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About Us

Biosc Biotech Res Comm is an official publication of an academic non-profit Society for Science and Nature, Bhopal India, since 2008, which is included in Thomson
Reuters, Emerging Sources Citation Index (ESCI),Web of Science, ISI now Clarivate Analytics USA. It is an international peer reviewed journal that publishes
original articles pertaining to exciting areas of biomedical sciences. The aim of Biosc Biotech Res Comm is to promote quality scientific research in fundamental and
applied areas of biological and biomedical sciences and their allied branches. It audiences its large number of readers from Asia and other developing nations across
the world. It is an open access means of scientific communication that provides contribution to the existing knowledge as well as envisages scientific temper specially
in the young minds, pursuing science as a career. Articles aimed for publication in Biosc Biotech Res Comm must have new experimental methods of bio-medical
significance, novel laboratory obtained results, interesting interpretation of data pertaining to providing practical solutions to human-welfare problems of substantial
scientific significance.

Society for Science and Nature, the publishers of Biosc Biotech Res Comm believe in best of publication standards, hence a single journal is being published by them
since 2008, to focus on its high academic standards, selecting quality papers for timely publication. Biosc Biotech Res Comm has a very tough rate of article selection,
less than 50 percent of submitted manuscripts are accepted, and reluctantly, a large number of articles are returned by the editorial team. Each accepted article undergoes
several rounds of unbiased revisions, strictly complying the reviewers comments and satisfaction. As it is a rigorously reviewed journal, aiming to constantly increasing
its academic quality, it has become a favourite means of communication among peers of science across the globe. The journal categorizes articles into exciting analytical
reviews, novel case reports, original research articles, rapid communications and letters to the editor, including lively correspondence and perspectives. Each type of
article has a special format and should comply with the updated Biosc Biotech Res Comm instructions for authors, which are published in its issues as well as on the
official website of the journal. Articles involving human /animal specimen, patients / volunteers, or medical case reports require appropriate ethical approvals from
institutional review board / local ethical committee and patients consent as well, which should be documented in the articles.

Aims and Scope

Biosc Biotech Res Comm is an open access means of scientific communication that provides contribution to the existing knowledge as well as envisages scientific
temper in the young minds, pursuing science as a career. Articles may include new experimental methods of bio-medical significance, new laboratory obtained
results, novel interpretation of existing data pertaining to providing practical solutions to human welfare problems of substantial scientific significance. Biosc Biotech
Res Comm has a special task of helping researchers from developing countries to present their cherished fruits of research grown on toiled and tilled trees of hard
work. Such scholars are encouraged with significant waivers in publication charges. All articles under submission to Biosc Biotech Res Comm should aim for the
development of technological concepts rather than merely recording the facts. Incomplete studies and manuscripts not in strict compliance with the journals policies
will be strongly discouraged. Each type of article has a special format and should comply with the updated Biosc Biotech Res Comm Instructions for authors, which
are published in all issues.

All articles are published under a Creative Commons License, International Attribution 4.0 BY-CC, meaning thereby a free unlimited use of the articles for academic
purposes without any embargo. Biosc Biotech Res Comm strives hard to promote quality scientific research in fundamental and applied areas of biotechnology and
biomedical sciences via interactive communication among biologists, biotechnologists, health science personnel and biomedical experts from Asia and other regions
of the world. Biosc Biotech Res Comm audiences its large number of authors from Asia, South East Asia and the Asia Pacific regions including developing nations
because of its quality and timely schedule of publication. The journal is read by a large community of scholars, scientists and students from many continents.

Journal Policies of Bioscience Biotechnology Research Communications

Plagiarism and Ethical Issue Statement for Authors

Plagiarism is the unauthorized use or close imitation of the language and thoughts of another author and representing them as one’s own original
work and Biosc Biotech Res Comm condemns all forms of plagiarism following a very strict and vigilant policy of removing this malady. Within the
academia, it is considered dishonesty or fraud and offenders are subject to academic censure. Plagiarism can be unintentional or intentional, reproducing
academic material without appropriate credit to the original authors. Similarly self -plagiarism is the re-use of significant, identical or near identical portions of one’s
own work without citing the original work. This is also known as recycling fraud. Worst form of plagiarism is to steal the whole article from some journal and publish
it under one’s own name in another journal. All submitted articles to to Bioscience Biotechnology Research Communications undergo critical assessment using
standard plag check softwares for similarity levels or plagiarized material of the text matter, or material without citations. The Editorial Committee of Biosc Biotech
Res Comm will blacklist any author found to be guilty of any kind of plagiarism. The name of author(s) committing plagiarism will also be disseminated to editors
of other journals.

Ethical Issues Statement

Clinical trials and studies conducted on patients and animals respectively, must have been approved by an Institutional Review Committee (IRC). In the absence of
such a formal ethics review committee, the Helsinki Declaration of 1975, as revised in 2000 and/or the Guide for the Care and Use of Laboratory Animals, as adopted
and promulgated by the United States National Institutes of Health or Indian Council of Medical Research (ICMR) India must be followed. If doubt exists whether the
research was conducted in accordance with the Helsinki Declaration, the authors must explain the rationale for their approach, and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study. In case of any study involving clinical trial, taking of informed consent of patients is mandatory.

Peer Review Process of Bioscience Biotechnology Research Communications

Unbiased, independent, critical assessment is an intrinsic part of all scholarly work, including the scientific process. Peer review is the critical assessment of manuscripts
submitted to journals by experts who are not part of the editorial staff, and is, therefore, an important extension of the scientific process. Bioscience Biotechnology
Research Communications relies on external subject matter experts to provide unbiased, fair, and comprehensive feedback to authors on their submitted manuscripts.
The journal values the work done by peer reviewers in the academic community. Peer reviewers provide an essential service by driving research within their fields of
expertise and contributing to publication excellence. Each article submitted to Biosc Biotech Res Comm for publication is reviewed by at least two specialist reviewers
of the concerned area.

The dual review process is strictly followed and in certain controversial cases, the opinion of a 3" reviewer can also be sought. Very few papers qualify for acceptance
upon original submission for publication except for minor style changes. Hence the reviewers have a greater sense of responsibility of carefully examining a manuscript
under review. Reviewers are advised to keep a copy of their review comments in the MS comment boxes or their files, as we return the manuscript for a second review
or compliance of the recommended changes by evaluating the author’s responses. All authors who submit their manuscripts to Bioscience Biotechnology Reserach
Communications will have to make the recommended changes by the reviewers, failing which their MS will not be processed further, and will be put on hold or treated
as new submission. Such authors will be censured as our sole intention is to provide healthy constructive criticisms for improving the quality of the manuscript.
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Editorial Committee
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ABSTRACT

The multi-year geobotanical studies have shown that in the south-west of the Central Russian Upland the floristic com-
position of gully ecosystems includes 274 genera, which are combined into 65 families. The species from 3 families:
Asteraceae Dumort., Fabaceae Lindl. and Poaceae Barnh. take the lead in the taxon hierarchy. The value of the generic
coefficient, which is calculated by the number of species per genus, is quite significant and is equal to 1.81. It has been
established that Fabaceae Lindl. species have extensive presentation (it comes second place in the first triad of families).
Among Fabaceae species, a particular importance is given to wild related cultural species, which have high biological,
and resource value by a mix of morphological and qualitative characteristics and which are potential selection sources
for improvement of various economically useful features. The most striking example include species of the Medicago:
Medicago sativa L. genus and the Medicago var Mart. hybrid genus. The M. sativa L. and M. varia Mart. coenopopula-
tions in gully mouths are the most complete and they often have continuity of species distribution by age groups. It has
been found that any forms, which act as carriers of multidimensionality recessive mutation, i.e. mf-mutation, have a
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Vladimir I. Cherniavskih et al.

high degree of occurrence in local populations. With seed renewal, the proportion of species with mf-mutation is from 5
to 55% in families (the offspring of the first plant). The M. sativa L. and M. varia Mart. forms, which have been identified
by us in the natural habitats of gully geocomplexes, have a number of valuable selection crop-related characteristics:
high seed production, good leaf coverage and high protein content.

KEY WORDS: FLORISTIC COMPOSITION OF PHYTOCENOSES, MEDICAGO SATIVA L., MEDICAGO VARIA MART., MF-MUTATION, MULTIPLICIT

INTRODUCTION

Due to some, ecological and climatic changes which
have been observed in the last decades we have to make
a new assessment of flora changes in the regions with
ecotones, for example, a forest-steppe zone. Some plant
species can actively adapt to any environmental changes
thanks to the fact that they are ready to be divided into
separate populations, which are tolerant to the condi-
tions of new ecological niches. Even small changes in
natural heterogeneous populations cause new systematic
taxon’s and ecotypes. Their use is of great importance
for the creation of a new source material for breeding
and the formation of new biological resources (Givnish,
2002).

The form-building process is most active on the ter-
ritories with complex geological history and a variety
of ecological-climatic and soil conditions, in mountain-
ous or foothill areas and in ancient agricultural centres
(Takhtajan, 1986, Vavilov, 1992, Goncharov, 2007). The
south-west part of the Central Russian Upland largely
corresponds to the above-mentioned historical, geo-
graphical, ecological and anthropogenic conditions. It is
important that the Dneprovskoe and Valdaiskoe glacia-
tion did not affect a significant part of the south-west
of the Central Russian Upland. The unique features of
the Central Russian Upland landscapes are based on a
wide spread of typical karst and cretaceous landscape
complexes with involvement of exposed and shallow
chalk rocks, which make the region similar to foot-
hills. Therefore, the study region has all the conditions,
which accompany primary microevolution processes at
the level of microgeocenter (Zhukovsky, 1971, Diamond,
2002, Dumacheva et al., 2015). The recent decline in
the share of arable land due to more stringent environ-
mental requirements has created space for the forma-
tion of autogenous successions (Lisetskii et al., 2016a)
which include both new relationships among plants in
communities (Degtyar’ and Chernyavskikh, 2006, Gusev,
2016 a, b) and spontaneous changes in plant habitats,
including soil reproduction (Lisetskii, 2012, Prikhodko
and Manakhov, 2014, Lisetskii et al., 2016b and Terekhin
and Chendev, 2018).

The ecological and biological characteristics of the
species growing in difficult conditions of gully com-
plexes may be of particular interest as a potential biore-
source used to select plants, to obtain starting materials

of herbal origin and to improve ecosystems stability. The
present paper was aimed to study the floristic compo-
sition of natural communities of gully complexes with
carbonate outcrops towards the south-west of the Cen-
tral Russian Upland (on the example of the east of the
Belgorod region). We estimated the species composition
of the Fabaceae Lindl. family as a possible starting mate-
rial for selection.

MATERIALS AND METHODS

Study area: Research was conducted in the Belgorod
region in 2002-2016. The climate of the study area is
temperate continental. Its main particular features as
follows: large annual temperature range, relatively mild
winters with frequent thaws and snowfalls, sunny and
long summers, moderate and not quite stable moisture
with summer precipitation being prevailed (Table 1).

Table 1. Average long-term weather conditions at the
site where the studies were conducted according to the
nearest weather stations

. Weather station
Indicators

Valuyki | Alekseevka

Rainfall, mm 568 545
Average summer temperature, °C | +20.0 +20.0
Average winter temperature, °C -7.0 -7.5
Duration of the frost-free period, 155 155
days
The sum of the air t for the period
with stable t > 10 °C 2750 2700
The :.iverage depth of soil freezing 60 60
in winter, cm

Methods: Natural communities were studied in the
course of route studies using the method of intermit-
tent transects and geobotanical descriptions in accord-
ance with the field geobotany procedures (Lavrenko and
Korchagin, 1972).

Transects of 400 m? (2x200 m) in size were estab-
lished diagonally to the direction of the gully under
study. Four hundreds transects were established in total.
P.F. Mayevsky (Mayevsky, 2006) determined the spe-
cies composition of the plants. Throughout any transect
we additionally set up permanent fixed plots with an
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area of 100 m? (only 400 sites) for geobotanical descrip-
tions, these plots were also used for further geobotani-
cal descriptions of the communities with M. sativa L.
and M. varia Mart. Each species is linked to a certain
life form according to the system Raunchier (Raunkiaer,
1937). The florocoenotypes of the Fabaceae Lindl. family
and their life forms have been classified of in relation
to water (Kolchanov et al., 2012). The species have been
distributed with respect to calcium substrate according
to V.I. Malyshev (Malyshev, 1965). The occurrence of a
species has been defined as a percentage of related geo-
botanical descriptions. The species names are given in
S.K. Szerepanov (Szerepanov, 1981).

RESULTS AND DISCUSSION

The conducted analysis has shown that the floristic com-
position of phytocenoses of gully complexes consists of
65 families, which include 274 genera. The species from
three families: Asteraceae Dumort., Fabaceae Lindl. and
Poaceae Barnh. take the lead in the taxon hierarchy.
They account for 161 species (32.8%) in the floral spec-
trum, ten leading families include 329 species or 67.0%
of their total number (495 species) (Table 2). The number
of families represented by one species is 22, those of two
species — 13 and those of three species - 4. Each of six
families contains four species, two families - five spe-
cies each and 2 another families - seven species each.
One family has nine, ten, eleven and twelve species, and
two families contain thirteen species each. As for the
number of genera, the leading triad of families include
Asteraceae Dumort., Brassicaceae Burnett. and Poaceae
Barnh. - they account for 77 genera (28.1%) (Table 2).
A study of ecological features, coenotic and geo-
graphical relations has shown that the examined bean
species belong to five groups according to geographical
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confinement. There is a predominance of 20 plant spe-
cies (44.4%) of Palearctic areal and 16 species (35.5%)
of steppe area. The European-Caucasian, European and
adventive types of geographical areas account for four
(8.8%), three (6.6%) and two (4.4%) species respectively.

The generic coefficient (the number of species that
per genera) is quite high and it is equal to 1.81, which
reflects the diversity of the floristic composition of the
communities of the studied gully complexes.

It has been found that the Fabaceae Lindl. species are
quite numerous (they come second in the first triad of
families). The F. Lindl. family is a valuable source of
food and feed protein; it also produces soil symbiotic
nitrogen. These species are distinguished by longevity,
an exceptional ability to grow in a variety of natural
conditions, multipurpose use, soil fertility recovery
through atmospheric nitrogen fixation, and a number of
other useful economic and biological features. The wild
relatives of cultural species become of particular impor-
tance as sources for improvement of various economi-
cally useful features (Dzyubenko, 2015).

As follows from the analysis of the species composi-
tion of the bean component of the phytocenosis of gully
complexes 45 species have been detected, i.e. about 58%
of the diversity of the regional flora families (Table 3).

A study of general habit and life cycle duration has
shown that taproot redevises tend to prevail among
leguminous grasses. There is maximum 13.2% of annual
and biennial plants and 17.6% of shrubs, sub-shrubs
and dwarf sub-shrubs in gully complexes. A variety of
ecological conditions, which have formed bean family
species in gully complexes, is quite sufficiently shown
by the spectrum of life forms. We have revealed that
the majority of species (84.5%) belongs to hemicrypto-
phytes — perennial herbaceous plants with aboveground
sprouts being died away by wintertime. Their reproduc-

Table 2. Spectrum of the leading families of natural communities of ravine
complexes (2002-2013)
Number of species
Family Family rank | Number of genera -
pieces O
Asteraceae Dumort. 1 38 72 14.6
| Fabaceae Lindl. 2 17 45 9.1
Poaceae Barnh. 3 22 44 9.0
Lamiaceae Lindl. 4 21 37 7.5
| Brassicaceae Burnett 5 23 34 6.9
Rosaceae Juss. 6 17 25 5.1
| Scrophulariaceae Juss. |7 8 22 4.5
Caryophyllaceae Juss. 8 1 19 3.9
| Ranunculaceae Juss. 9 10 18 3.7
Boraginaceae Juss. 10 9 13 2.6
| Total 65 274 495 100
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Table 3. Species composition of the family Fabaceae in gully complexes with chalk outcrops (2002-2013)

I Latin species name Life form® | florocenotic® | Environmental group®
| 1 Anthyllis vulneraria L. HC MD MX
| 2 Astragalus albicaulis DC. HC ST X

| 3 Astragalus austriacus Jacq. HC ST MX
| 4 Astragalus cicer L. HC MD MX
| 5 Astragalus danicus Retz. HC ST MX
| 6 Astragalus dasyanthus Pall. HC ST MX
| 7 Astragalus glycyphyllos L. HC GB M

| 8 Astragalus onobrychis L. HC ST X

| 9 Astragalus pubiflorus DC. HC ST X

| 10 | Astragalus sulcatus L. HC MD X

| 11 | Astragalus ucrainicus M. Pop. et Klok. HC MO X

| 12 | Astragalus varius S.G. Gmel. HC SAN MX
| 13 | Caragana frutex (L.) C. Koch PH MD X

| 14 | Chamaecytisus austriacus (L.) Link PH CH MX
| 15 | Chamaecytisus ruthénicus (Fisch. ex Woloszcz.) Klaskova PH SAN MX
| 16 | Coronilla varia L. HC ST M

| 17 | Genista tanaitica P. Smirn. HC CH M

| 18 | Genista tinctoria L. PH MD MX
| 19 | Hedysarum grandiflorum Pall. HC CH MX
| 20 | Lathyrus pannonicus (Jacq.) Garcke HC ST MX
| 21 | Lathyrus pallescens (Bieb.) C. Koch HC ST MX
| 22 | Lathyrus pratensis L. HC MD M

| 23 | Lathyrus tuberosus L. HC SYN MX
| 24 | Lotus corniculatus L. HC MD M

| 25 | Medicago falcata L. subsp. romanica (Prodan) Schwarz et Klinkovski HC ST MX
| 26 | Medicago lupulina L. HC SAN M

| 27 | Medicago varia Mart. HC SYN MX
| 28 | Melilotus albus Medik. HC ST MX
[ 20 [ Melitotus officinalis (L) Pall HC ST MX
| 30 | Onobrychis arenaria (Kit.) DC. HC ST MX
| 31 | Ononis arvensis L. HC MD M

| 32 | Oxytropis pilosa (L.) DC. HC ST X

| 33 | Robinia pseudoacacia L. PH SYN MX
| 34 | Trifolium alpestre L. HC MD MX
| 35 | Trifolium arvense L. T MD MX
| 36 | Trifolium fragiferum L. HC MD MH
37 [ Trifolium hybridum L. HC MD MH
| 38 | Trifolium medium L. HC MD M

| 39 | Trifolium montanum L. HC MD MX
| 40 | Trifolium pratense L. HC MD M

| 41 | Trifolium repens L. HC MD M

| 42 | Trifolium aureum Poll. HC MD MX
| 43 | Vicia cassubica L. HC FR M

| 44 | Vicia cracca L. HC MD MX
| 45 | Vicia villosa Roth. T MD MX

Note: a Life form: HC - hemicryptophytes (hemikriptophyte), T

- therophytes (terophyte), PH - phanerophytes (fanerophyte). b florocenotic: ST- steppe,

SYN - synanthropic, MD - meadow, FR - forest, GB - types of fields and shrubs, SAN - sandy habitat species, CH - types of chalk downs. ¢ Environmental
group: M - mesophyte, MX - mesoxerophyte, MH - mesogigrophyte, X - xerophyte
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Table 4. Distribution of Fabaceae species in gully complexes depending on relief elements (2008-2013)
Sampling point mesophyte | mesoxerophyte | mesogigrophyte | xerophyte
Slopes of beams with steppe phytocenosis 1 7 - 3

Slopes of beams with lime-loving association | - 4 - 4

Ravine mouths with alluvial cone 4 8 - -

Alluvial cone acting ravines 6 7 2 -

Total 11 25 2 7

ing buds are located on the soil surface and protected by
leaf litter. Phanerophytes and Therophytes are generally
represented by 15.5% of species in the regional gully
complexes. The bean species distribution in gully com-
plexes is largely determined by soil moisture. An analy-
sis of species-to-moisture factor ecological spectrum has
shown that the species (55.5%) predominantly belong to
mesoxerophytes, i.e. plants, which are able to tolerate a
short-term drought. As for the number of species meso-
phytes, xerophytes and mesohygrophytes take the second,
third and fourth places, respectively.

Various manifestations of calcephilia, which is related
with calcium excess and substrate carbonate content
have made it possible to distribute bean species by plant
confinement to calcium substrate according to the clas-
sification by V.I. Malyshev (Malyshev, 1965). The bean
gully complexes (73.3%) are prevailed by facultative
calciphile plants, which are quite common on carbonate
soils but can also grow outside. A group of calcium-indif-
ferent bean plants (17.8%) include the species which are
either unobviously confined to carbonate substrates or
fail to be calciphobes. We have found 8.9% of obligatory
calciphile plant, which grow almost exclusively on the
calcium substrate. Under severe environmental condi-
tions a combination of resources in a particular ecotope
point is of critical importance for coenopopulations. The
gully complexes have a well-defined micro-relief, which
has impact on spatial distribution of species. 60.0% of
mesophytic bean species are concentrated on the rank
soils in ravine mouths and existing gully cone deltas,
i.e. in more humid living environment. On gully slopes
with steppe plant formations there are 20.0% of xero-
phytic and mesoxerophytic species whereas slopes with
calciphilous communities have 15.5% of them (Table 4).

In general, in the conditions of gully complexes the
ecological features of bean plants are characterized
by the predominance of mesoxerophytes and faculta-
tive calciphile plants as regards ecotope conditions and
steppe florocenotype hemicryptophytes by life form.

The landscape conditions of the gully complex eco-
topes with cretaceous outcrops tend to create conditions
for the introduction of new synanthropic species and
their active formation. Many species may be of high
bio-resource value. The most striking example include
species of the Medicago genus: M. sativa L. and hybrid

M. varia Mart. species.The history of wide distribution
of these species, which are mainly of Central Asian and
Mediterranean origin in the conditions of the Central
Russian Upland, goes back about one hundred years. It
is noteworthy that there is not a single record of blue-
flowered and variegated-flowered M. sativa L. and M.
varia Mart. species (“native” type alfalfa) in the detailed
geobotanical descriptions of gully complexes with cre-
taceous outcrops which were made > 100 years ago V..
Taliev (1904a) (Taliev, 1904b, Juan et.al., 1993).

Currently the M. sativa L. and M. varia Mart. species
make an essential and integral component of natural her-
baceous phytocenoses. The studies conducted in 2008-
2013 and repeated in 2014-2016 showed that an average
increase in the occurrence of these species had made up
to from 3.2 to 4.5% for all geobotanical descriptions,
with the most significant increase being demonstrated
by the plant communities located on the Cretaceous
outcrops (Table 5). In 2008-2013, the steppe areas and
meadows were characterized by discrete (incomplete)
local populations, which are mainly represented by old-
aged blueing and non-blueing individual plants. How-
ever, in 2014-2016 some even-aged young plants were
also reported to appear for seed regeneration.

