kuppuswamy Socioeconomic Status Scale
(Oberoi, 2014).Thematic analysis of transcripts reveled
three global themes which are presented below with its
organizing and basic themes.

and performing lower than desired were experienced
frequently during exams. Bodas*, Ollendick & Sovani
(2008) concluded that Physiological symptoms dominate
the presentation of test anxiety among Indian students.
The current study falls short to conclude it.

Theme One. Antecedents, experiences and consequences
of exam fear: It deals with students’ experience of test
anxiety.

1.2.3 Behavioural Manifestation: Participants experienced
sweating, inability to write and hence kept on studying
till the last moment. Bodas, Ollendick and Sovani (2008)
found that 59 percent of Indian students preferred
studying harder to deal with test anxiety and stress.
Academic procrastination, a way to escape anxiety was
seen as a self harming behaviour (Nair and Sathiyaseelan,
2018).

1.1. Perception of Exam Fear: It deals with subjective
meaning of the phenomenon.
1.1.1 Meaning of Test Anxiety: Participants noted test
anxiety to be fear of the outcome as low grades have
potential consequences in future. The views are similar
to definition given by Zeidner (1998), “test anxiety is
emotional, physiological, and behavioural responses
surrounding the potential consequences of negative
evaluation on an upcoming test or exam” (as cited in
Von Der Embse, Barterian & Segool, 2013).
1.1.2 Expression of Test Anxiety: Test anxiety is a
multidimensional phenomenon having affective,
cognitive and behavioural facets (Zeidner, 1998).
Participants perceived test anxiety as combinations of
affective (fear), cognitive (going blank) and behavioural
(not writing) indicators.
1.2 Manifestation of Exam Fear: Three components of
exam fear were explored.
1.2.1 Affective Manifestation: Students reported to
be ‘tensed’, ‘scared, ‘nervous’ before exam but relaxed
after the same. Academics related activities in India are
associated with experience of negative states (Verma,
Sharma & Larson, 2002).
1.2.2 Cognitive Manifestation: Participants mentioned
apprehensions about other’s reactions to their grades,
especially parents. Going blank, getting confused

1.3 Antecedents/ Contributing Factors: Perception and
preparation of academics, parental pressure and board
examinations were found to contribute to test anxiety.
1.3.1 Perception and preparation of academics: The
dislike of students towards studies or a subject was seen
as a reason of fear by them. Putwain, Woods & Symes
(2010) noted personal beliefs as a contributor to test
anxiety.
1.3.2 Parental Pressure. Parental pressure was found
to be a predictor of test anxiety (B= .022, p=.000):
In students opinion, parental expectations, repetitive
nagging and exaggeration of Board examinations made
them fear exams. Hill and Wigfield (1984) noted that
unreasonable expectations and derogation after failure
pressurizes one to perform beyond one’s capacity. Test
anxiety and poor performance form a vicious cycle by
influencing motivational dynamics.
1.3.3. Board Examinations: Performance in Board exams
is crucial for admission to colleges and streams of
career. The scarcity of good colleges leads to cut throat
competition (Deb, Strodl & Sun, 2015). Students cited
the same reasons.

Table 2. Frequencies of Regrouped data regarding Parent’s
Education and Occupation
		

Description of Categories

N Percentage (%)

Mother’s Education
1
		
2
		
Father’s Education
1
2
		
Mother’s Occupation 1
2
		
Father’s Occupation 1
2
		

Graduates and
above
Intermediate/high
school diploma and below
Graduates and above
Intermediate/high
school diploma and below
Profession, semiprofession
Clerical, workers
and unemployed
Profession, semiprofession
Clerical, workers
and unemployed

85

69.1

38

30.9

86
37

69.9
30.1

22
101

17.9
82. 1

90
33

73.2
26.8
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Table 3: Profile of participants in qualitative analysis phase (phase two)
PC

Age Gender Scores in Phase one Education

			
WTAS
PPS
P1 15 Female
3.4
39
					
P2 15 Female
3.7
51
					
P3 15
Male
3.0
42
					
P4 14
Male
3.4
40
					

Occupation
Mother
Graduate or
Post Graduate
Graduate or
Post Graduate
Profession or
Honours
Graduate or
Post Graduate

1.4 Consequences of Exam Fear: Exam fear had
implications for the individual, her surroundings and
academics.
1.4.1. On self and surroundings: Participants highlighted
that exam fear affects their health, routine and
surroundings like family environment marked with stress
and tension.
1.4.2. On preparation. Exam fear interferes with exam
preparation and studies: Due to exam fear participants
faced non completion of syllabi, intruding thoughts and
longer time to learn. It corroborates with finding that
students with high test anxiety experience encoding
difficulty (Hembree, 1988).
1.4.3 On performance in exams: Hembree (1988) stated
that test anxiety could have facilitating as well as
debilitating consequences. Same opinion was expressed
by participants in the present study. Participants
experience confusion, uncertainty of answers and
increased chances of silly mistakes. These tend to lower
their performance in exams.
Theme Two. Parental pressure and relevance of parent’s
education, occupation to it: Campbell (1994, 1996)
defined parental pressure as the amount of pressure
parents exert on their children to achieve high levels
of academic performance (as cited in Wei, 2008). The
theme attempts to explain role of parents’ education and
occupation in parental pressure.
2.1 Changes in parents after commencement of child’s
10th grade: The year of board examination brought
changes in parents’ behaviour.
2.1.1 Dynamics within parents: Three participants
mentioned that the changes were more dramatic with
their fathers and one opined for mother.
2.1.2 Emphasis on studies: Often, parents expressed
dissatisfaction over child’s study and repetitively
instructed to study harder. The pressure exerted by
parents over academics could go to extremes making
them get glued to study tables (Times of India, 2011).

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Father
Mother
Graduate or
Unemployed
Post Graduate
Graduate or
Unemployed
Post Graduate		
Profession or
Unemployed
Honours
Graduate or
Profession
Post Graduate

Father
Skilled Worker
Semi
Profession
Profession
Skilled Worker

2.1.3 Token offered: Parents offered reinforcements
like buying a phone, vehicle or threats like cutting of
television connection. Bodas, Ollendick and Sovani
(2008) found fear of punishment and disapproval as
causes of test anxiety.
2.2 Expectations of parents from students: The theme
allows inferring about implicit assumptions of parents
noted from parents’ expectations regarding academic.
2.2.1 Overemphasis on grades: Parents had stringent
criteria about grades and considered that to be the sole
indicator of academic progress. Parents were not satisfied
thought students scored the said grades.
2.2.2. Expression of parental pressure: Parents were
reported to make comparison of their wards with toppers,
classmates and insisted on following the same schedule
to study. Traditional Asian families tend to compare their
wards with other high achieving individuals (Putwain,
2009).
2.2.3 Implicit assumptions and discrepancies: Parents
equated grades in exams as an indicator of successful
life. Securing higher grades was associated with
number of hours of study. While insisting on grades,
the learning aspect was ignored. But, the emphasis
on academic achievements did not translate to active
involvement of parents. A participant complained that
parents valued academic performance more than any
other achievements. This could be attributed to cultural
factors in South Asia where education in considered to
be a way to move up in socioeconomic hierarchy (Gulf
News, 2015).
2.3 Involvement of parents in academics: This theme
explores parents’ involvement in academics.
2.3.1 Extent and Manner: Parents got involved in
academics only during the exam time. Direct involvement
(aiding in academics) and indirect involvement
(maintaining conducive environment) were reported.
However, a participant complained about the involvement
being not authentic indicating that parents did not share
the responsibility over academics with their children.

Role of Parents in Parental Pressure and Adolescents Anxiety
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2.3.2 Responsibility of studies: Parents attributed the
responsibility of academics to the child and his/her
teachers, guides etc.
2.3.3 Students’ reactions to involvement of parents:
Students explained positive as well as negative sides of
academic involvement of parents.
2.4 Approaching disagreements or failures of students:
The theme elaborate how parents handle failure of
children.
2.4.1 Reaction of parents to disagreements or failure
of child: Parents would express their disappointment by
cutting rewards, not talking or shouting at them etc. The
observations corroborate with the finding that academic
performance of the child is a condition of acceptance
(Putwain ,2009). However, participants clarified that their
parents would also encourage them to study better.
2.4.2 Role of other parent: In cases of disappointment
over failure, parent and child are at conflict. The other
parent could exacerbate or minimize the severity of
conflicts.

2.5 Influence of parental pressure: Parental pressure
impacts physical, psychological health (Times of India,
2011) and academic performance (Nagpal & Sinha, 2016).
Findings here corroborate with the same.
2.5.1 On students. Participants perceived parental
pressure to be a usual phenomenon: It influenced
students’ schedules i.e having no time to play. The Social
Cognitive theory emphasizes the role of environment
in shaping of an individual (Bandura, 1977). Hence, it
is vital to note that parental pressure has potential to
influence students’ affect, behaviours and cognitions.
2.5.2 On parent child relationship: Students’ reaction
to parental pressure had potential to influence parent
child relationship as well as family environment. Desai
and Sathiyaseelan (2017) have summarized influences
of parental pressure and test anxiety on overall
wellbeing.
2.6 Role of Parents' education and occupation in
parental pressure: Students noted several influences of
parents’ education and occupation on academics.

Figure 1. Global theme one. Antecedents, experiences and
consequences of exam fear
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2.6.1 Effect on students’ lives: According to the
participants, advanced education of parents contributed
to better understanding and respect.
2.6.2 Influence on academics: Occupation of parents
influenced the time they could involve in their child’s
academics. To the contrary, homemaker mothers were
said to monitor student’s schedule. Besides the allotment
of time, education and occupation acted as a resource
in academics. Deb, Strodl and Sun (2015) found non
graduate fathers and mothers in business as more
pressurizing. It can be argued that parents with higher
education (graduation in this case) were seen as a
resource rather than pressure. Homemaker mothers were
seen as support due to their availability and involvement
in studies.
2.6.3 Influence on expectations: Nair (2014) asserted
that parents see children as a tool to fulfil their dreams.
Here, parents would insisting on selecting careers they
had chosen and expressed negative attitude towards
other disciplines. Cultures where academics is seen as
matter of family glory, pride experience trend of parental
pressure (Chen, 2012).

Theme Three: Proposed Solutions to Exam fear and
Parental Pressure. Participants explained how they
manage their exam fear and the desired changes in
parents’ related to academics that would help reduce
parental pressure (figure 3).
3.1 Coping with exam fear: Participants tried to manage
anxiety on their own and occasionally sough support.
3.1.1 Managing on own: Participants resorted to
changing study strategies or taking time off studies. In
order to avoid poor results, they try to write the little they
know. But, failure to do so may increase their anxiety.
It is important to note that students did not try to deal
with the fear directly. Rather, tried to minimize its impact
on the exam performance.
3.1.2 Support seeking from parents and other sources:
Bodas*, Ollendick and Sovani (2008) discovered that
only eight percent Indian students with high test anxiety
sought support from parents or professionals. All
participants mentioned of discussing it with parents and
some sought help of friends or counselors. But, negative
reactions from parents like blaming discouraged students.
The nature of support was limited to sharing only.

Figure 2. Global theme two. Parental pressure and relevance of parent’s education,
occupation to it.
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Figure 3. Global theme three. Proposed solutions to exam fear and parental pressure

3.2 Suggestions for parents: Students wanted parents to
be a support in academics.
3.2.1 Realistic expectations: Highlighting the need for
mutual goal setting, participants wanted parents to
consider their perspective and abilities to set goals.
3.2.2 No comparison: Participants expressed dislike
towards parents comparing them with toppers, relatives
or classmates.
3.2.3 More direct and authentic involvement: Participants
wanted direct and authentic involvement in studies. A
participant wanted them to monitor her progress, enquire
about her studies and allocate time to solve her queries.
Nagpal and Sinha (2016) opined that parents together
with teachers need to create environment fostering child’s
learning. Thus psychologists, school counsellors and
school authorities need to conduct awareness creating
workshops regarding parental pressure and test anxiety
(Deb, Strodl & Sun, 2014). Imbibing the concept of
‘mindful living’ would help both students and parents
to excel beyond the daily stressors (Sathiyaseelan &
Sathiyaseelan, 2014).

Conclusion
The study threw lights on role of socioeconomic factors
in test anxiety and parental pressure. Parental pressure
was found to be a predictor of test anxiety. Quantitative
analysis did not favor for influence of education and
occupation of parents on parental pressure and test
anxiety experienced by students. However, the qualitative
phase provided insights about links among parents’
education, occupation, test anxiety and parental pressure.
Parents could not give time for studies because of their
busy schedules. Children of homemaker mothers reported
active involvement, support and monitoring of studies.

Parents were reported to compare academic performance
of child with peers, relatives. Insistence on selecting
a particular career and rigid standards about scores
contributed to parental pressure and test anxiety. But,
the present study found contradictory evidences in two
phases. The findings need to be interpreted by keeping
the limitations of the study in mind.
The study has important theoretical as well as applied
implications. The findings are relevant to the fields
of education, parenting and counselling. To treat the
root cause of the issues, all stakeholders of students’
wellbeing like students, parents , teachers, psychologists,
administrators and policy makers must device an
effective examination system. Efforts by academia along
with professionals are required to address the issues of
education and parenting in India holistically. Trealease
(2006) reminds us of our responsibility of children’s
well being saying, “The child spends 900 hours a year
in school and 7,800 hours outside school. Which teacher
has the bigger influence?”
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ABSTRACT

The first thick milk produced immediately after the delivery is called human colostrum (HC). Its composition and
functions are quite different than mature milk. It contains high levels of proteins, vitamins, immunoglobulins,
carbohydrates, amino acids and many other nutrients. Apart from its nutritional aspects, HC also contains large
number of Lactic Acid Bacteria (LAB) with huge probiotic potential. These LAB helps in nourishment, proper growth
and development of infants in the early stages of life. The main objective of the study was to characterize and
evaluate the probiotic potential of LAB from HC. The study showed several LAB with probiotic potential. The isolated
LAB fulfilled all the necessary criteria of a standard probiotics such as growth at low pH, different temperatures,
tolerance against bile salts, resistance against antibiotics and antimicrobial activities against common human
pathogens. Four isolates of the study were found to be very promising in showing resistance against antibiotics
and antimicrobial response against common pathogens such as Escheria coli ATCC 25922, Proteus vulgaris ATCC
33420, Staphylococcus aureus ATCC 25922, Salmonella typhi ATCC 733 and Pseudomonas aeruginosa ATCC 27853.
On the basis of biochemical characterization, the isolates were identified as Lactobacillus brevis, L. acetotolerans,
L. casei and Pediococcus acidilactici. The present paper deals with the isolation, characterization and evaluation
of probiotic potentials of LAB isolated from HC.
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INTRODUCTION
For many years, HC was considered to be a sterile fluid,
but recent studies have revised this dogma (Fernandez
et al., 2013). The period of flow of HC is from 1st to
6th day of lactation. The milk produced after the 6th
day is mature milk (Castellote et al., 2011). HC is a thick
fluid rich in nutrients and contains vitamins, proteins,
amino acids, carbohydrates and lipids along with several
immune cells which provide immunity to infants in early
stages of growth and development (Ballard et al., 2013).
Recent studies reveals that apart from all the nutritional
aspects of HC, it also contains large number of probiotic
bacteria which helps in digestion and protection against
infections (Marchesi et al., 2016). The study on milk
of Rheses monkey (Mucaca mulatta) first showed that
milk contains 19 different species of bacteria belonging
to 8 genera in its constituents (Jin et al., 2011). HC
also contains large number of other bacteria (Hunt et
al., 2011). These bacteria also play a very important
role in the development of immune system of infant
(Wang et al., 2018). The number of bacteria in HC are
about thrice more than mature milk. The number of
bacteria in mature milk lower downs with the continuous
regular flow of milk (McGuire et al., 2015). From the
studies carried out in the past, majority of the bacteria
isolated from human milk were generally Lactic Acid
Bacteria (LAB) (Jost et al., 2015). LAB is a large group
of bacteria used worldwide as a probiotic.
This group of bacteria involves the microorganisms
of genera Lactobacillus, Lactococcus, Aerococcus,
Enterococcus, Pediococcus, Leuconostoc, Streptococcus,
Sporolactobacillus, Vagococcus and Carnobacterium
(Pavli et al., 2018 & Neha 2019). The bacteria of
these genera have high probiotic potential and
have been proven safe for human consumption
(Guesh et al., 2019). The first bacteria that enters the
infant gut is from HC. These bacteria enters infant gut
through HC and remains in the gut for entire life (Pang
et al., 2007). The gut microflora get involves in various
biochemical processes and serves several functions
in the welfare of human gut (Dunlop et al., 2015).
LAB have innumerable health benefits such as blood
pressure lowering (Robles-Vera et al., 2017), prevention of
colon cancer (Rafter 2003), reduction of allergic symptoms
(Cuello-Garcia et al., 2017), reduction of cholesterol
(Agerholm-Larsen et al., 2002), boosting of immune system
(King et al., 2014), prevention of urinogenital infections
(Shortliffe et al., 2013), reduction of Helicobacter pylori
infections (Hamilton 2003), Intestinal Inflammation
(Jin-Sil et al., 2018), antimicrobial effects on pathogens
(Tankoano et al., 2019) and many more. Therefore, it
can also be said that LAB are boon to infant gut. The
present study deals with isolation, characterization and
evaluation of probiotic potential of HC.

MATERIAL AND METHODS
Sample Collection: Total 60 different HC samples were
collected from lactating mothers who voluntarily gave
their consent for our study. All the samples were collected

immediately after the delivery from the maternity ward
of Jaipur National University Hospital, Jaipur (India). The
tubes used for sample collection were autoclaved using
standard protocols. The nipples of lactating mothers
were cleaned properly with cotton dipped in alcohol to
avoid any contaminations of breast skin microflora. The
mid flow of HC was carefully aseptically collected in the
tubes with the help of experts.
Isolation of LAB: The isolation of LAB from HC was
quickly processed after completion of sample collection.
The HC samples were serially diluted upto 10-6 using
sterile peptone water. The last three dilutions were
inoculated on MRS agar plates using Spread Plate
Technique. The inoculated plates were incubated at 3
for 48 h under anaerobic conditions using anaerobic
gas jar.
Enumeration of LAB: After incubation, the bacterial
colonies were counted using digital colony counter and
Colony Forming Unit (CFU) per mL of HC were calculated
using standard method.
Biochemical Characterization of Isolates: Isolated
bacteria were sub-cultured to get pure form of colony.
The colony characteristics of each isolate were recorded
carefully. The pure colonies were further chosen for
biochemical characterization. Gram’s staining, Catalase
test, Oxidase Test, Arginine Hydrolysis Test and Sugar
Fermentation tests were performed to characterize the
isolates to be LAB as per recommendation of Bergey’s
Manual of Determination Bacteriology.
Gram’s Staining: A single drop of sterile water was
dropped on a clean glass slide and a pure colony of
isolate was picked from the plate and was mixed gently
to prepare a smear. The smear was heat fixed carefully.
The standard procedure of Gram’s staining was followed
and the slide was observed under oil emulsion lens
(10x X 100x) of compound microscope. As LAB are
Gram positive in nature, all the isolates which showed
Gram positive nature were further processed for other
biochemical tests.
Catalase Test: Catalase test was performed for all the
isolates which were Gram’s positive. Catalase is a type
of enzyme which is produced by several microorganisms
that breaks down hydrogen peroxide into water and
oxygen and forms bubbles of gas. The 3% hydrogen
peroxide solution was mixed gently on the surface of
clean glass slide and was observed for bubble formation.
As LAB are catalase negative, all the isolates that showed
negative results of catalase test were further tested for
oxidase test.
Oxidase Test: All the isolates which showed catalase
activity negative were further tested for oxidase
test. Cytochrome c oxidase is an enzyme found in
several bacterial electron transport chain. Presence
of cytochrome c oxidase oxidizes the reagent called
tetramethyl-phenylenediamine into indophenols (purple
color) end product. As LAB are oxidase negative, all the
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Figure 1. Microscopic observation of Gram’s Staining

isolates which showed negative results were further tested
for its arginine hydrolysis.
Arginine Hydrolysis Test: Nessler’s reagent and arginine
MRS medium were used to check the production of
ammonia from arginine. 5 mL of MRS broth was
transferred to empty test tube and 100 μl of test
culture (O. D 1.0 at 600 nm) was inoculated and
the tubes were incubated at 37±1°C for 24h. After
incubation, an equal volume of Nessler’s reagent was
added to each tube. The immediate appearance of dark
orange color was interpreted as positive (presence of
ammonia) while indication of yellowish color was
interpreted as negative reaction (absence of ammonia)
(Kavitha and Devasena 2013).
Sugar Fermentation Test: Carbohydrate when fermented
by microorganisms form an acid or acid with gas at the
end. Depending on the microorganisms involved, the end
products may vary. All the isolates which were Gram
positive and catalase and oxidase negative were tested for
their sugar fermentation activity. Sugars were prepared
using standard protocol (HiMedia) and each tube of
sugar contained Durham’s tube in inverted position.
Each isolate was inoculated in all different sugars
(Glucose, Lactose, Maltose, Fructose, Mannitol, Galactose
and Sucrose) to note down the breakdown of sugars
into acid and/or acid + gas. Incubation for 48 h at 37 ℃
were given to all the sugars. Results were recorded after
completion of incubation period. On the basis of Sugar
fermentation activity, the isolates were identified using
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Bergey’s Manual of Systematic Bacteriology (Hammes P
et al., 2009). Determination of Probiotic Potential.After
biochemical characterization, all the isolates were tested
for their probiotic potential by testing their growth at
low pH, different temperatures, tolerance against bile
salts, resistance against common human pathogens and
resistance to antibiotics.
Growth at low pH: The pH of human stomach ranges
between 2 to 3. It is also believed that food eaten by us
stays in stomach for at least 4 h (Bistha N et al., 2019).
Therefore, it is the necessary for the isolate to survive
at low pH for more than 4 h. To check the growth of
isolates at low pH, all the isolates were inoculated in
peptone water prepared with different pH (6, 5, 4, 3, 2)
for a period of 6 h. After incubation period, the isolates
were inoculated on MRS agar plates and were incubated
under anaerobic conditions to check their survival at
different pH. All the isolates were further checked for
their tolerance against bile salts.
Tolerance against Bile Salts: The concentration of bile
salts in the intestine is believed to be 0.3% (w/v) and
the food eaten stays in small intestine is suggested to
be 4 h (Kumari A et al., 2019). Therefore, all the isolates
were examined for their growth at different bile salts
concentrations. Peptone water with different bile salts
concentration was prepared using Oxoid and active
cultures of isolates were inoculated in the medium for 6
h. After incubation, the isolates were inoculated on MRS
agar plates for its viable count.
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Table 1. Fermentation of different sugars for identification of isolates as per the recommendations of Bergey’s Manual
Sample
No.