In vegetation communities of chalk, outcrops the M.
sativa L. and M. varia Mart. coenopopulations are sub-
ject to habitual areas, which have been earlier connected
with human economic activities: locations of former
farms, marginal plots on fields used for farm and soil
conservation crop rotations.A more detailed study of the
occurrence of blue-flowered alfalfa in gully complexes

Table 5. Occurrence of M. sativa L. and M. varia
Mart. in natural association, %
Years of research
Association
2008-2013 2014-2016
Meadow steppes 2.0 3.6
Real steppes 3.0 3.5
Calciphilous steppes | 4.0 6.2
| Chalk outcrops 5.0 7.1
| Meadows 2.0 2.0
Average 3.2 4.5
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Table 6. Occurrence of M. sativa L. and M. varia Mart.
in ecotopes of ravine complexes, %

Study years
Ecotopes

2008-2013 | 2014-2016
Slope's qf beams with steppe 0.0 0.2
association
SloPes of beé.lm.s with lime- 10 25
loving association
Ravine mouths with alluvial 8.0 1.2
cone
Alluvial cone acting ravines 7.0 9.1
Average 4.5 5.6

and its dynamics has made it possible to identify the
ecotopes with the most favourable conditions for the
development of M. sativa L. and M. varia Mart. and for
the formation of their stable populations (Table 6).

The occurrence of blue-flowered alfalfa is higher in
lower gullies (in the existing gully cone deltas and in the
ravine mouths with cone deltas) for a number of possible
reasons. Firstly, due to the transfer of seeds through eco-
tonic corridors being gully slopes. Secondly, due to the
particular features of the soil substrate (chalk residues),
which forms high-degree crushing, low projective cover
and, therefore, low distribution of cereals and lower
inter-species competition. Thirdly, due to the influence
of natural selection of sustainable forms in the hybrid
populations which have formed in the ravine mouths
with the varieties of M. sativa L. and M. varia Mart.
and local forms of M. falcata L. which were previously
cultivated on the arable land.

Local coenopopulations of M. sativa L. and M. varia
Mart. are most complete in ravine mouths and they
often have species distributed by age groups on a con-
tinuous basis. We have found a wide variation of all

A

FIGURE: Species M. varia Mart. “Carbonate” environmental type in the
flowering phase (A) and fruit formation (B) on alluvial cone ravines
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main morphometric parameters, which proves alfalfa’s
intrapopulation heterogeneity and ecological plasticity.
Hence, these two species provide material for the selec-
tion of competitive forms. Adaptive transformations are
oriented towards the preservation of individual plants
accompanied by a specific increase in leaf coverage, a
reduction of generative organs with increased numbers
of stemmed beans, bean curls and their dissemination.
There has been observed the formation of M. sativa L.
and M. varia Mart. coenopopulations with individual
plants of “carbonate” ecotype, which is close to cultural
forms by a number of morphological features but has
a pronounced stress-tolerant type of adaptive strategy
(Figure). The upper slope seeds (these are usually fields
of crop rotations) used to be transferred by water flow
to the bottom of the gullies where they fell on rubble
chalk eluvium. A vegetation cover with low projective
coating was formed in the cone deltas. There alfalfa
found favourable conditions for its growth and devel-
opment in conditions of low competition with cereals.
Against the background of negative influence produced
by carbonate substrate, primarily, due to iron deficiency,
the population have quite promptly eliminated unstable
forms and generated M. sativa L. and M. varia Mart. coe-
nopopulations with high level of preservation of indi-
vidual plants having a complete spectrum of adaptive
changes. They have become the basis for microevolution
transformations under extreme ecotope conditions. The
local populations were reported to have high occurrence
of forms carrying multifoliolate recessive mutation (mf-
mutations). Externally, it is expressed by the formation
of complex leaves with 4-7 leaflets in individuals instead
of three. These forms are positioned as sources of high-
quality material for the selection of high-quality cul-
tural alfalfa (Juan, 1993, Petkova, 2010, Odorizzi et al.,
2015).

The researchers consider the emerging multi-leafness
in leguminous grasses as a throwback, i.e. atavism,
which is most strongly manifested in the conditions of
disturbed habitual areas when they grow outside the
phytocenosis, on poor rocky soils, rock outcrops and in
the areas being far from the optimal conditions (Plennik,
2002).An estimation of the populations by the method of
transfer into favourable conditions have shown that the
share of mf-mutant forms is from 3.3 to 53.3% in different
populations. With seed renewal, the proportion of species
with mf-mutation (the offspring of the first plant) is from
5 to 55% in families.

It is important that the M. sativa L. and M. varia Mart.
forms, which have been found in the habitual areas of
gully complexes, have a number of valuable crop selec-
tion features: good leaf coverage, high protein content and
high seed production and others.

Vladimir I. Cherniavskih et al.

CONCLUSION

We have found a high variety of plant species with high
biological potential in the gully complexes in the south-
ern-west part of the Central Russian Upland. It is pos-
sible to have accumulations of stable viable recessive
forms of individual species, which can be used to gener-
ate initial selection material. The example of M. sativa
L. and M. varia Mart. was used to establish the forma-
tion process for coenopopulations of certain sustainable
ecotype, which is close to cultural forms, by a number of
morphological and qualitative characteristics. The popu-
lations studied are characterized by high occurrence of
mutant forms (recessive mf-mutation). This phenom-
enon becomes obvious in the course of development of
natural local populations along the boundaries of spe-
cies distribution areas.
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ABSTRACT

A novel adsorbent starch-graft-N-methyl-N-vinylacetamide (starch-g-NMVA) was synthesized using microwave assisted
graft copolymerization. Monomers of N-methyl-N-vinylacteamide (NMVA) was grafted to potato starch using micro-
wave irradiation and potassium peroxydisulfate (KPS) as free radical initiator. The highest % grafting (%G) obtained was
10.03% under the optimum conditions of 0.55 M NMVA and 90 seconds exposure time, keeping the initiator, starch,
and microwave power fixed at 0.0014M, 0.1 g, and 1200W respectively. FTIR and SEM analyses confirmed that the
monomer was grafted successfully. The graft copolymer was investigated for its efficiency in removing Cu(Il) ions from
aqueous solutions at different concentrations. Using the Box-Behnken method the most favorable pH, adsorbent dose,
and initial Cu(Il) concentration generated for the adsorption was 5.5, 100 mg and 100 ppm, respectively. The resulting
adsorbent is able to remove 52.9% of Cu(Il) ions in an aqueous solution at these conditions. The Langmuir isotherm
best described the adsorption property of the system with a correlation coefficient (R2) of 0.9361. On the basis of this
model, the maximum adsorption capacity (Qo) of the starch-g-NMVA was calculated to be 46.9749 mg/g. This study
indicated that starch-g-NMVA is a good alternative adsorbent for the removal of Cu (1) from aqueous solution. Further
desorption and optimization studies will help us know the applicability of this adsorbent in removing metals from a
simulated wastewater setup.
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INTRODUCTION

Technological and industrial advancements have always
posed danger to the environment as it is associated to
increase in heavy metal contamination in water and other
parts of the ecosystem. Mining operations, fertilizer pro-
duction, batteries, pesticides, and paper industries may
directly or indirectly discharge heavy metal wastewaters
into the environment (Mrinalini et al, 2015). Many of
these heavy metal ions, i.e, ions of zinc, copper, nickel,
mercury, lead and chromium, are toxic and non-biode-
gradable (Zhu et al., 2012). Because of their non-bio-
degradability, heavy metals tend to accumulate in living
organisms, causing various diseases and disorders (Has-
ret et al., 2012). Copper, although an essential compound
to plants and animals, becomes toxic when biological
requirements are exceeded. Some toxic effects of copper
in the body is potentially damaging protein, lipid, and
DNA (Moroncola et al, 2016). Removal of heavy metals
like copper from waste waters is important to maintain
a suitable quality of water. Filtration, adsorption, and
chemical precipitation are some methods used in remov-
ing heavy metal ions from wastewater or aqueous solu-
tion. Adsorption technology has recently become a real
alternative to traditional wastewater treatment due to its
relative simplicity and efficiency (Paksamut et al., 2018).

This involves a mass transfer process by which a sub-
stance is transferred from the liquid phase to the sur-
face of the solid, and becomes bound by physical and/
or chemical interactions (Zhu et al., 2012). Chemical
adsorption, also called activated adsorption, results from
the chemical interaction between the adsorbent and the
adsorbate. Chemisorption occurs only as a monolayer
and substances chemisorbed on solid surface are hardly
removed because of stronger forces (Mehta et al., 2014).
High adsorption capacity can be observed from biosorb-
ent with abundant amino and carboxyl groups (Zhang
et al., 2017). The presence of functionalities such as
hydroxyl groups (-OH) on the surface of the adsorbent
allows introduction of several heavy metal groups.

The amount of adsorbed ions onto the adsorbent
could depend on the acidity of the medium (pH), ini-
tial heavy metal ion concentration, and adsorbent dose.
Other factors include temperature and contact time. The
acidity of the solution or pH is one of the most impor-
tant parameters controlling the uptake of heavy metals
from wastewater and aqueous solutions since it deter-
mines the surface charge of the adsorbent and the degree
of ionization and speciation of the adsorbent (Abdel et
al., 2011). In a study done by Tumin et al. (2002), the
uptake of copper increased significantly when the pH
was at 4 to 5 and adsorption capacity decreased slightly
in pH range of 6 to 9. Using a Box-Behnken design, it
was observed that % metal adsorption increased as the

pH of the metal-containing aqueous solution increased
from 2.5 to 5.5 (Ocreto et al., 2019).

Adsorbent dosage is another important parameter
which influences the extent of metal uptake from the
solution. Studies report that percent metal removal
increases as the adsorbent dosage increases due to the
introduction of more adsorption or binding sites and the
availability of more surface area for metal attachment
(Onundi et al., 2010). Manivannan et al. (2015) reported
that the amount of copper increased with the increase
in adsorbent dose and reached a maximum value after
a particular dose. Additionally, adsorption capacities
increased as the dosage of natural bioadsorbents and
contact time increased during Cu (II) removal (Paksamut
et al., 2018).

The use of synthetic polymer as toxic metal ion
adsorbent is a possible approach for preventing envi-
ronmental pollution and recycling metals. Synthetic
adsorbents are mostly composed of petroleum-based
polymers which are usually non-renewable and non-
biodegradable. Generally, synthetic adsorbents are dis-
carded in landfills or treated by incineration after the
adsorption process for metal ions. Natural polymer such
as starch is a more attractive raw material for indus-
trial applications because it is renewable, abundantly
available, and fully biodegradable. It also has numer-
ous hydroxyl groups that can be chemically modified
to design adsorbent materials of interest (Singh et al.,
2012).

In a study of Cankaya (2016), starch methacrylate,
prepared by esterification of primary -OH group of
starch, was grafted with N-cyclohexyl acrylamide and
methyl methacrylate monomers via free radical polym-
erization. Chemical modification of natural polymers via
grafting can be achieved through the use of microwave
radiation to generate free radical sites on the natural
polymer backbone (Mostafa et al., 2013). Fosso-Kankeu
et al. (2016) reported a 107.1 % conversion to guar gum-
graft-poly-ethyl acrylate during copolymerization of
ethylacrylate and guar gum by microwave irradiation
at 900 MW and 3 minutes exposure. Reaction variables,
such as initiators, composition of reaction mixture,
microwave power, and exposure time played a key roles
during grafting copolymerization using microwave irra-
diation (Karthika et al, 2014).

This study involves the synthesis of potato starch
grafted with N-methyl-N-vinylacetamide and its appli-
cation in the removal of copper in copper solutions.
Box-Behnken design under response surface methodol-
ogy was used to identify the optimized adsorption con-
dition (Tarangini et al., 2009). The grafted starch was
characterized and the amount of copper removed was
quantitatively analyzed using Atomic Absorption Spec-
troscopy.
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MATERIALS AND METHODS

Potato starch, N-methyl-N-vinylacetamide (NMVA,
98%), reagent grade potassium peroxydisulfate (KPS, >
999%), ethanol (> 99.5%), and copper sulfate pentahy-
drate (> 99.5%) were purchased from Sigma-Aldrich
(Singapore) and were used without any pretreatment.

NMVA grafting onto potato starch under microwave
irradiation: The grafting procedure employed in this
study was adapted from Pandey et al. (2012) with slight
modification. Potato starch (0.1g) was dissolved in 25
mL distilled water in a 150 mL open-necked flask. To
this solution, calculated amounts of KPS (0.0014M) and
NMVA (0.35 - 0.55M) were added together and the total
volume of the resulting solution was adjusted to 25 mL.
The flask was then exposed at 100% (1200 W) microwave
power for 90 and 120 seconds in a Samsung domestic
microwave oven (Samsung, MW73B, Malaysia) with a
microwave frequency of 2450 MHz. Potato starch-graft-
N-methyl-N-vinylacetamide (starch-g-NMVA) was pre-
cipitated by pouring the reaction mixture in ethanol to
dissolve homopolymers of NMVA. The mixture was cen-
trifuged and the separated copolymer was oven-dried at
50°C up to a constant mass. Grafting parameters such as
% grafting, % grafting efficiency, % conversion, and %
homopolymer were then calculated using the following
equations:

Percent grafting (%G) =% x 100 (1)
0
. . , Wi-Wo
Percent grafting efficiency (%GE) = —w X100 (2)
2
. , Wy
Percent conversion (%C) = X 100 )
2
Percent homopolymer (%6H) =100 — %GE 4)

where W is the weight of starch, W, is the weight of the
grafted starch, and W, is the weight of NMVA.

Partial characterization of starch-g-NMVA: The syn-
thesized starch graft copolymer (starch-g-NMVA) was
subjected to partial characterization using FTIR and SEM
to evaluate its physical and chemical properties. The IR
spectra of potato starch and starch-g-NMVA samples were
obtained with a Fourier Transform Infrared Spectrometer
(Perkin-Elmer, Spectrum 100, USA) and using the range
500-4000 cm™ to provide the proof of grafting. Surface
morphology of starch-g-NMVA was analyzed using a
Scanning Electron Microscope (JEOL, JSM 5300, USA).

Optimization of Cu(Il) removal: Adsorption conditions
such as initial pH (1.5 to 5.5), initial concentration of
Cu(Il) (5-100 ppm) and adsorbent dose (10-100 mg) were
optimized simultaneously. The optimization experiments
were carried out at a working volume of 25 mL, and agi-
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tated in the shaker apparatus with a speed of 120 rpm at
room temperature for 240 minutes. After agitation, the
mixtures were filtered through Whatman 0.45 mm filter
paper and the amount of adsorbed metal ions was deter-
mined using the Atomic Absorption Spectrophotometer
(Perkin-Elmer, AAnalyst 400, USA). Control experiments
were carried out to show that no sorption occurs on either
glassware or filtration systems. The pH of the reaction
mixture was adjusted to the desired value using either 0.5
M hydrochloric acid or 0.5 M sodium hydroxide.

Box-Behnken design: Box-Behnken statistical experi-
ment design and the response surface methodology by
Minitab Version 17.1.0 was employed to investigate the
combined effect of pH, adsorbent dose, and initial copper
concentration. Each independent variable was studied at
three different levels: low, medium and high, coded as
-1, 0, +1, respectively. The center point of the design was
replicated three times for the estimation of error.

The experimental data were analyzed by fitting to a
second order polynomial model, which was statistically
validated by performing Analysis of Variance (ANOVA)
and lack-of-fit test to evaluate the significance of the
model.The performance of the process was evaluated by
analyzing the response (y), which is the percent removal
of copper, that depends on the input factors X, X. ..., X,
and the relationship between the response parameters is
described by

yv=f(X, X, o, Xp) + £ (5)

where f is the real response function the format of
which is unknown and is the residual factor associated
with the experiment. The surface represented by f(X, XJ.)
is called a response surface. The response can be repre-
sented graphically, either in the three-dimensional space
or as contour plots that help visualize the shape of the
response surface.

For RSM, the most commonly used second order poly-
nomial equation developed to fit the experimental data
and determine the relevant model terms can be written as:

y=Bo + Z BiX; + L BuX? + L Bi;X:X; (6)

Where B is the constant coefficient, B, is the slope or
linear effect of the input factor. B X, is the linear by lin-
ear interaction effect between X, the [, input factor and,
is the quadratic effect of input factor.

Adsorption Isotherm Study: Adsorption data was fitted
to the Langmuir and Freundlich isotherms. The Lang-
muir isotherm was expressed in the linear form as with
the equation:

C

e

1 C

. wew e, 7
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where C_ is the equilibrium concentration (mg/L) and
q, the amount adsorbed at equilibrium (mg/g). The
Langmuir constants Q, (mg/g) represent the monolayer
adsorption capacity and b (L/mg) relates the heat of
adsorption.The essential feature of the Langmuir adsorp-
tion can be expressed by means of R, a dimensionless
constant referred to as separation factor or equilibrium
parameter for predicting whether an adsorption system
is favorable or unfavorable. R, is calculated using the
following equation:
1

R =—
T 1+be,

(8)
where C, is the initial Cu(Il) concentration (mg/L). If R
values lies between 0 and 1, the adsorption is favorable.

The Freundlich isotherm describes the heterogene-
ous surface energies by multilayer adsorption and is
expressed in linear form as given:

1
Ing, =InKyp + (;) IncC, (9)

where Kf (mg/g),is roughly an indicator of the adsorp-
tion capacity and 1/n is the adsorption intensity.

RESULTS AND DISCUSSION

Starch was grafted with N-methyl-N-vinylacetamide
(NMVA) by microwave assisted method using potassium
peroxydisulfate (KPS) as a free radical initiator. Graft-
ing was carried out in aqueous medium. The microwave
energy absorbed by the water molecules resulted to die-
lectric heating of the reaction medium. Moreover, micro-
waves have lowering effect on Gibbs energy of activation
of reactions. With these effects of microwave in the reac-
tion medium, peroxydisulfate decomposed into sulfate ion
radicals quickly. The resulting sulfate ion radicals interact
with water to give free hydroxyl radicals. The primary free
radicals (sulfate ion radicals and/or the hydroxyl radicals)
combine with vinylacetamide to give monomer free radi-
cals. Since homopolymerization is reported to be faster
than graft copolymerization, the growing homopolymer
free radical abstracts hydrogen from the starch molecule
to result in a macro radical to which more NMVA moi-
eties become attached to form a chain. This chain will
grow until it combines with other chain to give the graft
copolymer (Singh et al., 2007). A proposed reaction mech-
anism of graft copolymerization involving starch (StOH)
and free radical species (R* or SO,” and OH') introduced by
Kalia et al., 2013 was shown below.

2 mw .
5,03 — 2so0;

- mw _
250; '+ H,0 — HSO; + OH*

StOH+ R® — St0°+ RH

monomer

St0"+ CHy = CHyX — StOCH,HC'X RH ™22, eraft copolymer

The resulting graft, starch-g-NMVA, was gel-like
upon adding ethanol. After drying, the graft copolymer
was hard and plastic-like. The powdered form of the
graft copolymer is shown in Figure 1.

FIGURE 1. Dried starch-g-NMVA
copolymer

B. Optimum grafting conditions

The effect of varying the concentration of the NMVA
monomer along with the effect of exposure time on
grafting parameters were studied.

B.1 Effect of monomer concentration

The effect of NMVA on grafting percentage was investi-
gated by varying its’ concentration from 0.35 to 0.55 M.
Results showed that % grafting increased with increas-
ing NMVA concentration (Table 1).

The grafting percentage (%G) indicates the increase
in weight of original starch subjected to grafting with a
monomer while grafting efficiency percentage (%GE) is
the fraction of monomer converted to graft polymer. In
general, the grafting efficiency depends on the monomer
concentration. This is true with the result obtained in this
study as presented in Table 1. The increase in monomer
concentration resulted to increase in %GE. However, the
increase in %GE obtained in this study is lower com-
pared to other studies (Nadiah et al., 2016). Low %GE
means that less monomer was used in grafting and most
was wasted in side reactions and homopolymer forma-
tion (Nadiah et al., 2016). The increase in %GE observed
is an indication that important functional groups is pre-
sent on the starch backbone and these groups will play
an important role in the adsorption process.

Percentage conversion (%C) is taken as the ratio of
the weight of the grafted copolymer to the weight of the
monomer. It is observed that % C decreased from 0.45 to
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Table 1. %Grafting and %Grafting Efficiency as a function of monomer concentration of
0.0014M potassium peroxydisulfate (KPS), starch (0.1g/25mL), at 2450 W and 90 seconds

exposure time

N-methyl-N-vinylacetamide . .

(NMV, A]y Y % Grafting | opGrafting | %Conversion | %Homopolymer
Efficiency

0.35 M 7.780.064 1.850.064 25.640.015 98.150.015

0.45 M 9.440.085 2.300.085 26.580.100 97.710.010

0.55 M 10.00.036 2.410.014 26.380.241 97.600.014

Values are average of five individual samples (n=5), expressed as mean + standard deviation.

0.55 M concentration of NMVA. This may be due to the
large ratio of NMVA to initiator KPS. In this case, KPS
is relatively deficient to the superabundant NMVA mon-
omers. Hence, though the absolute amount of grafted
copolymer increases, as evidenced by the increase in
%G, %C is observed to decrease. The same observation
was made by Liu et al. (2005).

This direct relation between the percent graft yield
and monomer concentration within the experimental
range studied can be attributed to the molecular colli-
sions triggered by the increased NMVA population in the
vicinity of starch molecules. Hence, grafting increased.
On the other hand, the percentage of homopolymer
(%H) showed a reverse trend with respect to %GE. This
behavior can be attributed to accumulation of monomer
at close proximity of the starch backbone. (Castaiieda
et al., 2012)

B.2 Effect of exposure time

To investigate the effect of time on graft copolymeriza-
tion, the reaction was carried out using the exposure
times 90 and 120 seconds. As shown in Figure 2, an
increasing trend of grafting percentage was observed
after reaction of starch with different concentrations
of NMVA (0.35 M, 0.45 M, 0.55 M) at fixed microwave
radiation exposure time of 90 seconds.