Isolate Glucose
No.
A G

HC1

I1001
I1002
I2001
I2002
I2003
I3001
I3002
I4001
I4002
I5001
I5002
I6001
I6002
I7001
I7002
I8001
I8002
I9001
I9002
I9003
I0101
I0102
I1101
I1102
I1201
I1202
I1301
I1302
I1401
I1402
I1501
I1502
I1503
I1601
I1602
I1701
I1702
I1801
I1802
I1901
I1902
I0201
I0202
I2101
I2102
I2103
I2201
I2202
I2301
I2302
I2401

HC2

HC3
HC4
HC5
HC6
HC7
HC8
HC9

HC10
HC11
HC12
HC13
HC14
HC15

HC16
HC17
HC18
HC19
HC20
HC21

HC22
HC23
HC24

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Maltose Lactose Mannitol Galactose		 Fructose		 Sucrose		
A G
A G
A G
A G
A G
A G
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+`
+
+
+
+
+
+`
+
+
+
+
+
+
+
+
+
+
+
+`
+
+
+
+
+
+
+
+
+
+
+
+
+
-		
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
-

Identification Based on
Bergey’s Manual		
Lactobacillus acidophilus
Lactobacillus sakei
Lactobacillus paracasei
Lactobacillus fermentum
Streptococcus oralis
Lactobacillus gasseri
Lactobacillus agilis
Bifidobacterium longum
Lactobacillus rhamnosus
Bifidobacterium breve
Pediococcus demnosus
Lactobacillus oris
Lactobacillus curtus
Bifidobacterium magnum
Lactococcus garvieae
Bifidobacterium dentium
Lactobacillus johnsonii
Lactobacillus gasseri
Lactobacillus helviticus
Lactobacillus backii
Lactobacillus parakefiri
Stretococcus bovis
Lactobacillus silage
Lactobacillus rennini
Bifidobacterium bifidum
Lactobacillus rapi
Pediococcus cellicola
Lactobacillus ozensis
Lactobacillus helviticus
Bifidobacterium hapal
Bifidobacterium merycicum
Lactobacillus acidipiscis
Lactococcus piscium
Lactobacillus acetotolerens
Lactobacillus florum
Bifidobacterium breve
Lactococcus plantarum
Bifidobacterium reuteri
Bifidobacterium bifidum
Lactobacillus plantarum
Lactobacillus acidophilus
Lactobacillus agalis
Bifidobacterium dentium
Pediococcus inopinatus
Lactobacillus casei
Lactobacillus larvae
Lactobacillus nagelii
Lactococcus formosensis
Pediococcus stilesii
Lactobacillus helviticus
Lactobacillus brevis
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HC25

HC26
HC27
HC28
HC29
HC30
HC31

HC32
HC33
HC34
HC35
HC36
HC37
HC38

HC39
HC40
HC41
HC42
HC43
HC44
HC45

HC46
HC47
HC48
HC49
HC50

I2402
I2501
I2502
I2503
I2601
I2602
I2701
I2702
I2801
I2802
I2901
I2902
I0301
I0302
I3101
I3102
I3103
I3201
I3202
I3301
I3302
I3401
I3402
I3501
I3502
I3601
I3602
I3701
I3702
I3801
I3802
I3803
I3901
I3902
I0401
I0402
I4101
I4102
I4201
I4202
I4301
I4302
I4401
I4402
I4501
I4502
I4503
I4601
I4602
I4701
I4702
I4801
I4802
I4901
I4902
I0501
I0502

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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Lactobacillus paracasei
Pediococcus ethanoliduran
Lactobacillus pontis
Lactococcus raffinolactis
Lactobacillus nuruki
Bifidobacterium reuteri
Bifidobacterium bombi
Lactobacillus perolens
Pediococcus pentosaceus
Lactobacillus raoutii
Lactobacillus helviticus
Lactobacillus mobilis
Streptococcus ferus
Lactobacillus buchnerii
Lactobacillus parakefiri
Lactococcus hircilactis
Lactobacillus agalis
Lactobacillus casei
Bifidobacterium reuteri
Bifidobacterium bifidum
Pediococcus claussenii
Aerococcus suis
Bifidobacterium boum
Lactobacillus pasteurii
Lactobacillus raoutii
Lactococcus laundensis
Lactobacillus saniviri
Bifidobacterium reuteri
Lactobacillus rogosae
Bifidobacterium dentium
Lactobacillus sunkii
Streptococcus downei
Lactobacillus florum
Bifidobacterium myosotis
Lactobacillus sakei
Pediococcus acidilactici
Lactobacillus casei
Lactobacillus gasseri
Bifidobacterium bifidum
Lactobacillus acetotoleren
Lactobacillus rennini
Lactococcus piscium
Lactobacillus plantarum
Lactobacillus ozensis
Pediococcus cellicola
Lactobacillus acidophilus
Lactobacillus fructivorans
Pediococcus parvulus
Lactobacillus pasteurii
Lactococcus hircilactis
Pediococcus demnosus
Lactobacillus oris
Lactobacillus acetotoleren
Pediococcus acidilactici
Bifidobacterium reuteri
Lactococcus garvieae
Lactobacillus perolens
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The isolates which showed good growth on plates
were further tested for their growth at different
temperatures.
Growth at Different Temperatures: To examine the
growth of isolates at different temperature, the active
cultures of isolates were inoculated on MRS agar plates
and were incubated at different temperatures (25, 30, 35,
40 ℃) in anaerobic conditions. The isolates which showed
best growth at both high as well as low temperatures were
further screened for their resistance against antibiotics.
Resistance to Antibiotics:The isolates which gave best
growth at high as well as low temperature were tested for
their resistance against common antibiotics using Kirby
Bauer method. The isolates were spreaded on the entire
surface of MH agar plates and the discs of antibiotics
with different concentrations were placed on the surface
of agar and gently pressed. The plates were allowed to
incubate at room temperature for 24-48 h. The isolates
which did not give appropriate zone of inhibition around
the discs of antibiotics according to standard chart were
further examined for their antimicrobial activities against
common human pathogens.
Antimicrobial activity: All the isolates which fulfilled
the above mentioned criteria were further tested for
their antimicrobial activities against common human
pathogens using agar well diffusion method. The
indicator pathogenic microorganisms were spreaded on
the entire surface of Muller Hilton (MH) agar plates and
using a sterile core borer of 7 mm diameter. 5 different
wells of same size were made by puncturing the MH agar
plates. Using micropipettes, 80 μL of overnight grown
culture of isolate were inoculated carefully in the wells.
The plates were incubated for 24 h in upright position.
Thereafter, the zone of inhibition were measured. The
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Lactobacillus pasteurii
Bifidobacterium bifidum
Lactobacillus perolens
Aerococcus sanguinicola
Lactobacillus plantarum
Lactobacillus gasseri
Lactobacillus vini
Lactobacillus larvae
Lactobacillus paracasei
Lactococcus hircilactis
Lactobacillus gasseri
Lactobacillus acetotoleren
Lactobacillus mobilis
Lactobacillus agalis
Lactococcus lactis
Bifidobacterium minimum
Lactobacillus oris
Lactobacillus casei
Pediococcus stilesii
Bifidobacterium longum
Lactobacillus mobilis
Lactococcus garvieae

isolates which showed greater zones of inhibition were
considered having good probiotic potential.

RESULTS AND DISCUSSION
A total of 130 LAB were isolated from the HC of
60 different lactating mothers. The isolates were
identified on the basis of physiological and biochemical
characteristics. On the basis of Bergey’s Manual of
Systematic Bacteriology, 72 different species of LAB were
identified. Of these, 4 isolates of LAB were found to be
very promising with the potential of probiotics. These
isolates were selected on the basis of their antimicrobial
activities and their resistance against antibiotics. The
average number of LAB count per ml of HC of a health
lactating mothers were found to be 108 to 109. The
LAB count was measured on the basis Standard Plate
Count (Total Viable Count). The isolates were initially
confirmed by using biochemical test such as Catalase,
Oxidase, Grams Staining, Arginine Hydrolysis test and
Sugar Fermentation test. All the isolates in the present
study were found Gram’s positive, Catalase and Oxidase
negative and also had the capacity to breakdown
sugars into acids and gas [Table 1]. On the basis of their
Sugar Fermentation activity and Gram’s morphology
[Figure 1], the isolates were identified using Bergey’s
Manual of Systematic Bacteriology (Hammes et al.,
2009).
Determination of LAB to be potentially probiotic: All the
isolates identified as LAB through biochemical tests were
further screened for determining their probiotic potential.
Firstly, the growth of isolates were checked at low pH.
Out of 130 isolates, 79 showed its positive growth at pH
2 which were further screened for their tolerance against
different bile salts concentrations.
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Table 2. Determination of probiotic potential based on growth at low pH, bile salt tolerance
and growth at variable temperatures
Sample
No.

Isolate		Growth at different pH		Bile Salt Tolerance (%)			Growth at different Temperatures ([])
No.		 pH6 pH5 pH4 pH3
pH2 0.2 0.3 0.4 0.5			 25 30 35 40
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I2702		
I2801		
I2802		
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Table 3. Evaluation of Resistance of isolates against common antibiotics using disc diffusion method
Isolate No.							Names of Antibiotics
Erythromicin Tetracycline Pencillin		 Gentamicin Streptomicin Amoxicillin Ciprofloxacin
Measurement on Zone of Inhibition in (mm) and its Resistance (R) or Sensitivity (S) against Antibiotics
L.
L.
P.
L.

13
12
9
14

casei
brevis
acidilactici
acetotoleren

R
R
R
R

9
10
11
9

R
R
R
R

10
12
8
9

R
R
R
R

11
12
9
13

R
R
R
R

9
8
10
9

R
R
R
R

12
9
10
11

R
R
R
R

13
14
10
12

R
R
R
R

Table 4. Antimicrobial activity of isolated LAB against common pathogens
Isolate No.			
Names of Pathogens
E.coli
P. vulgaris
S. aureus
S. typhi
ATCC-25922 ATCC-33420 ATCC -25922 ATCC-733
L.
L.
P.
L.

casei
brevis
acidilactici
acetotoleren

18 mm
21 mm
19 mm
20 mm

17 mm
14 mm
18 mm
16 mm

Out of 130 total isolates, 96 were found to be prominent
against tolerating the 0.3% (w/v) bile salts concentrations.
These isolates were further examined for their growth at
different temperatures. Out of 130 isolates, 77 showed a
good growth at 40 ℃ and even at 25 ℃. On basis of these
three criteria’s, 34 best isolates were selected for checking
their resistance against antibiotics from which 16 best
isolates were screened for testing their antimicrobial
activity against common human pathogens. Out of 16
isolates, only 4 showed very high degree of zone of
inhibition against pathogenic bacteria. The details of
these for isolates are mentioned below in Table I, II, III
and IV.
4 best species of LAB were screened out of 130 isolates.
Identification of LAB was made on the basis of colony
morphology, physiological and biochemical tests as per the
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

18 mm
16 mm
18 mm
15 mm

17 mm
19 mm
20 mm
16 mm

P. aeruginosa
ATCC-27853
18 mm
20 mm
18 mm
16 mm

guidelines mentioned in Bergey’s Manual of Systematic
Bacteriology (Hammes et al., 2009). Similar tests
performed by earlier researchers found 8 species of LAB
that were Gram positive, catalase and oxidase negative
and also showed active hydrolysis of arginine (Kang et
al., 2019). The acidic pH of stomach and antimicrobial
actions of pepsin provide an effective barrier for LAB to
survive in gastrointestinal tract (Kang et al, 2019). For
exerting beneficial effects on host, probiotic should be
able to maintain its viability along the gastrointestinal
transit by surviving under harsh conditions (Tongwa et
al., 2019). The survival rate of the isolates of our study
were found to be best even at the pH of 2. Traditional
techniques of microbiology were used in the study rather
than modern molecular techniques because it is more
reliable. Modern techniques have some limitations such
as the viability of milk microbes cannot be analyzed, total
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bacteria counts may be over- or underestimated because
of cell-wall composition, DNA extraction methods and
the number of microbial 16S gene copies which may
lead to the over- or underestimation of bacteria counts.
Contamination in DNA extraction kit and reagents was
also reported in the past studies (Mc Guire, 2015).

CONCLUSION
Human Colostrum contains of large number of bacteria
with probiotic potential which greatly helps the infant
in boosting up its immunity and in maintaining the gut
microbiome. The number of LAB below this count can be
a cause of worry for infant. We also found that LAB have
the great potentials of fighting against common human
pathogens. In our study, we have found that some LAB
have great efficiency to resist against antibiotics. Such
species of LAB should be commercialized and marketed
at a global stage so that problems related to imbalance
in gut microbiome can be solved. Through our studies,
we also came to know that unnecessary consumption
of antibiotics during the time of pregnancy may reduce
the LAB count in HC. Therefore, use of antibiotics used
be minimized. There are several other facts which are
still not known till date such as existence of LAB in HC
is still a mystery. LAB in HC is a wide area of research
and still needs lots of genuine studies to be carried out
to solve the unknown.
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ABSTRACT

In the present paper we discuss about the biogenic synthesis of gold nanoparticles using Aegle marmelos extract. The
gold nanoparticles were synthesized via eco-friendly and low cost effective method. Preparation of the aqueous
leaf extracts of Aegle marmelos was carried out deionized water and the extracts acted as reducing agent as well
as capping agent. The synthesized gold nanoparticles were characterized by UV-Visible spectroscopy, Fourier
transform infrared spectroscopy (FTIR), X-ray Diffraction (XRD), Field emission gun Scanning electron microscopy
(FEG-SEM) with EDS and High Resolution Transmission electron microscopy (HR-TEM). The elemental composition
and purity of gold nanoparticles was analysed by EDS. XRD patterns showed average particle size of 22 nm and
also UV absorption peak showed around 534 nm. The antibacterial activity of gold nanoparticles was studied
against micro organisms like against Bacillus subtilis (MTCC 121) and Escherichia coli (MTCC 119).

KEY WORDS: Gold nanoparticles, Aegle marmelos, Biogenic synthesis, antimicrobial activity.
INTRODUCTION
Nanostructures with various properties like physical,
chemical and electrical empower broad applications
such as an antibacterial, catalysis, optical, electrical, as
an energy transformation as well as reservoir devices
and production of biomedicals. In the past, research
has shown that antioxidant compounds present in Aegle
marmelos inactivate the free radicals or make them less
reactive and thus protect against reactive oxygen species.
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Health-promoting compounds present in Bael include
Terpenoids, Flavonoids, Steroids, Phenolic Compounds,
Alkaloids, Tannins, and Saponins. Out of all these, tannins
have a very strong free radical scavenging property and
act as a primary antioxidant, ( Iqbal et al.,2015 Ashar
et al.,2016 Cao et al.,2016 Iqbal et al.,2017).
The Bael plant or Aegle marmelos grows in the soil with
a pH range between 5 – 10. The Aegle marmelos tree
tolerates all kinds of soil situation and stands water
logging situation. This tree has a wide tolerance for
temperature and grows well in the temperature range
7º C to 48ºC. It grows best on rich, well-drained soil.
it grows very well in summer and its growth declines
during winter. The preliminary step in the synthesis of
AuNPs is the reduction of gold ions (Au1+) to neutral
gold atoms (Au0). It occurs by reduction of chloroauric
acid (H [AuCl4]) in a solution in the presence of suitable
reducing agent. The gold nanoparticles synthesized
using plant extracts do not require reducing agent as
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the compounds which readily exists in plants acts
as reducing agents as well as stabilizing agents. The
synthesis of gold nanoparticles using plant extracts has
been tried and it has become successful. Biosynthesis of
gold nanoparticles from plants like Hibiscus rosa-sinensis
(Daizy et al., 2010), Cinnamomum camphora, Azadirachta
indica (Shankar et al., 2004), Geranium, (Shankar et al.,
2003), lemon grass (Grunwald et al., 2004), Aloe vera
(Chandran et al., 2006), Moringa pterygosperma and
Boerhavia diffusa (Vaghela et al., 2018), Crateva Religiosa
(Parmar et al., 2016), and Bauhinia variegate (Vaghela
et al. (2017,2018).
Recently, synthesized AgNPs using fresh fruit extract of
Phyllanthus emblica have been and evaluate for their
antibacterial efficacy against pathogen Acidovorax
oryzae strain RS-2 of rice bacterial brown stripe (Masum
et al., 2019). Balasubramanian et al., (2020) have reported
biogenic synthesis of gold nanoparticles using Jasminum
auriculatum leaf extract and have reported their
catalytic, antimicrobial and anticancer activities. Vo et
al. (2020) have reported biosynthesized silver and gold
nanoparticles from Lactuca indica leaf extract and their
applications in catalytic degradation of toxic compounds.
Uzma et al. (2020) have reported biogenic synthesis of
gold nanoparticles using Commiphora wightii and their
cytotoxic effects on breast cancer cell line (MCF-7).
Similarly, Aisida et al. (2020) have reported biogenic
synthesis of iron oxide nanorods using Moringa oleifera
leaf extract which showed good antibacterial activity.
Siddiquee et al. (2020) have reported green synthesis of
silver nanoparticles from Delonix regia leaf extract and
its application in cytotoxicity interaction studies with
bovine serum albumin.
In this study, we report the plant-mediated synthesis
of gold nanoparticles using the aqueous leaf extracts
of Aegle marmelos an evergreen shrub which is found
in many parts of India. We prepared metallic gold
nanoparticles via green biogenic synthesis. The reduction
of aqueous Au+ ions with the thallus broth of marine
algae, P. pavonica its characterization and tested its
anti-microbial activity tested against microorganisms
namely Escherichia coli and Bacillus subtilis. The gold
nanoparticles (AuNPs) synthesized were characterized
by UV-Vis spectroscopy, SEM, TEM, XRD, EDAX, and
FTIR. The Antibacterial/Antimicrobial Activity effects of
gold nanoparticles.

Materials and Methods
All the chemical reagents used in this experiment were
of analytical grade purchased from s.d. fine chemicals.
The fresh and healthy leaves were collected around
patan (N.G.) and washed with distilled water to remove
dust particles.All the chemical reagents used in this
experiment were of analytical grade purchased from
s.d. fine chemicals. The fresh and healthy leaves were
collected around patan (N.G.) and washed with distilled
water to remove dust particles.After washing the leaves
were spread evenly in a clean paper and the leaves were

allowed to dry in shade for about 3-4 days. When the
leaves were dried completely they were finely powdered
using mixer and was used for extract preparation. First
we cut all the leaf and then Initially 10 gm of leaf
boiled with 100 ml double distilled water for 60 min. in
heating on Soxhlet at temperature 600C. The mixture was
brought to the room temperature and the aqueous leaf
extract was collected using Whatman filter paper. The
resulting product was filtered and stored in refrigerator
for further use. All solutions were prepared using double
distilled water. Initially 10 gm of leaf Aegle Marmelos
were boiled with double distilled water and heated on
Soxhlet for 60 min. than it was filtered using Whatman
filter paper No.1 after filtration, 20 ml extract was added
in 30 ml gold (AuNO3) which was put on magnetic stirrer
with hot plate for around 8 hours. The resultant solution
was dark black color which turned to dark brownish
color within one hour. The solid products were obtained
from it. Subsequently the solution was then centrifuged
at 12000 rpm for 20 min. The supernated centrifugation
was used as plant extract. Gold nanoparticles were
synthesized by adding 20 ml of plant extract to 1x10-3M
AuNo3 (ACS extra pure).

Results and Discussion
After completion of reaction, reaction mass was observed
for the colour changes from dark black to dark brownish
in comparison to the control solution. The colour change
is the visual method of detection of synthesis of gold
nanoparticles. The gold nanoparticles were characterized
by using UV-Vis spectroscopy (Shimadzu UV 1800
UV-Visible spectrophotometer) reduction of gold ions
was monitored by measuring the UV-Vis range of the
reaction mixture at 8 hour (Martínez et al., 2012). FTIR
spectroscopy analysis was carried out to identify the
biomolecules responsible for the reduction of Au+ ions
(Elia ET AL., 2014). FTIR spectroscopy analysis was carried
out to find the biomolecules that were bound specifically
on the gold oxide nanoparticles surface. The morphology
of the obtained nanoparticles was characterized by using
a high-resolution transmission electron microscope (HRTEM) (Krishnaswamy et al., 2014). Chemical composition
of the obtained nanoparticles were analysed by EDAX
technique using scanning electron microscope (FEGSEM) (Hezard et al., 2012). The crystallographic structure
of Gold nanoparticles and the phase properties was
examined by XRD measurements using Rigaku D/max
40 kV diffractometer (Yan et al., 2005).
UV-Vis spectroscopy measurements (Shimadzu UV
1800) were carried out at room temperature in the
region 800–200 nm as a function of time of the reaction.
The UV–Visible absorption spectrum was used for the
analysis of optical properties of Biogenic synthesized
Gold oxide nanoparticles. The mono dispersed Gold
oxide nanoparticles are shown in synthesis figure-1.
The room temperature spectra exhibited strong excitonic
absorption peaks at 534 nm for samples respectively,
which is in good agreement with previous work (Islam
et al., 2015).
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Figure 1: Uv-visible spectra of Biogenic synthesized Gold
nanoparticles

Rigaku D/max 40 kV diffractometer equipped with the
graphite mono chromator and Au target. Fig. 3 shows
the XRD analysis of Biogenic synthesized Gold oxide
nanoparticles. This is used for further confirmation of
Gold oxide phase of nanoparticles. The observed intense
peaks are 380, 440, 640 and 770respectively representing
the (111), (200), (222) and (311)reflections indicating the
face centered cubic (fcc) structure of AuNPs XRD pattern
reveals the face centered cubic structure indicating
the crystalline nature of AuNPs and the particle size
calculated using Debye-Scherrer equation,

				
Figure 2: FTIR spectra of Biogenic synthesized Gold
nanoparticles

(1)

Where, D is average Particles size, λ is wavelength
(1.5418 Å), θ is the Bragg’s angle and β is full width half
maximum (FWHM) of corresponding peek. The Scherer’s
formula was used to estimate the particles sizes and was
found to around 22 nm (Dubey et al., 2010).
Figure 3: XRD spectra of Biogenic synthesized Gold
nanoparticles.

Table 1. XRD spectral data of gold nanoparticles
2q

Particle size (nm)

(h k l)

38
44
64
77

19.94
16.34
20.68
34.24

(111)
(200)
(222)
(311)

Figure 4: FEG-SEM spectra of Biogenic synthesis of Gold
nanoparticles

Average Particle size D = 22 nm

FTIR spectroscopy analysis was carried out to identify
the biomolecules of extract responsible for the reduction
of Au+ ions. FTIR spectroscopy analysis was carried out
to find the biomolecules that were bound specifically on
the Gold nanoparticles surface. Fig. 2 shows the FTIR
spectra of Biogenic synthesized Gold nanoparticles. The
spectrum showed sharp bands at 873 cm-1 corresponding
to metal–oxygen (M–O). Strong bands were observed at
1033, 1074 and 1450 cm-1 and have been referred to as
alcohols and phenolic groups, C–N stretching vibrations
of aliphatic and aromatic amines, respectively. The
bands obtained at 3000 cm-1 have been representing
to stretching vibrations of primary alkanes, amines and
water molecules.
X-ray diffraction (XRD) measurement of the Biogenic
synthesis of Gold nanoparticles carried out on a
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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Field emission gun scanning electron microscope
(FEG-SEM) and EDS images were recorded on a JSM7600F series instrument. FEG-SEM spectra of Biogenic
synthesis of Gold nanoparticles are shown in Fig.4.
Gold nanoparticles by this method show nearly mono
dispersed distribution of particle sizes. The average
particle size of the Au nanoparticles is around 15-30
nm. The composition of Gold nanoparticles was further
probed by energy-dispersive X-ray (EDS) analysis. Fig.
5 shows the EDS pattern of AuNPs prepared using Gold
sulphate, which indicates the presence of Au and small
amount of oxygen. EDS spectrum of Gold nanoparticles
shows the peaks for Gold and respective elements
indicating the formation of Gold nanoparticles. Peak
indexing of the elements is oxygen 0.5 keV and Gold 1.5
& 2.2 keV. The compositions in the mass percentage of
the elements are oxygen 45.12% and Gold 41.21 %. The
experimental composition matches with the theoretically
calculated composition.
High-resolution Transmission electron microscope (HRTEM) images were recorded on a Tecnai G2-F30 electron
microscope. Fig. 6 shows the HR-TEM images of Au NPs
prepared using Mixtures. The sample preparation was
carried out via the coating on carbon coated grid Cu
Mesh 300 prior to the measurement. High-resolution
Transmission electron microscopy (HR-TEM) has been
employed to characterize the size, shape and morphology
of synthesized Gold nanoparticles. The antibacterial
screening test of the synthesized Gold nanoparticles
was performed by both agar well diffusion method
against Bacillus subtilis (MTCC 121) and Escherichia coli
(MTCC 119). The antibacterial activity of Gold
nanoparticles was carried out by agar cup plate method.
The antibacterial activity of Gold nanoparticles was
evaluated against Bacillus subtilis and Escherichia coli.
Fresh overnight Culture of each strain swabbed uniformly
by cotton on plates containing Mueller Hinton agar and
4 wells (diameter size- 6 mm) were prepared using cup
borer. Different concentration (20, 40, 60 μL) samples
of nanoparticles pour into each well and incubated it
for 24 hr at 370C, after that around the well diameter
of inhibition zone was observed in millimeter (Figure
7)(Table 2). Inhibition zone of bacterial growth is due
to inhibitory compounds from the tested sample. We
concluded that agar well diffusion method exhibited

good antibacterial activity in which Escherichia coli
showed excellent zone of inhibition and Bacillus subtilis
showed weak results compare to Escherichia coli bacteria.
Plant extract didn’t give any results (Bhawasar et al.,
1965, Behl and Srivastava, 2002, Shah and Qadry, 1971,
Zafar, 1994). Experiments with each strain performed
three times for good results.
Figure 6: HR-SEM spectra of Gold nanoparticles

Table 2. Antimicrobial activity data for synthesized gold
nanoparticles.
Bacteria		Zone of Inhibition of
Inhibition		Biosynthesized Gold
		Nanoparticles with
		different concentrations
20 μL 40 μL 60 μL
B. subtilis
E. Coli

4mm
7mm

8mm
12mm

13mm
17mm

Average
zone of

8.3 mm
12mm

Figure 7: Antimicrobial activity of Au nanoparticles

Figure 5: EDS spectra of Biogenic synthesis of Gold
nanoparticles

In summary, the biogenic synthesis of gold nanoparticles
was performed using Aegle marmelos extracts without
involving any toxic chemicals. In this reduction
reaction metal ions were reduced (Au+2 to Au+1) very
rapidly and reaction was finally completed within 8
hours to produce Gold nanoparticles. Synthesized gold
nanoparticles mediated from Aegle marmelos leaves
exhibited excellent antibacterial activity against gram-
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positive (Bacitilillus subs) and gram negative (Escherichia
coli) bacteria which exhibited considerable zone of
inhibition. Increase in the dose of AuNPs resulted in the
rise in antibacterial activity. So it can concluded that
biologically synthesized gold nanoparticles using Aegle
marmelos extracts can be used as environment-friendly
low cost formulation with excellent antibacterial activity
against Escherichia coli microorganisms.
References
Ashar, A., Iqbal, M., Bhatti, I. A., Ahmad, M. Z.,
Qureshi, K., Nisar, J., & Bukhari, I. H. (2016). Synthesis,
characterization and photocatalytic activity of ZnO
flower and pseudo-sphere: Nonylphenol ethoxylate
degradation under UV and solar irradiation. Journal of
Alloys and Compounds, 678, 126-136.
	Aisida, S. O., Madubuonu, N., Alnasir, M. H., Ahmad,
I., Botha, S., Maaza, M., & Ezema, F. I. (2020). Biogenic
synthesis of iron oxide nanorods using Moringa oleifera
leaf extract for antibacterial applications. Applied
Nanoscience, 10(1), 305-315.
Balasubramanian, S., Kala, S. M. J., & Pushparaj, T. L.
(2020). Biogenic synthesis of gold nanoparticles using
Jasminum auriculatum leaf extract and their catalytic,
antimicrobial and anticancer activities. Journal of Drug
Delivery Science and Technology, 101620.
Behl, P. N., & Srivastava, G. (2002). Herbs useful in
dermatological therapy (Vol. 11). CBS Publishers &
Distributors.
Bhawasar, G. C., Guru, L. V., & Chadda, A. K. (1965).
Antibacterial activity of some indigenous medicinal
plants. Medical-Surgical Nursing, 5, 11-14.
Cao, J., Sun, X., Zhang, X., & Lu, C. (2016). Homogeneous
synthesis of Ag nanoparticles-doped water-soluble
cellulose acetate for versatile applications. International
journal of biological macromolecules, 92, 167-173.
Chandran, S. P., Chaudhary, M., Pasricha, R., Ahmad,
A., & Sastry, M. (2006). Synthesis of gold nanotriangles
and silver nanoparticles using Aloe vera plant extract.
Biotechnology progress, 22(2), 577-58
Dubey, S. P., Lahtinen, M., & Sillanpää, M. (2010). Tansy
fruit mediated greener synthesis of silver and gold
nanoparticles. Process Biochemistry, 45(7), 1065-1071.
Elia, P., Zach, R., Hazan, S., Kolusheva, S., Porat, Z. E.,
& Zeiri, Y. (2014). Green synthesis of gold nanoparticles
using plant extracts as reducing agents. International
journal of nanomedicine, 9, 4007.
Grunwald, A. (2004). The case of nanobiotechnology.
EMBO reports, 5(S1), S32-S36.
Hezard, T., Fajerwerg, K., Evrard, D., Collière, V., Behra,
P., & Gros, P. (2012). Gold nanoparticles electrodeposited
on glassy carbon using cyclic voltammetry: Application
to Hg (II) trace analysis. Journal of Electroanalytical
Chemistry, 664, 46-52.