However, at longer exposure of 120 seconds, there
was a decrease in the grafting percentage. This can be
attributed to the depletion of initiator concentrations
as the reaction proceeds. Also, more homopolymers
are formed compared to the graft copolymer at higher
exposure time. When homopolymerization increases, the
viscosity of the reaction medium also increases which
creates hindrance in the movement of the free radicals

12

%o Grafting
=3

0.35

045 0.55
NMVA Concentration (V)

W0
E120s

FIGURE 2. Effect of different exposure time on % grafting. Values are average of five
individual samples (n=5), expressed as mean + standard deviation
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FIGURE 3. IR spectra of starch (blue), NMVA (red), and starch-g-NMVA (yellow)

toward active sites, resulting in less grafting percentage
(Lakshmi et al., 2011).

The highest %G which is 10.03% was obtained by
exposing a reaction mixture containing 0.55 M of
NMVA, 0.0014 M of KPS initiator and starch (0.1 g) to
1200W microwave power for 90 seconds. The starch-g-
NMVA representative sample containing the maximum
%G was characterized using FTIR and SEM analysis and
was used for the adsorption experiments.

C. Characterization of the starch-g-NMVA

Potato starch, NMVA, and starch-g-NMVA were sub-
jected to FT-IR to examine the functional groups pre-
sent. As shown in Figure 3, the IR spectrum of starch
(blue) showed a wide band at around 3300 cm™'. This can
be attributed to the O-H stretching of starch. This result
verifies the polyhydroxy nature of starch molecule. Fur-
thermore, the appearance of adsorption band at around
2934 cm™ can be attributed to the asymmetric stretching
of CH groups.

In the spectrum of NMVA (red), the peak at 1670 cm™!
confirms the carbonyl functional group in the structure
of NMVA. This carbonyl group is reported to enhance
metal adsorption (Ozturk et al., 2015). The peak at 1620
cm™! confirms the vinylic carbon present in the mono-
mer while the 1337 cm™ is for the C-N stretching of the
amide group. In the case of starch-g-NMVA spectrum, it
is observed that there is variation in the intensity of C-H
stretching vibration and shifting of peak from 2940 cm™
to 2980 cm’'. Additional peaks at 1337cm™ and 1620
cm™ indicate the added functionality of the graft copol-
ymer. However, there is a peak appearing at 1620 cm™
indicating C=C groups present. This can be due to the

impurity of the grafted copolymer. The % homopolymer
is large (97.6%) thus there are still unreacted monomer
molecules which were not removed thus accounting for
the C=C peak appearing in the spectrum of starch-g-
NMVA.

In the study of Kalia et al. (2013), the surface of the
pure starch appeared to have oval granules that have
smooth surfaces but are irregular in size and shape. The
SEM image (Figure 4) obtained after grafting of our
starch and exposure to microwaves showed aggravation
in the surface of the starch granules. Irregular rough sur-
face can be seen where the monomers of NMVA were
grafted. The microwave irradiation employed caused
the heating energy to penetrate deep inside the gran-

FIGURE 4. SEM micrograph of starch-g-NMVA at 500x
magnification
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Table 2. Box-Behnken results for Cu(Il) adsorption
onto starch-g-NMVA.
Biosorption
% Cu (I) Adsorbed
Run Parameters (m
Order - -
P A | C | experimental | theoretical

1 -1 0 +1 | 7.1416 5.1876

| 2 0 0 0 8.9305 10.6168
3 +1 -1 [0 24.0418 23.5302

| 4 +1 0 +1 | 32.1254 34.8879
5 0 0 0 12.2139 10.6168

| 6 0 +1 | -1 |[15.2749 17.5257

| 7 0 -1 [ +1 16.8189 14.5681
8 0 -1 | -1 7.5415 6.0991

| 9 -1 0 -1 2.9289 0.1664
10 0 0 0 10.7059 10.6168
11 -1 -1 [0 6.4854 10.6902

| 12 0 +1 [ +1 | 23.5426 24.9849
13 -1 +1 [0 7.1829 7.6945

| 14 +1 +1 [0 52.5741 48.3693
15 +1 0 -1 22.0267 23.9808
P = pH(-1=1.5, 0=3.5, +1=5.5)
A = Adsorbent dose (-1=10mg, 0=55mg, +1=100mg)
C = initial Cu(ll) concentration (-1=5mg/L, 0=52.5mg/L,
+1=100mg/L)

ules causing them to bursts outside and formed indents
in the surface. The same result was observed from the
study conducted by Nadiah et al.(2016) on the effect of
microwave heating on potato and tapioca starches in
water suspension.

D. Optimization of adsorption parameters

In this study, only the parameters adsorbent dose, pH,
and initial Cu(Il) concentration and its effect on the
efficiency of Cu(ll) removal by starch-g-NMVA were
studied. Optimization of the removal of Cu(Il) ions from
aqueous solutions for three parameters were carried out
with Box-Behnken statistical design. Using the Minitab
17.1.0 software, a total of 15 experiments were gener-
ated and the theoretical percentage removal of Cu(Il)
are compared with the experimental values, as shown
in Table 2. The theoretical % removal was also gener-
ated by the Minitab software based on the experimental
results.

By applying multiple regression analysis on the design
matrix and the responses given, the following second-
order polynomial equation was established to explain
the Cu(Il) removal efficiency which can then be used
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to obtain the theoretical percentage removal by sub-
stituting the values of the parameters from the specific
runs.

% Removal = 20.14 - 9.06 [P] - 0.461 [A] + 0.067 [C] + 1.527 [P]+ 0.00289 [A]?
- 0.000296 [C2+0.0773 [P"A] +0.0135 [P'C] - 0.000118 [A'C]

(10)

Regression analysis suggests strong correlation
between theoretical and experimental percentage Cu(Il)
removal. The experimental results fit to the Box-Behnken
model; hence this model can explain the relationship of
the different parameters considered in this experiment.
With this, the Box-Behnken model was reliable enough
to be used in estimating the best parameter conditions.
Analysis of variance (ANOVA) was conducted to test the
significance of the second-order polynomial equation
for the experimental data. The F-test and p-value deter-
mines the significance of each process parameter on the
Cu(Il) adsorption onto starch-g-NMVA. A p-value of less
than 0.05 and a calculated F-value higher than the tabu-
lated F-value would indicate statistical result.

The quadratic model was highly significant, as was
evident from the low p-value of 0.004. Furthermore, the
calculated F-value (F_ = 15.95) was found to be greater
than the tabulated F-value (F . .. =7F . =F, =
3.68) at 5% level, indicating that the computed Fisher’s
variance ratio at this level was large enough to justify
a high degree of the quadratic model and also to indi-
cate that the treatment combinations or runs are highly
significant, as similarly reported by others (54). Since
F_ > F_ (15.95 > 3.68), The Fisher’s F-test concluded
with 95% certainty that the regression model explained
a significant amount of the variation in the dependent
variable.

All the three parameters pH, adsorbent dose, and ini-
tial Cu(Il) concentration are significant. However in the
2-way interactions, only the interaction between pH and
adsorbent dose was significant. Thus signifies that pH
and adsorbent dose have considerable contribution in
the model. The high value of the coefficient of determi-
nation (R?= 0.9663) as determined by the Minitab soft-
ware indicates that 96% of the variability in the response
is explained by the model.Metal uptake depends on
pH and is related to both the functional groups on the
adsorbent surface and the metal chemistry in solution,
which affects the surface charge of the adsorbent and
the degree of ionization of the adsorbate (Tumin et al.,
2008). In Figure 5A, it can be observed that % removal
increased with pH. At pH 1.5, the adsorption capacity
is low due to the increase in positive charge density on
the surface sites, and thus electrostatic repulsion occurs
between the metal ions and the edge groups with posi-
tive charge on the surface. At pH 5.5, the surface charge
of the graft copolymer becomes negatively charged,

BioscieNcE BioTECHNOLOGY RESEARCH COMMUNICATIONS

217

BIOSORPTION OF COPPER (II) IONS IN AQUEOUS SOLUTION



Villocillo and Angcajas

FIGURE 5. (A) 3D surface plot and (B) contour plot exhibiting the interactive effects between pH (P)
and adsorbent dosage (A) on the % removal of Cu(Il) (%R)

which enhances Cu(Il) adsorption through electrostatic
attraction (Tumin et al., 2008).

It was observed that an increase in the removal of
Cu(1I) ions is caused by an increase in initial Cu(Il) con-
centration. At lower Cu(Il) concentration, the ratio of
number of moles of metal ion to the available adsorp-
tion sites is low, and therefore the amount adsorbed per
unit adsorbent increases slowly. With increasing metal
ion concentration, there is an increase in the amount of
metal ions adsorbed due to increased driving force of
the metal ions toward the active sites on the adsorbent
(Abdel Salam et al., 2011).

The effect of adsorbent dose on the % removal of
Cu(1I) ions is shown simultaneously with pH (Figure 5) .
The % removal was observed to increase as the adsorbent
dose increased from 10 to 100 mg. At a low dose of 10
mg starch-g-NMVA, there is tight competition between
the Cu(Il) ions due to the limited number of available
binding sites; hence a low % removal was attained. An
increase in adsorbent dose to 100 mg would cause a cor-
responding increase in % removal due to more adsorp-
tion sites that are available for Cu(ll) uptake (Tumin
et al., 2008). Table 3 summarizes the best parameters
obtained from the statistical software.

E. Adsorption isotherm studies

Adsorption isotherms are critical for design purposes
since it describes how the adsorbate and the adsorbents

Table 3. Best adsorption parameter values for
maximum Cu(Il) removal.

Adsorption parameters Best values

% Removal 52.90
pH 5.5
Adsorbent dose (mg) 100

Initial Cu(I) concentration (mg/L) | 100

interact with each other. It can be made into a model
equation where it expresses the relation between the
amount of solute adsorbed and the concentration of
the solute in the fluid phase. For any adsorption opera-
tion the correlation of equilibrium data using an equa-
tion is essential. In this study, two isotherm equations
were adopted: the Freundlich isotherm equation and the
Langmuir isotherm equation.The adsorption of Cu(Il)
onto the starch-g-NMVA adsorbent fits the Langmuir
model. The plot of 1/q,against 1/C,, as shown in Figure
6, gives a straight line with r* value of 0.9381. The best
fit line obtained from plotting log qe against log Ce for
a Freundlich model (Figure 7) gives an r* value of only
0.8914.

The Langmuir equation assumes that during maxi-
mum adsorption a saturated mono-layer of adsorbate
molecules formed on the adsorbent surface, the energy
of adsorption is constant, and there is no transmigration
of adsorbate in the plane of the surface (Zenasni et al.,
2012). A large value of the Langmuir adsorption equilib-
rium constant, b implies strong bonding of Cu(Il) to the
graft copolymer. This is due to the chemical modifica-
tion by grafting N-methyl-N-vinylacetamide on starch,
thus, increasing its metal binding abilities. Additionally,
the characteristic equilibrium parameter, K, which is
found to be 0.0735, indicates favorable adsorption for
all initial concentration (C) studied as it lies between
the values of 0 and 1. The Langmuir monolayer adsorp-
tion capacity (Q ) has a value of 46.97 mg/g which is the
amount of the metal required to occupy all the available
sites per unit mass of the sample (Zenasni et al., 2012).

The ability of Freundlich model to fit the experiment
data was also examined. For this case, the plot of log q_
vs log C_(Figure 7) was employed to generate the inten-
sity of adsorption (1/n) and adsorption capacity K, which
were calculated from the slope and intercept of the plot
respectively. The Freundlich constants K, and » obtained
from this study were 0.6240 and 1.2571 respectively.
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FIGURE 6. Langmuir plot for the removal of Cu(Il)

FIGURE 7. Freundlich plot for the removal of Cu(II)

The intercept Kfvalue is an indicator of the adsorption
capacity of the adsorbent while the slope 1/n indicates
the effect of concentration on the adsorption capacity
and represents adsorption intensity. The magnitudes of
K, and n values obtained show easy separation of Cu(Il)
ions from the aqueous solution and indicate favorable

Table 4. Langmuir and Freundlich isotherm
parameters for the adsorption of Cu(II)
onto starch-g-NMVA.
Isotherm | Parameter | Value R?
K, 0.07350
Langmuir Qu 46.9749 | 0.9361
b 0.0504
K, 0.6240
Freundlich | 1 1.2571 0.8914
1/n 0.7955

adsorption. As seen from Table 5, n value was found to
be good enough for separation as it is greater than 1.

Consequently, the sorption process of metal ions on
starch-g-NMVA follows the Langmuir isotherm model,
where the metal ions are taken up independently on a
single type of binding site in such a way that the uptake
of the first metal ion does not affect the sorption of the
next ion.

CONCLUSION

In this study, starch was grafted with monomers of
N-methyl-N-vinylacetamide (NMVA) using microwave
irradiation and potassium peroxydisulfate (KPS) as
radical initiator. Variation of the monomer concentra-
tion and exposure time yielded the highest % grafting
which is 10.03%. It was obtained at 0.55 M of NMVA
and 90 seconds exposure time keeping the starch, KPS,
and microwave power at 0.1g, 0.0014M, and 1200W
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respectively. The graft copolymer was also investigated
for its efficiency in removing Cu(Il) ions from aqueous
solutions at different concentrations. Using the Box-
Behnken method, the best parameter conditions of 100
mg/L initial Cu(Il) concentration, 100 mg adsorbent dose
and a pH of 5.5 were predicted to yield percent Cu(Il)
removal of 52.90%. The adsorption data were also fitted
to both Langmuir and Freundlich isotherms and it was
found out that Langmuir isotherm best described the
equilibrium data with R?= 0.9361, which signifies that a
homogeneous adsorption takes place between Cu(Il) ions
and starch-g-NMVA. Starch-graft-N-methyl-N-viny-
lacetamide was proven to be an effective adsorbent for
the removal of Cu(ll) ions from aqueous solution with an
adsorption capacity of 46.9749 mg/g.
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ABSTRACT

The SAND domain protein ULTRAPETALA1 (ULT1) and its paralog ULT2 define a small family of closely related plant
proteins, both of them physically associated to form heterodimers of trxG (Trithorax group) factors. Although trxG
gene ULTI has well-defined roles in controlling gynoecium patterning and cell fate decisions of plants, relatively little
is known about the specific functions of ULT2. In this study, bioinformation analysis revealed that the BrULT2 gene of
Brassica rapa encodes a protein of molecular mass of 26.37 KDa, an isoelectric point of 7.9. qRT-PCR was performed
to detect the expression profiles of the BrULT2 gene of Chinese cabbage, showing that the transcription level of BrULT2
gene was significantly down-regulated during the vegetative stage. We silenced the trxG family gene BrULT2 with
optimized TYMV induced gene silencing, the TYMV-derived vector pTY was recombinated to infect Brassica rapa. After
twenty days of inoculation, the infected plants showed abnormal phenotypes: leaf rolling, smaller and increased number
leaves, thin stem, branch outgrowth. We detected that the expression level of BrULT2 gene of infected plants was down-
regulated meanwhile the transcriptional level of BrULTI gene was up-regulated. Overall, our analysis introduce a novel
mechanism that mediated BrULT family genes control the morphogenesis of Brassica rapa.
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INTRODUCTION

The epigenetic factors Trithorax group (trxG) and Poly-
comb group (PcG) proteins act as antagonistic regula-
tors to maintain gene in transcriptional repressed and
active states through their histone lysine methyltrans-
ferase (HKMT) activity during plant developmental pro-
cesses (Bernadett and Jirg, 2006, Maria et al., 2015).
Historically, the two major and best-characterized PcG
proteins are Polycomb repressive complex 1 (PRC1) and
PRC2 (Zheng and Chen, 2011), several proteins with
trxG-like functions also have been identified in plants:
ARABIDOPSIS HOMOLOG OF TRITHORAX1 (Alvarez-
Venegas et al., 2003), ATX2 (Saleh et al., 2008), ATXR3/
SDG2 (Alexandre et al., 2010, Lin et al., 2010), ATXR7/
SDG25 (Berr et al., 2009, Tamada et al., 2009), and the
SAND-domain DNA binding proteins ULTRAPETALA1
(ULT1) and ULT2 (Carles et al., 2005). Previous reports
have demonstrated that the Arabidopsis trxG gene ULT1
can switch the key floral homeotic gene AGAMOUS
(AG) locus from repressed state to active state through
restricting the deposition of H3K27 methylation, which
was mediated by CURLY LEAF (CLF) containing the
PRC2 complexes (Carles et al., 2009, Goodrich et al.,
1997). The ULTI gene also acts antagonistically to
KANI1 to pattern adaxial-abaxial polarity of gynoe-
cium and rosette leaves (Pires et al., 2014, Pires et al.,
2015). The trxG gene ULT2 have a very similar amino
acid sequence and mRNA expression pattern with ULT1
(Carles et al., 2005), but there are little researchs focus
on the specific biological function of ULT2 gene. To gain
insight into the molecular mechanism of ULT2 activity
in plant, the optimized VIGS technology was performed.

Virus-induced gene silencing (VIGS) is an RNA medi-
ated specific degradation mechanism based on highly
conserved nucleic acid levels. By using the viral vector
carrying the cDNA fragment of the target gene to infect
plant, VIGS can specifically induce the sequence deg-
radation or methylation of the homologous gene along
with the replication and transcription of the virus, that
will generate changes in plant phenotype or physiologi-
cal indicators in favour of identifing the functional gene
(Burch-Smith et al., 2010, Vaghchhipawala et al., 2011).
In 1995, Kumagai constructed a VIGS vector based on
the tobacco mosaic virus (TMV) for the first time, then
the VIGS was successfully performed to silencing the
expression of phytoene desaturase gene PDS in tobacco
(Nicotiana benthamiana). Nowadays, VIGS system has
been successfully established not only on model plants
such as Arabidopsis (Manhies et al., 2015), Nicotiana
benthamiana and Solanum lycopersicum (Velasquez et
al., 2009), but also on wheat (Bennypaul et al., 2012),
cotton (Ye et al., 2014), rice (Kant et al., 2015). Turnip
yellow mosaic virus (TYMV) is a higher plant virus with
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a positive RNA strand, which can infect many cruci-
ferous plants (Martinezherrera et al., 1994). Recently
improved VIGS system based on TYMV-derived vector
has been exploited, which has been successfully per-
formed by gun powder with synthesized 80-nt fragment
identical to target gene (Yu et al., 2018).

Previous study have indicated that the trxG genes ULT'1
and ULT2 have overlapping roles in regualting shoot and
floral stem cell accumulation during the reproductive
period, however, they have not been sufficiently charac-
terized during the vegetative growth stage. Here, we char-
acterized the role of BrULT2 gene of Brassica rapa, opti-
mized VIGS system was deployed to silenced the BrULT2
gene, qRT-PCR was performed to decideted the expression
level of BrULT gene of innoculated and wild type Chinese
cabbage, and the morphology of BrULT2-silenced trans-
genic plants was investigated. The collective results of our
study will provide some basic information related to the
meshanism of leaf growth of Chinese cabbage.

MATERIALS AND METHODS

Plant Materials and VIGS Assay: Brassica rapa L.CV.
heading type ‘Bre’ and non-heading type ‘49 caixin’
were grown in soil (1:1:1 mixture of perlite:vermiculite:
topsoil) and placed in artificial climate room at 22
with 16h/8h light/dark photoperiod cycle, 50% relative
humidity. When the cotyledons and the first 3 true leaves
have emerged, the empty vector pTY-S and recombined
vector pTY-PDS and pTY-BrUL T2 were transformed
into plants by applying 10pL 2mg cm™ plasmid to leaves
which was injured advanced by rubbing with quartz
sand. Three weeks post-inoculation, leaf samples were
collected directly from the control plant and BrULT2-
silenced plant, it was frozen with liquid nitrogen and
stored at -80 until used. All experiment were conducted
with three biological replicates.

Plasmid Construction: The sequence of BrULT2 gene
was downloaded from the Brassica database (http://
brassicadb.org/brad/), total RNA was extracted from
the tissue of heading type ‘Bre’. The open reading frame
(ORF) of BrULT2 gene was amplified by PCR, using
first-strand cDNA as template and gene-specific primers
which are listed in Table 1. The PCR conditions were:
95 for 5 min, followed by 35 cycles at 95 for 30 s, 55
for 30 s and 72 for 1 min, with a final extension at 72
for 10 min. The PCR products were detected by 1.2%
agarose gel electrophoresis and recovered with Axy-
Prep DNA gel extraction kit (AxyPrep, China), then they
were cloned into the pMD19-T vector (TaKaRa, Japan)
and verified by sequencing. 40-nt fragment identical
to BrULT2 gene was selected for plasmid construction
(5’-TTAGGGTTTTCTCAGATGGAGACCTCCAAATCACTT-
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| Table 1. Sequences of the specific Primers used in gene cloning.

gene name | Sense Primer

Anti-sense Primer

| BIULT

5'-ATGGAGAGAGAATGCGGGTCGA-3’

5'-TCAAATGGGTTTGGTGTTGG-3’

GCCA-3’), specific method has been described in Yu
et al (2018). The fragment was self-hybridized and the
empty vector pTY-S was digested with SnaBI, then the
80-nt inverted-repeat fragment of BrULT2 was inserted
into the linearized vector pTY-S at 3:1 ratio. Afterwards,
the recombined vector BrULT2-pTY, pTY-PDS and the
empty vector pTY-S were transformed into Escherichia
coli strain DH5a. cells and subjected to sequencing. The
empty vector and recombinant vector were isolated
using maxiprep-quality plasmid (Tiangen, China) and
concentrated to 2mg cm ~ for VIGS assay.

Bioinformatics Analysis of ULT family genes and
Conserved Motif Analysis: A phylogenetic tree of the
ULT family genes was generated using the MEGA (ver-
sion 6.0) program with the neighbor-joining method
based on multiple alignments of their protein amino
acid sequences, the internal branch support was esti-
mated using 1,000 bootstrap replicates. The ULT genes
of Arabidopsis thaliana were obtained from the TAIR
database (http://www.arabidopsis.org/), the ZmULTI
gene was searched from NCBI database (https://www.
ncbi.nlm.nih.gov), and the BrULT gene of Brassica rapa
and BolULT gene of Brassica oleracea were downloaded
from Brassica database (http://brassicadb.org/brad/),
all accession numbers are listed in Table 2. Multiple

sequences alignment of BrULT1 protein and BrULT2
protein was performed by using DNAMAN software
(version 5.0). The EMBOSS Pepstats software was used
to calculate statistics of protein properties. Conserved
motif analysis used the Multiple Expectation Maximiza-
tion for Motif Elicitation (MEME) (http://meme.nbcr.net/
meme/) search tool. The protein secondary structure was
predicted by predictprotein (https://www.predictprotein.
org/), gene interaction model was analysised by SMART
(Main page http://smart.embl-heidelberg.de/).

Isolation of RNA and cDNA Synthesis: Total RNA was
extracted from the leaves of BrULT2-pTY and pTY-S
inoculated plant by using the RNAeasymini kit (TIAN-
GEN, China). Subsequently, the first-strand cDNA was
synthesized with 1pg of total RNA according to the
instructions of the manufacturer’s PrimeScript ™1 st
Strand cDNA Synthesis Kit (TaKaRa, Japan).

Gene Expression Analysis by qRT-PCR: The Gene-spe-
cific primers were designed based on the gene sequences
of BrULT1 and BrULT2 using the Becon Designer v. 7.9,
that are listed in Table 3. The analysis was performed on
7500 Fast Real-Time PCR System (Applied Biosystems,
USA) following the instruction manual for the SYBR
Green (TaKaRa, Japan). The thermocycling conditions

Table 2. ULT family genes identified in Brassica rapa, Arabidopsis thaliana, Brassica oleracea, Zea mays
and the sequence characteristics.
Gene name | Locus ID Chromosome Start Stop LS;ZISCUIC x:ilge;}cﬂa;‘Da)
BrULT1 Bra026276 A01 10038908 10040319 7.0849 27397.08
BolULT1-1 Bol020015 Scaffold000127 1378942 1380353 6.8382 26993.52

| BolULT1-2 Bol042381 Co6 44651418 44652931 7.7838 26673.57
AtULTI AT4G28190 Chr4 13985178 13987442 7.2871 26744.24

| ZmULT1 NC_024466.2 Chr8 177291861 177295258 7.8795 26486.92
BrULT2 Bra036504 A07 33825 34786 7.9079 26375.91

| BolULT2-1 Bol001467 Scaffold000442 29537268 29540037 6.9431 8982.30
BolULT2-2 Bol001263 Scaffold000457 120188 121156 7.6502 26378.92

| AtULT2 AT2G20825 Chr2 8966867 8969756 7.5056 26097.69

Table 3. Sequences of the specific primers used in quantitative real-time PCR.

| gene name | Sense Primer Anti-sense Primer
Ccp TCCACCCTCACCACCTTC GGGACAGACCTCGCTAACT
| BrULT1 ATGTGACCAAGACAAGTT TTCTCCTCCAACGATAAC
BrULT2 GTGTTCATTGAGGGAGAC CCGTTGGAGTTATTCTTCA
| BrActin TTGCTATTCAGGCTGTTCT CACCATCACCAGAGTCAA
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were as follows: initial polymerase activation at 94 °C
for 30s; followed by 45 cycles at 94 °C for 10s , at 60
°C for 30s; and finally a melting curve was performed
(60 cycles at 65 for 10 s). Each reaction was performed
in triplicate. The Actin gene (Bra028615) was used as
endogenous control (Dheda et al. 2004), and the relative
expression levels of BrULTI and BrULT2 gene were cal-
culated using the 22T method as described by Schmitt-
gen and Livak (2008).

RESULTS AND DISCUSSION

Expression of BrULT2 during the Vegetative Stage of
Chinese Cabbage

In Arabidopsis thaliana, the ULTI and ULT2 gene are
expressed coordinately in shoot and floral meristems,
developing stamens, carpels and ovules, the ULTI tran-
scripts could also be detected in vegetative meristems
and leaf primordia during the vegetative stage, while the
ULT2 expression is specific to the reproductive devel-

FIGURE 1. Relative expression of BrULT2 of Brassica
rapa L.CV. heading type ‘Bre’ under normal condtions,
in different apart of leaf, at the different time point.

Rui Li et al.

opmental stage, which can be detected only in inflores-
cences, pollen and siliques (Carles et al., 2005). In this
study, qRT-PCR was performed to determine the distri-
bution of BrULT2 mRNA transcripts in Brassica rapa
L.CV. heading type ‘Bre’, the specific primer pairs are
shown in Table 3. The analysis results showed that the
BrULT2 mRNA transcripts can be detected in the wild
type leaves during vegetative stage, and it decreased sig-
nificantly from the second leaf stage to fourth leaf stage
with more than 80% drop at the middle and basal region
of the leaf, 50% drop at apical portion (Fig. 1).

Sequences Analysis of BrULT genes

Bioinformatics analysis of ULT family genes showed
that the predicted molecular weights (MW) of the ULT1
and ULT2 proteins ranged from 27.39 kDa to 8.98 kDa,
and the theoretical isoelectric points (pls) varied from
7.90 to 6.83 (Table 2). The cDNA sequence of BrULT2
gene was 639bp in length, the calculated molecular
mass of the protein encoded by BrULT2 was 26.37 kDa
with theoretical pl of 7.90. Multiple sequence align-
ment showed that the sequences of BrULT1 protein and
BrULT2 protein were basically the same (Fig. 2a). To bet-
ter understand the similarities and differences of ULT
family genes between Brassica rapa and other plants, an
unrooted phylogenetic tree was generated, the analysis
result showed that the ULT family genes were highly
conserved among the development of Arabidopsis thali-
ana, Zea mays, Brassica rapa, Brassica oleracea (Fig. 3a),
and the BrULT2 (Brassica rapa) and BolULT2-2 (Bras-
sica oleracea) clustered on the same branch. A total of 8
motifs were identified by analysis amino acid conserved
domains of the ULT genes, showing that the conserved
domain structure and positions were homogeneous (Fig.
3b). The prediction of secondary structure of BrULT2
gene-encoding protein showed that BrULT2 protein has
multiple RNA and protein binding sites (Fig. 2b), which

FIGURE 2. Protein analysis of BrULT1 and BrULT2. (a) Multiple sequence
alignment of the BrULT1 and BrULT2 protein of Brassica rapa. (b) The pre-
dicted secondary structure of BrULT2protein in Chinese cabbage. A: protein
binding region; B: DNA-binding region; C: a-helix; D:buried proteins; E:
exposed proteins; F: RNA-binding region.
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FIGURE 3. Phylogenetic tree and conserved motif analysis of ULT proteins.
(a) Alignments are based on amino acid sequences of ULT proteins ofchinese
cabbage and other plant species. The phylogenetic tree was constructed by the
neighbor-joining method using MEGA 6.0 software with 1,000 bootstrap repli-
cates. (b) Motif analysis of ULT proteins of Brassica rapa, Arabidopsis thaliana,
Brassica oleracea, Zea mays. Motifs of the ULT proteins were elucidated by
MEME. The box length corresponds to motif length. Different motif types are
represented by different color blocks. The same color in different proteins indi-

cates the same group or motif.

may facilitate its interaction with multiple transcription
factors and contribute to its close regulation of a variety
of growth and development-related genes.

VIGS of BrULT2 was Successfully Performed in
Brassica rapa

Comparing with genetic research methods such as
transgene, gene knockout, and antisense inhibition,
VIGS hardly require genetic transformation and mutant
acquisition with a short research cycle, according to its
outstanding merits: low cost, simple to operate, which
has become one of the most attractive technological
approaches in functional genomics research (Becker
and Lange 2010). In this study, the optimized VIGS was

performed to gain insight into the specific function of
BrULT2 gene.

The Phytoene desaturase (PDS) protein is a key
enzyme in the carotenoid synthesis pathway, plants will
lose the photoprotective effect of carotenoids and thus
exhibit a whitening effect when the expression of PDS
was blocked (Velasquez et al., 2009). In present study, the
specific 40np of BrULT2 and BrPDS CDS of the Brassica
rapa was selected to construct intronic hair pin silencing
vector to targeting the native BrULT2 and BrPDS tran-
scripts, the antisense construct generated dsRNA hair-
pins as a key elicitor for gene silencing (Christophe et
al., 2003), the recombinate vector pTY-BrPDS was trans-
formed into plants to confirming the visual success of

FIGURE 4. VIGS of BrULT2 affects the leaf growth of Brassica rapa. (A) Growth
performance of Brassica rapa L.CV. heading type ‘Bre’ inoculated with pTY-S
and pTY-BrULT2, pTY-BrPDS. (B) The Phenotypes of Brassica rapa L.CV. non-
heading type ‘49caixin’ inoculated with pTY-s and pTY-BrULT2.
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FIGURE 5. (A) Sequence alignment of PCR product amplified with specific
primer of virus CP gene from inoculated plant leaves. (B) Relative expression
level of BrULT2 and BrULT1 gene in the leaves of Brassica rapa L.CV. heading
type ‘Bre’ inoculated with pTY-BrULT2.

VIGS. After three weeks of inoculation, photo-bleaching
was observed in the leaves of pTY-BrPDS plant (Fig. 4A).
Total RNA was extracted from the diseased ‘Bre’ leaves
and reverse-transcribed into cDNA, which was used for
the template of PCR with specific primers of virus coat
protein (CP) gene. By sequencing, we verified that the
CP mRNA was significantly abundant in the diseased
‘Bre’ plants (Fig. 5A); which implicated that TYMV virus
had successfully infected Chinese cabbage.

Twenty days post-inoculation, the heading type
‘Bre’ infected with pTY-BrULT2 exhibited an obviously
irregulate growth state with an increased number leaves

FIGURE 6. Predicted interaction networks of BrULT
proteins.

comparing with control plant (pTY-S), showing a dis-
tinctive phenotype with smaller and curled rosette leaves
(Fig. 4A). The non-heading type ‘49 caixin’ infected with
pTY-BrULT2 virus also showed abnormal phenotypes
along with slender and irregularly curved stem, addi-
tionally the leaves number increased significantly with
an increased branch outgrowths (Fig. 4A). To confirm
the silencing efficiency at molecular level, the BrULT2
gene transcripts in the leaves of heading type ‘Bre’ was
investigated by reverse transcription qPCR. The analy-
sis result showed that the transcription level of BrULT2
gene dropped by 75% approximately, which indicated
that the BrULT2 gene has been silenced successfully(Fig.
5B). Those novel phenotypes observed in the inoculated
plant indicating that the ectopic BrULT2 expression
alters the plant growth state leading to the modification
of leaf shape of Chinese cabbage, additionally it also
functions to regulate the stem and branch growth.

In present study, we also detected that the expres-
sion level of BrULT1 was up regulated 35% simultane-
ously when the BrULT2 gene of heading type ‘Bre’ was
silenced (Fig. 5B). An interaction network predicated by
using SMART software, as shown in Fig. 6, the BrULT2
protein was predicted to interact with BrULT1 and
other proteins: GA, WUS, PAP7, SQN, RBL, TPR. So we
hypothesis that the BrULT1 and BrULT2 gene interact
genetically during the vegetative growth stage of Chi-
nese cabbage, and the BrULTI gene have similarly func-
tion with BrULT2 to regulate the rosette leaf develop-
ment, with the pTY-BrULT2 mutants display abnormal
phenotypes: curly leaves and ectopic branch outgrowth.
The results were in line with many studies. For example,
Monfared et al. (2013) reported that the ULTI and ULT2
genes function redundantly to specify the apical-basal
polarity axis of the gynoecium, indicating that they
may function in differentiating tissues, and in a study
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by Monfared and Fletcher (2014) showed that the ULT2
gene play a minor but overlapping role with ULTI in the
regulation of shoot and floral stem cell accumulation.

Plant leaf shape is closely related to the photo-
synthetic efficiency and lodging resistance, exploring
the leaf-shaped genes will contribute to the genetic
improvement of excellent traits: disease resistance,
stress resistance, high photosynthetic efficiency, leafy
head formation. Previous report have demonstrated that
class 1 KNOTTED1-LIKE HOMEOBOX (KNOX) genes are
the common targets of ULTI and ULT2 (Monfared et al.
2013), its ectopic expression may sculpt leaf morpho-
genesis with an auxin-directed mechanism controlling
(Hay and Tsiantis, 2006). Nonetheless, future work will
be required to exploring the hormone-related pathway
of dramatic change in leaf shape for understanding the
details of BrULT genes regulation.

CONCLUSION

In this study, we demonstrated that the optimized VIGS
can be effectively performed to study specific gene
function of Brassica rapa, and we firstly reveal that
the BrULT2 gene act as an important epigenetic factor
to regulating the leaf shape development of Brasssica
rapa. Meanwhile, we hypothesis that the closely related
BrULT1 and BrULT2 gene may play overlapping roles
in the regulation of leaf curl status and other vegetative
phenotypes. Our study provide some important informa-
tion for exploring the specific functions of ULT family
genes during vegetative stage of plants.
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ABSTRACT

In recent years, there has been an increasing interest in patient experience measurement. The goal is to determine the
shortcomings in healthcare services and improve the overall care paradigm to meet patient needs. Traditional methods
for measuring patient experience have many limitations such as, survey length, infrequent sampling frequency, slow
feedback, and a failure to integrate results into improving care. In this paper, we develop a location aware system, called
PJM system, to measure patient experience in real time. It facilitates the analysis of results by stakeholders in order to
highlight shortcomings in the service. We use a Bluetooth Low Energy based iBeacon. Our system consists of a smart-
phone application that senses the user location through iBeacon technology to deliver relevant content based on the
location. It also includes a web-based platform with two interfaces: one for the patient experience admin and the other
is for the patient experience decision-maker. The system gives the stakeholders the ability to design the patient’s journey
through the healthcare service. Also gives decision makers the ability to view survey results in a visual way. Visualisa-
tion is adopted as a means of presenting the survey results in an effective and efficient manner. This helps the decision
makers obtain information in a rapid and efficient manner, thus enabling the identification of issues requiring rectifica-
tion or improvement. Performance and user acceptance tests showed that the proposed system has many benefits.
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INTRODUCTION

Patient experience is deemed an integral component
when measuring health outcomes or evaluating the
quality of the care provided. Current research suggests
patients who have a good healthcare experience usually
form more positive attitudes towards the healthcare sys-
tem, which increases patient compliance, enhances care
continuity, and improves overall healthcare outcomes
Doyle et al. (2013). The first step in improving a health-
care system is to determine what a patient need are and
how those needs are best met; this is the foundation
of patient centred healthcare M.D €& Lundeen (2015).
Measuring patient experience is a crucial component in
the goal of assessing the quality of healthcare. It allows
health organizations to determine the shortcomings in
service, therefore, improve the overall care paradigm
pursuant to meeting patients needed Jenkinson et al.
(2002). Yet, understanding and evaluating patient expe-
riences can be challenging and they may not be easily
incorporated into reality, as the answers are often sub-
jective and specific. Traditional methods used to gather
the views of patients and service-users such as surveys,
focus groups, interviews, and complaints Doyle et al.
(2013) have been criticised for having a variety of defi-
ciencies and limitations: survey length, infrequent sam-
pling frequency, slow feedback, and a failure to integrate
results into improving care Robert & Cornwell (2013).

Another problem with these methods is that none of
these options measure the patient experience in real-
time. The more time that passes between a service being
rendered and a patient being asked to opine about the
service, weakens the accuracy of the findings derived
from questionnaires and other forms of information-
gathering Stull et al. (2009), Bjertnaes et al. (2012). The
patients may forget how they felt at the time that the
service was being provided, or subsequent events may
have coloured their memory of it.

This work therefore proposes to develop an approach
to measure patient experience while they are in the pro-
cess of receiving healthcare services, i.e. in real time.
The task involves developing a web-based platform and
a mobile application. The platform gives the patient
experience admin the ability to map the patients jour-
ney through healthcare and identify points of pain or
frustration in the process. The mobile application senses
the location of the patient by using iBeacon technology,
then presents the relevant questions based on their loca-
tion. The general concept is that when the patient enters
the clinic and comes close to the proximity of the pre-
installed beacon, the application will be able to ask some
questions to the patient about a service provided in that
region. The goal is to help stakeholders to identify which
aspects of care are in most need of improvement.

Dalal Al-Alqusair et al.

Presenting a solidified definition of the term patient
experience is complex, as it has until now been defined
ambiguously and diversely by the various institutions
and research studies that have attempted to understand
it Wolf et al. (2014). Thus, it has no formal definition.
In addition, there are multiple terms employed in health
care, and thus only experts can know the distinctions
between them (e.g., satisfaction, engagement, percep-
tions, and preferences), which makes conceptualizing
this term difficult. The healthcare environment is simul-
taneously undergoing rapid changes, which causes defi-
nitions to change over time Wolf et al. (2014). Finally,
it is relatively new as an area of focus M.D & Lundeen
(2015). The Beryl Institute, which is a global leader on
improving the patient experience in healthcare, defines
patient experience as the sum of all interactions, shaped
by an organizations culture, that in- fluence patient per-
ceptions across the continuum pf care Institute (2019).
This definition has since been incorporated (with or
without adaptations) into a number of healthcare facili-
ties globally as their own definition of patient experience
Wolf et al. (2014). Cleveland Clinic, which is a pioneer in
the patient experience, defines the patient experience as,
first, providing safe care; second, delivering high-qual-
ity care; third, in an environment of exceptional patient
satisfaction; and, finally, in a value-conscious environ-
ment M.D & Lundeen (2015).

The patient journey originates from a set of inter-
actions between a patient and hospital staff, irrespec-
tive of whether they are medical or administrative staff.
This journey is strictly personal and implies the patient’s
involvement on different levels (rational, emotional,
sensory, physical, and spiritual) Trebble et al. (2010),
Trebble & Hydes (2011). The journey is worked out based
on mapping a consecutive series of touch points between
the patient and the service where the patient experi-
ence has been actively shaped Bate €& Robert (2006),
Bessant & Ma- her (2009). It is a multi-stage journey
with many different channels and touch points along
the way Druckenmiller (2016). In the context of health-
care, the touch points of the patient journey are classi-
fied into three stages: the before, during, and after 1. In
the before stage, the assessment is based on the ease of
making contact with a clinic, booking an appointment,
etc. While in the during stage, it is based on an appraisal
of their health condition, care, treatment, etc. Lastly in
the later stage, it is based on the process of arranging
their next appointment and appointment reminders, etc.

Beacons can be described as devices which transmit
radio signals at regular, defined intervals. Bluetooth
beacons characteristically use Bluetooth Low Energy
(BLE), a short-range radio technology which is both
effective and useful because it uses extremely low levels
of power. Any smartphone or tablet which is in range
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of the Bluetooth beacon’s transmission area can pick up
BLE signals. Powering a beacon can be managed using
two processes: (1) using of a fixed power source and (2)
using batteries with a typical lifespan of between six
months and two years He et al. (2015). When the iBea-
con is activated, it sends a data packet along with the
signal it is transmitting. This data packet is frequently
called an advertisement packet and is regularly trans-
mitted by the iBeacon, providing location and identity
information, namely, UUID (Universally Unique Identi-
fier), Major and Minor values. These values can then be
used to place a number of beacons in the most appro-
priate positions for the layout of a shop or a supermar-
ket. The manufacturers of the beacons give the values
themselves, and they can be amended relatively easily,
by using the Software Development Kits (SDK) of the
manufacturer. In this work, we used a Bluetooth Low
Energy-Based Beacon (BLE) to measurement of patient
experience. We choose Beacon technology since it over-
comes certain drawbacks associated with other tech-
nologies such as: radio-frequency identification (RFID)
and near- field communication (NFC). For example, it
does not require any extra device, such as a scanner for
scanning cards barcode systems. In RFID the card must
to be brought near to the reader for it to be scanned
manually; however, the use of beacons system does not
require any manual action. In NFC the tag should be
brought to within the range of 5cm whereas a BLE Bea-
con range is up to 100cm.

Patient experience is a primary quality outcome
for health services, which may be utilised to enhance
quality, governance, public accountability and patient
choice Ahmed et al. (2014). In this section, we high-
light certain research pertinent to the measurement and
enhancement of patient experience.In 2014, Benson et
al. Benson & Potts (2014) adopted a novel approach
for measuring patient experience, called howRwe. This
is a questionnaire-based method for rapidly and effec-
tively collecting data concerning patients assessment
of their professional medical care. howRwe is designed
to diminish the necessary survey reaction time, while
tightly empha- sising criteria that may be adopted to
enhance the patient experience. It comprises of just 29
words and easy readability, therefore it may be quickly
read and comprehended by almost all readers. Wheeler
et al (2015) described how, in Ontario Canada, cancer
patients care during the early treatment stages has been
improved through the adoption of Diagnostic Assess-
ment Programmes (DAPs). DAP’s fundamental concept
is patient navagation. The objective of navigation is to
assist and support patients who have recently received
a cancer diagnosis, guiding them through medical and
administrative processes that are occurring during a
time when they and their families are potentially vul-

nerable and confused. In DAPs, every patient is provided
with an individual professional contact, known as their
navigator, whose function is to guide and inform the
patient during their transition from diagnosis into treat-
ment and care, thus facilitating this process.

Yang et al. Yang et al. (2015) proposed adopting an
iBeacon-based indoor positioning system in hospitals,
assisting patients with discovering their departments or
wards, thus enhancing their treatment experience. This
was designed according to the three-layer architecture
of the Internet of Things: a network layer, facilitating
data transmission through- out the location; a percep-
tual layer, interpreting individual user requirements, as
well as an application layer, which delivers and displays
this information on the receiving device. A final aspect
is that Floyd Floyd (1962), the shortest distance algo-
rithm, is used to identify the patient’s nearest depart-
ment or ward. Presented as a result of the experiment,
hospital indoor positioning can be realised through the
system, with its application saving both time for patients
and required manpower, as well as conserving hospitals
material resources.

Additionally, Lin et al. Lin et al. (2015) implemented
this technology (iBeacon) in National Taiwan University’s
emergency room. In this case, the system was adopted
for continually monitoring patients location in the facil-
ity. Additionally, the system displayed the patients clini-
cal information and information about the staff attend-
ing them. Received Signal Strength was used to estimate
the patients locations. This uses a signal generated by
mobile devices to allow systems to determine their dis-
tance from the receiver, which may be used to deliver
push notifications, in this case location and navigation
information. The systems accuracy was determined by
applying a 95% Confidence Level, resulting in a range
between 95.9% and 98.55%. This provided an overall
net accuracy of 97.22%, which is satisfactory for indoor
location determination. The tested system comprised
of four elements: System Server (storing information);
monitoring system (processing information); an app
installed on patients devices, as well as the iBeacons.
Having reviewed the previous literature, we found that
there is a lack of research in measuring patient experi-
ence through technology. No study has measured patient
experience through the use of technology in real time;
except using an iPad for assessing patient experience at
the end of the journey Benson €& Potts (2014). Therefore,
we decided to devise a system for hospitals that can pre-
sent location-based specific questionnaires to patients.