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

		

Iqbal, M., & Bhatti, I. A. (2015). Gamma radiation/H2O2
treatment of a nonylphenol ethoxylates: degradation,
cytotoxicity, and mutagenicity evaluation. Journal of
hazardous materials, 299, 351-360.
Iqbal, M., Nisar, J., Adil, M., Abbas, M., Riaz, M., Tahir,
M. A.& Shahid, M. (2017). Mutagenicity and cytotoxicity
evaluation of photo-catalytically treated petroleum
refinery wastewater using an array of bioassays.
Chemosphere, 168, 590-598.
Islam, N. U., Jalil, K., Shahid, M., Rauf, A., Muhammad,
N., Khan, A. & Khan, M. A. (2015). Green synthesis and
biological activities of gold nanoparticles functionalized
with Salix alba. Arabian Journal of Chemistry.
Krishnaswamy, K., Vali, H., & Orsat, V. (2014). Valueadding to grape waste: Green synthesis of gold
nanoparticles. Journal of Food Engineering, 142, 210220.
Martínez, J. C., Chequer, N. A., González, J. L., &
Cordova, T. (2012). Alternative methodology for gold
nanoparticles diameter characterization using PCA
technique and UV-VIS spectrophotometry. Nanosci.
Nanotechnol, 2(6), 184-189.
Masum, M. M. I., Siddiqa, M. M., Ali, K. A., Zhang,
Y., Abdallah, Y., Ibrahim, E. & Li, B. (2019). Biogenic
synthesis of silver nanoparticles using Phyllanthus
emblica fruit extract and its inhibitory action against
the pathogen Acidovorax oryzae Strain RS-2 of rice
bacterial brown stripe. Frontiers in microbiology, 10.
Parmar, Kokila A., A. K. Pathan, Kavita R. Desai,
J. R. Jadhav and Rahul Shah. (2016). Synthesis of
Biogenic Silver Nanoparticles from Medicinal Plant
and its Antibacterial Activity. IOSR Journal of Applied
Chemistry, 9(8), 29-33.
Philip, D. (2010). Green synthesis of gold and silver
nanoparticles using Hibiscus rosa sinensis. Physica E:
Low-Dimensional Systems and Nanostructures, 42(5),
1417-1424.
Shah, C. S., & Qadry, J. S. (1971). A textbook of
pharmacognosy. Messrs BS Shah.
Shankar, S. S., Ahmad, A., & Sastry, M. (2003). Geranium
leaf assisted biosynthesis of silver nanoparticles.
Biotechnology progress, 19(6), 1627-1631.
Shankar, S. S., Rai, A., Ahmad, A., & Sastry, M. (2004).
Rapid synthesis of Au, Ag, and bimetallic Au core–Ag
shell nanoparticles using Neem (Azadirachta indica) leaf
broth. Journal of colloid and interface science, 275(2),
496-502.
Siddiquee, M. A., ud din Parray, M., Mehdi, S. H.,
Alzahrani, K. A., Alshehri, A. A., Malik, M. A., & Patel,
R. (2020). Green synthesis of silver nanoparticles
from Delonix regia leaf extracts: In-vitro cytotoxicity
and interaction studies with bovine serum albumin.
Materials Chemistry and Physics, 242, 122493.
Characterization of Biogenic Gold Nanoparticles

311

Shah et al.,
Vaghela, H., Shah, R., & Pathan, A. (2018). Palladium
nanoparticles mediated through Bauhinia variegata:
potent in vitro anticancer activity against mcf-7 cell
lines and antimicrobial assay. Current Nanomaterials,
3(3), 168-177.
Vaghela, Hiral, Rahul Shah, and Kokila A. Parmar. (2018).
Plant Mixture Mediated Biogenic Copper Nanoparticles:
Antibacterial Assay. Current Nanomaterials 3(2), 8694.
Vo, T. T., Dang, C. H., Doan, V. D., Dang, V. S., &
Nguyen, T. D. (2020). Biogenic synthesis of silver and
gold nanoparticles from Lactuca indica leaf extract
and their application in catalytic degradation of toxic
compounds. Journal of Inorganic and Organometallic

Polymers and Materials, 30(2), 388-399.
Uzma, M., Sunayana, N., Raghavendra, V. B., Madhu,
C. S., Shanmuganathan, R., & Brindhadevi, K. (2020).
Biogenic synthesis of gold nanoparticles using
Commiphora wightii and their cytotoxic effects on
breast cancer cell line (MCF-7). Process Biochemistry.
Shah, C. S., & Qadry, J. S. (1971). A textbook of
pharmacognosy. Messrs BS Shah.
	Yan, W., Petkov, V., Mahurin, S. M., Overbury, S. H.,
& Dai, S. (2005). Powder XRD analysis and catalysis
characterization of ultra-small gold nanoparticles
deposited on titania-modified SBA-15. Catalysis
Communications, 6(6), 404-408.
	Zafar, R. (1994). Medicinal plants of India CBS
Publications and Distributors. New Delhi, 105.

312 Characterization of Biogenic Gold Nanoparticles		

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Biotechnological
Communication
Biosc.Biotech.Res.Comm. Vol 13 Number (1) Jan-March 2020 Pp-313-319

Efficiency of Bacillus subtilis and Bacillus cereus
to Abate Salinity Stress and Augment Plant
Growth
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ABSTRACT

PGPR are potential tools to alleviate plant growth and augment tolerance to abiotic stress tolerance, with reduced
level of agro-chemical application, as excessive use of fertilizers poses threat to soil fertility, soil ecology and
fertilizer run-off leads to water contamination, water eutrophication. PGPR also elicit ‘induced systemic tolerance’
to salt and drought. The present study indicated that soil inoculation with rhizobacterial strains of Bacillus subtilis
and Bacillus cereus (NCBI accession numbers: LC480918 and LC481470 respectively) promotes growth of Capsicum
annuum under both non-saline and saline conditions by directly or indirectly regulating plant chlorophyll content,
leaf osmotic potential. The potential of the two rhizobacterial strain to produce exopolysaccharide, indole acetic
acid, gibberelic acid production confirmed its ability as plant growth promoting isolates. Present study recorded
maximum root length of 22.9 cm and total chlorophyll content of 182 µg/g in B.subtilis inoculated plants
compared to root length of 22.6 cm and total chlorophyll content of 160 µg/g in control plants, under non saline
condition. B. subtilis inoculated plants under salt stress showed root length of 17.2 cm total chlorophyll content
of 69 µg/g compared to root length of 16.0 cm total chlorophyll content of 64 µg/g in control plants at 200mM
salt concentration. Different paradigms of applicability of the PGPR have been displayed comprehensively under
both normal and stress conditions to highlight the recent trends with the aim to develop future insight into the
role of PGPRs inoculum as biofertilizers for sustainable agriculture productivity and reclaiming soil fertility unlike
chemical fertilizers.

KEY WORDS: PGPR, Bacillus subtilis, Bacillus cereus, Salt stress tolerance, Capsicum annuum.
INTRODUCTION
Soil fertilization is required for agricultural production
but can also cause nitrate and phosphate accumulation
that eventually contaminates surface and ground waters.
Fertilizer run-off leads to water contamination and
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phosphate run-off augments eutrophication of surface
waters, resulting in fish mortality (Srivastava et al.,
2017). These environmental impacts of fertilization can
be attributed, in part, to low uptake nutrient efficiency of
crops. Phosphorous is highly reactive with iron, aluminum
and calcium in soils, which can result in precipitation
of up to 90% of the soil phosphorous, making it largely
unavailable to plants (Meller et al., 2019).
Owing to these environmental concerns and the
increasing prices of fertilizers, there is an urge from
farmers worldwide to reduce use of fertilizers below the
recommended amount for optimum yields; however,
such reductions would exert abiotic stress on plants.
Over the last few decades, the agriculture policy in
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India has undergone a major change influenced by the
root system, referred to as the rhizosphere is a versatile
environment of intensive plant microbe interaction for
extracting essential micronutrients from a confident
nutrient pool (Singh et al., 2012). The plant roots exude
a huge diversity of organic nutrients and signals that
attracts the microbial populations, especially those able
to metabolize plant excluded compounds and proliferate
in this habitat (Lareen et al., 2016). PGPR allevate
plant growth by various mechanisms that involve
soil structure formation, decomposition of organic
matter, recycling of essential elements, solubilization
of mineral nutrients, producing numerous plant growth
regulators, modulating phytohormone level, degrading
organic pollutants, stimulation of root growth, vital
for soil fertility, biocontrol of soil and seed borne plant
pathogens based on their ability to produce antimicrobial
or hydrolytic enzymes (Kamilova et al., 2009). Bacillus
species with potent plant growth promoting traits such
as essential phytohormone production and biocontrol
attributes are considered as safe microorganism that
holds remarkable abilities for synthesizing vast array of
beneficial substances (Hashem et al., 2019).

was serially diluted and appropriate dilutions (10-3, 10-5,
10-7) were spread plated on nutrient agar plates. The
plates were incubated at 37°C and developed colonies
were identified on the basis of cultural, morphological
characteristics as described in the Bergey’s Manual of
Determinative Bacteriology (Holt et al. 1994). Selective
colonies were taken and streaked on selective media for
individual strains and kept in incubator at 37°C for 24
h to obtain colonies.

Recent work by several groups shows that PGPR also
elicit so-called ‘induced systemic tolerance’ to salt and
drought. Salinity in arid regions is frequently a crucial
limiting factor for the productivity of agricultural crops,
with adverse effects on germination, plant vigour and
crop yield (Singh and Jha, 2016). Soil salinity promotes
osmotic stress, water deficit, stomatal closure and
reduced leaf expansion (James et al. 2011); moreover,
soil salinity causes deficiency of essential nutrients
such as K+. Elevated Na+ inside plants can decrease
plant photosynthetic rates and biomass accumulation
(Zhang and Shi, 2013). Therefore, use of PGPR is a new
ways to cope with the threat of global soil salinization
to agriculture. A wide range of PGPR produces
1-aminocyclopropane-1-carboxylate (ACC) deaminase,
conferred induced systemic tolerance (IST) to salt and
drought stress in pepper (Capsicum annuum L.) and
tomato (Solanum lycopersicum L.) plants (Mayak et
al., 2004). Many current studies are underway that will
further define the utility of PGPR in nutrient management
strategies aimed at reducing fertilizer application rates
and nutrient runoff from agricultural sources. To
maintain the growth and development of Capsicum
annuum (chilli) in saline condition, the current work
was to evaluate the efficiency of Bacillus subtilis and
Bacillus cereus for growth promotion and salt tolerance
in Capsicum annuum.

Production of Gibberellic Acid (GBA): Extraction of
Gibberellic Acid: For gibberellic acid production bacterial
isolate was grown in 100 ml nutrient broth medium at
30°C for 72 h. Following the incubation period, cultures
were centrifuged at 3,000 rpm for 10 min and the pH
of supernatant was adjusted to 2.5 using 1 N HCl. It
was extracted with equal volume of ethyl acetate in a
separating funnel, shaked vigorously and excess of ethyl
acetate fraction was discarded from funnel and allowed
the ethyl acetate to by exposing in air. The extract was
transferred to a separating funnel and retreated with
equal volume of ethyl acetate and then solvent fraction
was separated and allowed to by exposing in air. The
process was repeated 2 to 3 times to get a large amount
of fine quality of gibberellic acid. The concentrated
solution was re-evaporated and the residues were
dissolved in water containing 0.5% Tween20 (Holbrook
et al., 1961).

Materials and Methods

Ninhydrin assay for ACC deaminase concentration
determination: The DF-ACC medium (with an ACC
concentration of 3.0 mmol lˉ¹was diluted with the DF
medium to respective ACC working concentrations of
0.005, 0.01, 0.015, 0.02, 0.03, 0.04, 0.05, 0.10, 0.15, 0.20,
0.25, 0.30, 0.40 and 0.50 mmol lˉ¹. After the addition
of 1 ml of ACC working solution and 2 ml of ninhydrin
reagent, glass test tubes were capped and shaken and
placed in a boiling water bath. After 15 min, the tubes
were moved into a water bath at room temperature for

Present study was conducted at Department of Molecular
and Cellular Engineering, SHUATS University, Prayagraj
whereas Capsicum annuum seeds (Kashi Surkh) variety
was obtained from Indian Institute of Vegetable Research,
Varanasi, Uttar Pradesh, India.
Isolation of Rhizobacterial Strains: After selecting
Dhatura plant a 6”X 2.5”X 5” rhizospheric soil sample
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Screening of Rhizobacteria for plant growth promoting
activities: Production of Indole Acetic Acid (IAA):Nutrient
broth amended with 5-mmol tryptophan were inoculated
with overnight raised selected bacterial cultures (0.5
OD at 600 nm) and incubated at 37°C for 48 h. One
ml of culture was centrifuged at 3,000 rpm for 20 min
and supernatant separated. To the supernatant, 4 ml of
Salkowasky reagent were added followed by incubation
for 1 h at room temperature under dark conditions.
Absorbance of the pink colour developed was read at 530
nm (Pandey et al., 2013). Concentration of the proteins
in the pellet was determined by Bradford method and the
amount of IAA produced was expressed in µg/ml.

Spectrophotometric method for gibberellic acid: In this
method, one ml of gibberellic extract was pipetted into
15 ml of phyosphomolybdic acid reagent. The content
was mixed thoroughly and kept in boiling water bath
for 1 h. Flask was removed and rapidly immersed in ice
cold, After cooling till room temperature, volume was
made till 25 ml with double distilled water and optical
density was taken at 780 nm.
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2 min and then shaken for 30 sec according to Li et
al. (2011). After standing at room temperature for 10
min solution turns to purple (Ruhemann’s purple), the
solution was transferred into a cuvette and absorbance
was measured at 570 nm with spectrophotometer. The
DF medium was used as a blank. Each working solution
was run in triplicate. In addition, 1 ml of a tenfold
diluted supernatant of a bacterial culture was used to
determine ACC in bacterial cultures with the standard
ninhydrin assay.
Characterization of PGPR strains: After confirming their
potential for plant growth promoting efficacy, selected
culture(s) were characterized by several biochemical
analysis viz., indole, methyl red, Voges-Proskauer,
citrate utilization, carbohydrate fermentation, amylase,
uerease and nitrate reduction according to Bergey’s
Manual of Determinative Bacteriology (Holt et al., 1994)
and then molecular characterization using 16s rRNA
gene amplification under standard conditions (initial
denaturation 94°C for 3 min, 35 cycles of denaturation
at 94°C for 30 sec, annealing at 60°C for 30s, extension
at 72°C for 60s, and final extension at 72°C for 7 min).
The amplified product was sequenced and found the
size of 237 and 1247 bp for Bacillus cereus and Bacillus
subtillis respectively. The sequence of 16S rRNA genes of
both isolates were compared with the existing database
using BLAST and submitted to GenBank of NCBI.

Statistical analysis: Basic descriptive statistics was
calculated for all the growth parameters of all samples.
Standard deviation was obtained by using mean values
in order to have treatments comparison at P≤0.05
significance level. All of the statistical procedures were
performed by using Statistics software i.e., Web Agri Stat
Package 1.0 (an ICAR Web based package).

Results and Discussion
Many colonies of Bacillus spp. were isolated from the
soil sample as plates were incubated at 37+2°C and
developed colonies selective isolation of bacillus species.
Many Colonies of Bacillus spp. were identified on the
basis of cultural, morphological (Table 1) as described in
the Bergey’s Manual of Determinative Bacteriology and
then screening for plant growth promotion was done.
Spectrophotometric quantification of isolated genomic
DNA was done and found 1.04 μg/ml for B. cereus and
1.04 μg/mL for B. subtilis. Genomic DNA samples were
amplified and found size of 237, 1247 bp for B. cereus
and B. subtilis respectively and were then sequenced for
16S r RNA gene and submitted to NCBI under accession
number of LC481470 and LC480918.
Table 1. Culture, Morphological and biochemical
characteristics
Culture Characteristics

In-vivo test: Screening for salt (NaCl) tolerance on
Capsicum annuum plant by isolated plant growth
promoting B. cereus and B. subtilis rhizobacteria:
Pots were filled with of air dried sieved soil and single
surface sterilized seeds were placed in each pot. After
germination, five ml of inoculum (B. cereus/B. subtilis)
with population density of 107-108 cfu/ml were applied
into the rhizosphere through a syringe. Capsicum
annuum plants were irrigated with 800 ml of sodium
chloride (0, 50, 100, and 200 mM) according to water
requirement. Each treatment was performed in triplicates.
Plants were harvested after 30 days and data regarding
root length, shoot length, root and shoot fresh and dry
weights were recorded according to Shahzadi et al.
(2013).The three replicates taken for each treatment were
used to calculate the mean of each measurement. Several
measurements like length of the shoot system, primary
root legth, number of plant leaves as well as plant’s fresh
(immediately) and dry weights (keeping in oven at 70oC
until the weight were stable).
Estimation of total chlorophyll: The conc. of chlorophyll
was determined by measuring in a 1.0 ml cell suspension
by taking 1 gm of fresh leaves. Few drops of liquid
nitrogen was added and grounded with mini pestles.
1.0 ml DMSO was added to each eppendorf containing
grounded leaf and mix well followed by centrifugation
at 4000 rpm for 5 min. Supernatant was removed and
1.0 ml DMSO to pellet and re-extract followed by
centrifugation. Supernatant was discarded and 1.0 ml
DMSO was added and absorbance was recorded at 645
(Ali et al., 2014).
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B. subtilis

Results
B.cereus

Colony shape
Irregular
Round
Margin	Undulate or
Lobate
lobate
Colony elevation	Umbonate	Slightly
		
convex
Color
White or dull	Opaque
Texture
Dry
Dry
Gram staining
Positive
Positive
Indole
Positive
Negative
Methyl red
Positive
Negative
Voges-Proskauer
Positive
Positive
Citrate utilization
Positive
Positive
Amylase production
Positive
Positive
Gelatin hydrolysis
Positive
Positive
Urease
Positive
Negative
Ammonia production
Positive
Positive
Nitrate reduction
Positive
Positive
Carbohydrate
(+,+,-,+,
(+,+,-,+,
fermentation (galactose,
+,+,+)
+,+,+)
fructose, Inositol,
rafinose, riboflavin,
manitol)

The results obtained from both qualitative and quantitative
assays of Indole Acetic Acid (IAA) reflected the ability of
tested bacteria to produce indole compounds. The bacillus
sp. exhibited a purple colour with a little variation in
intensity. In the quantitative measurements, the highest
value of IAA production was 0.398 and 0.26 µg/ml by
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B. subtilis by B.cereus species.Isolate screened for EPS
production under both no stressed conditions as well as
under minimum water potential (−0.30 MPa). The strain
B. subtilis produced maximum amount of EPS (2.9mg/
mg) whereas B. cereus could produce 2.1 mg/mg protein.
Ali et al. (2014) conducted study on Pseudomonas isolate
and found maximum 3.22 mg/mg protein EPS production
(from Rdgp10 strain) while another strain (BriP15).
Razack et al. (2013) conducted their study to understand
the influence of various parameters on elevation of EPS
yield by B. subtilis in agro waste containing medium
and observed positive results.
In Ninhydrin assay, selected isolate were found to
positive for ACC deaminase activity a as sample colour
turned from yellow to red. The ACC deaminase activity
of rhizobacteria was quantified. The ACC deaminase
activity of B. subtilis and B. cereus was 0.13 and 0.05 µg/
ml respectively. ACC deaminase-containing rhizobacteria
were evaluated for their potential to promote growth
(Maxton et al., 2018). Studies of Zhang et al. (2008)
showed that ethylene content in tomato seedlings when
exposed to high salt was reduced due to Achromobacter
piechaudii (PGPR), indicating that bacterial ACC
deaminase was functional and its significant role under
stress conditions. A. piechaudii, which produces ACC,
increased the growth of tomato seedlings by as much
as 66% in the presence of high salt contents. Bacillus
subtilis was tested for gibberellic acid production.
Gibberellic acid concentration by B. subtilis was recorded
as 0.42μg/ml whereas B. cereus showed 0.32μg/ml
gibberellin production. Our results are in accordance with
another study which states that the growth promotion
in plants induced by Azospirillum infection, may occur
by a combination of both gibberellin production and
gibberellin glucoside or glucosyl ester de-conjugation
by the bacterium (Piccoli et al., 1997) .
Similar concentration of gibberellins was recorded in
cultures of Bacillus subtilis; A. brasiliense (Janzen et
al., 1992). Plants of Capsicum annuum were treated
with B. cereus/B. subtilis inoculum under varying salt
concentration (0,50,100 and 200mM) and physical
parameters like shoo length, primary root length, number
of leaves, plant fresh, dry weight (fig. 1) and chlorophyll
content was recorded (fig. 2,3). Inoculation of B. cereus/B.
subtilis significantly increased the plant growth compare
to control plant (fig. 2,3). However plant growth started
to decrease as salinity stress increases but significant
increase compares to control plant was noticed almost
in all plant growth parameters (fig. 1). Compared to
uninoculated plant, plant with Bacillus cereus inoculum
shows maximum shoot length 23cm without any salt
stress and maximum primary root length 37.2 cm at
50mM salt conc. (fig. 2a) but decreased with further
increases in salinity levels.
Our results were confirmed by Ghorbani et al. (2014)
with Nitraria schoberi and Panahi et al. (2015) with
Salsola orientalis, showing moderate salinity levels may
improve several growth parameters and the plant will be
injured as increasing salinity level increases. Inoculated
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plant at 50mM salt conc. shows maximum number of
leaves (32) in comparison to uninoculated plant which
is 26 in number (fig. 3a). Studies of Zhang et al. (2008)
showed that in Arabidopsis, B. subtilis strain regulates
cell expansion and auxin homeostasis, augments
photosynthesis by lowering glucose sensing levels that
utlimately promotes salt tolerance as well as reduces total
Na+ by regulating tissue specific expression.
Figure 1: Effect of B. cereus/ B. subtilis on growth
measurements, for the plant exposed to saline treatments
(a) and (b) without rhizobacteria (c) and (d) Bacillus cereus
treatment.

Whereas 24.7 cm maximum shoot length was recorded
without salt stress compare to 21.2 cm without inoculated
plant and sustained till 16.1 cm even at 200mM salt conc.
while B. subtilis inoculum was applied (fig. 2a). Primary
root length was also showed sustainable improvement
in the presence of inoculated plant and recorded 17.2cm
compare to 16 cm (fig. 2b) in uninoculated plant even
at 200mM salinity stress whereas study conducted by
Hussein and Joo (2014) on raddish using Azotobacter
chrococcum showed 9cm root length at 150mM NaCl
conc. However in some treatments elongated root
development was noticed compare to noticeable
increase in shoot/number of leaves present (fig. 1) as
some PGPR promote root development (Kloepper et al.,
2007) and alter root architecture by the production of
phytohormones such as indole acetic acid (IAA), resulting
in increased root surface area and numbers of root tips.
Such stimulation of roots can aid plant defense against
pathogens and can also relate to induced systemic
resistance (IST). Similar increase pattern was noticed in
plant fresh (3.1 gm with B.cereus while 2.9 gm with B.
subtilis at 200mM compare to 2.4 gm in contol) and dry
weight as well (fig. 2c,d).
The notable differences recorded in all plant growth
parameters may be due to the bacterial inoculation
efficiency and their quorum sensing ability with another
microbes present in soil. When plant growth suppression
is the result of ethylene stress, PGPR with ACCD can
be exploited (Saleem et al., 2007). ACCD has ability to
metabolize ACC, a precursor of ethylene in biosynthesis
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pathway and thus controlling total amount of ethylene
stress that may be produced (Arora et al., 2012).
During our study significant development in number
of leaves at almost inoculum stage was notices (fig. 3a)
that is in accordance with studies of Han et al. (2014)
using B. subtilis strain where around 80% more leaves
were observed PGPR have been demonstrated to activate
the synthesis of antioxidants and indole acetic acid,
which can stimulate root growth (Jha and Subramanian,
2014). Total chlorophyll content (µg/g) was also recorded

(fig. 3b) in both B. cereus/B. subtilis inoculam and
recorded as 160/172 µg/g in uninoculated whereas
182µg/g in inoculated plant under zero salinity stress.
However, 71 µg/g was recorded with B. cereus inoculated
and 69 µg/g with B. subtilis inoculated plant at 200mM
salinity stress compare to 64 µg/g (fig. 3b) in uninoculated
plant that showed another significant effect of these
inoculums to as plant growth promotion. Studies of Han
et al. (2014) using B. subtilis also observed promotion
of leaf growth, as well as leaf chlorophyll content under
both non-saline and salinity stress.

Figure 2: Comparison of (a) Shoot length (b) Root length (c) Fresh plant weight and (d) Dry plant
weight for B. cereus/B.subtilis in treated/untreated Capsicum annuum plant under salt stress where
error bars indicate standard deviation and represents significance at p≤0.05 level.

Figure 3: Comparison of (a) Number of leaves (b) Chlorophyll content for B. cereus/B.subtilis
in treated/untreated Capsicum annuum plant under salt stress where error bars indicate
standard deviation and represents significance at p≤0.05 level.
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Several polyamines secreted through PGPR have also
been exposed to mitigate stress ethylene levels as well
as alleviate osmotic stress (Xie et al., 2014). Recently,
PGPR were shown to alter mineral uptake, which results
in a favorable increase in the cellular ratio of K+/Na+;
and elevated generation of quorum-sensing molecules,
which can lead to modifications.

Conclusion
Different paradigms of the PGPRs have been displayed
comprehensively under both normal and salinity stress
conditions, with the aim to develop future insight
into the role of PGPR inoculum as biofertilizers for
sustainable agriculture productivity and reclaiming
soil fertility. The present study established that the
inoculation of the rhizobacteria Bacillus subtilis and
Bacillus cereus are capable of significantly increasing
plant growth and biomass of Capsicum annuum under
both non-saline and saline conditions, by the production
of specific rhizobacterial determinants like IAA, GBA,
exopolysaccharides, ACC deaminase. Plant root and
shoot length, fresh and dry weight, number of leaves,
chlorophyll content was recorded to be higher in
inoculated plants as compared to control plants, under
both non-saline and saline conditions. Therefore PGPR
elicited stress tolerance can aid the growth of crops in
environmentally unfavourable conditions.
Conflict of interest: There is no conflict of interest in
the present study
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ABSTRACT

Spoofing and hijacking arer a major threat in network security. Spoofing involves attacks which are associated
with the impersonation of third party to steal the credential information’s from a network. Major IP spoofing
attacks include ARP spoofing attacks and DNS spoofing attacks, which target the server. These are also called as
IP address forging which try to take away the major information from the organizations network systems. There
are several tools available to prevent this intrusion prevention system. Some of them are snort, suricata, firewall,
netfilter and IPfilter.Penetrating into the network can be prevented using be found using some testing tools like
Nmap, Netcat and Hping. Certain attacks denial of service attack and man in the middle attack are more prone to
these penetrating malicious threats. Therefore, i is mandatory to take necessary actions to prevent the network
from these attacks. Defensive strategies like filtering the packets, using an upper layer, using access control list
and using a router that is encrypted in nature are encouraged to make the network secure. In this paper, various
hijacking spoofing attacks are analyzed and their preventive methods are mentioned to enable the network to be well
secured. Certain specific protocols are encouraged to do this security measure to prevent the network attacks.

KEY WORDS: hijacking,spoofing,blindspoofing,zombie,cookie,ferret,wireshark.
INTRODUCTION
Session hijacking is a major threat in network security
where the ongoing connection with a server will lose its
connectivity for a period of time ( Ali,et al., 2014).The
credentials like username, password and other secret
information’s will be steeled away by the attacker for that
particular period of time. To be precise an unauthorised
access is been given to a third party who acts as though
he is serving from the system ( Prabhu et al., 2017).
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Spoofing is an illegal trick to steel the security of the
network. Current internet packet delivery relies on packets
destination IP address and forwarding techniques. IP
source address spoofing or IP spoofing attack refers to
all the attackers where the packets with forged IP source
addresses so that they can conceal on their identities (
Zhan et al., 2019).
IP spoofing threat is derived from the design that
internet packet forwarding in routers only relies on
packets destination. Despite anti IP-Spoofing has been
studied extensively in the past decade feasible and
integrated solutions to cover both of intra domain and
inter domain scopes till exists on the weaker side. Intra
domain solutions like IP source address filtering, IP source
address encryption, protocol and host stack redesign and
SDN based source address validation are validated for
the required manner by the attacker. Security with IP
address assignment and spoofing for Smart IOT devices
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are carried out using special techniques. Since cyber
security is of main importance the smart IOT device
to the cloud storage is carried with the IoT Gateway
present in-between each other. Methods to implement
the sensors on the smart IOT devices were carried out
and implemented in both the IPv4 and IPv6 (Rajshree
et al., 2019). IP spoofing prevention using reverse path
forwarding as applied to software defined networks
are described. Light weight approach to IP spoofing
assumes IP filtering rules which are on the gateway of
the devices. Key generation is also done separately for
IPv4 and IPv6.This makes the network stronger and less
prone to network attacks.
Using certain strategies like ferret, hamster and Wireshark
this session hijacking can be prevented. Ferret is a
software tool that which checks the host to find out the
vulnerabilities present in the system. It was originally
designed to work on UNIX but later it was developed for
windows (Anand et al., 2004). Hamster is an external tool
used by the networking devices to prevent the forgery
of false and fake fingerprint readers. Wireshark is an
analyser application, which uses the network protocol
to analyse the traffic over the network. Major advantage
of Wireshark is that this is a multi-platform supporting
tool (Shaoqiang Wang et al., 2010). Comparative analysis
of Tcpdump and Wireshark was carried out by Goyal
et al., (2019) which compares all the features between
Wireshark and Tcpdump. The first feature compared was
power consumption and got the result that Wireshark
takes power hundred times as tcpdump.The next factor
analysed is the memory and Wireshark is several times
that of the Tcpdump. Speed is the next factor analysed
and observed that Wireshark is speedier than Tcpdump.
Assessment of website security is done by penetration
testing using Wireshark tool (Sandhya et al., 2019).
The breakdowns in the security systems which has
caused the tool to be used in a wiser material for a more
prolonged usage of security testing. Some common
methods like metasploit, web application audit and attack
framework, nipper studio, OWASP zed attack proxy,
backtrack and skipfish.There is a step by step procedure
to crack any website and load into the server. Selecting
interface and starting the live capture of the data packets
is the first step. The second step involves logging into
the vulnerable website and looking for a post request.
The final stage has the analyser mode where the traffic
is analysed for further processing.

The corresponding defense strategy to provide security
to the network protocol has also been suggested for a
secured transmission of data packets. Hijacking can be
termed as different types such as session hijacking, blind
hijacking and hybrid hijacking.
Various Spoofing and Hijacking Attacks: There are several
types of network attacks among them few common
attacks are IP address spoofing attack, fingerprint attack,
zombie attack, and session hijacking attack.
IP Address spoofing attack: Spoofing in general happens
at a different level more specifically in ARP Spoofing,
MAC Spoofing, Blind Spoofing and Non blind spoofing.
Blind spoofing is a method where the attacker can inject
data into the stream of packets without having a proper
authentication itself when the connection is established
at first stage. In this, the data packets are injected
where the target is aware of the packets, which are got
as sequence. A proper IDS (Intrusion Detection System)
has to be used for security system of computer networks.
This can be of Host-Based IDS and Network-Based IDS (
Tamizi and Weinstein 2017). Honey spots are identified
at the first stage and soft spot which means the weak spot
in the network has to be checked. IP Spoofing detection
for preventing the DDoS Attack in fog computing is
carried using proper design works. Fingerprinting is
carried out to prevent the network from getting attacked
by the third party. This is further divided into active
fingerprinting and passive fingerprinting which results
in actively detected Os and passively detected Os.
After checking the weak soft spot, the IP address
spoofing process starts. A prime example of IP address
spoofing attack is given in the diagram below. Consider
an organization with the following configuration with
following specifications.Intra domain solutions like IP
source address filtering,IP source address encryption,
Protocol and host stack redesign and SDN based source
address validation. The Inter domain solutions involves
end based source address filtering, path based source
address filtering, end to end based source address filtering
are been carried out to ensure the proper data packet
travel on the specified network path. The system to be
attacked is been passed to a router and to a switch.

Figure 1: Representation of IP Spoofing Attack

The main purpose of the contribution of this paper
is that to prevent all the session hijackings like blind
hijacking, hybrid hijacking, and a zombie attack on a
network, cookie spoofing techniques and prevention
mechanisms.Certain other strategies like fingerprint
validation, session verification, innet strategy, outnet
strategy are taken into consideration. On the conclusion
part, we conclude by saying what steps we have taken
to reduce the risk of server and other Dynamic Host
Configuration Protocol (DHCP) being attacked ( Tripathi,
et al., 2015). In this research paper a detailed view of the
hijacking and spoofing mechanisms are termed in detail.
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Then it is been transmitted to two servers server A and
server B.The IP address that is transmitted through the
network is been attacked and spoofed by the attacker.
Now the original IP address of the victims system that is
the system been attacked is changed to another IP by the
attacker (Pomsathit et al.,2012). Now the fake IP address,
which is transmitted from the attacker, is been sent to
servers and for users. This shows the IP been spoofed by
the third party attacker.
Session Hijacking Attack: Hijacking a particular session
of a network taking away all the credential information’s
from the network between client and server is termed
as session hijacking attack. Denial of Service is more
common to this type of attack. During session, hijacking
attack an adversary sets up a fake point to access the
hijackers. This attack is a mixture of DOS and man
in the middle attack. A network sniffer is present in
this attack. This attack leads the user to go to the fake
website leading to take away all the information’s like
password and usernames. Cross-site scripting is used
in hijacking the session of a particular network path.
This stolen information’s can lead to loss in integrity
and confidentiality of the network systems (Cashion et
al 2017). This attack is more often in wireless network
than in wired network. The session ID of victim and
the fake masquerade authorized user, is the computer
session been exploited. This is also termed as SHA
(Session Hijacking Attack).A more detailed view of the
organizations network is been given in the below system
where the information of the network is been stolen and
taken away by the attacker. Session hijacking leads to a
major headache for networks that which are connected
without a proper network throughout the organization.
Consider the following criteria happening in the below
given system architecture.
In the above system, the victim transmits a session ID
from its end to web server. There is an attacker present
illegally between two systems sniffing the session ID.This
ID after been sniffed the attacker takes control of the
entire system. The attacker will terminate the endpoint
connection between client and the server (Enos and
Sunday,2017). Therefore this session is hacked and a
fake session ID is been transmitted to web server which
leads to sensitive information been taken away from
the web server.

information is been involved for the system to developed.
An organization with different zombie attacked system
is been given below and their functionalities are termed
below. Zombies plays a vital role in network security by
sending junks of data an mails throughout the system
network enabling the organization to cause damage
to the system and to define the problems. Consider an
organization with the following configuration with
following specifications.

Figure 2: Representation of Session Hijacking Attack.

Figure 3: Representation of Zombie Attacked System

Zombie Attack: Zombies can be generally referred as
spam or junk messages which are been transmitted to
a particular system to make it a malicious thing. Spam
zombie detection scheme blocks the emails and mail
server that which transmits the junk of data. SPOT is
a lightweight spam zombie detection system, which
detects the intrusion detection system as required by
the bothunter.Mails which are designated from various
sources comes into the zombie and they all together
form an attacked system, which can cause heavy
damage to the system of the organization. Spam zombie
algorithm is available to find out the zombie-attacked
system (Duan et al., 2009). Emails servers provide the
junk of the zombie system where enormous amount of
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The attacker has assigned three systems to act as zombie
to attack the main system. After getting all the junk
messages and emails from across all the sections the
zombies just passes the information’s from one system to
another. The attacking machine on receiving information
to be theft from the system gives the zombie system with
each task. The targeted machine will then be attacked
by the various junk messages to jam the main system.
This is working of zombie attack.

Results and Discussion
Strategies to prevent network attacks: There are plenty
of methods and techniques to prevent network attacks.
Some of the network attacks are mentioned in this paper
with their diagrammatic representation. Some common
methods are using Wireshark tool, in network strategy,
out network strategy been implemented.
Wireshark Tool: Wireshark is a network protocol
application to analyse the data packets been transferred
from one section to the other. This is a multi-platform
supportive tool, which supports Linux, Mac OS and
BSD platforms as well. This tool can be used to prevent
the system from being been affected by the external
internet traffic. When huge traffic comes to a webserver
intented to attack a network Wireshark will provide as a
supportive tool to the operating system with the traffic
been not affected by the network. Wireshark can capture
the data and include PROFINET by using a capability
to discovering the topology of network to work on
the required spots. Network experts use Wireshark as
a troubleshooting tool and for analysing the security
issues. Protocols such as TCP/IP, MAC, IP datagram
and the data transmission of PDU can be seen and
analysed using the Wireshark tool. Hence, this tool is a
good analyser and security tool for making the network
connections more secure.
Figure 4: Representation of a system that is protected by
Wireshark

between the networks been not being damaged. It
analysis the traffic and sends the needed data and blocks
the unwanted data as an integral part of a network.
In network Strategy: This is a unique method of
preventing network security where there will be two
firewalls one on the outer and one on the inner firewall.
The organisation is double protected with the firewalls on
both the sides before exposing the network to the internet
exposure. This serves as the double-blinded system.
In the above system, the Router is present in-between two
firewalls thus providing which access to be given to the
required system. The router sends the data to web server
and to mail server. Hence it is provided between two walls
whereas the data integrity is been protected by having
the double protection. This strategy is followed in many
of the companies and organization, which handles very
confidential data like bank and government websites.
Figure 5: In network Strategy Representation

Out network Strategy: Out network strategy is a method
of giving out the internet sources to outer systems
that which are present in the environment in an open
account to be accessed by the individual users controlled
system. The below picture shows the representation of
out network strategy of networking system. A massive
amount of internet is been provided by the internet
provider to the router at initial stage. After it gets give,
the internet from the provider the router divides the
network into for hubs. The hubs transfer’s data for the
systems present in the organisation. In extend to this
a wireless router is present which provides access to
the Wi-Fi enabled zone such as mobile users and office
providers. This method is followed in organisations where
the architecture of the system is well formed without
leaking any confidential information’s from the source
to destination. This is the overview of the out network
strategy of the system.
Figure 6: Out Network Strategy Representation

In this system architecture a system with heavy internet
traffic is been sent to jam a network system. A Wireshark
is present in-between the network. Snort and an alarm
is kept for analysing and sending alarm to inform the
incoming internet traffic. It analysis and divides the
traffic according to the organisations needs and splits
up into various parts. The snort will be then divided
into different PCs.Hence Wireshark provides, as a block
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Other Techniques to provide defence strategy for network
protocols: Apart from the above-mentioned techniques,
there are other strategies to prevent the network attacks
by using a proper filter to avoid the proxy, using ferret
and hamster strategies. Using proper filter is a good
technique that which can be applied in order to provide
a good security for networks. Filtering the data packets
based on the nature of the source whether it contains any
harmful contents or malicious natured codes to threaten
the network system to be collapsed. Ferret is another
technique, which can be analyzed to choose what type
of attacks to be caused by individual networks. Hamster
is another network security-providing tool, which helps
in finding the network faultering.This tool uniquely
provides the entire network from to be being accessed
by an illegal third party attacker.
The main features and findings of this paper includes
1.
Intimating the Hijacking, which includes whether
the incident happened, is a hijack or not. More
common
Problem first faced is the suspicious activity is
an attack or any ordinary network cracks (Tamizi
and Weinsten 2017).
2.
Identifying what has happened in the network is
the next factor of the work that which has been
carried out. It is necessary to analyse what sort of
attack has happened in the network and the need
is must to be fulfilled.
3. 	Find out whether the thing happened is an attack
is another foremost thing, which has been carried
out because not every single activity can be termed
as attack.
4.
Amount of detection been found is another major
role because the security has to be preserved well
enough in order to give the attackers a solution.
5.
Respected solution for attacks, which has
happened, is the next thing, which has been
studied in this paper. This has resulted in providing
multiclient with the feature of providing a wellsupervised material to execute the attacks, which
has happened. We do not want to use big firewalls
to get a secured network authentication. Just
these preventive actions will do a great doing for
the given organisation. Almost 65*/* of detection
is increased because of the system that we have
proposed (Sharma et al., 2016).
This also provides and supports multiclients,
which prevents zombie attack. Detection rate can
be improved by using the server broadcasts that
which we can use some secured data mechanism
such as, DHCP (Dynamic Host Configuration
Protocol) where the management of network
usually gets to use to assign dynamically the
Internet protocol address to any device or any
node or any particular network for which the
security needs to be provided.

CONCLUSION AND FUTURE SCOPE
Future scope of the networking includes DHCP. Dora
(Discovery, offer, request, acknowledgement) process,
which exists in this paper for a future work to be
discovered. Dora is a process of handling the servers that
which distributes dynamically the network configuration
parameters such as IP addresses interface methods and
their services. This is been standardized by following
network protocols used in the network communication.
Discovery includes the network sub netting that is
followed by destination address.DHCP offer provides a
DHCPDISCOVER message from a client where it receives
the IP address that is to lease the request from the server,
(Veysel et al.,2017).DHCP request is followed up with a
client server connection thus leading to a well secured
authentication scheme. Acknowledgement includes
the receipts to be involved in the system to enable the
data packets to be included in the duration and other
configurations. The final IP configuration can be done
in this system.
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ABSTRACT
H1N1 Flu (Swine Flu) protein NA (neuraminidase), assists newly prepared viruses. It is released from infected cells by cutting
up sialic acids. This study was aimed at in-silico drug design and prediction of Absorption, Distribution, Metabolism, Excretion
and Toxicity (ADMET) properties of potential hits against H1N1 Flu (Swine Flu) protein NA (neuraminidase). It contains ligand
named Glycerol, (propane-1,2,3-triol). It was identified as a drug target protein, whose structure (PDB format) was downloaded
from the Protein Data Bank. Ligand Glycerol, (propane-1,2,3-triol) was obtained for further analysis. Compounds were selected
from DrugBank, PubChem, ChemSpider and they were screened along with Glycerol using PyRx-Virtual Screening software
for Structure based drug design (SBDD) and compared using similarity score. Absorption, Distribution, Metabolism, Excretion
and Toxicity (ADMET) properties were determined by using online tool Danish Quantitative Structure-Activity Relationship
(QSAR) database. The Absorption, Distribution, Metabolism, Excretion and Toxicity (ADMET) analysis and docking results
revealed 18 compounds as potential leads.

KEY WORDS: ADMET, GLYCEROL (PROPANE-1,2,3-TRIOL), NEURAMINIDASE, SWINE FLU.
INTRODUCTION
In April 2009, a new strain of influenza virus A,
H1N1, generally known as “swine flu,” commenced to
extend in numerous countries all over the world. This
new strain could pass from human to human guided
the World Health Organization (WHO) to promptly
elevate its pandemic awareness (Rubin, Amlôt, Page,
& Wessely, 2009). Influenza A (H1N1) virus has caused
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severe respiratory infection and death over the years.
The first confirmed case was acknowledged in May
2009 in India. H1N1 occurrence in India had directed
to significant morbidity and mortality ( Kshatriya1 et
al., 2018). Gujarat has its highest case fatality rate with
1674 cases and 144 deaths as on February 2015 (Baria,
Solanky, Shah, & Patel, 2017). Influenza A, influenza B,
and influenza C are the three major groups of Influenza
viruses. Out of these influenza A viruses are main cause
of infection in Human, which is further categorized into
HA (hemagglutinin) and NA(neuraminidase) (Jilani and
Jamil 2019). Neuraminidase (NA) is the most significant
in the pathogenesis of infection. Hence, it is the most
important target for agents used in the treatment and
prophylaxis of influenza (Young, Fowler, & Bush, 2001).
Influenza viruses are typically round however they can
also be amorphous or even form long filaments. Each
virus has a membrane taken from the inflamed cellular
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that produced it. There are several crucial viral proteins
on this outer layer giving the virus a studded appearance.
Hemagglutinin allows the virus to bind to cells within
the respiratory tract with binding to sialic acid on the
cell surface (Jilani and Jamil, 2019).
Neuraminidase enables newly made viruses launch from
infected cells by slicing up sialic acids. Matrix protein
2 (M2) is the alternative protein found inside the viral
membrane. It is an ion channel. The inner of the viral
membrane is lined with matrix protein 1(M1). Influenza
viruses consist of a single-stranded RNA genome which
encodes all the other proteins of Virus. This genome is
divided into eight segments. Each and every section is
covered with nucleoprotein(NP) to defend the fragile
RNA (Jilani and Jamil 2019). The viral RNA polymerase
catalyzes its replication and transcription (Stubbs & Te
Velthuis, 2014). The RNA is replicated by means of a
polymerase composed of 3 diverse kinds of proteins:
Polymerase basic protein 1 (PB1), Polymerase basic
protein 2 (PB2), Polymerase Acidic Protein A (PA).
Altogether, the RNA, NP, and polymerase are known as a
ribonucleoprotein particle (RNP). Other two viral proteins
are non-structural protein 1 (NS1) and non-structural
protein 2 (NS2) also present inside the virus in limited
amounts. NS1 allows preventing the cell from shutting
down crucial cellular pathways and detecting the virus.
NS2 plays an important role in assembly of new born
viruses (Jilani and Jamil 2019).
Neither presently available vaccines nor natural
immunity from earlier strains of influenza A suggest
protection against swine flu (Coker, 2009).To design
the drug with the help of the computer is a specialized
branch that uses computational approaches to create
drug-receptor interactions (Bissantz, Folkers, & Rognan,
2000).These types of methods are greatly dependent on
the tools of bioinformatics, applications and databases.
Many of the promising drugs fail in clinical trials after
many years of research. The failuret is due to toxicity
or problems with metabolism. The ADMET properties
of drugs are Absorption, Distribution, Metabolism,
Excretion and Toxicity in other words bioavailability
and bioactivity. However these properties are typically
measured in the wet lab, they can also be assumed with
help of bioinformatics software and tools. The wide
range of bioinformatics tools and web indexes (search
engines) are available for this work (Bissantz et al.,
2000; Iskar, Zeller, Zhao, Noort, & Bork, 2011). Once
potential lead molecules have been identified the next
step is to find their structural and ADMET properties.
This commonly consists of the arrangement of changes
in accordance with the essential and secondary structure
of the compound. The protocol can be enhanced by using
software that explores related compounds to the lead
candidate (Song, Lim, & Tong, 2009).

as target. The structure of the protein molecule was
downloaded in from Protein Data Bank (PDB) with PDB
ID 3BEQ. The experimental detail shows, Resolution[Å]:
1.64, R-Value: 0.180 (obs.) and R-Free:0.210.
Drug Library: Online chemical databases throughout the
web were employed to obtain compounds. This mixes
were screened which had related structures and properties
with Glycerol, (propane-1,2,3-triol) using similarity
score. Such properties like Common and IUPAC name of
Compounds, Melting and Boiling Point of Compounds,
pKa Value, Polarizability, Molecular Weight have been
reported (Table 1) (Dias, Filgueira, & Jr, 2008; Fernando
et al., 2008).
Docking: Structure files such as .sdf/.mol/.pdb of those
chemical compounds were downloaded from the chemical
compound database like PubChem, DrugBank, KEGG,
ChemSpider. Docking was performed on the structure
files of the compounds by using docking programming
named PyRx. Binding energy was obtained as a result
of the docking process. These chemical compounds were
used for the ADMET analysis.
ADMET: ADMET properties of docked chemical substance
were scrutinized in dry work experiment. ADMET
properties of chemical compounds were examined by
online database named Danish QSAR database. Multicase
Acute Aquatic Toxicity, Carcinogenicity, Arylhydroxylase
Activity, Lethal Body Burden, Bioconcentration,
Mutagenicity, Biodegradation, Environmental Partitioning
and General Properties etcetera are included in ADMET
properties. Forty eight compounds have affirmed ADMET
properties using software but out of these forty eight
compounds eighteen compounds lastly fulfill maximum
of the characteristics of drug target hopefuls. Thus
Physical and Chemical Properties, Binding Energy and
ADMET of those eighteen compounds have been shown
in the outcome tables (Table:1, Table:2 and Table 3
respectively).
Figure 1. Neuraminidase of Influenza A virus, H1N1
strain

MATERIALS AND METHODS
Target Identification: H1N1 Flu (Swine Flu) contains
certain proteins. Among all these proteins Neuraminidase
of Influenza A virus, H1N1 strain (figure 1) was identified
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RESULTS AND DISCUSSION
In this work total 75 chemical compounds were screened
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Table 1. Physical and Chemical Properties of Chemical Compounds
Drug
State
pKa
Polarizability
Accession				
Number
		

Molecular
Weight
(g/mol)

CID 1030
Liquid
CID 259994
NA
CID 439846
Solid
DB00302
Solid
		
DB00548
Solid
DB00858
Solid
		
DB01561
Solid
DB01856
Solid
DB02399
Solid
DB02817
Solid
DB02938
Solid
DB03193
Solid
DB03600
Solid
DB03703
Solid
DB03741
Solid
DB01637
Solid
DB02145
Solid
DB03900
Solid
		

14.9
NA
NA
NA
NA
NA
(Acidic)4.56, (Basic)
17.28 Å3
10.22
4.55 (at 25 °C)
20.5 Å3
(Acidic)19.39, (Basic)
36.79 Å3
-0.88
(Acidic)19.78, (Basic)
33.84 Å3
-7.1 4.51 (at 25 °C)
4.51 (at 25 °C)
(Acidic)12.7, (Basic)-3
16.25 Å3
(Acidic)14.88, (Basic)
18.62 Å3
-2.9 5.15
15.33 Å3
4.95
38.64 Å3
4.9
21.61 Å3
(Acidic)18.18,
-0.44
(Basic) -1.4 4.97
10.99 Å3
(Acidic)17.11,
41.01 Å3
(Basic) -1.9 16.1 (at 25 °C)
9.21 Å3
(Acidic) 18.03,
8.94 Å3
(Basic) -1.4