MATERIALS AND METHODS

The main aim of this solution is to develop a location
aware system, PJM system which consists of: mobile
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application that delivers surveys based on the patient’s
location and a website which calculate specific statis-
tics from the retrieved information of these surveys. The
intended users of the proposed system can be classified
into three types:® Admin: who is responsible of manag-
ing the system and the patent journey as well.e Patient:
who is responsible of answering the system surveys in
their phone.e Decision Maker: who is responsible to
make decision regarding patents journey based on the
calculated statistics from the retrieved information from
surveys.The main features of the system are presented
below according to the beneficiary user of the Service:
e Admin: Admins manage the PJM through our sys-
tem website (admin home page). the main page for the
admin, there are seven choices: add patient and decision
maker, which allows the administrator of the system to
add a new patient or decision maker to the database;
manage patient and decision maker, which allows the
admin to edit, and delete patient/decision maker and
their information; add PJM, which allows the admin to FIGURE 2. Add New Touch Point
create a new patient journey map (PJM) and adds new
touch point if he did not find it within existing PJM
elements; manage PJM, which allows the admin to edit,
delete and archive a PJM; and the final choice is edit
admin profile. In add PJM, the admin can add survey
and beacon ID by clicking on each touch point. See Fig-
ures 1, 2, and 3.e Decision maker: our system gives deci-
sion makers the ability to display patients’ feed- back
in three types of charts which are pie, bar and stacked
bar on the system website (decision maker home page).
More specifically, the decision maker home page dis-
plays all PJMs to select particular PJM for viewing its
feedback. The system allows the decision maker to print
a feedback. See Figure 4. Patient: Patients first log in
to the mobile application using a unique identification
(pa- tient ID and password) which is stored in the system
database. After a successful login, a pop-up notification

FIGURE 3. Add a patient journey

FIGURE 1. Admin Home Page FIGURE 4. Decision Maker’s Interface
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FIGURE 5.
App Interface

Mobile

will be sent asking permission to enable Bluetooth con-
nectivity on the patient’s mobile phone, and once this
is enabled the device interacts with the BLE beacon sig-
nal and sends the iBeacon ID to the server. Finally, the
server sends the specific survey to the patient mobile.
See Figures 5 and 6.

We present the design and implementation processes
of PJM system based on Socio-technical approach Som-
merville (2010). Socio-technical approach in systems
development pertains to theory regarding the social
aspects of people and technical aspects of organiza-
tional structures. The framework of the Socio-technical
approach as suggested by Sommerville (2010) consists of
several stages, which rely on gathering system require-
ments from the end-users of the system and considering
the organization structure and administration processes.
The requirement also should consider the hardware in
the deployment environment. Socio-technical approach
assumes huge systems and complex environments. In our
system, we have a simple environment which has sev-
eral iBeacons installed along the patient’s journey path,
a sever, and a few mobile phones connected to the server

FIGURE 6. Beacon Detection

FIGURE 7. Sociotechnical approach for PJM sys-
tem

at a time. However, it is essential to capture the relation
between the iBeacon, the patient, and the server. For that,
we choose the Socio-technical approach, but we adopt
a simpler version, which focus on gathering require-
ments considering end users, hardware locations, and the
patient journey surveys provided by the Saudi ministry
of health, see Figure 7. Then, the following phases of ana-
lysing requirements, system implementation, deployment
and the system testing will be considered. For system
architecture, we adopt the client-server architecture as
our system consists of mobile phones connected to iBea-
cons and website. Our architecture including the main
components, which are the iBeacon, mobile application
for the patient, platform for admin/decision maker and
system server. These components aggregate information
regarding the location of the patient and provide con-
tent based on patient location. The iBeacon devices are
deployed at each PJM item such as Reception, Waiting
Room, Clinic and Pharmacy. When the patient enters the
iBeacon range, they can receive and interpret radio sig-
nals from it. The installed smartphone application sends
the patient login information and the iBeacon informa-
tion (iBeacon ID) to the server. The server determines the
location of the user according to information from the
pre-configured iBeacon, and then sends the specific sur-
vey, based on location, to the patient.

The application is developed to work under the
Android platform. The programming language used for
developing the application is Java. In addition, MySQL
is used as a database tool and PHP as the API to allow
the Android application and website to communicate
with the project server. JSON parser is used for data
interchanging between application and server.

RESULTS AND DISCUSSION

This section covers the process of testing our system.
The principal objective of the testing process is to assess
the system’s quality and to ensure that it does not con-
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FIGURE 8. System Implementation

tain bugs or errors A number of tests have been run,
including both performance and acceptance testing. All
possible test cases and their results have been provided.

Performance Testing: The process of assessing the effec-
tiveness or speed of a device, computer, network or piece
of software is known as performance testing. This may
consist of conducting quantitative test in a laboratory,
for example to determine the system’s response time or
the number of millions of instructions per second that it
works at. This process could also involve tests to assess
qualitative attributes such as interoperability, reliability
or scalability. Stress testing is often carried out at the
same time as a system’s performance is being assessed.
We have tested the performance of our application by
using the tool SystemPanel on an Android mobile phone.
SystemPanel is an app that allows to view and manage
device activity with simple visualizations SystemPanel
(2019).e CPU usage: The total CPU utilization that have
is about 1.73% as a minimum value when the applica-
tion does not receive any data. On the other side, it can
reach 3.20%.e Memory usage: The memory consump-
tion of our application is 2.48 MB of the disk storage.
This means the application is acceptable compared with
other applications. In fact, it is considered as one of the
applications that uses the least memory storage.

User Acceptance Testing :User acceptance testing (UAT),
sometimes known as End-User Testing, is one of the most
important elements of the testing phase of any software
development process. This is be- cause, throughout this
phase, the actual users for whom the software is intended
will test its functions. These tests are undertaken in order
to ensure that the software can successfully execute the
tasks and functions which may otherwise have been
overlooked in real world scenarios. Therefore, this is an
essential process and must be undertaken prior to the
release of the software to the real-world market and its
installation for the final clients Hambling & Goathem
(2013).

Effectiveness, efficiency and satisfaction are the cri-
teria which will be considered in order to measure the
degree of usability. This will be based on the number of

errors which occur for each function. This information
serves to disclose the effectiveness of these functions.
In addition, the time that the user takes to perform a
specific function is recorded and quantified in order to
measure the efficiency of a given function. Finally, at
the conclusion of the tests, the end users will complete
a questionnaire so that their impressions of the system
may be considered Hambling & Goathem (2013).

Admin and Decision makers

In order to test the efficiency of the system, the average
number of errors and the average length time that users
took to complete the task were calculated and recorded
for both the website and application users. Firstly, the
groups and their functional tasks were defined. Fol-
lowing this, the acceptance tests were conducted with
6 users represented the admins and decision-makers in
terms of their tasks on the website. The participants are
aged between 20 to 35 years old. Tables 1 and 2 show
the results for the user acceptance tests for the two users.
A survey is made to measure the user satisfaction with
the system. The survey results showed that the interfaces
and menus are flexible, and the color and fonts are clear
enough to most of the participants. Most of the partici-
pants found the navigation between web- site/applica-
tion screens is easy and clear. They also indicated that
accessing the system and learning what it offers is easy.
The majority of the participants also indicated that find-
ing the commands required to complete a task is easy
and the options names made sense to them. In general,
they think that the functions provided by the system are
efficient and effective. The majority of the participants
find the procedure of the function is simple and require
a minimum number of steps and the time required to
complete it is reasonable. All of the participants agree
about using the system in the future.

We have conducted an experiment at Qassim
Regional Dental Center in Buraydah to evaluate the pro-
posed application from the patient’s point of view. To
enable the measurement of patient experience in outpa-
tient clinics at the Ministry of Health in the Kingdom of
Saudi Arabia, 6 touch points have been identified. These
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Table 1. User Acceptance Tasks and Results for the Admin
Task 1(\21\?@1?:;;;1‘ errors "(F:‘r::r:;es)econds Results
Login 0 11.37 pass
Add a new patient 0 25.5 pass
Delete a patient 0 14.6 pass
Add a new PJM 0 37.4 pass
Edit PJM 0.33 50.25 pass
Logout 0 3.08 pass
Table 2. User Acceptance Tasks and Results for The
Decision Maker
Task l(\zl‘zr:gre())f errors "(1":\1{1;:; eS)econds Results
Login 0 10.22 pass
view 0 2.22 pass
Print 0 3 pass
Logout |[O 2 pass

include: appointment booking, location information
and service availability, registration and waiting, patient
mobility and facility environment, medical services,
support services such as the laboratory, radiology and
pharmacy procedures. Two touch points were excluded,
medical services and support services. For medical ser-
vices, some patients will spend far longer than an hour
at the clinic, for treatments like dental implants, and as
it is not required by all patients, support services were
also excluded. Three beacons were deployed at differ-
ent locations, in the reception, waiting room and hall-
way. Participants The total number of participants in
the experiment was twelve, three were male and 9 were
female. The participants were aged between 20-50 years
old with the majority of them in their 407s. Half of the
participants held a bachelor’s degree or higher, and the
other half possessed a high school diploma. All of the
participants have experience with using smartphone
applications.

A test plan comprised of three stages was developed.
Stage 1 introduction: includes welcoming participants
and providing a brief description of the app with verbal
instructions for the testing procedure. Then, the partici-
pants were asked to complete a demographic question-
naire to collect background data regarding their gender,
age, and experience in using smartphone apps. Stage 2
app testing: we sought to test the technical effective-
ness of the app (i.e., whether or not the user could com-
plete a given task). To achieve this, participants were
given 5 tasks to complete (Table 3 ). First, we asked the
participants to log in then respond to the app notifi-
cation to evaluate the service using a five-point rating
scale (Likert scale). And so on, for every touch point in
their journey. Stage 3 user satisfaction: we examined the
user’s satisfaction with the app by completing the PJM
app experience questionnaire. Prior to testing, the PIM
app was installed on an Android mobile (HTC U Play).
The app was tested to ensure that it had downloaded

Table 3. Description of Tasks for the Patient

Task number | Task Name Task Description
Task 1 Login Login with patient’s ID and password
Task 2 Evaluate Location information and reception | Score the service based on the five points
services (appointments booking) rating scale.
. . -, h i he fi i
Task 3 Evaluate Registration and waiting chre the service based on the five points
rating scale.
Task 4 Evaluate Patient mobility and facility Score the service based on the five points
environment rating scale.
Task 5 Logout Terminate the session.
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FIGURE 9. Patient satisfaction survey results

correctly, was functioning without error, and was con-
nected to a WiFi network. All tasks were completed suc-
cessfully with the users commenting on how easy the
app was to use. However, two participants did record
experiencing difficulties with the apps logout process.
The participants commented that they had to return to
the main interface to logout. This is because the user is
required to answer all touch point questions, when this
is done the return button will become available.

The user satisfaction survey revealed that all partici-
pants rated the app as being important and easy to use.
Moreover, most of the participants stated that they were
willing to use the app again. There were two recommen-
dations raised by the users to improve the app. First, the
colours used needed to be brighter and second, the text
should be larger (Figure 9). Patients reported that they
strongly agree that the application is a suitable replace-

ment for paper.

CONCLUSION

In this paper, we proposed a system that uses a Bluetooth
Low Energy based iBeacon for measure patient experi-
ence. Patient can assess healthcare services via Android
devices in real time. This reduces the time needed and
produces more accurate results compared to the tra-
ditional hand written approaches. The intended users
of the proposed system are classified into three types:
admin, decision maker and patient. For admin, a plat-
form that allows the patient experience admin to create
and manage a new patient journey map is developed.
In addition, decision maker is able to retrieve feedback
from patients in a visual way to identify deficiencies in
the service and speed of processing. For the patient, a
mobile application that allows them to complete a sur-
vey based on their location is developed. After develop-
ing the proposed system, the usability is measured using
three criteria: effectiveness, efficiency and satisfaction.
The results showed that the system gave satisfactory

Dalal Al-Alqusair et al.

performance and achieved the usability requirements.
The system can be improved in future by implementing
it on other operating system like i0S. The same tech-
nology can be used in various other applications such
as banking services, museum, restaurants services, retail
stores etc.
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ABSTRACT

The objective of our study was to monitor bacteriological contamination in drinking water from northern districts of
Kerala (Malabar) was carried out and also to detect the suitability of water for drinking purpose. Total coilforms can be
detected by most probable number method and quantitative analysis through total Viable Count. Sixty drinking water
samples were analysed both qualitatively and quantitatively. The total viable count varies from 90 to 8 x10° CFU/ml and
three samples have MPN more than 1600/100ml. About 10° bacterial isolates obtained from 60 samples comprised of
eight species such as Staphylococcus aureus (18.1%), Bacillus Spp. (18.1%), Pseudomonas Spp. (17.14%), Klebsiella Spp.
(17.14%), Enterobacter Spp. (10.48%), Citrobacter Spp. (9.52%), E.coli (8.57%), and Shigella Spp. (0.95%) respectively.
And the distribution of Escherichia coli in both public water supplies as well as in well water found to be 15.6% and
19.04% respectively. This reveals drinking water in this area is contaminated. So an urgent action is needed to eliminate
this issue by conducting planned bacteriological assessment regularly and it helps to provide safe drinking water to
public.
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INTRODUCTION

Large number of cases are reported annually due to
consumption of unsafe drinking water because of lim-
ited access to safe drinking water and poor sanitation
(Hunter et al., 2001). The United Nations identifies
improving water quality as one of the eight Millennium
Development Goals (MDGs), and its target is to reduce
the number of people without access to safe water by
50% in 2015 (Pandey et al., 2014). Even though water-
borne outbreaks have been declining dramatically since
the 1900s, the global burden of infectious waterborne
disease is still considerable. Moreover, the numbers of
outbreaks underestimate the real incidence of water-
borne diseases (Leclerc et al., 2002). So there is an urgent
need to take an action to control the cases of waterborne
diseases. In India, contaminated water consumption
plays an important role in many waterborne diseases
outbreaks occurrence. Coliforms are major contaminants
in surface and ground water in developing countries and
are the representative of important group of indicator
bacteria as a measure of water quality, (Chitanand et al.,
2010, Chauhan et al., 2017, Joseph et al., 2018).

Ground water is the major source of drinking water
and the quality of water threatened by number of param-
eters including microbiological and chemical contami-
nation, (Kolbel-Boelke et al., 1988). Drinking water is
a major source of microbial pathogens in developing
regions. Waterborne infections are those which are trans-
mitted through ingestion, airborne or contact by wide
variety of infectious agents such as bacteria, virus, proto-
zoa and helminthes. Water contaminated with infectious
and toxigenic microorganisms has been a major pub-
lic health concern throughout the world. Heterotrophic
bacteria is common in ground water mainly because of
their phenotypic plasticity. Ground water examination
shows prevalence of Pseudomonas spp. in many samples
(Leclerc, 2003). When there is fecal or other contamina-
tion, dominance of pathogenic bacteria increases.

The major health risk from drinking water is caused
by the presence or introduction of coliforms in the
drinking water supply which may come from the non-
treated sewage systems sited nearly the water source
or distribution system as well as overflow from them.
Water analysis mainly focuses on coliforms, thermo tol-
erant coliforms and E. coli is used as an indicator of
fecal contamination of water. Fecal coliforms (or thermo
tolerant coliforms) are coliforms which can ferment lac-
tose at 44.5 °C, (Craun, 1978), (Grabow, 1996, Rompré
et al., 2002, Payment et al., 2003). And the presence of
faecal coliforms indicate recent contamination of water
sources with human and animal wastes and this ‘indica-
tor organisms’ indicate possible presence of other poten-
tial pathogens, (Cabral, 2010, Rodriguez et al., 2012).

Total coliforms are Gram-negative, oxidase-negative,
non-spore forming bacilli and are facultative anaerobes
ferment lactose with gas production at 35-37°C, after
48h and it comprised of Escherichia, Klebsiella, Entero-
bacter and Citrobacter. But the significance of total coli-
forms as sanitary significance is very disparate because
it also contain on soil and on vegetation. There is no
relation between total coliform count and fecal pollu-
tion. The use of the coliform group as an indicator of
fecal contamination is subject to strict governmental
regulations. E. coli is the major coliform among the
intestinal flora of warm blooded animals and its pres-
ence is associated with fecal contamination, therefore
no E.coli is allowed in drinking water. Thus, detection of
indicator organism is considered as the best method to
detect the effectiveness of disinfection process and also
recent and frequent fecal contamination of water (Rod-
riguez et al., 2012), (Tharannum et al., 2009).

Accurate identification of bacteria is the next most
important issue. Recently,many workers used different
carbon sources utilization pattern (Biolog) and cellu-
lar fatty acids profiling using Microbial Identification
System (MIDI) for bacterial identification (Holmes et al.,
1994), (Miiller and Ehlers, 2005), (Slabbinck et al., 2009).

MATERIALS AND METHODS

The study was conducted in Northern Kerala which con-
sists of 5 districts in Kerala such as Kasaragod, Kannur,
Calicut, Wayanad and Malappuram. The geographical
location of Kerala is on the southwest coast of India.
Kerala is situated between latitude 10°00 North and lon-
gitude 76°25 East. Kerala shares its state borders with
Tamil Nadu on the east and Karnataka on the north. It is
flanked by the Arabian Sea on the west. In Kerala well
water is the main drinking water source.

Drinking water samples from different sources such as
well water, bore well water and tap water samples were

FIGURE 1. Northern Kerala map
showing sampling locations
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randomly collected aseptically from Malabar region of
Kerala between the period of January 2015-August 2016.

Standard plate count: 0.1 ml of pre enriched water sam-
ples were inoculated onto nutrient agar through spread
plate technique for the isolation of total viable bacteria.
Plates were incubated at 37°C for 24 hours. For the final
identification, all the isolates were identified by using
primary as well as secondary identification methods
such as Gram’s staining, biochemical methods according
to Bergey’s Manual of Systematic Bacteriology (Garrity
et al., 2007).

Detection of total coliforms using most probable num-
ber: The media used was single and double strength phe-
nol red lactose broth for presumptive test, tubes that were
positive for gas production after 24 hrs incubation at 35°C
were inoculated into brilliant green lactose bile broth for
confirmed test and positive tubes were used to calculate
the most probable number using statistical table [8,9]. In
completed test, the samples from positive brilliant green
lactose bile broth from the confirmed test are streaked
onto eosin-methylene blue,nutrient agar slant and lactose
broth. Streaked nutrient agar slant, was used to establish
that coliforms were present in the sample using primary
and secondary methods such as Gram’s staining, bio-
chemical methods according to Bergey’s Manual of Sys-
tematic Bacteriology (Garrity et al., 2007).

Selective isolation of E.coli: By using membrane fil-
ter method, 100ml samples were filtered through 0.45-
pm filter and filter paper was transferred to nutrient
broth.Subcultured in Eosine methylene blue media and
observed the characterestic colonies with green metal-
lic sheen, the isolates were confirmed by biochemical
methods according to Bergey’s Manual of Systematic
Bacteriology (Garrity et al., 2007).

Selective isolation of Shigella Spp.:A 100ml samples
were filtered through 0.45-pm filter and filter paper was
transferred to nutrient broth,after incubation, subcul-
tured to Deoxy cholate Citrate agar and observed the
pale colored colnies and the isolates were confirmed
by using biochemical reactions according to Bergey’s
Manual of Systematic Bacteriology (Garrity et al., 2007).

Selective isolation of Salmonella Spp.: By using mem-
brane filter method, 100ml samples were filtered through
0.45-pm filter and filter paper was transferred to buff-
ered peptone water and overnight incubated [pre enrich-
ment]. 0.1ml of the culture was transferred to 10 ml of
Rappaport-Vassiliadis Broth [selective enrichment] and
incubated at 420° for 24 hrs, and then subcultured to
DCagar and observed for colonies with black centres and
further confirmed by biochemical reactions according
to Bergey’s Manual of Systematic Bacteriology (Garrity
et al., 2007).
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Selective isolation of Vibrio cholerae.: For the isolation
of Vibrio cholerae membrane filtration of 100 ml sam-
ple was carried out and incubated in alkaline peptone
water at 37°c for 18-24 hrs and then subcultured to thio-
sulphate citrate bile salt sucrose agar and observed the
characterestic yellow colored colonies, then the isolates
were confirmed by by biochemical reactions according
to Bergey’s Manual of Systematic Bacteriology (Garrity
et al., 2007).

Selective isolation of Pseudomonas aeruginosa.: For the
isolation of Pseudomonas aeruginosa membrane filtra-
tion of 100 ml sample was carried out and incubated in
nutrient broth ay 37°c for 18-24 hrs and then subcultured
to King’s B agar and observed the characterestic green
fluorescent colonies, then the isolates were confirmed by
by biochemical reactions according to Bergey’s Manual
of Systematic Bacteriology (Garrity et al., 2007).

Selective isolation of Aeromonas hydrophila.: For the iso-
lation of Aeromonas hydrophila membrane filtration of
100 ml sample was carried out and incubated in alkaline
peptone water at 37°c for 18-24 hrs and then subcultured
to Starch ampicillin Agar and incubated at 30° for 24-48
hrs [Characterestic yellow to honey colored colonies and
after addition of 5ml of Lugols iodine colonies surrounded
by clear halo], then the isolates were confirmed by bio-
chemical reactions according to Bergey’s Manual of Sys-
tematic Bacteriology (Garrity et al., 2007).

Selective isolation of Yersinia enterocolitica.:For the iso-
lation of Yersinia enterocolitica membrane filtration of
100 ml sample was carried out and incubated in Yersinia
enrichment broth and incubated at 10° for 10 days and
then subcultured to Yersinia selective agar and incubated
at 30° for 2 days [Characterestic transluscent colonies
with dark pink centre ],then the isolates were confirmed
by biochemical reactions according to Bergey’s Manual of
Systematic Bacteriology (Garrity et al., 2007).

RESULTS AND DISCUSSION

The standard plate count which indicates total microbial
count in drinking water was in the range of 90 to 8 x 10°
CFU/ml. Obviously drinking water samples are seriously
contaminated in these region. The presumptive coliform
counts of the test samples were presented in table 1 &
2. In the present study, drinking water from this area
is found to be highly unsatisfactorily with MPN up to
>1600/100ml. About 32 well water samples analysed
16 got unsatisfactory results and in tap water (n=21) 11
were unsatisfactory , bore well water (n=7) no unsatis-
factory results obtained.

Drinking water samples were seriously contaminated
in these regions. Many reviews suggested these results
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Table 1. Presumptive coliform count of total water samples tested

Grade of water | Presumptive coli form | Number (%) of water
sample count/100ml samples (n=60)
Excellent 0 28
Satisfactory 01-03 1
Suspicious 04-10 4
Unsatisfactory >10 27
Table 2. Occurrence of presumptive coliforms in water samples
Source 1:35;;;:3?5280) Excellent | Satisfactory | Suspicious | Unsatisfactory
Well water 32 13 1 2 16
Tap water 21 8 0 2 11
Bore well water | 7 7 0 0 0

in various regions in Kerala and India. In many sur-
veys drinking water samples in India as well as Kerala is
found to be unfit for drinking purposes and need regu-
lar monitoring for microbial contamination(Tyagi et al.,
2014), (Sidhu et al., 2016), (Jain et al., 2010, Mahath
and MophinKani, 2016). Borah et al (Borah et al., 2010)
reported, water samples containing varying levels of
coliforms ranging from 10 to 2.8 x 10° cfu/100ml in
Golaghat district, Assam. According to Suthar et al.
the microbial load in drinking water from Rajasthan
as measured though standard plate count (SPC) varied
greatly from 8.3 x 10* to 28.3 x 10*Suthar et al found
many bacterial species prevalent in those area comprised
of both Gram positive and Gram negative. (Suthar et al.,
2009)

FIGURE 2. Occurrence of bacterial species in water

A total of 105 bacterial isolates comprised of eight
bacterial species were identified in these samples. The
organism isolated were found to be Staphylococcus
aureus (18.1%), Bacillus spp (18.1%), Pseudomonas
spp (17.14%), Klebsiella spp(17.14%), Enterobacter spp
(10.48%), Citrobacter spp (9.52%), E.coli (8.57%), and
Shigella spp (0.95%) respectively (Fig. 2).

FIGURE 3. Distribution of coliforms

Out of the 60 samples screened, 36 (60%) were positive
for the presence of coliforms (number of coliforms=48).
Among which E. coli accounts to be 18.75%, Citrobacter
sp (20.83%), Enterobactersp (22.91%), and Klebsiella sp.
(37.5%) respectively (Figure 3). The indicator organism
E.coli was present in a total of 9 samples among which
5 undergoes well water samples and 4 tap water, and in
bore well water no E.coli was found. (Table 3).

samples

Table 3. Distribution of E.coli in samples
Number of samples ..

Sample P E.coli isolated (%)
analysed

Well water 32 5 (15.625)

Bore well water | 7 0(0)

Tap water 21 4(19.04)
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In a study by Ahmed et al. the indicator bacterium
Escherichia coli were detected in 32% using MPN
method (Ahmed et al., 2015) from Dhaka metropolis.
Sidhu S et al. (Sidhu et al., 2016) conducted a study in
Northern Indian Schools and found that 39.8% samples
were non potable. And a study by Chitanand MP et al.
revealed high populations of Escherichia coli, followed
by Citrobacter freundii, Citrobacter diversus, Enterobac-
ter aerogens and Klebsiella species from six sites along
the bank of the river Godavari (Chitanand et al., 2010).
A study conducted by Rajendran et al revealed 37% of
coliform contamination from tsunami hit areas of Kan-
yakumari, Tamilnadu (Rajendran et al., 2006).In a study
conducted in different zones of Delhi to detect drinking
water quality sold by road side vendors , all the samples
were found to be coliform contaminated with a MPN
value ranges from 14 - >1600 per 100 ml of sample, with
61% of E.coli contamination followed by Salmonella , S.
aureus and P. aeruginosa contamination respectively,
(Chauhan et al., 2017).

In a study by Mahath et al. (2016), conducted in Kol-
lam district, Kerala, total coliforms and fecal coliforms
were detected in household water samples and it was
found to be 60% and 50% respectively. And in our study
in Northern Kerala showed the presence of both total
coliforms (53.3%) and fecal coliforms (15%) indicates
the presence of fecal contamination. As compared with
southern Kerala, the prevalence of total coliforms and
fecal coliforms was lower in Northern Kerala. Recent
reports says more than three million people in the world
die of water related diseases due to contaminated water
each year, including 1.2 million children (Hunter et al.,
2001), (Cabral, 2010), (Fenwick, 2006). Many developing
regions suffer from the lack of safe drinking water for
their population. About 800 billion people in Asia and
Africa are living without access to safe drinking water.
Consequently this has caused many people to suffer
from various waterborne diseases (Tanwir et al., 2003).
Continuous consumption of these samples causes infec-
tion especially in children and infants.

CONCLUSION

The study concluded that the standard plate count in 60
samples was in the range of 90 to 8x10°CFU/ml. A total
of 60% of the tested samples were contaminated with
coliforms. Prevalence of E.coli in different water sources
(8.57%) indicates the presence of faecal contamination.
Consumption of contaminated water will cause serious
health problems to the public. Routine monitoring will
help solve this problem. Consistent and periodical exam-
ination of drinking water samples and disinfection pro-
cess should be done periodically to prevent the spread
of pathogenic microbes. Thus there is an urgent need
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for an awareness program to the people to decrease the
cases of water borne diseases. The Government of India
has already launched Swatchh Bharat Mission on 2
October 2014, with an aim to eradicate open defecation
by 2019. The mission with the help of its partners like
UNICEF is looking at the challenge of Open Defecation
very seriously.
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ABSTRACT

The mathematical modelling of the growth of microalgae (Nannochloropsis) was developed under flue gas in a photo-
bioreactor. Carbon dioxide (CO,) was the major growth parameter used to model algal growth. The critical SO_concen-
tration and CO, mass transfer rate were considered under the growth inhibitory model (GIM) which played a big role in
pH based inter-conversion of the bicarbonate. The Nannochloropsis profile was validated at 0.04% of CO, in air and in
a range of 2% to 12% (v/v) CO, and the predicted values were observed consistent with the measured values. Sensitivity
analysis was used to justify the constants used in the GIM. The growth inhibitory model was defined as +0.5Lmin™' of
the calibrated flow rate of 3.0 Lmin™'. The growth model was used to predict the growth of microalgae under flue gas to
generate biomass as a feed stock for the production of biofuels.

KEY WORDS: MICROALGAE, NANNOCHLOROPSIS, GROWTH INHIBITORY MODEL, SENSITIVITY ANALYSIS

INTRODUCTION apolis, MN, USA, 2011). Biodiesel can be obtained from
any vegetable oils like sunflower, cotton seeds, peanut,
The generation of biofuels from microalgae is as a  safflower and microalgae lipids, but microalgae has the
result of a high thrill for alternative energy sources. highest lipid yield (Demirbas and Demirbas, 2013). Algae
The increasing population which has led to the increase  cuyltivation is done in open ponds and bioreactors, but
number of vehicles and high energy demand has left  to control the growth parameters, algae is cultivated in
the world market with scarcity of fossil fuels (Minne-  photobioreactors. Nannochloropsis are algae species of
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cold-water marine, with high triglycerides (triglyceride
is an ester derived from glycerol and three fatty acids)
and high growth rate (Archambault, 2014) and therefore,
it is most opted as the source of biofuel, (Islam et al.,
2013, Mondal et al., 2017 and Sharma et al., 2019).

Factors affecting microalgae growth include light
intensity, PH, presence of nitrogen (Danesi et al., 2002;
Colla et al., 2007; Celekli and Yavuzatmaca, 2009), pres-
ence of contaminants (Vonshak, 1997), initial biomass
concentration (Costa et al., 2002), population den-
sity (Vonshak, 1997), temperature, salinity and growth
dynamics and much more. All these parameters can be
controlled and improved only when the algae cultivation
is done in a photobioreactor, instead of an open pond.

It is important to understand growth modelling of
organisms and also its behaviour under vast different
environmental conditions which include PH, tempera-
ture, nutrients (Zwietering et al., 1990; Celekli et al.,
2008; Celekli and Yavuzatmaca, 2009) and light inten-
sity.Differentmodels like Gompertz model were used to
describe the curve of microbial growth and biovolume
production (Zwietering et al., 1990; Celekli et., 2008).
These models are also used to predict microbial biomass
production and optimizing the growth conditions (Costa
et al., 2002; Celekli et al., 2008; Celekli and Yavuzat-
maca, 2009). Gompertz model is modified to give lag
time, specific rate of growth and stationary phase (max-
imum population biovolume) (Zwietering et al., 1990;
Celekli et al., 2008). Other growth models have been put
on the table to describe growth during the cultivation
(Rangel-Yagui et al., 2004; Chojnacka and Noworyta,
2004, Mondal et al., 2017 Singh and Singh, 2019).

With the escalating climate change, global warm-
ing has been a major concern worldwide. Presence of
much greenhouse gas concentrations in the atmosphere
is the major cause of ozone layer depletion that leads to
global warming, in which carbon dioxide takes a lion’s
share with an estimation of 76.7% (v/v) and this concen-
tration has been increasing rampantly from industrial
revolution(Sharma et al., 2019). It is estimated that emis-
sion of carbon dioxide from coal thermal plants is about
7% (v/v) of global CO, emission and that emitted from
flue gas of power plants is 10% (v/v) to 15% (v/v), and
these exclude the emissions from transportation sector
(automobiles)(Natural Gas Production, 2012).

As the population increases, there is an increase in
the number of vehicles with high demand of petroleum
products which contribute to the emission of greenhouse
gases (CO, in particular). This has brought the attention
to the scientist and researchers to look for ways of miti-
gating the concentrations of CO, from the atmosphere
(Sharma et al., 2019).

It’s has been found in some studies that growth of
microalgae is much more influenced by carbon diox-

ide and sunlight; nutrients are also required for biomass
production (Mondal et al., 2017). The concern of this
paper is to prepare a model that maximizes biomass pro-
duction from microalgae by use flue gas, for the produc-
tion of bio-fuel, (Majid et al., 2014).

Flue gas is used to make this model. In flue gas, tox-
ins like SO _and NO_have to be put into consideration,
the presence of these toxins inhibit algal growth. The
use of flue gas as a source of CO, for algal growth would
reduce the content of emitted CO, from automobiles and
industries, in the atmosphere. Air contains less percent-
age (0.04%) of CO, and the growth of microalgae that
gets CO, from the air would be gradual and biomass
production minimal. On the other hand, high concen-
trations of CO, would drive microalgae to death phase
(Singh and Singh, 2019).

Hence, determining the maximum concentration of
CO,for the growth of algae is more preeminent.

MATERIALS AND METHODS

Organism and culture conditions for model development

Nannochloropsis limnetica 18.99 was obtained from a
culture collection of Algae, SAG, Germany. The culture
was grown in a basal medium (Shen and Yuan, 2012) at
30°C and a pH of 8.0. In all experiments, the initial cell
density was maintained at 0.01 g L*'. Cool white fluo-
rescent lamps were mounted on either side of the glass
reactor (bubble column: 30 L; 220 mm dia; 3:1 H/D)
with 100 pmol ms™! light intensity. The temperature,
pH, and algal growth were monitored every 24 hours.
Algal growth was estimated in terms of cell count using
a Neubaur chamber (Rohem, India) .The number of cells
was converted to equivalent dry weight values by the
regression equation.

a = 45469b — 0.2751,R* = 0.99 (1)

Where is the dry is weight (g L'); is the cell number
expressed in cells L.

Effective growth rate and SO_inhibitory parameters

A series of experiments were made to determine effec-
tive growth rate (u ), consisting CO, (% v/v) inputs at
different concentrations of SO, . The PH was adjusted in
Erlenmeyer flasks (250mL) with dilute H,SO, (18.4M) to
simulate the effect of SO in the growth medium, there-
fore different concentrations of SO,”(0-150 mg L") were
generated. The effective growth rate () under a con-
centration of SO 42'(MSOX) was measured in each experi-
mental flask by recording cell concentration with respect
to time.
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A linear plot logarithmic cell concentration ver-
sus time was then used to derive p . from the slope of
the curve. A supplementary linear plot, comprising .
versusSO,> concentration wasalso used to derive the
constant ¢ which is equivalent to specific growth rate
() from the Y-intercept and the SO_ inhibitory constant
from the slope of the plot following Eq. (10). The critical
S0,> concentration (M) was also determined from the
same plot where the SO > concentration corresponding
to the i = O was recorded to be the M, for the algae.

Growth Model development

The model consists the following factors: (i) The growth
inhibition in the presence of flue gas that depends on
partial pressures of CO, and SO _;(ii) The substrate (HCO,’)
concentration is influenced by the pH of the medium;
(iii) The effective growth rate () is influenced by criti-
cal toxin (M‘) in the medium.

To minimize the complexity, some of the assump-
tions were made; no external mass transfer influence
due to a diffusion process from the head space into the
culture, the total pressure of the system is constant at
operational gas velocities; the light intensity, tempera-
ture and O, inhibitory were not considered as but kept
constant. The CO, in the feed was assumed to be consist-
ent throughout stages of growth and sequestered CO, is
consistent during the entire exponential phase.

Gas phase CO,and SO_mass transfer and their solubility

The rate of mass transfer of CO,and SO_ into the liquid
is estimated with an assumption of a steady state and
the mass balance of the inlet and outlet volumetric flow
rate of flue gas comprising mole fraction of CO,and SO
is as below;

QCD! _ (molw)co,.60.H .P;(évm?co: )i—(Gycgz}D) (2)
also:
QSOX _ (WDLW)SO:-50-1{-1);{!{[:?5'50)()1_(@50)()0} [3)

Where and are the mass transfer rates of CO, and SO_
across air-water interface; G is gas the flow rate, and are
the inlet mole fraction of CO, and SO_ respectively; and
are the outlet mole fraction of CO, and SO_in the flue
gas; (mol.w)_,, and (mol.w), —are molecular weights of
€O, and SO, respectively; H is the total sparging time of
flue gas in a day; Pt is total pressure; and R, T&V are uni-
versal constant, absolute temperature and total volume
of the liquid respectively.

The concentration of the liquid phase of CO, and SO_
in equilibrium with that of CO, and SO_ in the flue gas
feed is described as follows:

Mpm = Pt.yco,,. He (4)

Kethineni Chandrika et al.

Where M, is CO, concentration at equilibrium; Pt is
the total pressure; is the mole fraction of gas compo-
nent; He is Henry’s constant for co,.

Similarly;

Mgoy = Qsoy-R.T.He (5)

Where is mass transfer of from gas to liquid medium; R,
T and He are universal gas constant, absolute tempera-
ture and Henry’s constant of respectively. Initial sub-
strate (M,) is an important variable influencing growth
rate in the model development, and an assumption of
steady state between absorption and consumption of the
substrate was made, while CO, transfer from the flue gas
was driven by M, gradient in the liquid which is aided
by the mass transfer coefficient of the system.
Therefore;

My = My, — '[‘Qcc:z / KLaCO: ) (6)

Where the volumetric mass is transfer coefficient; is the
equilibrium concentration of CO, and is the concentra-
tion of dissolved CO, at a defined time.

The was estimated experimentally by using the static
method.

Kpaco, = Krag, ~C0; (7)

Hence;
Do,

where and were the diffusivities of CO, and O, respec-
tively

Inhibitory growth kinetics

To model the effective growth rate appropriately, the
effects of CO,and SO_ inhibition have to be combined.
Knowing u,,

Hooy = Hm |:(KS+ML+—{":(]]]Z)I (8)
The growth time slows down when SO, accumulates
during the transfer of SO into the liquid medium, while
considering SO _inhibition along with then the growth
rate as a function of is modeled as;

= = gx[1 - f(Mso)] 9)
Where is the dissolved concentration of SO_in the form
of SO q is the SO_inhibitory constant.

When SO_linearly decreases growth rate,

% =q(1—rMsoy) (10)

?lso % is equal to p . and q equivalent to p,; there-
ore

Mg = Mg, (1= DMsoy) (11)
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The critical time for SOX inhibition

The SO_ in the flue gas is toxic to the algal cells when
the reduced pH reaches the critical concentration. Thus,
it'’s of a great significance to correlate the defined mass
transfer rate of SO_in the liquid medium and the time
at which the critical concentration is reached.Therefore,
toxic time and stationary phase are modelled as follows;

t.= (Mr/Mso,) (12)

Where is the critical SO_ concentration, is the dissolved
SO, (S0,*) concentration at a defined time.

FIGURE 1. The effect of SO, concentration and initial
pH in various independent experiments on the effective
growth rate of algae.

Table 1. List of best fit parameter constants and their
comparison with literature

Parameter | *Best fit value i(":r(())rrnnpﬁi:ziu‘;zlues

Hy 0.82 day"! (lz-goia)ly"; Forjén et al.

K, 1.02 gL (11093\)/1@; Silva and Pirt.
K 0.07 g L ?2.(1)?0%);];1; Chen et al.

C, 123mg L' 2?25?’213?0(535 phase); Lee

*The best fit value is the base value in sensitivity analysis; @: K, and
Ct equivalent to 0.44¢ L' and 133mg L' (liquid phase concentration)
respectively.

RESULTS AND DISCUSSION

Toxic components in the flue gas have influence on
algal growth, high concentration of CO,; residual SO
drastically affect the growth rate.

Figure 1 shows graphical interpretation of effective
growth rate against SO_(SO,>) concentrations with the
corresponding values of initial pH. The active growth
was under alkaline condition with the pH of 6.8, as SO_
concentration increases, the effective growth rate (yeff)
decreases linearly with a constant . The effective growth
rate fluctuates slightly from 0.48 to 0.43 per day and
suddenly to 0.0 at SO_critical concentration (M=123
mgL"), and this leads to substrate (HCO,) depletion
and thus affecting the and p_ . The change in effective

FIGURE 2. Normalized profiles of various predicted parameters (CO, growth rate
(n,, ), substrate concentration (M), Biomass concentration (X), effective growth
rate (p ), and SOx concentration (M, )) in the modelling of algal growth.

248 THE MATHEMATICAL MODELLING OF ALGAL GROWTH FOR THE PRODUCTION OF BIOFUELS

Bioscience BioTECHNOLOGY RESEARCH COMMUNICATIONS



Kethineni Chandrika et al.

FIGURE 3. Analysis of effective growth rate (p

eff) with increase in CO, concentration

FIGURE 4. Validity and scope of the model for the prediction of biomass under flue gas at

various flow rates.

growth rate profile before reaching M, is insignificant in
comparison to p . at M. This supports theoretical evi-
dence that is constant before reaching M, with less effect
of toxin (SO,’), whereas sudden drop in at M, toxin con-
centration has a great effect on p .

In figure 2, CO_growth rate (), substrate concentration
(M), Biomass concentration (X), effective growth rate (),
and SO_ concentration (M, ) were taken as normalized
parameters against time. Growth kinetics like effective
growth rate and CO_growth rate were plotted with their
maximum inputs against time. The is stable until reach-
ing critical SO_ concentration (M) and then declined
drastically after reaching, affecting the , according to
Eq. (11). Biomass concentration increases with time until

it reaches the phase of decline and then remains con-
stant. Substrate (HCO",) concentration depletes as it is
consumed during algal growth and becomes constant
when the algal growth stops. Since the SO _ concentra-
tion is not utilized during the algal growth, it keeps on
increasing as flue gas is supplied to the algal culture.

Air contains 0.04% of carbon dioxide and the toxins
like SO_and NO, are negligible and therefore, there is no
inhibition of SO_ to the algal growth. The algal increases
as CO, percentage in the flue gas increases. The increase
in the is seen when carbon dioxide ranges from 0.0004%
to 10%. Continuous supplying of CO, to the algal culture,
beyond 10% of CO2 leads to the decline in the effective
growth rate and eventually, to the death phase.
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Flow rate is one of the operating parameters and it
shows a direct impact on biomass production. Six dif-
ferent flow rates were used to check the validation of the
model (Figure 4) by using predicted and experimented
biomass concentrations. From the profile shown in fig-
ure 4, for the validity of the model for the prediction
of biomass, higher deviations are observed at high flow
rates of >3.5LPM and at low flow rates of <2.5LPM.
The model is valid at the region of flow rates ranging
2.5LPM to 3.5LPM.

CONCLUSION

In this model, certain amount of carbon dioxide can be
reduced from the atmosphere as flue gas from indus-
tries or vehicles is used for algal growth. The cell growth
was directly affected by SO _ concentration which also
influenced the pH dependent kinetics. The validity of
this model was observed as +0.5Lmin". Little variation
(+109%) of the base value of constants used in GIM was
observed in sensitivity analysis. It was also found out
that up to 10% (v/v) of CO, is required for this model
and beyond this CO, concentration, effective growth rate
leads to decline phase.
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ABSTRACT

Depression is a mental stage which affects the quality of life in people around the globe. It’s a phase in one’s life characterized by low
mood, reluctance toward performing activities which greatly affect behavior, thought process, short and long term feeling, temporary
and permanent well being. A thorough search of the literature was carried out to identify studies investigating therapeutic interven-
tions in treating patients with depression. All the studies were thoroughly searched for the relevant information contained in them.
Electronic database, including Embase, Scopus, Pub Med, CINAHL, Web of science were searched for research articles published from
the earliest of 2009 to latest of 2016 using keywords of “depression”, “Physical therapy”, “Therapeutic intervention”, “pet therapy”.
The present study looked into various therapeutic interventions while writing the article. Earlier reported literatures have employed
various interventions in treating adolescent, adults and geriatric populations with depression. Limited study have been performed on

Pet therapy, the authors are directed to employ more time and efforts in studying new methods to treat depression.
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INTRODUCTION

Depression is a mental stage which affects the quality
of life in people around the globe'. It's a phase in one’s
life characterized by low mood, reluctance toward per-
forming activities which greatly affect behavior, thought
process, short and long term feeling, temporary and per-
manent well-being. It is a syndrome which demonstrates
sign and symptoms of darkness in thoughts, feeling of
worthlessness, weakness in attitude and slowdown in
confidence. Depression is greatly a negative impact-
ing health problem which if ignored in the preliminary
stages grows to deeper extent which in return can lead
to adverse effects to the community (Cardona-Arias
et al., 2015 and Rothon et al., 2010). In other words,
it is the widest prevailing psychiatric disorder affecting
nearly 121 million adults worldwide which is projected
to become the highest epidemiology for a disease by the
end of 2020, (Moussavi et al., 2007, (Ozturk et al., 2015,
Kujawa et al., 2016 and Tasci et al., 2018).

Over the years, with extensive studies performed on
depression by researchers from varied domains around
the world, the widely used and favorable therapeu-
tic interventions for depression have been delivered
by either using single or combination of interventions
(Riemer et al. 2012). The choice depends on the current
stage of depression which is mild, moderate or severe.
If the treatment is started in the early phase, single or
two modes of interventions are sufficient and effective,
while in moderate and severe depression, a collective
therapeutic intervention are used to relieve from agony
of depression.