Table 2. Showing Binding Energy of Chemical
Compounds
Drug
Accession
Number
CID1030
CID259994
CID439846
DB00302
DB00548
DB00858
DB01561
DB01856
DB02399
DB02817
DB02938
DB03193
DB03600
DB03703
DB03741
DB01637
DB02145
DB03900

Binding
energy
-3.1
-3.1
-3.2
-5.9
-5.2
-8.7
-7.8
-8.5
-4.9
-6.2
-4.3
-5.3
-4.8
-4.1
-4.2
-5.7
-.3.5
-3.2

as drug target candidate for Neuraminidase of Influenza
A virus, H1N1 strain. Chemical and physical properties
of these compounds were collected from chemical

Boiling
Point

Melting
Point

Log P

76.095
76.095
76.095
157.2102

187.6 °C
NA
NA
NA

-60 °C
NA
NA
>300 °C

-0.92
NA
NA
0.3

188.2209
304.4669

286.5 °C
NA

106.5 °C
151 °C

1.57
3.99

288.4244
160.1678
166.1724
168.2328
130.1849
284.4772
172.2646
100.1589
102.1317
298.5469
74.1216
74.1216

NA
342 °C
NA
NA
NA
383 °C
268.7 °C
160.8 °C
NA
NA
117.7 °C
NA

NA
106 °C
NA
NA
NA
68.8 °C
31.9 °C
25.4 °C
NA
NA
-89.8 °C
NA

3.97
0.51
-2.7
1.24
2.41
8.23
4.09
1.23
1.47
8.18
0.88
0.54

database. These properties such as pKa value, Molecular
weight(MW), its state, Polarizibility, Melting and Boiling
Point play essential role in the drug molecule (Dias &
de Azevedo Jr., 2008). A weak acid incorporates a pKa
worth within the scope between -2 to 12 and pKa values
over twelve area unit are said to be alkaline drug. Acid
with a pKa worth of less concerning -2 area units are said
to be a strong acid. Similarity score denotes relevance
of the new chemical with the chemical which may fit
the drug target pocket.Polarizability shows the ability
of a molecule to be polar; it is dependent upon the
charge distribution and effects the bond formation in a
chemical compound.Docking results denote that lower
binding energy show the higher affinity of the drug target
candidate (Modis, Ogata, Clements, & Harrison, 2003).
Every drug must comply with its ADMET properties.
Amongst all their properties Mutagenicity, Toxicity, Invitro test and Carcinogenicity are important properties
of drug candidates to be examined. Preferably these
properties are examined by tests like Ames test, Food
and Drug Administration’s Center for Drug Evaluation
and Research (FDA- CDER) properties on RAT and
Mouse, Lethal Concentration, Lethal Dose in human,
and Hypoxanthine-guannine phosphoribosyltransferase
(HGPRT) test. These properties can also be predicted
using ADMET software (Yang & Chen, 2004). Table 3
enlists skin irritation, skin sensitization, Respiratory
sensitization and other properties of these molecules.
Most of the molecules show negative skin sensitization,
skin irritation, respiratory irritation and negative Ames
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and Hypoxanthine-guannine phosphoribosyltransferase
(HGPRT) test indicates that these molecules can be
considered as suitable hits for further drug design.
Ames test can be utilized to check mutagenicity of the
drug. Positive result indicates that the drug will be the
mutagenic (Wadood et al., 2013; Williamson, 2014).
CID439846, DB02938 compounds demonstrate positive
Ames test, thereupon they are mutagenic and can only
be used as drug target candidates after bringing changes
in their molecular structure. Remaining compounds show
negative Ames test; thus they are not mutagenic and can
be considered as drug target candidates.
Certain tests such as-CDER Proprietary Male Rat,
FDA Cancer Male Rat, FDA Cancer Female Rat, FDA
Cancer Male Mouse, CDER Proprietary Male Mouse,
FDA Cancer Female Mouse, -CDER Proprietary Female
Rat, -CDER Proprietary Female Mouse are used to
determine carcinogenicity. Positive result denotes that
the drug will be the carcinogenic(Wadood et al., 2013;
Williamson, 2014) DB02817, DB01637 compounds
indicate positive carcinogenicity thence they can only
be considered as drug candidates after modification in
the structure. Remaining compounds show negative
carcinogenicity thus they are not carcinogenic and can
be considered as drug target candidates. Lethal dose is
a way to determine the short term poisoning potential
of the material. Lethal concentration values solicit the
concentration of the chemical. This toxicity is established

on lethal concentration of the drug. The range of lethal
concentration 100 – 1000mg/L indicates moderately
toxicity of compound and based on that concentration
lethal dose is set as 0.5-5 gm/kg. If lethal concentration
range is 10 -100 mg/L then it indicates highly toxicity of
the substance and hence lethal dose has to be 5-50 mg
/kg. If lethal concentration range is 1000 – 10000 mg/L
then it indicates slightly toxicity of the compounds and
lethal dose is set as 5 – 15 gm/ kg (Wadood et al., 2013;
Williamson, 2014). Here screened each of the eighteen
compounds have lethal concentration range 100 – 1000
mg/L thus they are sensibly toxic and their lethal dose
should be 0.5 – 5 gm/Kg. After evaluating physical
and chemical properties, docking and ADMET analysis
of all the screened chemical compounds we validate
below chemical compounds as potential lead molecules
for Neuraminidase of Influenza A virus, H1N1 strain.
PROPYLENE GLYCOL - (CID1030), (R)-PROPANE1,2-DIOL – (CID259994), S-1,2-PROPANEDIOL(CID439846), TRANEXAMIC ACID – (DB00302), AZELAIC
ACID – (DB00548), DROSTANOLONE – (DB00858),
ANDROSTANEDIONE – (DB01561), PIMELIC ACID
– (DB01856), L-RHAMNITOL – (DB02399), 5-EXOHYDROXYCAMPHOR – (DB02817), HEPTANOIC ACID
– (DB02938), STEARIC ACID – (DB03193), CAPRIC
ACID – (DB03600), CYCLOHEXANOL – (DB03703),
2-METHYLBUTANOIC ACID – (DB03741), 3,7,11,15TETRAMETHYL-HEXADECAN-1-OL – (DB01637), BUTYL
ALCOHOL – (DB02145), 2-METHYL-2-PROPANOL.

Table 3. Absorption, Distribution, Metabolism, Excretion and Toxicity Properties
Drug
Health End Point Mutagenicity
Accession					
Number
Severe skin
Skin
Respiratory
Ames test
irritation sensitization sensitization (Salmonella)
CID1030
CID259994
CID439846
DB00302
DB00548
DB00858
DB01561
DB01856
DB02399
DB02817
DB02938
DB03193
DB03600
DB03703
DB03741
DB01637
DB02145
DB03900

NEG
NEG
NEG
POS
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
POS
NEG
NEG
NEG
NEG
NEG

NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
POS
NEG
NEG
NEG
NEG
NEG
POS
NEG
NEG
NEG

NEG
NEG
NEG
POS
POS
NEG
NEG
POS
POS
NEG
NEG
NEG
NEG
POS
NEG
NEG
POS
NEG

NEG
NEG
POS
NEG
NEG
NEG
NEG
NEG
NEG
NEG
POS
NEG
NEG
NEG
NEG
NEG
NEG
NEG

( * POS = POSITIVE) 				
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In
Carcinogenicity
Vitro Tests
HGPRT

NEG
NEG
NEG
POS
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
POS
NEG
NEG
NEG
NEG

NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
POS
NEG
NEG
NEG
NEG
NEG
POS
NEG
NEG

(* NEG =NEGATIVE)
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Figure 2. Showing the Docking Pose of PROPYLENE
GLYCOL (CID1030) with Neuraminidase of Influenza A
virus, H1N1 strain

Figure 3. Showing the Docking Pose of (R)-PROPANE1,2-DIOL (CID259994) with Neuraminidase of Influenza
A virus, H1N1 strain

Figure 4. Showing the Docking Pose of S-1,2-PROPANEDIOL
(CID439846) with Neuraminidase of Influenza A virus,
H1N1 strain

Figure 5. Showing the Docking Pose of TRANEXAMIC
ACID (DB00302) with Neuraminidase of Influenza A
virus, H1N1 strain

Figure 6. Showing the Docking Pose of AZELAIC ACID
(DB00548) with Neuraminidase of Influenza A virus,
H1N1 strain

Figure 7. Showing the Docking Pose of DROSTANOLONE
(DB00858) with Neuraminidase of Influenza A virus,
H1N1 strain
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Figure 8. Showing the Docking Pose of ANDROSTANEDIONE
(DB01561) with Neuraminidase of Influenza A virus, H1N1
strain

Figure 9. Showing the Docking Pose of PIMELIC ACID
(DB01856) with Neuraminidase of Influenza A virus,
H1N1 strain

Figure 10. Showing the Docking Pose of L-RHAMNITOL
(DB02399) with Neuraminidase of Influenza A virus,
H1N1 strain

Figure 11. Showing the Docking Pose of (R)-PROPANE1,2-DIOL (CID259994) with Neuraminidase of Influenza
A virus, H1N1 strain

Figure 12. Showing the Docking Pose of (R)-PROPANE1,2-DIOL (CID259994) with Neuraminidase of Influenza
A virus, H1N1 strain

Figure 13. Showing the Docking Pose of (R)-PROPANE1,2-DIOL (CID259994) with Neuraminidase of Influenza
A virus, H1N1 strain
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Figure 14. Showing the Docking Pose of CAPRIC ACID
(DB03600) with Neuraminidase of Influenza A virus,
H1N1 strain

Figure 15. Showing the Docking Pose of (R)-PROPANE1,2-DIOL (CID259994) with Neuraminidase of Influenza
A virus, H1N1 strain

Figure 16. Showing the Docking Pose of 2-METHYLBUTANOIC
ACID (DB03741) with Neuraminidase of Influenza A virus,
H1N1 strain

Figure 17. Showing the Docking Pose of 3,7,11,15TETRAMETHYL-HEXADECAN-1-OL (DB01637) with
Neuraminidase of Influenza A virus, H1N1 strain

Figure 18. Showing the Docking Pose of BUTYL ALCOHOL
(DB02145) with Neuraminidase of Influenza A virus,
H1N1 strain

Figure 19. Showing the Docking Pose of 2-METHYL-2PROPANOL (DB03900) with Neuraminidase of Influenza
A virus, H1N1 strain
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– (DB03900) Chemical Compounds apart from these
are missing in above criteria. Thus, those chemical
compounds can’t be employed in present form as drug
candidate for the same target.

SUMMARY AND CONCLUSION
Swine flu protein NA (neuraminidase), assists newly
prepared viruses. It release from infected cells by cutting
up sialic acids. It contains ligand named Glycerol,
(propane-1,2,3-triol). It was identified as a Drug Target
protein. The structure of protein (PDB format) was
downloaded from the Protein Data Bank. Ligand Glycerol,
(propane-1,2,3-triol) was obtained for further analysis.
Similar structure search of different chemical compounds
was done which were related to Glycerol, (propane1,2,3-triol). Lastly, 75 structures were obtained with
their physical and chemical properties. Further, Docking
and Screening were performed. ADMET study was done.
At the end of ADMET analysis forty eight Chemical
compounds were found to affect Protein Target.
Further, all parameters of those forty eight chemical
compounds were analyzed and following eighteen
chemical compounds confirm their potential as
drug target candidates. PROPYLENE GLYCOL (CID1030), (R)-PROPANE-1,2-DIOL – (CID259994),
S-1,2-PROPANEDIOL- (CID439846), TRANEXAMIC
ACID – (DB00302), AZELAIC ACID – (DB00548),
DROSTANOLONE – (DB00858), ANDROSTANEDIONE –
(DB01561), PIMELIC ACID – (DB01856), L-RHAMNITOL
– (DB02399), 5-EXO-HYDROXYCAMPHOR – (DB02817),
HEPTANOIC ACID – (DB02938), STEARIC ACID –
(DB03193), CAPRIC ACID – (DB03600), CYCLOHEXANOL
– (DB03703), 2-METHYLBUTANOIC ACID – (DB03741),
3,7,11,15-TETRAMETHYL-HEXADECAN-1-OL –
(DB01637), BUTYL ALCOHOL – (DB02145), 2-METHYL2-PROPANOL – (DB03900). From the above eighteen
compounds these two are hormone derivatives :
DROSTANOLONE – (DB00858), ANDROSTANEDIONE
– (DB01561). Thus it can be concluded that above
eighteen chemical compounds show great affinity against
H1N1 Flu (Swine Flu). Hence, these eighteen chemical
compounds can be further analyzed as drug target
candidates for H1N1 Flu (Swine Flu) in wet lab for the
development of new drug.
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Advances in the Garlic, Allium sativum Genotypes
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ABSTRACT

The present investigation was carried out to find out the Genetic variability, heritability and genetic advance in
garlic in Central Uttar Pradesh during Rabi season. The experiment was laid out in randomized block design. All
the treatments were randomly distributed among the plots and replicate three times. Most of the characters under
study exhibited high estimates of heritability viz., plant height, and number of cloves per bulb, bulb weight, dry
weight of bulb, weight of 10 uniform cloves and fresh weight of bulb. These characters would be effective in
selection for garlic improvement.

KEY WORDS: GARLIC, GENETIC VARIABILITY, HERITABILITY AND GENETIC ADVANCE.
INTRODUCTION
Garlic (Allium sativum L.) is an important spice and
condiment crop grown throughout the country as well
as world. It is one of the most important bulb vegetable
crop which have been used since ancient for its culinary,
medicinal and health benefits (Narayan et al., 2019).
Garlic is the second most important bulb crop after
onion. It is an important spice crop belonging to family
Alliaceae and botanically known as (Allium sativum L.).
Growth of garlic mainly depends on the time of planting
as the vegetative growth is stimulated under a short
photoperiod and low temperature and bulb production
is enhanced by a long photoperiod and high temperature
( Atif et al,. 2020 ). The economic yield is obtained from
its underground bulb, which is consisted of bulblets,
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popularly called as cloves. Garlic is used in flavoring
foods, preparing chutneys, pickles, curry powder, tomato
ketchup etc. It contains protein (6.3%), phosphorus
(0.31%), potash (0.40%), calcium (0.03%), magnesium
(0.025%), carbohydrates (29%) and a colourless as well
as odourless water soluble amino acid called allicin. On
crushing the blub clove, an enzyme allinase acts upon
allicin and breaks down to produce allicin. Garlic contains
volatile oil known as diallel - disulphide which is the
major flavouring component in garlic. Beneficial use of
garlic extract has been found against many fungi and
bacteria (Pandey, 1997). Besides the nutritive value of
garlic and its use in various forms, it is included in Indian
system of medicines (Ayurvedic, Unani and Siddha) as
carminative and gastric stimulant to help indigestion
and absorption of food. Garlic is a scapigerous foeti
perennial medicinal herb with underground compound
bulbs covered by outer white thin scales with simple
smooth round stem surrounded by the bottom by tublar
leaf sheath (Yadav et al, 2018).
Allicin present in aqueous extract of garlic reduce
blood cholesterol concentration in human blood
(Shankaracharya, 1974). Garlic oil or its juice is
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recommended to inhale in cases of pulmonary
tuberculosis, rheumatism, sterility, impotency, cough
and redness of eyes (Pruthi, 1979). India ranks second
after China in area (171.45 thousand hectare) and second
in production (923.250 thousand tonnes) of garlic with
an average productivity of 4.38 tonnes per hectare
(Anonymous, 2009). The major garlic producing states
of India are Maharashtra, Madhya Pradesh, Orissa,
Rajasthan, Karnataka, Uttar Pradesh and Gujarat. India is
one of the most garlic exporting countries in the world.
The export was 13008.78 tonnes (worth Rs 1962.66 lakh)
in 2010- 11 In Uttar Pradesh, garlic is grown extensively
in the districts, Kanpur, Bundel Khand, Mirjapur,
Fathepur, Varanasi, Raebareli, Agra, Mathura, Lucknow,
Jaunpur and Azamgarh. Despite the importance of crop,
so far very limited breeding work has been done. The
adequacy of germplasm collection is determined by the
amount of genetic variability present in the germplasm.
Assessment of variability present in these genotypes is
helpful in selection of suitable genotype. Hence, to boost
the economy of garlic growing farmers in Uttar Pradesh,
there is urgent need to select/develop superior varieties
for our zone i.e. Agro climatic zone nine.

MATERIALS AND METHODS
The twenty five genotypes of garlic used for the present
investigation were collected from the different parts of
India. The experiment was laid down in a randomized
block design with three replications. Randomization of
the genotype was done. The row to row spacing 15 cm
and plant to plant 10 cm in double row of 5 meter length
of each genotype were planted. All the standard package
of practices and plant protection measures were timely
adopted to raise the crop successfully. The Department
of Applied Plant Science (Horticulture), BBAU, Lucknow.
The twenty five germplasm/ genotypes lines of garlic were
obtained from the "Department of Plant Breeding and
Genetics, S.K.N. College Of Agriculture, Jobner, Sri Karan
Narendra Agriculture University Jobner. Geographically,
Lucknow is situated at an elevation of 111 meter above
Mean Sea Level in the subtropical climate of Central
Uttar Pradesh at 260 56” North latitude and 800 52’
East longitudes. The climate of region is subtropical with
maximum temperature ranging from 22 0 C to 45 0C
in summer, minimum temperature ranging from 3.5 0C
to 15 0C in winter and relative humidity ranging from
60-80% in different season of the year.
Ten randomly selected plants from each replication
were utilized for recording observations and drawing
sample for estimating variability, heritability and genetic
advance in garlic. The observations were recorded on
plant height (cm), number of leaves per plant, bulb weight
(g), number of cloves per bulb, weight of ten uniform
cloves (g), bulb yield (q/h-1), fresh weight of bulbs (g),
dry weight of bulb (g), fresh weight of leaves (g), dry
weight of leaves (g), neck thickness (cm), circumference
of bulb (cm), volume of bulb, total soluble solids (%) (0
brix) and Vitamin ‘C’ (mg/100g). The critical differences
for the treatments comparison were worked out, wherever
the “F” test was found significant at 5 per cent level of

significance. The mean values obtained from the data
were used for estimating the analysis of variance. The
data were analyzed to work out various components
coefficient of variation and heritability in broad sense
and expected genetic advance as percent of Mean were
estimated as suggested by (Johnson et al, 1955 and
Burton and Devane (1952). The data was statistically
analyzed for variance and test the significance of
variance using the standard procedure by (Panse and
Sukhatme, 1961).

RESULTS AND DISCUSSION
The analysis of variance for the design of experiment
indicated that the mean squares due to genotypes were
highly significant for most of the characters indicating a
wide genetic variability among the genotypes (Table 1).
The analysis of variance revealed significant differences
among the genotypes for different traits viz., plant height,
number of leaves per plant, fresh weight of leaves, dry
weight of leaves, number cloves per bulb, weight of 10
uniform cloves, fresh weight of bulb, dry weight of bulb,
neck thickness, circumference of bulb, volume of bulb,
total soluble solids, vitamin C, bulbs weight and bulb
yield. The result of the present investigation revealed
that there exists significant variations were observed for
different characters. The range of 25 genotypes for all the
twelve characters is presented in the (Table 2). The highest
genotypic variance was observed for bulb yield (288.15)
whereas moderate genotypic variance was obtained for
number of cloves per bulb (29.63), plant height at 90
DAS (28.63) and bulb weight (27.55) and low genetic
variance was obtained for volume of bulb (9.59), weight
of 10 uniform cloves (9.38), dry weight of bulb (5.89),
fresh weight of leaves (2.81), TSS (2.40), vitamin C (0.46),
number of leaves per plant (0.09), neck thickness (0.003)
and. Highest phenotypic variance was also observed for
bulb yield (421.26) followed by number of cloves per
bulb (31.88), bulb weight (29.88), plant height at 90 DAS
(29.14) and fresh weight of bulb (26.38).
The highest genotypic coefficient of variation was
recorded for weight of 10 uniform cloves (23.03) followed
by dry weight of bulb (22.52), number of cloves per
bulb (22.02) and bulb weight (21.52) whereas moderate
genotypic coefficient of variance was obtained for fresh
weight of bulb (19.44), dry weight of leaves (18.36), fresh
weight of leaves (17.73), volume of bulb (17.10), bulb
yield (14.28) and plant height at 90 days after sowing
(10.11) and low genotypic coefficient of variation was
recorded for circumference of bulb (8.01), vitamin C
(6.38), TSS (3.80), neck thickness (3.48) and number
of leaves per plant (3.12). The phenotypic coefficient
of variation was also highest for weight of 10 uniform
cloves (24.79) followed by dry weight of bulb (24.39),
number of cloves per bulb (22.84), bulb weight (22.42),
dry weight of leaves (21.98), fresh weight of bulb (21.41)
and fresh weight of leaves (20.59) whereas moderate
genotypic coefficient of variance was obtained for
volume of bulb (19.53), bulb yield (17.27), circumference
of bulb (10.49) and plant height at 90 days after sowing
(10.20).
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Weight
of
10
uniform
cloves
(g)

3.60
69.90**
4.63

Fresh
weight
of
bulb
(g)

1.18 0.000004
18.68** 0.0055**
1.02
0.0026

Dry
Neck Circumfe- Volume		
weight thickness rence
of		
of
(cm.)
of
bulb
TSS
bulb		
bulb
(cc)
(%)
(g)		
(cm)

0.91
0.56*
0.31
0.47
9.40**
0.98
0.19
1.39**
0.18

Table 1: Analysis of variance for fifteen characters in garlic germplasm

Source
D.f
Plant
No.
Fresh
Dry
No.
of		
height
of
weight weight
Of
variation		
(cm)
leaves
of
of
cloves/
			
/plant
leaves
leaves
bulb
				
(g)
(g)		
							

0.14
29.62**
1.49

0.15
86.40**
0.51
4.32
91.13**
2.25

Replication 2
Genotypes 24
Error
48

*Significant at 5%
**Significant at 1%

0.52
3.63**
0.70
0.38
31.69**
2.92
4.42
10.17**
2.98
0.02
1.90**
0.52

Vitamin
C
(mg/
100g)

6.35
84.98**
2.33

Bulb
weight
(g)

110.79
997.56**
133.11

Bulb
yield
(q/ha)
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Similar to genotypic coefficient of variation low
genotypic coefficient of variation was recorded for
vitamin C (9.32), TSS (5.70), neck thickness (6.69),
number of leaves per plant (6.68). Heritability a wide
range of heritability (21.81% to 98.23%) was observed
for the characters under study. High values of heritability
were observed for plant height (98.23%), number of
cloves per bulb (92.94%), bulb weight (92.19), dry weight
of bulb (85.22%), weight of 10 uniform cloves (86.29)
and fresh weight of bulb (82.47%), whereas moderate
heritability was obtained for volume of bulb (76.67%),
fresh weight of leaves (74.17%), dry weight of leaves
(69.78%), bulb yield (68.40%) and circumference of bulb
(58.38%) and low value of heritability was recorded for
vitamin C (46.44%), TSS (44.58), neck thickness (27.14%)
and number of leaves per plant (21.81%).
The highest genetic advance was recorded for the
character bulb yield (28.92) followed by plant height
(10.92), number of cloves per bulb (10.81) and bulb weight
(10.38) whereas, fresh weight of bulb (8.73), weight of 10
uniform cloves (5.86), volume of bulb (5.59), dry weight
of bulb (4.61), fresh weight of leaves (2.97), TSS (2.13),
circumference of bulb (1.56), dry weight of leaves (1.10),
vitamin c (0.96 number of leaves per plant (0.28), neck
thickness (0.03) and exhibited the low genetic advance.
Genetic Advance as per cent of mean the high genetic
gain was recorded for dry weight of leaves (30.17%), and
dry weight of bulb (19.94%), neck thickness (20.46%)
and fresh weight of leaves (18.25%). The genetic advance
as per cent of mean were low for number of cloves per
bulb (13.30%), bulb weight (13.21%), volume of bulb
(13.05%), fresh weight of bulb (12.31%), circumference
of bulb (10.11%), vitamin C (9.19%), plant height
(6.25%), number of Experimental Results 56 leaves per
plant (5.66%) and bulb yield (4.52%). The character TSS
recorded the lowest (3.59%) genetic advance.
The range in mean values an indicator of variability
revealed high variation for bulb yield, plant height at 90
days after sowing, bulb weight, number of cloves per bulb
and fresh weight of bulb and low for other characters.
Comparison of coefficient of variation indicated that
the phenotypic coefficient of variation was higher than
genotypic coefficients of variation for all the characters
which indicated effect of environment on the character
expression. Among all the characters high GCV and
PCV were observed for weight of 10 uniform cloves
(23.03) followed by dry weight of bulb (22.52), number
of cloves per bulb (22.02) and bulb weight (21.52) in
comparison of other characters, indicating the presence
of high amount of genetic variability for these traits and
selection for these characters would be effectives because
the response to selection is directly proportional to the
variability present in the experimental material. These
results are in broad conformity to earlier researchers
(Mohanty and Prusti, 2001) and (Gurjar and Singhania,
2006) in onion.
Estimates of PCV and GCV observed for vitamin C, TSS,
neck thickness and number of leaves per plant indicated
that the genotypes used had less genetic variability
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for these characters. The heritability estimate of a
quantitative character is very important as phenotypic
expression of a genotype may be altered by environment
at various stages of its development. Heritability indicates
the effectiveness with which selection for genotypes
can be done on the basis of its phenotypic variation.
It expresses the extent to which individual phenotypes
are determined by their genotypes. The heritability
estimates serve as a useful guide to the breeder because
selection would be fairly easy for the characters with high
heritability. Thus, there would be a close correspondence
between the genotypes and phenotype will be attributed
to a relatively smaller contribution of the environment
to phenotype. But for a character with low heritability,
selection may not be effective due to the masking effect
of the environment on genotypic effect. The response to
selection depends upon the relative magnitude of heritable
variation present in relation to the phenotypic variation.
Therefore, it is desirable to partition observed variability
into its heritable and non-heritable components. (Burton,
1952) suggested that genotypic coefficient of variation
along with heritability would give a better idea about
the efficiency of selection.
Thus, a character with high genotypic coefficient of
variation and high heritability will be more valuable
in selection programme. In present investigation, high
heritability along with high genotypic coefficient of
variance was recorded for number of cloves per bulb,

bulb weight and dry weight of bulb, weight of 10 uniform
cloves and fresh weight of bulb. This indicates good
correspondence between genotypic and phenotypic
values and thereby low environmental effect on the
expression of these characters.
Thus phenotypic selection might be effective for number
of cloves per bulb, bulb weight, and dry weight of bulb,
weight of 10 uniform cloves and fresh weight of bulb.
Moderate heritability was obtained for volume of bulb,
fresh weight of leaves, dry weight of leaves, bulb yield
and circumference of bulb and low value of heritability
was recorded for vitamin C, TSS, neck thickness and
number of leaves per plant.Similarly, high heritability
for bulb weight in onion (Mohanty, 2001 and Atif et al.,
2020), number of cloves per bulb in garlic (Singh and
Chand, 2004), weight of 10 uniform cloves in garlic
and fresh weight of bulb in onion (Hossain et al., 2008)
and (Singh et al., 2004) in garlic have been reported
by earlier researchers. Low heritability in number of
leaves in garlic (Agarwal and Tiwari, 2004). Moderate
heritability in onion is reported by (Mohanty, 2001
and Yadav et al., 2018). Heritability estimates alone do
not provide reliable information about the gene action
governing the expression of a particular character and
also this does not provide the information of the amount
of genetic progress that would result from the selection
of best individuals.