As the authors have mentioned the common and
worldwide accepted effective therapeutic interventions
towards depression, in the current article the authors
would like to concentrate on physical therapy, thera-
peutic exercises and Pet therapy interventions to treat
depression to improve the overall quality of life. The
association of exercise with psychological and physi-
cal health has been established in healthy along with in

population suffering with long term health conditions
like depression.

MATERIAL AND METHODS

A thorough search of the literature was carried out to
identify studies investigating therapeutic interventions
in treating patients with depression. All the studies were
thoroughly searched for the relevant information con-
tained in them. Electronic database, including Embase,
Scopus, Pub Med, CINAHL, Web of science were searched
for research articles published from the earliest of 2009
to latest of 2019 using keywords of “depression”, “Physi-
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cal therapy”, “Therapeutic intervention”, “pet therapy”.

General precaution in dealing individuals with
depression:

1. The individual’s stage and age of depression should
be the foremost point of consideration

2. A quiet, single handle environment should be cre-
ated for inducing techniques of relaxation, breath-
ing exercise.

3. Group classes should be focused for aerobic and
strengthening exercises to create interest and de-
velop patient’s confidence which they shall gain
by seeing other members performing training
within the same group.

4. Individuals should be advised not to hold their
breath during all interventions and so, inspire
from nose and exhale via mouth.

Therapeutic Interventions in treating depression:
1. Relaxation

Instructions:

Foremost, the individual should wear loose and comfort-
able clothing. He should be put in a quiet space with eyes
closed without any interruption and distractions for at
least 30 to 45 minutes. The lights should be turned low.
Soft background music of natural sounds like rainwater,

Table 1. Represents the widely used different therapeutic interventions

Modes of treatment

Studies performed with therapeutic interventions

Prevention Goodwin et al., 2003

Gillham Jane et al., 2000, Boland €&t Keller, 2002 Buckworth et al., 2002 and

Antidepressant

Arroll et al., 2009 and AHRQ 2012

Physical exercise

Trivedi et al., 2006, Blake et al., 2009, Rethorst et al., 2009 and Wideman et al.,
2012, €& Rimer et al., 2012,

Psychological treatment

Cuijpers et al., 2008, Ambresin et al., 2012 and Brakemeier et al., 2012 Klein
et al., 2013 Schaefert et al., 2013 Emmelkamp et al., 2014, Trevis et al., 2016

Tai chi, Qigong and yoga

Saeed et al., 2010 Jahnke et al., 2010 Lavretsky et al., 2011 Li et al., 2011 Li et al.,
2012 Rimer et al., 2012 Ryan Abbott, and Helen Lavretsky, 2013 Saeed et al., 2010

Pet therapy

Brooks et al., 2016 Abigail et al., 2017 Germain et al., 2018 Melanie et al., 2019
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piano and wind can help to relax the person. The phone
should be either switched off or put on silent mode. The
individual can either select to sit or lie on his back. If
sitting on chair, the spine should be straight, with the
back and thighs well supported with feet’s resting on
a support. If lying supine the back should be rested on
the mattress while the legs should be kept straight and
uncrossed to feel the stream of energy.

Indicators: There are physiological, cognitive, behavio-
ral and emotional responses which occur during relaxa-
tion of the body. These are decrease in muscle tension,
lowering of heart and respiratory rate, reduction in
blood pressure, constriction of pupils, little to no visible
movement of the body, followed by closed eyes with flat
facial expression and relaxed jaw and hands with the
palms opened.

Techniques: a. Contrast Method

The physiology of this method is that a strong contrac-
tion of muscle is followed with a phase of equal relaxa-
tion for the same muscle. This is an excellent relaxation
exercise for individuals with depression. The eyes can
be either open or closed, depending on the preference
of the individual. This technique consist a sequence of
voluntary muscle contractions (induced by one’s self)
performed from distal to proximal for each limb or pair
of limbs which is followed by relaxation. It can be done
for upper and lower limbs. The stage of contraction is
usually between 6 to 8 seconds followed by relaxa-
tion for 25 to 30 seconds. It should be noted that on
relaxation the patient should feel warmth in the relaxed
muscle.

b. Reciprocal Method: In this technique, the “antago-
nist muscles” (muscles which work in opposite direction
to the actual working muscles) take the patient out from
the tensed posture. To induce this mode of relaxation
the individual is allowed to remain in the tensed pos-
ture either in lying or sitting position. The individual is
taught to recognize his tension at any given time and
relieve it without unnecessarily changes in his position.
The sequence followed is usually proximal to distal, and
each part of the body is specified with three instruc-
tions which are, move to open the tense position of the
body which is followed by no movement and finally,
letting the brain to appreciate the new attained posture
and making the individual to think about his new pos-
ture, (Crone 1993) .The individual should be asked to
take time to feel the instinct of relaxation and not be in
hurry (Payne 2005 )

c. Suggestion Method: This method is used for indi-
viduals who may not perform or not willing to perform
much of muscle work. In this technique the physical
therapist provides a comfortable relaxing environment
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with a warm well-ventilated area at ease support, low
light and hypnotic tones. The individual is asked to think
about each part of his body in turns like to think that his
limb is weighty. The suggestions are made several times
until the limb furnish the appearance of relaxation, e.g.
when the lower limb is rolled out. The individual can be
asked to raise his limb and feel as though it is floating.
He is then instructed to direct his attention to the other
leg following with to each arm in turn and ultimately
to the whole body. Deep breathing exercises should be
practiced and by the end of the session the individual
will be found to have moved in to sleep.

d. Pendulum Swinging: This form of technique is
used for relaxation of the shoulder, hip, knee and lumbar
spine. Herein, single or both arm and leg are swung back
and forth until they feel numb which imply that their
sensory receptors have accommodated to the continuous
movement. A 1/2 to 1 kg weight as either a dumble or
weight cuff can be used in later stages i.e. grasped in the
hand or fastened to the ankle.

Breathing techniques: a. Deep breathing exercises

In this technique, the individual is asked to sit with
their head and neck on the head rest and back supported
on the chair. He is asked to breathe in through nose,
such that the belly is filled with air which is confirmed
by touching the raised stomach. Simultaneously, he is
asked to breathe out through nose following which the
belly should be felt lowered. This mode of inspiration
and expiration should be continued till the completion
of treatment session. Four to five breathe are recom-
mended in one go following which rest is advised for
half a minute and same is repeated as per the conveni-
ence of the individual, (Valenza et al., 2014).

b. breathing technique : In this technique, the indi-
vidual is asked to exhale completely through mouth by
making use of tongue to produce a whooshing sound.
Following which the individual is asked to close the
mouth slowly and inhale silently via nose with count of
four. He is taught to count mentally till 7 while holding
breathe and subsequently exhale from count of 8 along
while producing a audible whooshing sound.

3. Aerobic techniques: Activities like cycling, skipping,
slow/medium/high speed walking, jogging, spot jog-
ging, running, swimming, stair climbing, hiking, dance
and aquarobics etc. are performed as aerobic exercise
in individuals with depression. The activity is selected
depending on individual’s age, severity and level of
fitness. These exercises benefit the body by improving
cardiovascular fitness, maintenance of blood pressure
which decreases risk for heart disease, diabetics, bowel
cancer and osteoporosis, increase level of cognition
and physical fitness, (Conn et al., 2010). In return these
effects help the individual to elevate his mood which
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plays a vital role in increasing social integration within
the society, (Wegner et al., 2014).

4. Strengthening techniques: While devising a strength-
ening protocol for patient with depression, the Fre-
quency Intensity Time and Type (FITT) principle issued
by American college of sports medicine and centre for
disease control and prevention should be used to design
and implement a safe, efficient and enjoyable session
(Chen et al., 2009). Frequency=Minimum of 2-3 days per
week, Intensity = Mild depression (12-15 repetitions per
body part), Moderate depression (5-10 repetitions per
body part).Severe depression (2-5 repetitions per body
part), Time = 45 minutes to 1 hour for mild to moderate
depression, 2-3 sets per muscle group in each session.

Type = Individuals unfamiliar to any type of strength
training in their past should be encouraged to exercise
using mechanical machines as they reduces the risk
of injury. Whereas, individual familiar to any kind of
strength training, should be trained in present by mak-
ing use of machines or free weights. Free weights offer
strength training in conjugation with balance training
as free weights require and exert higher level of balance.
While performing these exercises the individual should
be asked not to hold their breath while lifting weights,
as holding breath may lead to increase in blood pressure
leading to abnormal heart rhythms. In addition, individ-
uals suffering from any cardiac diseases should perform
one to two set of exercise per session.

5. Postural awareness: In standing: Individuals should
be trained towards development and maintenance of
an erect posture. A chin tuck, retracted shoulder, erect
trunk, buttocks protruded, hip and knee joint aligned in
straight line with ankle neutral, foot and toes slightly
outwards should be practiced at regular intervals during
the day.

In sitting: Individuals should be trained to sit in a
relaxed posture by resting the head on headrest, shoul-
der resting on the upper back of the chair with the but-
tocks and thigh completely supported on the cushioned
seat and the ankle falling directly under the knee with
the foot and toes placed on the floor. Postural aware-
ness helps to improve chest expansion, reduce chances
of kyphosis, scoliosis, forward head posture, flat back
and postural back pain (Fujino H 2012).

6. Balance training

Individuals with depression should be trained for bal-
ance by performing activities like standing on both feet,
standing on one foot, standing on balance board with
both foot (Li et al., 2015), standing on balance board
with one foot and backward walking etc. Any kind of
unstable, rubble surface should be avoided. The train-
ing area should be with ample of free space to prevent

any physical injuries. A chair, wall or railing should be
placed around the individual to be used in an emergency
occurring due to lack of balance.

7. Educational interventions

All educational establishments (school, college and uni-
versities) should appoint professional councellors and
physical therapist on regular basis. Students studying in
higher secondary, college or university level should be
evaluated for depression at regular intervals using uni-
versally accepted depression questionnaires and scales.
Early detection of depression will prevent future devas-
tating effects on the individual’s psychology (Hassett,
et al., 2009). In addition, students detected with depres-
sion should be evaluated for their physical fitness by
physical therapist. Students desiring to be voluntaries
can be trained to detect depression among their peer
group and family members, thus, lend a helping by
spreading awareness of implications, methods and pre-
vention of depression by organizing camps at supermar-
kets, malls and social clubs etc as a step towards serving
the society. Students should be perfected for preparing
handouts in creative ways by using local language (But-
ler, et al., 2006).

8. Physical therapy modalities

Transcutaneous Electrical Nerve Stimulation (TENS),
Microcurrent Electrical Nerve Stimulation (MENS),
Shortwave Diathermy (SWD), Microwave Diathermy
(MWD), LASER, Ultrasound, Infra Red Lamp, Interfer-
ential Therapy, Vacuum therapy biofeedback and hot
packs are physical therapy modalities used to reduced
pain, improve circulation which enhances healing of
soft tissues to increase perception of relaxation, whereas
Faradic, Di dynamic, High voltage and Russian currents
can be used to improve the muscle strength the body
during mild, moderate or severe phase of depression
(Giggins et al., 2013) .

9. Pet therapy

Along with the above therapeutic interventions, the
authors would like to encourage a recent, slowly getting
popular mode of treatment for cases of mild, moderate to
severe depression which is referred as ‘Pet therapy’ “You
just need a pet” may be a dog, cat, squirrel etc. Pets help
humans in many ways (Beetz et al., 2012). They help
to maintain a regular schedule of individual’s getting
up from bed, leaving home early morning and return-
ing back by early evening and preparing food for their
pet. These acts with time help to improve and gradually
increase level of physical activity (Gee 2009), fitness and
mental alertness. Pet therapy also has a equal and posi-
tive effect on an individual’s psychology i.e. patting or
stroking the animals promotes sense of calmness which
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improves psychological mindset of the individual, going
for slow or brisk walk with the pet helps in developing
confidence and increase social encountering, (Cardoso
et al., 2011). People, who have felt positiveness with pets
while suffering with depression, can solely explain the
positive feeling which evolves when you have someone
to love and be loved all the time around you (Brooks et
al. 2016). Hence, the authors encourage researchers from
all over to perform research on short and long term ben-
efits of pet therapy in curing mild, moderate and severe
depression.

CONCLUSION

The present study looked into various therapeutic inter-
ventions while writing the article. Earlier reported lit-
eratures have employed various interventions in treating
adolescent, adults and geriatric populations with depres-
sion. Limited study have been performed on Pet therapy,
Therefore the authors are directed to employ more time
and efforts in studying new methods to treat depression.

Conflict of Interest: NIL, Source of funding: NIL, Ethi-
cal clearance: N/A
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ABSTRACT

CDKN2A/2B is a major gene in pancreatic f-cell dysfunction and regeneration related with Type-2 diabetes, Obesity, Insulin resist-
ance and CVD. Current study analyses the consortium of CDKN2A/2B polymorphism in 369 Type 2 Diabetes cases and 100 controls
in Indian population. The study was done by PCR-RFLP technique to study the CDKN2A/2B polymorphism in the study subjects.
Study contemplated that CDKN2A/2B C/T genotype distribution between cases and controls were found to be significant (0.0001).
Higher CDKN2A/2B T allele frequency (0.31%) in cases as compare to control (0.13%). CDKN2A/2B CT and TT had 3.16 (1.84-5.42),
5.84 (1.75-19.45) 0dd ratios with 95% class intervals. HbA1C, Cholesterol, HDL and LDL were responsible for disease, and signifi-
cant results were observed in biochemical parameters. On comparing biochemical parameters with sedentary life style factors, it was
observed that PPG and FPI, HDL exhibited positive relation with smoking at p(0.04), (0.02) and (0.07) respectively, alcoholism with
HDL at p(0.05), Non vegetarian food with Triglycerides at p(0.005),and Exercise (not doing) with PPG, HbA1C, FPI, HDL, LDL and
triglycerides at p ( 0.02, 0.0001, 0.04, 0.0001 and 0.0003) respectively. Remaining parameters manifest no significance. The epilogue
of the study contemplates affiliation of CDKN2A/2B rs10811661 gene polymorphism with possibility of Type 2 Diabetes Mellites.
HbA1C, Cholesterol, HDL and LDL increases the risk of occurrence of T2DM in subject population. Significant association between
biochemical parameters with sedentary life style factor increases the danger of Type 2 Diabetes Mellites in Indian population.
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In the recent past the Prevalence of Diabetes mellitus
has been increasing as major widespread chronic non
communicable diseases worldwide, and with urbaniza-
tion altered lifestyle characterised with reduced physical
activity and obesity, the pace of occurrence has esca-
lated. (“WHO | Diabetes programme,” n.d.). The Interna-
tional Diabetes Federation (IDF) has confirmed that the
pervasiveness of diabetes will growing from 451 million
in 2017 to 693 million by 2045, (Cho et al., 2018). The
pervasiveness of T2DM continue to increase worldwide
with growing sedentary lifestyle of people and accounts
for more than 80% of diagnosed cases currently (Murea
et al., 2012). While incidents of T2DM varies with age,
sex and population. It is estimated that worldwide age-
standardized adult diabetes is >9.20, and confirmed
that >347 million adults have diabetes, (Danaei et al.,
2011). T2DM can be diagnosed by FPG, PPG, HbA1C and
many clinicopathological parameters which are associ-
ated with disease. Sedentary life style induced Physi-
cal inactivity and obesity also contribute to prevalence
of T2DM (Committee, 2009, Mehramiz et al., 2018).
Decrease insulin supply attributable to insulin resistance
causes T2D mostly induced because of genetic and envi-
ronmental factors in early phases, whereas Decline in
B-cell function that cause tissues to become resistant to
insulin is gradual event in the later phase, (Schéfer et al.,
2011). Researchers have estimated that by 2030, ~552
million individuals globally will have diabetes, with
Asians becoming the most affected group, (Chan et al.,
2009; Whiting et al., 2011). Genetic linkage analyses and
GWAS have confirmed variants in genes that contrib-
ute toward the development of T2DM, (Bao et al., 2012,
Mehramiz et al., 2018 and Cho et al., 2018).
CDKN2A/2B rs10811661 Cycline-dependent kinase
inhibitor-2A/B has been reported as one of the prospect
gene responsible for type 2 diabetes based on its chro-
mosomal position (9) and its vital task in beta cell func-
tion and revival. (Voight et al., 2010) CDKN2A/2B in
T2D impairs immune system functioning which altered
the cytokine creation and leukocyte turn on in tissues
such as liver, adipose tissue, pancreas, and the vascular
wall. Immune cells also regulate obesity induced glu-
cose intolerance and insulin resistance in T2D, (Hannou
et al.,, 2015). An interrelation between SNPs adjacent
to CDKN2A/B gene and impaired first phase glucose-
induced insulin production have been confirmed instead
of deficiency in glucose tolerance or insulin sensitiv-
ity, (Hart et al., 2010; Hribal et al., 2011) indicating the
connection of CDKN2A/B in pancreatic B-cell. Candi-
date gene approaches have also examined variants in
this locus related with various types of cancer like breast
cancer, acute lymphoblastic leukaemia, ovarian cancer,

glioma, malignant melanoma, pancreatic cancer, glau-
coma and nasopharyngeal neoplasm, presenting that the
chromosomal area harbours genes involved in a few dif-
ferent physiological processes, (Foulkes et al., 1997). A
polymorphism on chromosome 9p (rs10811661), located
125 kb upstream of the CDKN2B and CDKN2A genes has
been related with type 2 diabetes in the genome-wide
association (GWA) studies, (Scott et al., 2007; Voight
et al., 2010; Zeggini et al., 2007 Mehramiz et al., 2018).

In the Danish inhabitants research study, compris-
ing 5,970 adult individuals, it was confirmed that
CDKN2A/2B C allele showed increased level of insulin
generation in reciprocation to an oral glucose load com-
pared with individuals having the TT genotype. (Grarup
et al., 2007) similar outcomes were also obtained in a
research work of 5,327 non-diabetic Finnish inhab-
itants, (Scott et al.,, 2007). These genotypic relation
results was replicated in several ethnic groups includ-
ing Danish, Norwegian, French, Korean, Japanese and
Chinese participants. (Duesing et al., 2008; Grarup et
al., 2007; Hertel et al., 2008; Lee et al., 2008; Wu et
al., 2008) but not confirmed in African-Americans and
Pima Indians, (Lewis et al., 2008; Rong et al., 2009).
Thus, to acquire supplementary outcome on the con-
sortium of the rs10811661 polymorphism with impaired
glucose tolerance and pathophysiological quantitative
traits, i.e. measures of beta cell function and insulin
sensitivity, biochemical parameters we have conducted
this particular study on well-characterised samples of
Indian population.

The present study on “patients-healthy persons” was
completed at the Jamia Millia Islamia, New Delhi, in
Medical Biotechnology Laboratory, New Delhi, where
total of 469 individuals were taken. Out of 469 there
were 369 newly diagnosed T2DM cases (patients) and
100 non-T2DM controls (Healthy persons). A proper
inclusion/exclusion criterion for T2DM cases and
healthy controls population was followed. The samples
were collected after the ethical clearance from various
institutional ethical committees, like Jamia Millia Isla-
mia, New Delhi, Gurukula Kangri University, Haridwar
and from all sample collection sites. Patient included in
the present study were screened and sample collection
was done after informed consent of the concerned indi-
viduals (diabetic/non-diabetic). Patient’s information
was collected in standardized pretexted questionnaires
and it was entered later on in database. Patients Per-
forma for recording clinical data of each patient and
patient consent was maintained throughout the course
of study. Written informed assent was obtained from
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every individual involved in the research work. All the
clinical factors such as fasting plasma glucose, post-
prandial plasma glucose, cholesterol, triglycerides, were
taken care off as per approved criteria. Total 2 ml of
Blood samples were taken in EDTA coated vacutainer
of Type- 2 diabetic patients as well of healthy persons.
The non-diabetic (healthy persons) were taken as control
for the present study. (The samples were collected in the
hospital by the expert medical professional according to
guidelines provided by ICMR/GCP.)

DNA extraction was done using phenol chloroform
method from collected blood samples. Genomic DNA was
examined on 2% agarose gel to confirm and observed
under UV transilluminator. DNA quantity came out to be
45-50 ng. A260/A280 ratio came around 1.8 and perfect
DNA band with no smearing was resulted after agrose
gel electrophoresis. Which state that the extracted DNA
was of pure, without impurity and intact. Extracted
DNA was then amplified to determine the genotypes of
CDKN2A/2B by a- specific primers forward: 5’-CCGGC-
CCATTTTCTTTGTCA-3’ and reverse: 5-CAAAGCGCTGG-
GATCATAGG-3’ using thermos cycler. PCR was imple-
mented in 20pl reaction volume having1 pl DNA, 1 ul
primer each forward and reverse, 10 ul Taq polymerase
and 7 pl nuclease free water (ddH,0). The PCR was con-
ducted with beginning denaturation at 94°C for 3 min-
utes, come next with 35 cycles of denaturation’s at 94°C
for 30 seconds, annealing at 61°C for 30 seconds, initial
extension at 72°C for 40 seconds and final extension at
72°C for 5 minutes. The PCR product of 232 bp was seen
under UV trans illuminator. RFLP (Restriction Fragment
Length Polymorphism) CDKN2A/2B polymorphism was
done by digesting 6 pl PCR product (amplified genes)
with restriction enzyme BspHI 2.5 units in 10 pl reaction
mixture minimum 30 minutes or maximum overnight at
37¢ C. The restriction enzyme recognizes the sequence.
Digested DNA was examined by 3% Agarose Gel Elec-
trophoresis. DNA band showed 232bp C allele: uncut T
allele: 164+68 bp.

Statistical analysis: Genotype frequencies between cases
and controls were calculated using Chi-square test. The
values <5 were analysed by Fisher exact test. The Fisher
Exact test is a test of significance conducted for more
accuracy of results in 2 by 2 tables, especially when
the same size is small. Allele frequency was calculated
by Hardy-Weinberg Equilibrium equation. The relation
between CDKN2A/2B genotype and risk of T2DM were
drawn by calculating the odd-ratios (OR) with 95% con-
fidence intervals. In the parametric and nonparametric
data, p value <0.05 was considered statistically signifi-
cant. Analysis of Variance -One-Way ANOVA was used
to compare the clinicopathological parameters geno-
type of T2DM cases and control where p value <0.05

was considered significant. Comparison of biochemical
parameters with sedentary life style parameters by one-
way Anova test, p value <0.05 considered significant.
Statistical analyses were carried out using SPSS soft-
ware, version 19.0 (IBM Corp., Chicago, Illinois, USA).