Table 2. Estimates of range, general mean, genotypic and phenotypic coefficient of variation in percent of mean for
fifteen characters in garlic.
Characters

Mean±
Range
Genotypic Phenotypic Coefficient of variance Herita Genetic G.A.
S.Em		
variance variance
Genotypic Phenotypic
bility Advance as %
							
(%)		
of
									
mean
Plant height (cm)
No. of leaves
per plant
Fresh weight of
leaves (g)
Dry Weight of
leaves (g)
No. of cloves
per bulb
Weight of 10
uniform cloves (g)
Fresh weight
of bulb(g)
Dry weight
of bulb(g)
Neck thickness (cm.)
Circumference
of bulb (cm)
Volume of bulb (cc)
TSS (%)
Vitamin C (mg/100g)
Bulb weight (g)
Bulb yield (q/ha)

52.91±0.24
9.38±0.18

36.33-60.70
8.57-10.13

28.63
0.09

29.14
0.39

10.11
3.12

10.20
6.68

98.23
21.81

10.92
0.28

6.25
5.66

9.45±0.33

6.00-13.63

2.81

3.79

17.73

20.59

74.17

2.97

18.25

3.47±0.14

2.37-4.83

0.41

0.58

18.36

21.98

69.78

1.10

30.17

24.72±0.50

16.03-38.27

29.63

31.88

22.02

22.84

92.94

10.81

13.30

13.30±0.41

7.90-17.87

9.38

10.87

23.03

24.79

86.29

5.86

18.20

23.99±0.72

14.97-31.60

21.76

26.38

19.44

21.41

82.47

8.73

12.31

10.77±0.34

6.05-16.50

5.89

6.91

22.52

24.39

85.22

4.61

19.94

0.89±0.02
12.34±0.28

0.81-0.95
8.76-14.35

0.002
0.98

0.004
1.67

3.48
8.01

6.69
10.49

27.14
58.38

0.03
1.56

20.46
10.11

12.37-24.00
9.59
36.50-43.17
2.40
9.24-11.56
0.46
12.50-32.13 27.55
82.60-151.40 288.15

12.51
5.38
0.98
29.88
421.26

17.10
3.80
6.38
21.52
14.28

19.53
5.70
9.32
22.42
17.27

76.67
44.58
46.84
92.19
68.40

5.59
2.13
0.96
10.38
28.92

13.05
3.59
9.19
13.21
4.52

18.11±0.57
40.69±0.58
10.64±0.24
24.39±0.51
118.85±3.85
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(Johanson et al., 1955) had pointed out that the
heritability estimates along with genetic advance
were more useful than heritability estimates alone in
predicting the response to selection. In the present
investigation, genetic advance as per cent of mean was
also estimated in order to determine the relative merits
of different characters that can be further utilized in the
selection programme.
Relative comparison of heritability along with genetic
advance as per cent of mean over the characters indicated
that characters viz. weight of 10 uniform cloves and dry
weight of bulb had high heritability estimates along with
high genetic advance as per cent of mean. Earlier, Panse,
(1961) had suggested that the genotypic variations for
such characters is probably due to high additive gene
effects and are least influenced by the environment.
The phenotypic selection based on such a character is
likely to be more effective for improvement and hence
these characters offer good promise for further breeding
programme using simple breeding methods. Similar
results were also reported by (Singh and Chand, 2004 and
Narayan et al., 2019 ) in garlic. Thus, high heritability
along with high genetic advance as a percentage of mean
was observed for other characters also like weight of 10
uniform cloves and dry weight of bulb. In this condition
selection will be more effective for these characters.
However, low heritability and low genetic gain was
reported for vitamin C, TSS, neck thickness and number
of leaves per plant, therefore, selection in these characters
would not be much effective.

CONCLUSION
Based on the present results, it can be concluded
that Analysis of variance revealed highly significant
differences among the genotypes for all the characters
showing thereby considerable amount of genetic
variability for all the characters and were amenable to
improvement. The estimates of phenotypic coefficient
of variation (PCV) were higher than the genotypic coefficient of variation (GCV) for all the characters. Most
of the characters under study exhibited high estimates
of heritability viz., plant height, and number of cloves
per bulb, bulb weight, dry weight of bulb, weight of 10
uniform cloves and fresh weight of bulb. These characters
would be effective in selection for garlic improvement.
The number of cloves had positive and desirable
association with bulb yield and selection of these traits
would be effective for yield improvement in garlic.
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ABSTRACT

The identification of specific regions in an organism of a plant, animal or a single-celled life form, or something
that has interdependent parts and that is being compared to a living creature. User can choose and select any type
of organism’s image such as plant or animal. After successful selection, the proposed tool automatically analyses
and finds the name of the organisms and identifies the specific region with some other related information in an
effective manner.In comparative and evolutionary genomics, a detailed comparison of common features between
organisms is essential to evaluate genetic distance. However, identifying differences in matched and mismatched
genes among multiple genomes is difficult using current comparative genomic approaches due to complicated
methodologies or the generation of meager information from obtained results. This research reduces the manual
activity to analyze the details. Using this software tool, it easily helps us to know all the related organisms
information of specific region and also can make report effectively. This makes the system user-friendly consequently
reducing the manual work. The system has been developed with advanced features. The objective of this work is
to establish an identification of specific region organisms and related information.The system developed with the
main intension to progress an effective and user friendly tool for identification of the specific region in organisms.
From the experimental results, the proposed system grasps and more and more identification accuracy.

KEY WORDS: CLASSIFICATION, ORGANISM, ORGANISM SEARCH, REGION DETECTION, SPECIFIC REGION.
INTRODUCTION
This communication describes the main event, ie to
identify organisms using protein sorting process, which
provides an overview of the computational contributions
made to this field, and finally gives a few guiding words
to potential users. Gene amplification and sequencing
of broad-range gene targets for bacteria and fungi have
emerged as important tools to diagnose infections.
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During the past decade, clinical laboratories have applied
PCR amplification and gene sequencing to characterize
organisms from culture, and occasionally, to directly
detect pathogens from patient samples. Gene sequencing
is a more accurate and reproducible method to identify
organisms and has increased our ability to capture the
diversity of microbial taxa. This is a new technology that
has resulted in the identification of unusual organisms and
the detection of novel, difficult-to-cultivate organisms,
such as Tropherymawhipplei, (.Jung et al., (2019).
However, clinicians are now faced with interpreting
microbiological reports that include taxa that are
unfamiliar and cannot be assimilated in a meaningful
clinical setting. Also, application of broad-range bacterial
and fungal PCR directly from clinical material is now
more widely available, shifting from research to the
clinical setting. This review defines sequence-based
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identification of bacteria and fungi, with particular
emphasis on improving the understanding of increasingly
complex world of microbial taxonomy as it relates to
the clinical context. Additionally, this review discusses a
rational approach to broad-range bacterial PCR and gene
sequencing when applied directly to clinical samples,
(Guha et al. 2018).
Cheng and Prayogo, (2014) have presented the Symbiotic
Organism Search Algorithm, which is an optimization
metaheuristic inspired by the symbiotic relationships
that occur along with the organisms in nature. In the
last few years, the SOS algorithm attracted increasing
attention due to its good performance on various
real-world problems, despite the fact that no specific
parameter adjustment is required. In this paper, we
propose an improved version of Symbiotic Organism
Search by modifying the organism’s selection strategy.
In the offered version of the algorithm, three organisms
are selected from the population without having a
predefined symbiotic relationship. Once the organisms
are selected, an assignment step is conducted to assign
each organism to a symbiotic relationship. The testing
process was done to analyze the performance of the
proposed algorithm using twenty benchmark instances
of the flow shop scheduling problem.
The proposed modification improved the performance of
the SOS algorithm in the search for the global optimum
value in most of the instances. Guha et al. (2018) have
shown that user data are aligned, gene information is
recognized, and genome structures are compared based
on user-defined GenBank files. Information regarding
inversion, gain, loss, duplication and gene rearrangement
among multiple organisms being compared is provided
by geneCo, which uses a web-based interface that
users can easily access without any need to consider
the computational environment. Recently, Jung et al.,
(2019) demonstrated the density of marine organisms,
size and direction of the current, an early warning
model of marine organism invasion based on BP neural
network was established. A quantitative evaluation of the
intensity of marine organism invasion can be obtained
through the designed early warning model. BPNN is used
to estimate the relationship between marine organisms
density and invasion intensity in different current
velocity (Kanimozhi et al., 2016, Guha et al 2018).
Rodrigues et al (2018) proposed by the author, shows an
attempt has been made to incorporate a nature inspired
optimization algorithm namely symbiotic organism
search (SOS) for optimistic results of load frequency
control problem. SOS mimics the symbiotic relations
received by an organism to stay in the ecosystem.
Similarly Yang et al., (2018) proposed control technique
while they evaluated a two-area multi-unit multisource power plant equipped with classical controllers.
The power system nonlinearities such as generation
rate constraint, governor dead band and time delay
of transmission system are considered in the study to
appraise feasibility of SOS algorithm. The controller
settings are concurrently optimized using SOS algorithm
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

via minimization of integral time square error based
fitness function. The tuning ability of SOS algorithm is
demonstrated by relative study with other optimization
techniques reported before. Furthermore, a frequency
stabilizer is included in the LFC loop to provide faster
damping to the system oscillations. Simulation results
shows that proposed coordinated damping controller
exhibits greater dynamic performance in terms of
overshoot, peak time, settling time (Prakash and Rajathy
2015 ).
Salwa (2019), presented DNA polymorphisms in DNA
sequences among individuals, groups, or populations.
Polymorphism at the DNA level includes a wide range
of variations from single base pair change, many base
pairs, and repeated sequences. Genomic variability can
be present in many forms, including single nucleotide
polymorphisms (SNPs), variable number of tandem
repeats (VNTRs, e.g., mini- and microsatellites),
transposable elements (e.g., Alu repeats), structural
alterations, and copy number variations. Different forms
of DNA polymorphisms can be tracked using a variety of
techniques; some of these techniques include restriction
fragment length polymorphisms (RFLPs) with Southern
blots, polymerase chain reactions (PCRs), hybridization
techniques using DNA microarray chips, and genome
sequencing. During the last years, the recent advance
of molecular technologies revealed new discoveries of
DNA polymorphisms, (Guha etal 2018). Taraswinee et al.,
(2015) have proposed an efficient and reliable Symbiotic
Organism Search algorithm for solving Economic
Load Dispatch problem. The superiority of Symbiotic
Organism Search is revealed for 6 bus system including
the transmission limitation. It has been gathered that
Symbiotic Organism Search method gives considerable
results for Security Constrained Economic Dispatch
problem.
Problem Definition: Most commonly existing method
is to handle large numbers of biological elements in
high-throughput data like microarray data, various gene
set-based methods have been proposed with successful
applications, and so on. A key idea of the gene set based
methods is to evaluate enrichment of the significant
genes in the prescribed gene set; this leads to the results
biologically more interpretable. All details are maintained
manually. The existing systems don’t have the ability to
identify these organism facilities. We can only identify
several regions.
•
•

Identify several regions only performed.
Not suitable for all regions.

Proposed System: In the proposed system, user can choose
and select any type of organism’s image such asplant,
animal, etc.After successful selection the proposed tool
automatically analysis the training data set and it finds
the name of the organisms along with this, it identifies
the specific region with some other related information
in an effective manner. This project reduces the manual
activity analyzing the details. Using this software tool
easily know all the related organisms specific region

Biological Software for Recognition of Regions in Organisms

341

Gripsy et al.,
information also can make report effectively. This makes
the system user-friendly thus reducing the manual
work.
•
•

Easily identify plant or animal region.
Easy identification.

Process Involved In Proposed Work Authentication: This
module is mainly based on admin. System will check
the admin user name and password for authentication.
After the verification for authorization the admin can
be able to precede the process. All works are done under
his control.

4.2 Screen Shot: It is the initial form for identification
of specific region in organism tool. This tool consists of
two login, one is Admin login and another one is user
login. Which has shown below:
Home Page:
Figure 1

Organism and region upload: In this module the admin
have to login this application and using their username
and password. After successful login admin can upload
the Organism and region details in this application. The
collection details can be uploaded in this module.
User registration and Login: This module is based on
the user control. The user can register their details in
the module. After registration, the user can login to the
application and view the organism and region details.
Upload image process: In this module used to the analyze
region. In this module user upload organism details
such as a plant, animal or a single-celled life form, or
something that has interdependent parts and that is
being compared to a living creature. An example of an
organism is a dog, person or bacteria.

Admin Home: This is the admin home page. The admin
process is shown in this form. This page comprises the
details like organism and region upload, Upload images,
show datas.
Figure 2

RESULTS AND DISCUSSION
This section describes the implementation result and
report process. Implementation is the realization of an
application, or execution of plan, idea, model, design of
a research. This section clarifies the software, datasets
and process which are used to develop the research. The
proposed system has been successfully implemented
which has the effective searching properties and
functions. Software Specifications:The system has used
Visual Studio.Net framework. And C#.Net has been
used for developing the front end and SQL Server for the
back end. The reason for using C#.Net is its flexibility.
For the experiment, An Intel I3 2.2 GHz processor
with 2 Gb RAM is used to measure the execution time
and detection speed. The table 4.1 shows the proposed
software specification of the proposed application
development. The main reason of using .Net framework
is, it’s a complete GUI and have many unique features
to deploy a high featured windows application.
Table 4.1 software specification
Operating System

Windows 10

Front End		
Back End		

ASP.Net , C#
MS SQL Server

Upload Data: This is the page where admin clicks the
upload data tab and upload the organism dataset in the
page. This page shows the uploaded dataset details like
organism name and organism description.
Search Organism: This form refers the detailed search for
the organism, if the admin clicks the organism tab; this
tool displays the detailed description of an organism.
This page isused to search organism. The user can enter
organism name and search the organism details.
Find Organism: This page shows the region detection
details of organism. The Selected organism name and
the region descriptions are displayed. If the user enters
sequence id and search the details, it will show the
organism name and its descriptions.
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Figure 3

Figure 6

Figure 4

Figure 7

Figure 8

Figure 5
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Conclusion
It is concluded that the application works well and
satisfies both the admin and user. The application is
tested very well and errors are properly debugged.System
can solve the problems from the literature review and
it additionally improves the identification of specific
regions in the organism. The experimental results are
evaluated by using the DotNet environmental area.
In this experiment, it shows that a proposed software
tool indicates better identification quality assessment
compared to the existing models.
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ABSTRACT

The study of antigens on tumor cells and their role in immune response against the tumor is an important aspect
of tumor immunology, and the recognition and characterization of novel tumor associated antigens (TAA) is
fundamental to the advancement of cancer immunotherapy. In the present investigation an attempt has been made
to purify a highly over-expressed membrane surface glycoprotein of approximately 58 kDa molecular size on
liver cell of Swiss albino mice exposed to diethylnitrosamine (DEN), an established hepato carcinogen in rodents.
Carcinogenesis induction was monitored by assays of gamma glutamyl transpeptidase (GGT), acetylcholine esterase
(AChE), glutathione S-transferase (GST) activities and the glutathione level (GSH) in liver. Animals exposed to
DEN showed cell distortion and extensive necrosis as observed in the histological examination and transmission
electron microscopy (TEM) study of the liver tissues. An over-expressed glycoprotein on the membrane surface
of hepatocytes was purified by ion-exchange chromatography, further characterized by SDS-PAGE and identified
as TAA. The glycoprotein contains significantly high carbohydrate moieties and targeted for specific active
immunotherapy in mice. The preliminary results of our studies suggest that an effective immune response could
be achieved against TAA formulated with either alhydrogel or CFA and could eventually be used to counter tumor
regression. The results suggest that specific proteins are uniquely susceptible to alterations in expression and carry
implications for the further investigation of their potential as therapeutic and prognostic markers.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is being reported as
the third most frequent cause of cancer-related death
worldwide and it accounts for around 90% of primary
liver cancers .In the early 1970s, there were outbreaks
of liver disorders, including cancer, in various farm
animals in Norway. Intensive investigation revealed
that all the affected animals had consumed rations
containing herring meal, which had been preserved
by the addition of relatively large amounts of sodium
nitrite. Further investigation showed that the herring
meal contained dimethylnitrosamine (DMN), a chemical
class of N-nitroso compounds (NOCs). Later it was found
that DMN was formed in the fish meal as a result of
chemical reaction between dimethylamine, a commonly
occurring amine in fish meal, and a nitrosating agent
that formed from the sodium nitrate (Liao et al., 2001;
Brown, 1999). DEN is known to induce damage in many
enzymes involved in DNA repair and is normally used
to induce liver cancer in experimental animal models (
Heindryckx et al., 2009 Wong et al., 2016, Santos et al.,
2017; Sklavos et al., 2018 Kaltenecker et al., 2019).
Diethyl nitrosamine (DEN) is a well-established
hepatocarcinogen over a wide range of doses with or
without promotors in experimental animals (Matuoka
et al., 1993; Pascale et al., 1993; Williams et al., 1993;
Montesano, 1981; Pariat and Sharan, 1995). This
derivative of NOCs has very high degree of cell and
tissue specificity depending on its systemic distribution
(Montesano, 1981). DEN in its parent form is not active
carcinogen. It requires metabolic activation induced by
cytochrome P450s and Flavin dependent-oxidases that
yield electrophiles which readily alkylate nucleophilic
sites in DNA. Exposure to DEN has also been associated
with hepatocellular accumulation of reactive oxygen
species (Hanahan and Weinberg, 2000), which may lead
to oxidative damage to DNA and other nucleophiles, that
may further enhance DEN-induced hepatocarcinogenesis
(Arboatti et al., 2018). During nitrosamine-induced
hepatocarcinogenesis in mice, processes such as gene
expression, replication and differentiation are altered
in the transformed cells, which might lead either to the
expression of a novel antigen unique to that tumor or
the differential expression of some membrane surface
proteins usually called as tumor-associated antigens
(TAA) (Raghupati, 1996).
Many studies have suggested that TAA may be used
as a potential candidate for active immunotherapy
against cancer (Raghupati, 1996; Goydos et al., 1996;
Rodolf et al., 1996; Xing et al., 1995). The present
investigation was an attempt with an objective to
identify tumor-associated antigen (TAA) on liver cells
of DEN-exposed mice, its subsequent purification and
to study its immunogenicity upon immunization in
mice. The interest in the study of these carcinogens
stemmed from the finding that N-nitroso compounds
are present in industrial occupational hazards. In recent
years these compounds are of great concern, not only
to industrial workers, but also to the population at large

and have emerged as one of the most important classes
of environmental carcinogens.

MATERIALS AND METHODS
Acetylcholine chloride, Acrylamide, Albumin bovine,
Ammonium per sulphate(APS), Brilliant Blue G, 5,5’dithiobis-(2-nitrobenzoic acid) (DTNB), Ethylenediamine
tetra acetic acid (EDTA), L-γ-Glutamyl-p-nitroanilide,
Glycylglycine, 2-Mercaptoethanol, N,N’-Methylene
bisacrylamide, N-Nitrosodiethylamine (DEN), Tween 20,
Sephacryl S-200 HR, Q-Sepharose Fast Flow, Sodium
Lauryl Sulphate, N,N,N’,N’-Tetramethylethylene , TritonX-100, Trizma base. Trypsin,Protein Molecular weight
markers, Rabbit anti-mouse IgG-HRP, TMB/H2O2,
Freund’s Complete Adjuvant (CFA), Freund’s Incomplete
adjuvant (IFA). Cancer induction- Healthy Swiss albino
balb/c mice 6-8 weeks old weighing approximately 25g
from inbred colony, maintained at controlled temperature
(20 ± 2 o C), provided with standard mouse pellets and
drinking water ad libitum (National Research Council,
1996) were administered an aqueous solution of DEN
at a dose of 10 mg kg-1 body weight by intravenous
route at weekly intervals for a period of 16 weeks. Sham
treated age-matched normal Swiss albino balb/c mice
served as control.
Tissue preparation for enzyme assays- After completion of
DEN treatment, mice were killed by cervical dislocation.
The liver was then quickly excised and removed, rinsed
in chilled normal saline (0.9 % NaCl), blotted dry and
weighed. A 10 % homogenate of the liver was prepared
in chilled 0.25 M sucrose and centrifuged at 20,000
x g for 30 min at 4°C. The resulting supernatant was
used for the enzyme assays as described below. The
total protein content in the supernatant was estimated
by Bradford’s method (Bradford, 1976). γ-Glutamyl
transpeptidase assay- The GGT activity was assayed
using the method described by Meister (Meister et al.,
1975) with slight modification. Acetylcholine esterase
assay- AChE activity was assayed according to the
method described by Ellman (Ellman et al., 1961) with
slight modificationGlutathione-S-transferase assayGST activity in the liver was determined by the method
described by Habig and Jacoby (Habig and Jacoby,
1981) with slight modificationGlutathione assay-GSH
levels were determined using the method described by
Ellman (Ellman,1959) with slight modifications. The
concentration of GSH in each test sample was read from
a standard GSH curve.
Histological study- Microtomy technique described
by Ratcliffe (Ratcliffe, 1983) was employed for the
histological examination of liver tissues of DEN-treated
and age-matched normal control mice. Glycoprotein
extraction- Glycoproteins extraction from liver tissues
of DEN-exposed and normal control mice was based
on the method described Liao (Liao et al., 1985). Gel
electrophoresis- The final 1-Butanol extracts containing
membrane surface glycoprotein were analysed by SDSPAGE. The sample were run on acrylamide gel (10%)
at a current of 60 mA and constant voltage of 200 V
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using Mini-PROTEINR Electrophoresis Cell. The gels were
stained with Coomassie brilliant blue.
Ion-exchange chromatography- The crude 1-butanol
extract was dialysed in phosphate buffer (0.05 M, pH
6.5) overnight. The dialysed sample was then loaded
on Q-Sepharose (Anion-exchanger) column preequilibrated with Tris HCl buffer (0.01 M, pH 7.5). The
column was washed with the tris buffer for 60 min and
the bound proteins from the column were then eluted
with a salt gradient of 0 – 0.1 M NaCl for another 60
min. Fractions of 2 ml were collected and read at 280
nm. Preparative SDS-PAGE analysis of bound proteinsThe fractions corresponding to different peaks in the
bound region obtained from anion exchanger were
subjected to run on preparative SDS-PAGE for the
final purification of the desired protein. A longitudinal
section of the gel corresponding to the crude extract
lane was cut and stained. This was used as a reference
to locate the exact position of the TAA in the rest of
the gel. The portion of the gel corresponding to the
TAA was cut out of the unstained gel. It was cut into
small pieces and homogenized in 3% 1-butanol. The
homogenate was centrifuged at 8000 x g for 30 min
at 4 0C. The supernatant was collected and the pellet
was re-suspended in 3% 1-butanol and centrifuged.
The supernatant collected was pooled, dialysed against
distilled water overnight and lyophilised. It was then run
on a SDS-PAGE gel for homogeneity of TAA.
Molecular weight determination- A fresh, filtered
solution of Blue Dextran was prepared. This was applied
to the column to determine the void volume (Vo), and
to check the column packing. The selected calibration
proteins were dissolved in the running buffer and applied
to the column. The elution volumes (Ve) for the standards
were determined by measuring the volume of the eluent
from the point of application to the centre of the elution
peak. A calibration curve of logarithm of their molecular
weights versus Ve/Vo was prepared. The sample is applied
in a volume < 2 % of the total column volume (Vt) and
the elution volume (Ve) of the molecule of interest is
determined. The corresponding molecular weight of
the protein was read from the calibration curve after
determining its elution volume. Estimation of neutral
hexoses- The total neutral hexoses in purified TAA was
determined using the method described by Spiro (Spiro,
1966a). Estimation of total sialic acid- Amount of total
sialic acid in TAA was determined by Resorcinol-HCl
assay (Spiro, 1966b). Immunization of animals- Three
groups of mice consisting of at least six each were
immunized separately with three different antigen
formulations which are (a) TAA in normal saline, (b) TAA
adsorbed on Alhydrogel (1:1) and (c) TAA emulsified
with Freund’s adjuvant (1:1) by intra-muscular route.
Formulations (a) & (b) were administered thrice at weekly
intervals as primary immunization.
However animals immunized with formulation (c)
received only one injection. The booster injection was
given on 30th day after the primary immunization. Mice
that were administered only saline served as control.
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Blood was collected from the animals on 3rd and 7th
day after the booster injection. The serum obtained was
pooled and stored at 20oC. ELISA- Microtitre plate wells
were coated with 50 μl of 1 μg/ml TAA in coating buffer.
The plate was covered and incubated overnight at 4°C.
The wells were then washed with washing buffer for 2-3
times. This was followed by blocking the wells with 100
μl of blocking buffer and incubated overnight at 4°C.
After washing the wells again, 50 μl of serially diluted
serum (in blocking buffer) was applied to each well of
the plate and was incubated for 2 hr at 37°C followed by
washing with washing buffer. The commercially supplied
anti-mouse-HRP conjugate was diluted 1000 times (in
blocking buffer) and 50μl of it was added to each well
and incubated for 2hr at 37°C followed by washing step.
50μl of the substrate (20-fold diluted in distilled water)
was added and incubated in the dark for 10 min at room
temperature. The reaction was stopped by adding 50μl of
1M H2SO4. The absorbance of resulting yellow coloured
product was read at 450 nm.

RESULT AND DISCUSSION
Cancer induction- Upon complete treatment, the mice
were sacrificed, and the liver was examined for any
visible morphological changes. The liver of DEN-treated
mice showed hardening and swelling in some portions of
the liver as shown in Fig. I-b & c respectively. However,
in some cases nodule formation were also seen in liver
(Fig. I-d & e). No such changes observed in the liver of
any sham-treated normal control mice. Marker enzyme
activities- The marker enzyme activities viz GGT, AChE,
GST and the GSH level in the liver tissues of DEN-treated
and that of untreated mice were monitored separately
in the supernatant fractions. The GGT and AChE
activities were markedly elevated upon DEN exposure
in comparison to that of normal control. How7ever,
enzyme GST activity in DEN-exposed animals was
found significantly low in comparion to normal control.
The GSH level was also found elevated significantly
in DEN-exposed animals as compared to the normal
control (Table-I). Liver histology- The liver tissues of
DEN-exposed mice and age-matched normal control mice
were examined microscopically for any morphological
differences in liver cells. When compared with the
control, DEN-exposed liver micro section showed many
changes in liver cells such as loss of regular arrangement,
variation in the shape and size, multi-nucleated cells,
and loss of contact with the neighbouring cells. In
contrast, the liver cells of the untreated normal control
showed mono- and bi-nucleated cells only with a regular
morphology and well defined outlines (Fig.II).
SDS-PAGE analysis of membrane glycoprotein- The
membrane glycoproteins 1-butanol extracts obtained
from normal control and DEN-exposed mice liver tissues
were analysed on SDS-PAGE (Fig. III). A glycoprotein of
approximately 58 kDa molecular weight was prominently
over-expressed in the treated animals as compared to
normal control and was identified as TAA. Ion-exchange
chromatography- An anion-exchanger (Q-Sepharose Fast
Flow) was employed for the purification of the desired
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glycoprotein. The elution profile of anion-exchanger is
shown in Fig. IV. The desired specific glycoprotein eluted
out in the bound fraction and present in in all the three
peaks 2, 3 and 4 that was confirmed when run on SDSPAGE. All the peaks were pooled together and run on
preparative SDS-PAGE for final purification as discussed
in methods and materials section. The glycoprotein was
analysed for its recovery from the gel by running it on
SDS-PAGE to insure its homogeneity and molecular
weight (Fig. V). The purified TAA obtained from gel was
subsequently used for molecular weight determination,
carbohydrate analysis and immunization.
Molecular weight determination- The molecular weight
of the purified protein was determined from the plot of
log molecular weight versus Ve/Vo of several known
calibration standards. The logarithm of their respective
Figure 1: Liver Photographs: (a) Normal Control Mice; (b),
(c), (d) And (e) DEN-Treated Mice. Arrows Indicate The
Hardening, Swelling And Nodule Formations In The Liver
Of DEN-Exposed Mice

molecular weights (Log Mr) was plotted against the ratio
of their elution volume to void volume (Ve/Vo). From the
calibration curve the molecular weight of the purified
glycoprotein sample was calculated to be 57.95 kDa
(Fig.VI). Estimation of neutral hexoses, sialic acid and
protein- Neutral hexoses, sialic acid and the polypeptide
contents of the glycoprotein were estimated, and the
results are shown in Fig. VII. The protein content in the
sample was estimated by Bradford’s method, while the
amount of sialic acid and neutral hexoses in the sample
was calculated as described in method section. The total
carbohydrate to peptide ratio was found to be >2:1, which
signifies TAA as highly glycosylated protein. ELISAPresence of anti-TAA antibody in the immune sera were
determined using ELISA. The assay carried out showed
significantly very high titer of anti-TAA antibodies in the
immune serum obtained from of all the three antigenic
formulations. The presence of antibodies in test serum
were carried out using ELISA and high titer was observed
even up to a dilution of 1:256 as shown in Fig. VIII.
Diethynitrosamine (DEN), an important environmental
and food carcinogen was employed as the chemical
carcinogen to induce carcinogenesis in Swiss albino
mice. DEN is a genotoxic, carcinogenic nitrosamine
having its place among N-nitrosodialkylamines (Fausto
et al., 2010). DEN was administered intravenously at
a weekly dose of 10 mg/kg body weight for a period
of 16 weeks. DEN is well known for contributing to
Figure 2: Microphotographs Of Histological Section Of
Liver From Normal Control Mice (A) And DEN-Treated
Mice (B). The Slides Were Stained By Haematoxylin And
Eosin. Slides Were Examined Microscopically After Drying.
Magnification X 40.

(A)

(B)

Table I. Marker Enzyme Activities And GSH Level In The Liver Tissue Of DEN-Treated And
Sham-Treated Normal Control Mice. Enzyme Activities Were Measured In The Supernatant
Fractions Of Liver Tissue
Marker
Enzymes

Normal control
Mean ± SEM
(n=12)

GGT activity (U/mg protein)
AChE activity (U/mg protein)
GST activity (U/mg protein)
GSH level (mg/gm tissue)

0.0107 ± 0.001
0.0168 ± 0.002
0.5894 ± 0.019
0.5894 ± 0.003

DEN-treated
Fold
Mean ± SEM increase
(n=12)
/ decrease
0.0179 ± 0.0005
0.0558 ± 0.002
0.3705 ± 0.011
1.7480 ± 0.014
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~1.7
~3.3
~1.6
~3.0

Test
of
significance
P < 0.0003
P < 0.0001
P < 0.0001
P < 0.001
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the pathogenesis in hepatocarcinogenesis (Chen et
al., 2008). Reports available state that the initiation
of carcinogenesis especially in the liver is induced
only upon coupling it with proliferative stimuli (Ying
et.al.,1982), however, this protocol successfully triggered
initiation of carcinogenesis in the experimental mice
without coupling any proliferative stimulus with DEN.
Morphological changes such as swelling, hardening of
the tissue and nodule formation seen in the liver of the
treated animals signify carcinogenesis induction upon
DEN-exposure (Fig.II). Carcinogenesis induction in liver
of DEN-exposed mice was followed by enzyme marker
assays viz. GGT, AChE, GST and the level of GSH and
compared with age-matched normal control animals.
These marker enzymes activities in liver have been
recognised as a positive marker for hepatocytes which
have undergone malignant transformation (Boelsterli,
1979). Increased generation of ROS and abnormal
production of antioxidant enzymes in liver tissues
have been reported in many models of DEN-induced
hepatocellular carcinoma (Sivaramakrishnan et al.,
2008).
DEN-treated mice liver showed marked elevation in GGT
and AChE activities as compared to the normal control
(Table-I). The hyper-activation of these enzymes in DENexposed mice signifies hepatocellular transformation.
Glutathione-S-transferase (GST) was another marker
Figure 3: SDS-PAGE Analysis Of 1-Butanol Extract Of
Membrane Surface Glycoproteins Obtained From Liver Of
DEN-Treated And Normal Control Mice. A Gel Consisting
Of 10% (W/V) Acrylamide Was Used. Sample Of 25 µg Each
Were Run Under The Reduced Condition. The Gel Was Fixed
In Methanol/Acetic Acid And Stained With Commassie
Brilliant Blue. Lane (A)-Molecular Weight Markers; Lane
(B)- DEN-Treated And Lane (C)- Normal Control.

enzyme studied to monitor cancer induction. It plays
a protective role for the cell towards cytotoxic and
mutagenic effects of electrophiles and perhaps it evolved
to protect cells against reactive oxygen metabolites.
Upon DEN-exposure the GST activity in liver drastically
decreased as compared to normal control mice (Table-I).
The decrease in GST activity in mice exposed to DEN
signifies that it leaves the cell vulnerable to these agents.
Such alterations have been shown earlier in mice exposed
to DBN (Alam et al., 2005). Intracellular GSH plays an
important role in a series of physiological functions in the
plasma membrane, particularly in tumor cells. Because
of its reducing properties of GSH, it can inactivate some
carcinogens, protect DNA against free radicals that are
damaging, protect the integrity of different tissues, and
prevent lipid peroxidation (Traverso et al., 2013). Reduced
glutathione acts as a nucleophile that protects the DNA
and other components from attack by the reactive forms
of these carcinogens (Moldeus and Jernstrom, 1983).
High intracellular levels of glutathione would also
prevent oxidative damage. An increase in GSH level
was observed in the liver tissue of DEN-exposed mice
(Table-I).
Figure 4: Q-Sepharose An Anion-Exchange Protein
Profile Of Crude Membrane Glycoprotein Extract Of Liver
From DEN-Treated Mice. Unbound Glycoprotein Were
Eluted With 10 Mm Tris-Hcl Buffer, Ph 7.0 And Bound
Glycoprotein Were Eluted With An Increasing Gradient Of
0-0.1M Nacl In The Same Buffer. Fractions Of 2 Ml Were
Collected And Read At 280 Nm. The Desired Glycoprotein
Was Eluted Out In All Three Peaks Of Bound Fraction
Confirmed When Run Of SDS-PAGE

This increase in GSH level may also be likely due to a
rise in the GGT activity, as modulation in cellular GSH
levels has been correlated with hyper-activation of GGT.
Overproduction of GGT results in increased intracellular
GSH synthesis, it plays an important role in the
development of resistance to certain chemotherapeutics,
such as alkylating agents (Bansal et al., 2018). The
histological examination of liver tissues of DEN-treated
mice exhibited that the hepatocytes in liver section
were in a neoplastic state. Many changes in hepatocytes
such as, irregular arrangement, variation in the shape
and size, multi-nucleated cells, and loss of contact with
the neighbouring cells were noticed. In contrast, the
liver cells of the untreated normal control mice did not
show any such changes and were found with a regular
morphology and well-defined outlines (Fig.II). Thus, the
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morphological changes seen in the liver, alterations in
the marker enzyme activities, the increase in GSH level
and changes in histological section of liver tissue, all
these observations support the development of cancer
induction in liver of mice upon DEN-exposure.
Figure 5: Preparative SDS-PAGE Purified TAA. The
Portion Of The Gel Corresponding To The TAA Was Cut
Out Of The Unstained Gel. It Was Cut Into Small Pieces
And Homogenized In 3 % 1-Butanol. The Homogenate
Was Centrifuged At 8000 X G For 30 Mi At 4 O C. The
Supernatant Collected Was Pooled, Dialysed Against
Distilled Water Overnight And Lyophilised. Lane (A)Molecular Weight Markers; Lane (B)- Purified TAA

After having established cellular transformation in mice
upon exposure of DEN, identification of TAA was carried
out. The SDS-PAGE analysis of the 1-butanol liver
extract showed that a membrane surface glycoprotein
of ~58 kDa molecular weight identified as TAA, was
found to be significantly over-expressed in DEN-treated
mice liver cells (Fig. III). Observed alteration in the
expression of above glycoprotein clearly indicate that
DEN has caused major changes in the membrane of liver
cells, which may involve in distortions and alterations
of cell membrane during treatment. Attempt was made
to purify the above membrane glycoprotein TAA using
ion-exchange chromatography followed by gel filtration.
The desired glycoprotein was found to be an anionic
protein as evident from the elution profile shown in Fig.
IV. Further purification of the glycoprotein was carried
out by gel filtration chromatography using sephadex
G-100 but could not be achieved due to small differences
in the molecular weight of other anionic protein eluted
with it. Hence was finally purified by preparative SDSPAGE (Fig. V).
Figure 7: Total Amount Of Neutral Hexoses, Sialic Acid
And Protein In Purified TAA Sample Determined As Per
The Method Described In Method Section.

Figure 5: Sephacryl S200 HR Gel Filtration Profile To
Determine Molecular Weight Of Purified TAA. Different
Calibration Standards Were Used. The Logarithm Of Their
Respective Molecular Weights (Log Mr) Was Plotted Against
The Ratio Of Their Elution Volume To Void Volume (Ve
/ Vo). From The Calibration Curve The Molecular Weight
Of The Purified Glycoprotein Sample Was Calculated And
Found To Be 57.95 Kda.

Figure 8: Anti-TAA Antibody Titres Were Determined
Using ELISA In Serum Samples Obtained From Mice
Immunized With Various Antigenic Formulation As
Described In Material And Method Section. Mice
Injected With Saline Alone Served As Normal Control.
The Absorbance Measured In Serum Sample Of Normal
Control Were Subtracted From The Experimental Sample
Readings. Antibody Levels At Various Dilutions In Mice
Immunized With TAA-CFA , TAA-Alhydrogel And TAASaline Formulations.
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Molecular weight of TAA was determined by gel filtration
chromatography. Membrane glycoprotein TAA was
analysed for the carbohydrate moities i.e. neutral hexoses
and sialic acid and for its protein content. The results
are shown in Fig. VII. The total carbohydrate to protein
ratio was calculated to be >2:1. Thus, the carbohydrate
moieties seem to make up a large portion of the TAA, as is
evident from its high content as compared to the protein.
The substantially high concentration of sialic acid
observed during carbohydrate analysis of TAA also reveal
about the anionic nature of TAA. Sialic acid content on
membrane surface varies from cancer to cancer and has
been associated with malignancy, if not with every stage
of carcinogenic process, but starting with initiation,
progression and finally metastasis. The purified TAA
was tested for its immunoreactivity in allogenic normal
control Swiss albino mice through active immunization
using three different TAA-formulations as discussed in
method section. The anti-TAA antibody concentrations
in immune sera were determined by ELISA as has been
shown in Fig. VIII. These observations clearly indicate
that the purified TAA is an anionic glycoprotein with
very high content of carbohydrate moieties, highly
immunogenic, may elicit a significantly high antibody
response against it in mice upon immunization and thus
could suitably be used as an effective target for active
immunotherapy against cancer. The results suggest that
specific proteins are uniquely susceptible to alterations
in expression and carry implications for the further
investigation of their potential as therapeutic and
prognostic markers.
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ABSTRACT

Pectinases are major constituents in many fundamental life processes and have copious relevance in biotechnology
and industry. Pectinase have immense perspective in food, textile and pharmaceuticals industries. With this regard,
there has been a great increase in industrial applications of pectinase owing to their significant biotechnological
uses. This study was undertaken with main objectives of meeting the growing industrial demands of pectinase, by
improving the yield without increasing the cost of production. The present investigations were aimed at to study
the occurrence and distribution and later on to isolate and characterize pectinolytic fungi from different habitats
in and around the Warangal district of Telangana state, India. Further the study includes the factors influencing
pectinase production by selected isolates, optimization of parameters for over production of pectinase. In the present
investigation thirty soils known to harbor the pectinolytic fungi were selected for sampling. About 30 isolates
of fungi showing pectinase production were isolated. Colonies exhibiting more than 2.0 mm pectinolytic zone
was picked and further screened for pectinolyic activity on pectin screening agar medium. Out of these studies 2
efficient strains producing pectinolytic zone, were selected and an attempt was made to characterize and identify
them tentatively by following the guidelines of Bergeys manual. The selected strains were identified as Aspergillus
niger and Aspergillus flavus based on analysis profile of 18S rRNA sequence. These 2 isolates were showing
promising pectinolysis were chosen for further studies. The production of pectinase was improved in submerged
fermentation. Both the organisms produced all the pectic enzymes (Exo-pectinase, Exo-PGase, Endo-PG, Endo-PL
and PME). However, the optimal pH and temperature varied with the species. Maximum enzyme production by A.
niger and A. flavus was recorded at 8th and 12th days of incubation with optimum temperature 30oC and 35oC,
optimum pH 6.0 and 5.0 respectively at agitation rate 140 rpm.
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INTRODUCTION
Pectinases are enzymes that catalyze break down of
the glycosidic bonds in the galacturonic acid chains of
the pectin rich materials. Because of their wide range
of applications in food and feed industry, pectinases
make up almost 25% of the global food enzyme
market. Pectinases are major enzymes involved in
pectin degradation process in the cell wall of plants
and also act as major cell wall components in plants.
Microbes are well known source for the production
of extracellular enzymes and industrially important
secondary metabolites. Pectic substances are a class of
complex glycosidic polysaccharide compounds with a
high molecular weight. Pectin an important component
of plant cell wall is a polymeric material having
carbohydrate group esterifies with methanol. It is present
in high concentrations in the middle lamella, where it
acts as a cementing material between adjacent cells, (El
Enshasy et al. 2018, Kamalambigeswari et al. 2018 and
Abd El Tawab et al. 2019).
Three major pectic polyssacharide groups viz, HG, RGI
ansd RGII are recognized. Homogalacturonan (HG) is a
linear polymer formed by D-galacturonic acid which
can be acetylated and/or methyl esterified. It can also
be called as smooth regions of pectin, (Jayani et al.
2005). Rhamnogalacturonan I (RGI) is composed of the
repeating disaccharide rhamnose galacturonic acids and
Rhamnogalacturonan II (RGII) is a homogalacturonan
chain with complex side chains attached to the
galacturonic residues, (Willats et al. 2001). The
occurrence of pectinolytic enzymes has been reported
in a large number of bacteria and fungi. However, most
commercial preparations of pectic enzymes are obtained
from fungal sources. This is due to a wide range of pH
optima of enzymes produced by fungal strains. These
enzymes not only provide an economically viable
alternative, but are also ecofriendly, (Vikari et al. 2001).
The microbial pectinase accounts approximately for 25%
of the total worldwide enzyme sale, (Voragen et al. 2004
El Garhy, et al. 2020).
These groups of enzymes harbor a very huge commercial
potential as their biotechnological applications span
broad spectra in diverse industries such as biofuels,
pulp-paper, food, animal feed, textile, fiber, etc. Out
of these, biofuel industries demand these xylanolytic
and pectinolytic enzymes play their major role to the
enzymes for improving plant biomass saccharification.
Whereas, animal feed industries require combination
of cellulase, xylanase and pectinase for improving the
nutrition quality of grain and feed (Thite et al. 2020).
The important constraint for commercialization of new
sources of enzymes is higher cost of the production. It
defines the optimal microbial cultivation conditions for
capable microbial strains and cheap raw substrate may
reduce the cost of enzymes production. A large number of
bacteria, yeasts and many filamentous fungi are potential
pectinase producers. Fungi like T. viride, A. flavus, A.
niger, F. oxysporum, A. terreus, and P. chrysogenum
have attracted the most attention as enzymes producers
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because of the prolific yield and their long history in
fermentation industries (El Garhy, et al. 2020).
Enzyme breakdown of the biomolecules depends up on
the type of enzyme, application, temperature, incubation
time, agitation, concentration, pH and use of different
enzyme preparations (Dominguez et al. 1994 and Chadha
et al. 2003). Owing to the vast potential applications of
pectinase in various sectors of industries it is pertinent
to undertake research on screening of microorganisms
for pectinases and determine optimal conditions for
production of microbial pectinase. Generally for the
production of high-priced materials and for the study of
biochemical and physiological aspects of the microbial
metabolites, submerged fermentation system is very
useful (Pereira et al. 1993). The usage of submerged
fermentation is technically easier than solid state
fermentation (Pedrolli et al. 2009). The purpose of this
research was to evaluate pectinase production by the
selected fungi using various vegetable waste dump yard
soils as substitutes of pectin to make its production cost
effective under submerged state fermentation.

MATERIAL AND METHODS
Isolation and Screening of pectinolytic fungi: Soil
samples were collected from the site where the vegetable
wastes were dumped and laced in sterile polythene
bags and transferred to the laboratory. One gram of soil
sample from each collection site was mixed in 100 ml
of sterilized distilled water and 10-fold serial dilutions
were prepared. One ml of each dilution was spread
on potato dextrose agar (PDA) plates and incubated
in an inverted position at 28˚C for 7 days (Kaur et al.
2004). Fungal colonies developing from the plates were
picked up and purified and sub cultured onto slants
and maintained for identification and enzyme studies.
Promising producers of pectinase enzymes were screened
by plating on modified pectin agar medium. (Pectin-10 g,
K2HPO4-0.05%, MgSO4-0.05% KCl-0.05%, FeS04–0.01%
Sucrose-1%, ZnSO4-0.001%, CuSO4–0.001%, Agar-20g,
Distilled water-1000ml, pH-5.5) supplemented with
streptomycin.
Screening and Identification of Fungal Isolates for
Pectinolytic Activity: Pectin agar medium was used for the
screening of isolated fungal strains. They were incubated
for a week at room temperature. After incubation,
the plates were flooded with iodine-potassium iodide
solution (Iodine-1.0g, potassium-iodide-5.0g in 330ml
distilled water) observed for zone of hydrolysis around
the colonies. Positive cultures were selected from these
isolates after screening and identified as A. niger and
A. flavus by 18S rRNA sequencing.
Production of Pectinase Enzyme Submerged fermentation:
Cultures were grown in 250 ml Erlenmeyer flask
containing 100 ml of broth [pH 7.0, contains 1% of rice
bran 0.2%, NaNO3, 0.1%, K2HPO4; 0.05%, MgSO4.7H2O;
0.05%, KCl; 0.01%, FeSO 4.7H 2O; 0.001%, ZnSO 4;
0.001%, CuSO4] for production of pectinases and exo-
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polygalacturonases. After sterilization of the Erlenmeyer
flasks containing fermentation medium, young fungal
mycelium of 3 days old cultures at the growing edges
were used to inoculate aseptically. Inoculated culture
flasks were incubated in the incubator shaker operating
at 120-180 rpm at 28±1ºC for 16 days. 10 ml of culture
broth was withdrawn from the flasks at different time
intervals of incubation. The supernatants obtained from
the centrifugations of the same were used as enzyme
sources for enzyme assay.

20ml of 1% pectin was dissolved in 0.15M NaCl (pH7.0) and 4ml of enzyme extract was taken in a beaker
and incubated for 1 hour. After incubation, the solution
was titrated against 0.02N NaOH to reach pH 7.0 using
phenolphthalein as indicator (colour change from
colourless to pink) and the heat killed enzyme extract
was used as control.

Assay of enzymes: Exo-pectinase: Supernatants from the
incubated shake culture flasks at intervals of 8th and 12th
days were used as enzyme source. Activity was assayed
by DNS method (Miller 1959). The Exo-pectinase activity
was determined using 1% pectin as substrate. Reaction
mixture containing equal amounts of 1% pectin (1.0 mL
) prepared in citrate buffer (0.05 M; pH 5) and partially
purified enzyme (1.0 mL).The mixture was incubated
at 50oC in water bath for 30 min .The reaction was
terminated by addition of 3ml of 3,5-dinitrosalicilic
acid DNS reagent and the contents were boiled for 15
minutes. After cooling the color developed was read
at 540nm. The amount of reducing sugar released was
quantified using galactouronic acid as standard. Standard
galacturonic was prepared by taking 100mg galacturonic
acid in 100ml standard flask and made up the volume to
100ml. A standard curve of D-Galactouronic (1mg/mL)
was prepared under identical conditions to determine
the reducing sugars formed. The enzymatic activity was
expressed as Unit per ml (U/ml), which is defined as the
amount of enzyme that liberates 1μmole of reducing
sugar per mL per minute under assay conditions.

Where, Vs-volume of NaOH used to titer sample (ml), V
b-volume of NaOH used to titer blank (ml), V-volume
of incubation mixture (ml), t-reaction time (min). Pectin
esterase activity was expressed as milli equivalents of
NaOH consumed min-1 ml-1 of enzyme extract under
the assay conditions

Assay of exo-polygalacturonase (Exo-PGase):
Supernatants from the incubated shake culture flasks
at intervals of 8th and 12th days were used as enzyme
source of exo-polygalacturonases, activity was assayed
by quantifying reducing sugars using DNS (3,5dinitrosalicylic acid) method (Miller,1959). The exo-PGase
activity was determined using 1% polygalacturonic acid
(PGA) as substrate, prepared in sodium acetate buffer
(0.1M; pH 4.5). The reaction mixture (2mL) containing
equal amounts of enzyme (1.0 mL) and substrate (1.0
mL) and incubating at 50º C for 30 min in a water bath.
The reaction was stopped by addition of 3ml of 3,5dinitrosalicilic acid DNS reagent and the contents were
boiled for 15 minutes. The color developed was read
at 540nm. A standard curve of D-Galactouronic acid
(1mg/mL) was developed under identical conditions to
determine the reducing sugars formed. The enzymatic
activity of filtrate was expressed as Unit per ml (U/
ml), which is defined as the amount of enzyme, which
liberates 1μmole of galacturonic acid (reducing sugar)
per mL per minute under assay conditions.
Pectin methyl esterase activity (PME): Pectin methyl
esterase activity was estimated by the method suggested
by Kertesz (1955). Pectin esterase activity was
measured by increase in free carboxyl group by titrating
against NaOH in the presence of a pH indicator like
phenolphthalein. For assaying pectinesterase activity
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Pectin esterase activity = Vs – V b (Normality of NaOH
×100/Vt

Assay of Endo Poly galacturonase (Endo-PG): Wood’s
viscometric method (1955) was followed to estimate the
endo-PG. Polygalacturonic acid (0.5%) was prepared by
dissolving 0.5g of polygalacturonic acid in 100 ml citrate
(buffer (pH 5.5). The reaction mixture for the estimation
of endo-PG was with polygalacturonic acid (0.5%)
substrate, citrate buffer (pH 5.5) and enzyme source in
4:1:2 ratios. The reaction mixture consisting of 12ml of
substrate, 4ml of enzyme and 1ml of citrate buffer. The
loss of viscosity was measured for every 10 minutes over
a period of 30 minutes. The reaction mixture with heat
killed (inactivated) enzyme and distilled water served as
control. The percentage loss of viscosity was calculated
by using the formula.

Where,
V = percentage of loss of viscosity ti = flow time of
reaction mixture + inactive enzyme.
ta = flow time of reaction mixture + active enzyme
t0 = flow time of distilled water+ active enzyme at ‘‘O’’
time.
The Relative Enzyme Activity (REA) of endo-PG was
calculated by dividing 1000 with time required for 50%
loss of viscosity (t50) and expressed the enzyme activity
in relative viscometric units (RVU).
REA = 1000 / tv50
Where tv50 = time required in minutes taken for 50%
loss of initial viscosity
Endo-pectin lyase (Endo-PL): Endo-pectin lyase
activity was assayed viscometrically as suggested by
Wood (1955). 1% pectin was used as substrate in this
assay. 4ml of culture supernatant and 0.8 ml of tris HCl
buffer pH (8.0) were added to 12ml of pectin solution.
Viscosity of supernatant was determined by using
Ostwald viscometer. Initial reading time was noted and
incubated for 30 minutes and take all the final reading
Optimization of Cultural Conditions Temperature
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time was recorded.The loss of viscosity was measured
for every 10 minutes over a period of 30 minutes. The
reaction mixture with heat killed (inactivated) enzyme
and distilled water served as control. Enzyme activity
measured in RVU units (relative viscometric units).
Statistical analysis: The enzyme activities are presented
as Mean± SE of all values. Results obtained in this study
were subjected to analysis of variance using one way
ANOVA and difference between means were separated
by Duncan Multiple Range Test using SPSS software
17.0 version.
The effect of temperature on enzyme activity: Production
media were prepared in, 50ml/100ml Erlenmeyer flasks,
and inoculated by fungal inoculums. Effect of different
temperatures on pectinase production was observed
by incubating the active culture broth at various
temperatures 25oC, 30oC, 35oC, 40oC and 45oC for 16
days. The cell suspension was collected on 8th and 12th
day and the pectinase production was estimated with the
procedure mentioned earlier.
The effect of pH on enzyme activity: Production media
were prepared in 50ml/100ml Erlenmeyer flasks. Effect of
various pH levels on pectinase production was observed
by incubating the culture broth at pH levels ranging from
2.0 to 8.0. The different pH levels were adjusted using
2N NaOH (sodium hydroxide) to the 50 ml production
medium taken in 250ml conical flask, inoculated with
active fungal culture and incubated at 35oC for 16 days.
The pectinase production was estimated on 8th and 12th
day using the procedure mentioned earlier. The results
are presented in tables and figures.

RESULTS AND DISCUSSION
Effect of incubation temperature on exo-pectinase
production: Temperature is directly related to the
metabolic activities of the microorganism and it
affects the proper growth and product formation by
the organism (Lonsane et al. 1985). Enzyme organism
has its own optimal temperature at which it grows its
maximum and produces the desired products maximally.
Hence maintenance of optimal temperature is a must.
Many research workers have reported at different
Table 1. Effect of temperature on exo-pectinase production
by A. niger and A. flavus on 12th day of incubation.
Temperature
25˚C
30˚C
35˚C
40˚C
45˚C
Control

A. niger

A. flavus

0.360b±0.005
0.516a±0.008
0.110d±0.005
0.130c±0.005
0.071e±0.004
0.130c±0.005

0.356c±0.003
0.423b±0.003
0.460a±0.005
0.320d±0.010
0.300e±0.000
0.143f±0.003

Values are significant at P< 0.005
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temperature for maximum pectinase production in SmF
studies, suggesting that the optimal temperature for
pectinase production depends on the strain variation of
the microorganisms. Temperature of medium have very
good influence on enzyme production. To assess the
effect of temperature on pectinase production, isolates
were grown in production medium at their optimized
pH and at different temperatures from 20˚C to 45˚C for
pectinase production under submerged fermentation in
an incubator shaker with agitation of 140 rpm for 12
days.
Table 2. Effect of temperature on exo-PG production by A.
niger and A. flavus on 12th day of incubation.
Temperature
25˚C
30˚C
35˚C
40˚C
45˚C
Control

A. niger

A. flavus

0.580b±0.005
0.880a±0.005
0.170c±0.005
0.090d±0.005
0.070e±0.005
0.070e±0.005

0.123c±0.003
0.550b±0.005
0.786a±0.003
0.106=±0.006
0.060e±0.000
0.110cd±0.005

Values are significant at P< 0.005

Temperature play a great role in the enzyme production
as it is especially significant in microorganism’s
growth regulation and physiological activity and
microbial product formation and it varies from each
microorganism. Optimal temperature is defined as that
temperature which results in maximum velocity of the
enzymatic reaction above which, the rate of reaction
decreases due to thermal inactivation. The very slight
changes in the growth temperature, may affect pectinase
production (Sandri et al. 2011). Temperature is directly
related to the metabolic activities of the microorganism
and it affects the growth and product formation of the
organism (Sandhya and Kurup 2013).
From the results presented in Table-1 it is evident that
A. niger showed optimum exo-pectinase activity at 30oC
(0.516 U/ml) while the least activity of enzyme at 45oC
(0.071U/ml). Exo-pectinase produced by A. flavus was
optimum at 35ºC (0.460 U/ml). A. flavus produced more
exo-pectinase at all temperatures under investigation
except at 45oC. Similar results were observed in case of A.
niger which showed best performance at a temperature of
45°C (Bhardwaj and Garg 2014). Temperature of 30°C was
observed to yield optimum pectinase production in case
of Bacillus sphaericus (MTCC 7542), Aspergillus niger,
S. cerevisiae, Aspergillus foetidus and Kluyveromyces
wickerhamii (Moyo et al. 2003; Kumar et al. 2012 and
Ahmed et al. 2015). Very few species of fungi have the
ability to grow vigorously at temperatures between 45°C
and 55°C. A temperature of 30°C was reported to be the
optimum growth temperature which was similar to the
findings of Mathew et al. (2008); Gupta and Kalpana
(2011).
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Effect of incubation temperature on exo-PG
production:Activity of enzymes extracted from the
isolates was determined to check out the optimum range
of temperature for exo-polygalacturonase enzyme (Table
2). Among all temperatures A. niger showed optimum
exo-PG activity at 30˚C with 0.880 U/ml and A. flavus
showed optimum exo-PG activity at 35˚C with 0.786U/
ml respectively. When temperature is altered below or
above the optimum, the activity decreased. The maximum
production of exo-PG enzyme was obtained at 30°C by
the A. niger. Further increase in the temperature resulted

in the decrease of pectinolytic activity by both the
organisms under investigation. Ahmed and Sohail (2020)
studied on the activity of pectinase by G. candidum AA15
revealed that the enzyme shows its maximum activity
at 35°C and any further increase in temperature reduces
the activity drastically
Figure 1: Effect of pH on exo-pectinase production by A.
flavus and A. niger on 12th day of incubation.

Table 3. Effect of temperature on Endo-PG production by
A. niger and A. flavus on 8th day of incubation.
Temperature
25˚C
30˚C
35˚C
40˚C
45˚C
Control

A. niger

A. flavus

40.0b±0.577
43.56a±0.881
37.26c±0.881
37.26c±0.881
23.33d±0.666
23.33d±0.666

11.53d±0.290
27.40b±0.305
38.66a±0.333
26.66b±0.333
12.70c±0.351
11.53d±0.290

Values are significant at P< 0.005

Table 4. Effect of temperature on endo-pectin lyase
production by A. niger and A. flavus on 8th day of
incubation.
Temperature
25˚C
30˚C
35˚C
40˚C
45˚C
Control

A. niger

A. flavus

58.06b±0.635
91.32a±0.695
48.0c±0.000
37.0d±0.577
37.0d±0.577
37.0d±0.577

45.16c±0.166
47.66b±0.333
58.73a±0.371
42.83d±0.440
41.80e±0.200
13.03f±0.333

Values are significant at P< 0.005

Table 5. Effect of temperature on PME production by A.
niger and A. flavus on 8th day of incubation.
Temperature
25˚C
30˚C
35˚C
40˚C
45˚C
Control

A. niger

A. flavus

0.031b±0.001
0.043a±0.001
0.028±0.001
0.022c±0.002
0.020c±0.000
0.020c±0.000

0.020cd±0.000
0.031ab±0.001
0.035a±0.002
0.025bc±0.002
0.025bc±0.002
0.020cd±0.000

Values are significant at P< 0.005
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Effect of incubation temperature on endo-PG production:
was studied in both the organisms in the range of 25˚C
to 45˚C. In both organisms, optimum production was
recorded at 30˚C and 35˚C. A. niger produced 43.56RVU at
30˚C whereas A. flavus produce 38.66RVU at 35˚C (Table
3). Production was started at 25˚C recorded optimum at
35˚C and gradually decreased with subsequent incubation
temperature. Maximum enzyme activity at optimum
temperature may be due to the faster metabolic activity
and increase in protein content and extracellular enzyme
production in culture supernatant. Ketipally et al. (2019)
reported that at various temperatures between 25°C and
45°C, 35°C was the most suitable temperature for the
growth and production of polygalacturonase activity
and 30°C was the favourable temperature for the growth
and production of pectinase by A. nomius MR 103. At
very low temperatures, membranes solidify and high
temperatures damage microorganisms by denaturing
enzymes, transport carriers and other proteins thus
lowering enzyme activity.
Effect of temperature on endo-pectin lyase production:
Incubation temperature has been found to be a significant
controlling factor for enzyme production. Table 4,
revealed that the temperature has great influence for
the production pectinase. A. niger produced maximum
endo-pectin lyase activity at 30oC 91.32RVU whereas A.
flavus produced enzyme at 35˚C (58.73RVU) and lower
activity 13.03RVU was showed at control by A. flavus.
Kamalambigeswari et al. (2018) found the influence of
temperature at 30°C, the enzyme activity at high titer
(209.04). Celestina et al. (2006) reported the effect of
temperature on PG production by Monascus sp. N8
and Aspergillus sp. N12 and the optimum temperature
were found to be 45°C. Bailey and Pessa (1990) studied
lower temperature slows down the hydrolysis of pectin.
From above findings it is evident that lower and
higher temperature conditions inhibit growth of the
microorganisms
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Effect of temperature on PME production: Incubation
temperature is the most important physical factor
which affects enzyme production dramatically and their
stability. Maximum PME activity was found at 30oC
(0.043 meq. of NaOH consumed/min/ ml) by A. niger
followed by A. flavus produced PME at 35oC (0.035 meq.
of NaoH consumed/min/ml ). Least enzyme production
was recorded at 45oC (0.020 meq. of NaOH consumed/
min/ml) by A. niger (Table 5). Gummadi et al. (2007)
reported that an optimum temperature of 30°C for pectin
lyase production with A. niger NCIM548. Our strain of
A. niger is a mesophilic fungus and therefore it can grow
in the range of temperature between 25°C to 40°C. There
was no detectable growth of the microorganism above
45°C. Optimum temperature for PG of A. fumigatus by
Phutela et al. (2005) was reported to be 50ºC. Thakur
et al. (2010) reported the same for Mucor circinelloides
and the optimum temperature was found to be 42ºC.
Variations of these results are also studied by Patil and
Chaudhari (2012), where the optimum temperature for
PG production was found to be 35ºC.

production. A. flavus was a good producer in exopectinase comparatively than A. niger. El Garhy, and
Azzaz et al. (2020) reported that the pectinase production
by Aspergillus terreus grown on different pH of beet
pulp powder medium (BPPM) showed its highest values
at pH 4.0. Medium initial pH has great effect on the
microbial growth, cell osmotic pressure, nutrient uptake
and enzymes production and secretion and concluded
that optimum pectinase activity has been given from
different fungus within the acidic pH range (Kholif et
al. 2018).
Figure 3: Effect of pH on Endo-PG production by A. flavus
and A. niger on 8th day of incubation

Figure 2: Effect of pH on Exo-PG production by A.flavus
and A. niger on 12th day of incubation.

Effect of pH on exo-pectinase production: Some of the
various parameters, the foremost one studied were the
pH. Every organism has its own pH. Furthermore to this
the production of enzymes also depends on the pH of the
medium. Hence pH is a critical factor in the production
of microbial enzymes. In the present study hydroxide
salts and hydrochloric acids were used for control of
pH in the fermentation medium for the production of
polygalacturonase. pH of medium have great influence
on enzyme production to assess the effect of pH on
pectinase production medium was adjusted at 2.0 to 8.0
and incubated at an incubator shaker under submerged
fermentation. After incubation fermented medium was
centrifuged and supernatant was analyzed for pectinase
production.
Exo-pectinase production was tested when the organism
was cultured at different pH ranging from 2.0 - 8.0. As
shown in fig. 1, Production began at pH 2.0, increased
gradually and showed optimum at pH 5.0 and pH 6.0
and decreased subsequently. The optimum pectinase
production by A. flavus was observed at pH 5 (0.196U/
ml) whereas A. niger produced exo-pectinase at pH 6.0
(0.085U/ml). This can be an indication that the isolate
requires acidic conditions for its optimum enzyme
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Effect of pH on exo-PG production: The exopolygalacturonase production was optimized by
supplementation using different pH range medium
from 2.0 to 8.0 (Fig. 2). In submerged fermentation,
maximum pectinase production by A. niger was noticed
at pH 6.0 (0.150U/ml) followed by A. flavus at pH 5.0
(0.110U/ml) on 12th day of incubation respectively. Least
enzyme production was recorded at pH 8.0 (0.035U/
ml) and control (0.015U/ml) by A. flavus. Ahmed et al.
(2020) found that the pectinase activity was drastically
decreased when enzymatic reaction was carried out at a
pH higher than 5 and towards alkaline side, although, a
slight increment in the activity was observed at pH 7.5.
The present result is similar with the results of (Panda et
al. 2012) who observed high pectinolytic activity (0.195U/
ml) by Aspergillus flavus at pH 6.0. The pectinase activity
of 23.9EU/ml was exhibited by FW5 isolate (Mehta et al.
2013) and by Penicillium chrysogenum (Laha et al. 2014)
at a pH of 6.0, which is similar to the present work
Effect of pH on endo-PG production: Endo-pectinase
activity of A. niger and A. flavus was checked at different
pH (2.0 – 8.0). Maximum activity of enzyme produced by
A. niger was observed at pH 6.0 (58.03 RVU) followed
by A. flavus at pH 5.0 (58.10 RVU) and minimum endopectinase production at control (12.20RVU). Thus pH 5.0
and pH 6.0 are considered as optimum pH for enzyme
production (Fig. 3). Kamalambigeswari et al. (2018)
reported the effect of pH on the production of pectinase.
The optimum pH revealed that the enzyme was highly
active at pH 5.5. The reduction of pectinase enzyme
activity after increasing medium pH level is may be due
to occurring partial or irreversible denaturation in the
enzyme protein (Khattab et al., 2019)
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Effect of pH on endo-pectin lyase production: Fig. 4,
shows that initial pH of 6.0 yielded maximum endopectin lyase activity of about (54.86RVU) by A. niger
whereas A. flavus produced at pH 5.0 (46.66RVU)
enzyme activity. Minimum enzyme activity produced
at pH 8 by A. flavus (14.66RVU). Furthermore, optimal
pH is important for microbial growth and their
metabolic activities. Since the metabolic activities of
the microorganisms are quite sensitive to changes in
pH, pectinase production by A.flavus was affected by
varying pH values of the medium. Ketipally and Ram
(2018) found that the optimum pH was studied by using
varied pH conditions in different flasks ranging from
pH 4-9 for the production of pectinase by Aspergillus
oryzae RR103. The enzyme activity of Aspergillus oryzae
RR103 begins at pH 4.0 and slightly increased at pH 5.0,
the maximum enzyme production 2.071U/ml at pH 6.0
finally stable at pH 6.5. In Thermoascus aurantiacus
maximum activity was reported at pH 5.0 by Martin et.
al (2004). (Muthuprakash and Abraham 2011) found pH 5
was the optimal culture condition for enzyme production
by fungal strains including Aspergillus sp. under solid
state fermentation.
Effect of pH on PME production: Data from the Fig. 5,
reveals that pH of 6.0 yielded maximum PME activity
of about (0.090 Meq. of NaOH consumed/min/ml) by A.
niger followed by A. flavus at pH 5.0 (0.060 Meq. of
NaOH consumed/min/ml) and least enzyme production
at pH 8.0 (0.006 Meq. of NaOH consumed/min/ml) by
A. flavus. A. niger could fail to produce PME in control.
The enzyme activity decreased with increase in pH of the
substrate. El Enshasy et al. (2018) reported that the pH in
the uncontrolled cultivation dropped from 5.5 to about
3.6 after 18h, and remained more or less constant until
the end of the cultivation. In Mucor circinelloides ITCC
6025 maximum pectinases activity was observed at pH
4.0 (Thakur et al. 2010). Our findings are in similar with
the works of Ellaiah et. al. (2002) who found pH 5.0 was
the optimal culture condition for enzyme production by
fungal strains including Aspergillus sp.
Figure 4: Effect of pH on endo-pectin lyase production by
A.flavus and A. niger on 8th day of incubation.

The maximum enzyme activity was observed with an
initial pH of 6.5. pH range of 5.5-6.5 has been reported
for maximum polygalacturonase production from A.
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niger (Acuna Arguelles et al. 1995), pH 3.5-5.5 for
polygalacturonase production by Mucor and A. flavus
and pH 4.5-6.0 for polygalacturonase production by
A. awamori (Abbasi and Mortazavipur et. al. 2011).
Kunte and Shastri (1980) reported similar results where
maximum PG activity was observed at pH 4.4 and 8.6
for Alternaria alternata. It may be due to the presence
of two isoenzymes of PG. Variations of these results
were studied in Penicillium frequentans (Said et al. 1991)
where maximum pectinase production was at initial pH
2.5 and A. niger CH-Y-1043. Aguilar et al. (1991) showed
maximum production at pH 2.5.
Figure 5: Effect of pH on PME production by A.flavus and
A. niger on 8th day of incubation

CONCLUSION
In conclusion, it can be concluded that A. niger
isolate is a good source of pectinase which is active
at pH 6.0 and at temperature 30˚C whereas A. flavus
showed maximum enzyme production at pH 5.0 and at
temperature 35˚C. As there is need of bulk production
of enzymes at a cost effective rate and in order to meet
this goal, such strategies should be explored by which
cost-efficient and ecofriendly method for bulk production
can be achieved. In this study, a very assiduous and
all-embracing optimization steps are carried out. The
production of pectinase was enhanced good fold in
submerged fermentation. The potential of agricultural
wastes for the production of pectinase using submerged
fermentation is highlighted in this study for the highest
productivity of pectinase from A. niger and A. flavus on
submerged fermentations. This result conveys the much
economized production of pectinase. Attempts should
also be made to adapt the enzyme to conditions which
make it more useful in terms of commercial applicability
in industries such as juice industry, paper, textiles and
tea. This study discovers one of economic ways for
pectinase production by A. niger and A. flavus under the
optimum fermentation conditions using wheat bran as
cheap substrate. The newly produced pectinase enzyme
may give feed factories highly effective product with
low cost. Application of the newly produced pectinase
enzyme in enrichment of the feeding value of diary
animal’s diet can be useful for animal’s breeders who
suffering high prices of traditional feed stuff.
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a. Reference of a Standard Journal Article:
Ali, Sharique A, S Salim, Sahani T, Peter J and Ayesha S Ali (2012c) Serotinergic receptors as novel target for optimizing skin pigmentary responses in Indian
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Position of the tables or figures in the text of the MS must be indicated using same numbers.
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Please note: An image can refer to the following: Graphs, photographs, maps, charts, paintings, drawings, diagrams, etc. Images must be embedded within
the manuscript text of the article. Once the article accepted for publication, the author may be asked for an image in high resolution file format. It is strongly
recommended before embedding images in the manuscript, images must be prepared as mentioned below in the image specifications section.

Image specifications: Images must be prepared in accordance with the instructions mentioned on the PubMed Central website: https://www.ncbi.nlm.nih.
gov/pmc/pub/filespec-images/ The key factor for preparation of images for sufficient quality is images must have a minimum resolution of 300 dots per inch
(dpi) for the grayscale (or black and white) and at least 600 dpi for colour scale. The acceptable image formats are tiff, jpeg, gif, psd or png.

Image Copyright: For any image that the authors have not made themselves, the authors will need to have written permission to reproduce that image, even
if the image is posted on the internet. It is the authors responsibility to obtain permission to use the images, not the publishers. Permission must be obtained
in writing before the article can be submitted.
2. Critical Review Articles/ Systematic Reviews / Meta-Analysis
(Simple Reviews Are not considered for publication)
Reviews or Meta-Analysis articles should be systematic, critical assessments of most recently updated literature and data sources pertaining to basic biological
or bio-medical science topics that include a statistical technique for quantitatively combining the results of multiple studies that measure the same outcome
into a single pooled investigation. Data must be searched for and selected systematically for inclusion and critically evaluated, and the search and selection
process for compiling the review must be mentioned. The text should NOT exceed 5000 words excluding references.
Each of the sections of these articles should include specific sub-sections as follows:
Structured Abstract: (Not exceed 250 words): Objectives, Methodology, Results and Conclusion.
Introduction: Rationale, Objectives and Research questions.
Methodology: Study design, participants, interventions, comparators, systematic review protocol, search strategy, data sources, studies sections and data
extraction and data analysis/ statistical tools used.
Results: Provide a flow diagram / attractive/ figures /tables of the studies retrieved for the review, study selection and characteristics, synthesized findings
and risk of bias.
Discussion: Summary of main findings, Limitations and Conclusions. For all other information including title page, typing and reference style, please follow
the original article instructions.
Conclusion: It must be brief, less than 100 words with summary of the write up with future perspectives and applications.
References: Must be as per Harvard style, alphabetically arranged at the end using last author names with year in bracket. In review articles all references must have
Pub Med, Web of Science, Clarivate Analytics, Scopus, Google Scholar, Cross Reference DOI live links.

3. Case Reports with Discussion
The case reports must contain genuinely new interpretational information, discussed with up to date literature. The reports should have clinical significance,
new adverse effect(s) of a drug or other unique first time observations, etc. Patient consent for publication must be obtained from the patient in written or, if
this is not possible, the next of kin before submission. The author(s) must have been involved in the care of the patient. Case Report/case series should contain
a single paragraph summary and text should not exceed 2000 words (excluding summary, references, tables and figures) with maximum 10 bibliographic
references and either three figures or three tables. Each case report/case series must contain:
1. Brief Abstract (should not exceed 120 words)
2. Introduction
3. Case Presentation
4. Discussion
5. Conclusion
6. References, Patient consent, Competing interests,
Funding Statement and Acknowledgements (if any).

4. Rapid /Short Communications
Rapid/Special/Short communication should be original novel and new findings/ work such as complete results of a short pilot study, not merely a preliminary
report and should not exceed 2000 words with one or two figures and/or one table. An editorial decision will be provided rapidly without reviews. For writing
and references style, follow the same instructions listed above.

5. Letters to the Editor/Editorials / Perspectives / Correspondence
Opinions on topics and articles recently published in the journal will be considered for publication if they are objective and constructive in nature and provide
academic interest to the readers. These letters may also be forwarded to the author of the cited article for possible response. The editor reserves the right to
shorten these letters, delete objectionable comments, make other changes, or take any other suitable decision to comply with the style and policies of the
journal. For writing and references style, follow the same instructions listed above.
Editorial will be written by senior members of the editorial board as solicited by the Editor-in-Chief or by invitation.. The editorial is generally a scientific review
on one or two of the current topics pertaining to biomedical sciences. Correspondence and perspectives can be of general interest of current scientific scenario
with path breaking ideas or concepts. Authors are encouraged to take up current exciting issues of global interest and write to the Editor for such communications.
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The main manuscript has been prepared after carefully reading the Instructions to Authors and authors have enclosed the Author Ethical Statement,
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