RESULTS AND DISCUSSION

Biochemical characteristic of research subjects analysed
in the present study has been summarised in Table 1:
Among these characteristics Hip, weight, BMI, FPG, PPG,
HbA1C, BP (s, d), Cholesterol, LDL and triglycerides are
significantly associated with risk of T2DM as compare
of means + sd between cases and control (Student’-t test
applied).

Table 1. Comparison of biochemical parameters among
T2D cases and controls.
Variables Cases Controls P Value
(Mean+SD) (Mean+SD)
| Hip 35.44+3.22 34.87+1.88 | 0.09
| Waist 32.043.77 31.65+2.50 0.37
| Weight 78.26+14.82 70.74+7.79 <0.0001
| BMI 28.45+5.24 24.83+2.33 <0.0001
| FPG 137.3+33.63 90.22+7.10 <0.0001
| PPG 211.6+70.05 135+13.02 <0.0001
| HbA1C 7.14+1.10 5.74+0.53 <0.0001
| FPI 10.18+8.36 8.65+0.71 0.07
| BP (systolic) 144.4+18.46 106.1+10.39 <0.0001
| BP (diastolic) 104.5+44.41 75.85+10.91 <0.0001
| Cholesterol 245.5+15.15 152.6+18.82 <0.0001
| HDL 46.68+11.35 46.21+8.69 0.69
| LDL 192.3+29.12 106.4+19.92 <0.0001
| Triglycerides 357.9+99.10 141.045.52 <0.0001
*note: data presented as means + sd; p-value<0.05 considered
significant.

The difference seen in the genotype among patients
and healthy person was found significant (p<0.0001)
(Table 2). It was seen that high percentage of heterozy-
gous CT 148 (40.1000 and mutant TT 41 (11.11%) genotype
was found in patients compared to control heterozygous
CT 20 (20%) and TT o3 (3%) while lower CC 180 (48.78%) gen-
otype in patients compared to control homozygous CC
77 (77%) genotype. The higher allele frequency of T allele
(0.31) was observed in T2DM patients compared to con-
trol (0.13).
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Table 2. Genotypic distribution and allele frequencies of CDKN2A/2B gene
among T2DM patients and Healthy controls.

CDKN2A/2B | CC (%) | TT n(%) | CT n(%) | p value | Allele frequency
C allele | T allele
| Patients (369) 180 41 148 <0.0001 | 0.69 0.31
| Controls (100) 77 03 20 0.87 0.13

*note: data presented as n (%); p-value<0.05 considered significant. genotype frequency by chi-
square test & allelic frequency calculated by hardy weinberg equation.

0dd ratio with 95% confidence intervals was drawn
for each group to estimate the degree of association
between CDKN2A/2B genotype and risk of T2DM in
Indian patients presented in Table 3. Compared to the
CC genotype, the OR 3.16 (1.84-5.42) for heterozygous
and OR 5.84 (1.75-19.45) for mutant homozygous were
estimated suggesting a possible dominant effect of
CDKN2A/2B polymorphism on T2DM risk.

Table 3. Risk of T2DM associated with CDKN2A/2B
genotype.

‘ CDKN2A/2B | T2D Healthy | OR (95% CI)
Genotype patients controls

‘ CcC 180 77 (ref)

| T 41 03 5.84 (1.75-19.45)
‘ CT 148 20 3.16 (1.84-5.42)

*note: data presented as n (%) association estimates by computing odd
ratio (or) with 95% confidence intervals.

The risk associated with various biochemical parame-
ters like Waist- Hip ratio, weight, BMI, FPG, PPG, HbA1C,
BP (s, d), Cholesterol, LDL and triglycerides have been
calculated and presented in (Table 4). Analysis results of
the relation linking CDKN2A/2B rs10811661 C/T poly-
morphism genotypes and the biochemical parameters

have also been illustrated. The CDKN2A/2B rs10811661
“TT” genotype exerts significant effect on HbA1C, Cho-
lesterol, HDL-C and LDL-C level in both patients and
controls (P values = 0.02, 0.04, 0.02 and 0.03 respec-
tively). Individuals harbouring this genotype seem to
have a significantly higher HbA1C, Cholesterol, HDL-C
and LDL-C as compared to carriers of the CC genotype.
No significant effect of the CDKN2A/2B rs10811661
genotypes on the FPG, FPI, PPG and Triglycerides was
observed.

A Comparison of biochemical parameters with sed-
entary life style factors was conducted to assess the
dominance of these factors in biochemical variables, by
one-way Anova Test where, p value of <0.05 was con-
sidered significant. In this regard all the Lifestyle factors
like smoking, consumption of Alcohol, physical active-
ness was assessed individually with all the biochemical
parameters to identify the dominant association of these
factors along with Biochemical parameters. On compar-
ing the habit of smoking with biochemical variables it
was observed that PPG and FPI, HDL showed significant
association with smoking were p value of 0.04, 0.02 and
0.07 respectively was recorded as mentioned in (table 5).
It was observed that the patients who smoke have higher
PPG, FPI and HDL as compared to them who don’t smoke.
According to the observation made these 3 parameters

Table 4. The relation between CDKN2A/2B genotypes and the investigated
clinical parameters.
CDKN2A/2B genotypes
Variables P Value
CC (Mean+SD) | TT (Mean+SD) | CT (Mean+SD)
| FPG 137.6+37.37 145.3+27.23 134.7+30.07 0.19
| PPG 210.7+52.84 219.0+42.65 210.5+91.50 0.77
| HbA1C 7.16+1.11 7.55+1.24 7.01+1.04 0.02
| FPI 9.63+1.38 9.15+1.30 10.33+10.0 0.56
| Cholesterol 247.5+14.21 243.9+15.36 243.5+15.97 0.04
| HDL 47.82+12.51 48.80+8.91 44.72+10.18 0.02
| LDL 192.1+29.75 182.1+35.01 195.3+25.96 0.03
| Triglycerides | 358.6+97.18 331.9+82.41 364.3+104.9 0.17
*note- note: data presented as means + sd; p-value<0.05 considered significant. analysis of
variance (anova) - one-way anova from summary data. abbreviations- fpg- fasting plasma
glucose, ppg- post prandial plasma glucose, hbalc- haemoglobin alc test, hdl- high density
lipoprotein, 1dl- low density lipoprotein.
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Table 5. Comparison of biochemical parameters with sedentary life style factor
(Smoking) among T2Dcases and controls.
Variables Smoking P value
Current (Mean+SD) | Former (Mean+SD) | Never (Mean+SD)

| FPG 139.4+37.95 135.1+48.5 135.9+27.95 0.60

| PPG 221.8+95.85 218.3+65.08 203.0+39.57 0.04

| HbA1C 7.22+1.16 6.87+1.12 7.11+1.05 0.35

| FPI 10.58+9.86 9.18+1.17 9.96+7.49 0.02

| Cholesterol 246.7+14.92 244.4+21.81 244.7+14.55 0.45

| HDL 47.66+10.95 41.70+12.72 46.43+11.43 0.07

| LDL 191.7+29.97 194.2+35.55 192.5+27.88 0.92

| Triglycerides 351.8+93.41 359.7+111 362.5+102.3 0.66
* note: data presented as means+sd; p-value<0.05 considered significant. analysis of variance (anova) - one-way
anova from summary data.

increases with nicotine consumption which comes with
smoking. However, rest of the biochemical parameters
showed no significant association with smoking as all of
them were above the significant p value of 0.05.

On comparing (Alcoholism) as one of the factors of
lifestyle with all the 8 Biochemical parameters taken
amongst cases and control samples, only 1 parameter
showed significant association which was HDL Choles-
terol (see table 6). The consumption of Alcohol reflected
significant association with HDL cholesterol, were p
value of 0.05 was found. The patients with increase
alcohol consumption have increased HDL-C level. Rest
of the biochemical parameters showed no significant
association with sedentary life style factors the p value
was more than 0.05.

Similarly, on comparing Non-Vegetarian food (as a
factor of Sedentary lifestyle) habits among T2Dcases and
controls with Biochemical parameters it was observed
that Triglycerides with significant p value of 0.05 can be
associated with consumption of Non- Vegetarian food
(as shown in table -7). It means that patients who con-

sume Non-vegetarian food as major part of their Diet
have increased Triglycerides level. Rest of the biochemi-
cal parameters showed no significant association with
sedentary life style factors.

Similarly, when Exercise factor of the Sedentary life-
style was taken among T2Dcases/ controls and were com-
pared with given 8 Biochemical parameters, 5 amongst
them highlighted positive significant relation because
the p value of all these 5 variables were observed to be
< then 0.05) as presented in table -8). It was observed
that exercise is associated with PPG, HbA1C, FPI, HDL,
LDL and triglycerides, with significant p value of 0.02,
0.0001, 0.04, 0.0001 and 0.0003 respectively. The
patients with less physical activity or less exercise habit
have increased PPG, HbA1C, FPI, HDL, LDL and triglyc-
erides level. Rest of the biochemical parameters showed
no significant association with sedentary life style factor
parameters since the p vale of remaining variables were
recorded more than p value of 0.05.

GWAS have provided information’s on a broad scale,
to see the relation of many gene variants with complex

Table 6. Comparison of biochemical parameters with sedentary life style factor
(Alcoholism) among T2D cases and controls.
Variables Alcoholism P value
Current (Mean+SD) | Former (Mean+SD) | Never (Mean+SD)

| FPG 135.6+29.22 142.8+20.73 138.2+37.69 0.61

| PPG 215+87.59 214.+27.47 208.5+55.07 0.67

| HbA1C 7.16+1.11 7.62+1.26 7.09+1.07 0.61

| FPI 10.98+12.67 9.75+1.50 9.56+1.33 0.74

| Cholesterol 246.0+14.0 245.2+15.80 245.1+16.04 0.85

| HDL 46.87+10.74 51.76+10.48 46.08+11.84 0.05

| LDL 193.6+27.19 179.5+35.38 192.3+29.94 0.16

| Triglycerides 364.5+89.81 347.1+104.2 353.6+99.10 0.52
* note: data presented as means+sd; p-value<0.05 considered significant. analysis of variance (anova) - one-way
anova from summary data.
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Table 7. Comparison of biochemical parameters with sedentary life style factor
(Non-Vegetarian food habit) among T2Dcases and controls.
Variables Non-Vegetarian food habit P value
High (Mean+SD) | No (Mean+SD) | Normal (Mean+SD)

| FPG 137.1+35.04 132.3+20.07 140.2+38.28 0.18

| PPG 218.7+111.0 208.0+26.04 209.3+53.51 0.47

| HbA1C 7.09+1.19 7.19+1.09 7.15+1.06 0.79

| FPI 9.52+1.39 9.61+1.35 9.60+1.44 0.86

| Cholesterol 244.5+15.74 245.9+15.10 245.9+14.89 0.73

| HDL 46.05+10.13 47.26+12.76 46.74+11.26 0.75

| LDL 193.0+28.29 190.5+31.55 192.8+28.34 0.79
Triglycerides 334.9+90.79 381.5+105.1 358.6+97.82 0.005
*note: data presented as means+sd; p-value<0.05 considered significant. analysis of variance (anova) -
one-way anova from summary data.

diseases like T2D and CVD.(Hannou et al., 2015) In the
current research work significant difference in distribu-
tion of CDKN2A/2B genotype among T2DM cases and
controls was observed. An independent association of
mutant TT and heterozygous genotype CT were found
to be related with increased risk of T2DM. It was found
that TT and CT genotype in patients showed 05 to 2-fold
increase as compare to healthy control. The CDKN2A/2B
1s10811661 “TT” genotype exerts significant effect on
HbA1C, Cholesterol, HDL-C and LDL-C level in both
patients and controls (P values = 0.02, 0.04, 0.02 and 0.03
respectively). HbA, _is now approved in developed coun-
tries as a diagnostic as well as monitoring test for (type
2) diabetes although the debate regarding its applicability
for diagnosis still prevails (d’Emden et al., 2012; “Diagno-
sis and Classification of Diabetes Mellitus,” 2010; “WHO |
Diabetes programme,” n.d.; Long et al., 2017).

HbA1c has been used as a specific indication of gly-
caemic control in all type of diabetes. In T2DM patients,

Table 8. Comparison of biochemical parameters with
sedentary life style factor (Exercise) among T2Dcases
and controls.

Variables Exercise P value
Yes (Mean+SD) | No (Mean+SD)
| FPG 139.3+37.50 135.4+29.46 0.27
| PPG 220.1+91.67 203.5+38.34 0.02
| HbA1C 6.87+0.93 7.43+1.20 <0.0001
| FPI 10.60+9.06 9.23+1.24 0.04
| Cholesterol 244.3+16.01 246.7+14.24 0.13
| HDL 48.17+11.36 45.27+11.19 0.01
| LDL 184.5+34.48 199.7+20.36 <0.0001
| Triglycerides | 339.2+96.97 375.8+98.04 0.0003

*note: data presented as means+sd; p-value<0.05 considered significant.
analysis of variance (anova) -one-way anova from summary data.

HbA1lc emergence is a direct function of the average
blood glucose concentration. Utilization of HbAlc as a
diagnostic test has edge, international standardization
(Committee, 2009). It provides an index of glycaemia
over the entire 120-day lifespan of the red blood cell,
(Tahara and Shima, 1995). In our study CDKN2A/2B
genotype showed significant association with increas-
ing level of HbA1C. In CDKN2A/2B genotype CT and TT
showed 7.01+1.04 and 7.01+1.04 with p value of 0.02
showing their association with T2DM because the sig-
nificant p value is less than 0.05

Cholesterol is one of the major biochemical param-
eters for risk of T2DM and cardiovascular diseases. Indi-
vidual with diabetes commonly have same level of total
cholesterol levels and the ‘good’ (HDL) cholesterol as the
general population. However, on an average the level of
‘bad (LDL) cholesterol and triglycerides is more in indi-
vidual with diabetes as compare to individual without
diabetes.This is primarily because diabetes can upset the
equilibrium between ‘good’ (HDL) and ‘bad’ (LDL) cho-
lesterol levels in several ways(“Cholesterol,” n.d.). In case
of CDKN2A/2B genotype the cholesterol showed signifi-
cant association with p value of 0.004 which was less
than the significant p value of 0.05. Although plasma
LDL cholesterol level is usually normal in type 2 dia-
betic patients, metabolism of LDL is significantly modi-
fied.(Verges, 2005). In case of T2DM attribute important
modification of both LDL and HDL which are likely to
play an major role in the occurrence of atherosclerosis
(Verges, 2009). Type 2 diabetes is related with reduction
of the HDL (Visser et al., 2017). In our study the LDL and
HDL show significant association with CDKN2A/2B CT
and TT genotype. Genotype CT have LDL 195.3+25.96,
and TT have LDL value of 182.1+35.01 and significant
p value of 0.03. In HDL CDKN2A/2B CT, TT genotypes
have 44.72+10.18, 48.80+8.91 and p value is 0.02 which
show significant association.
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Other biochemical parameters also showed significant
association with type 2 diabetes a comparative analysis
between T2DM cases and control in the study showed
that weight, BMI, FPG, PPG and blood pressure p value
(0.0001). In our study we compare biochemical param-
eters with sedentary life style factors such as Smoking,
Alcoholism, Non vegetarian food habits and physical
Exercise, it was observed that PPG and FPI, HDL showed
significant association with smoking with p values of
0.04, 0.02 and 0.07 respectively, Similarly alcoholism is
associated with HDL cholesterol with significant p value
of 0.05 found, Non-Vegetarian food habit is associated
with Triglycerides, showing significant p value of 0.005
and exercise is associated with PPG, HbA1C, FPI, HDL,
LDL and triglycerides with significant p values of 0.02,
0.0001, 0.04, 0.0001 and 0.0003 respectively. The patients
with less physical activity habit have increased PPG,
HbA1C, FPIL, HDL, LDL and triglycerides level. Rest of the
biochemical parameters showed no significant associa-
tion with sedentary life style factor parameters because
all the remaining parameters had p value more than the
significant value of 0.05. Researchers confirmed that
the CDKN2A-rs10811661 polymorphism was found to be
major constituent related with prediabetes in the model
adjusted for age, sex, obesity, blood pressure, dyslipidae-
mia, socio-economic status, and lifestyle factors, (Binh et
al., 2015). Obesity, which is one of main factor responsible
for insulin resistance and dysfunction of beta cell resulted
in development of prediabetes, (Kahn and Flier, 2000).

Studies suggested that CDKN2A/2B genotype is also
related with CVD and these risks related with unhealthy
dietary pattern. High BMI showed that obese with a TT
genotype had a higher level of TG, TG/HDL ratio, com-
pared to individuals with a normal BMI. Moreover, the
presence of a TT genotype was associated with increased
risk of hypercholesterolemia, insulin resistance and
CVD. These effects were more pronounced in the sub-
group with low physical activity and a high dietary
energy intake, (Mehramiz et al., 2018) .The study came to
an end that CDKN2A/2B rs10811661 gene polymorphism
was found to be related with risk of T2DM and risk was
connected with heterozygosity and mutant homozygo-
sity. HbA1C, Cholesterol, HDL-C and LDL-C are possible
risk factor for developing T2DM and significantly altered
biochemical parameter in T2DM patients. Comparison of
biochemical parameters with sedentary life style fac-
tors such as Smoking, Alcoholism, non-vegetarian food
habits and physical Exercise, was conducted and it was
observed that some biochemical parameters showed
significant association. These compelling results of the
study require further validation on larger population.
Carrying out a similar study on T2DM female patients
to reveal combined gender/polymorphism effect. The
Study signifying the association between sedentary life

style and T2M also urges patients to maintain/control
BMI, HbA1c, LDL-C, triglyceride levels, body weight and
change in life style, food habits, reduce the consump-
tion of alcohol and cigarette smoking meanwhile main-
taining a proper healthy life style with routine exercise
regime and healthy eating habits. in order to avoid the
complications associated with T2DM.
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ABSTRACT

The red palm weevil (RPW), Rhynchophorus ferrugineus (Olivier) is an obtrusive, ruinous pest of date palms, (Phoenix dactylifera)
causing critical economic losses in the Middle East including the Kingdom of Saudi Arabia. However, relying on insecticides alone for
controlling the RPW (R. ferrugineus) can have negative effects on human health and the environment. Natural enemies are considered
as the fundamental part of the biological control, which is safe for controlling the RPW. Therefore, knowledge of the natural enemies
against the RPW (R. ferrugineus) is an important to create techniques for the integrated pest management (IPM). The present study
aimed to isolate and identify the bacterial species associated the RPW (R. ferrugineus) in Hail region during. Adults of the RPW were
monthly collected from infested date palm farms in various sites in Hail region. Several bacterial species were isolated from the inves-
tigated RPW and the obtained sequences were edited in MEGA7 software and compared to available sequences in the Gen Bank data-
base. The 16S rDNA sequencing showed that bacteria isolated from the investigated RPW were mostly Gram positive and belonged
to Proteus mirabilis (33.3%), Klebsiella pneumonia (25%), Serratia marcescens (25%), Staphylococcus sciuri (8.3%) and Providencia
rettgeri (8.3%). Overall, the results of this study can be utilized a baseline data for applying the biological control program of the RPW.
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INTRODUCTION

The red palm weevil Rhynchophorus ferrugineus (Olivier)
(RPW) (Coleoptera: Curculionidae) is considered as
a dangerous insect pest of date palm trees and makes
huge losses to date palm’s farmers. Indeed, the Food and
Agriculture Organization (FAO) has recorded the RPW
as a class -1 pest of date palms in the Middle East (Al-
Shawaf et al., 2013). This, subsequently, has encouraged
to utilized several strategies to control the R. ferrugineus
including chemicals, biotechnological frameworks uti-
lizing semi chemicals or the improvement of the Sterile
Insect Technique, and biological control (Mazza et al.,
2014). Although chemical control has been broadly con-
nected for controlling the R. ferrugineus, there is creat-
ing stress over the negative impacts of insecticides appli-
cation on human health and the environment (Mazza
et al., 2014; Asiry, 2015; Nicolopoulou-Stamati et al.,
2016). R. ferrugineus collected from different typolo-
gies of prothoracic spots have been found in Malta, Sic-
ily and Pakistan (Bannu, Khyber Pakhtunkhwa) which
shows a degree of diversity in RPW population around
the globe (Ul Haq et al., 2018).

Biological control can be characterized as an ecosys-
tem service which advances the concealment of pests
by their common natural enemies including their para-
sites, parasitoids, predators and pathogens (DeBach and
Rosen, 1974; Bale et al., 2008). Biological control offers
ecological and monetary favorable circumstances as
yield loss might be diminished without undesirable nat-
ural outcomes coming with application of insecticides
(Bianchi et al., 2006). The improvement of a biologi-
cal control segment for a productive IPM requires the
distinguishing proof of the common adversaries of the
RPW and its defensive mechanisms against its regular
natural enemies.There have been a few endeavors to
separate pathogens from the RPW (Gindin et al., 2006;
Giierri-Agullo et al., 2008; Salama and Abd-Elgawad,
2002; Salama et al., 2004). These reviews prompted to
the disclosure of a cytoplasmatic polyhedrosis infection,
and a yeast isolated from the RPW’s haemolymph. Be
that as it may, none of these can be classified as poten-
tial biocontrol agents, mostly because their application
in normal conditions is restricted (Banerjee and Dangar,
1995; Salama et al., 2004). Cytoplasmic polyhedrosis
virus infected RPW larva showed 80-100 % mortality
with a viral dose of 80x106 (Mahmoud et al., 2018).
However, the accomplishment of biological control
agents is frequently lacking and any control of the RPW
is by all accounts.

Pathogenic entobacteria generally belong to the fami-
lies Bacillaceae, Pseudomonadaceae, Enterobacteriaceae,
Streptococcaceae and Micrococaceae (Tanada and Kaya,
1993). Although numerous bacteria can infect insects,
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just members of two genera of the order Eubacteriales,
Bacillus and Serratia, have been enrolled for the control
of insects (Tanada and Kaya, 1993). For the genus Rhyn-
chophorus, bacteria have only been isolated from the
RPW: Dangar and Banerjee (1993) found some patho-
genic entobacteria belonging to Bacillus sp., Serratia sp.
and the coryneform group in larvae and adults in India,
while Alfazairy et al. (2003) and Alfazariy (2004) iso-
lated Bacillus thuringiensis Berliner and Bacillus spha-
ericus Meyer and Neide from larvae and adults in Egypt.
Alfazariy (2004) reported successful control of the RPW
in laboratory conditions by infection with B. thuring-
iensis subspecies kurstaki isolated from larvae in Egypt.
Conversely, different authors demonstrated an alter-
nate weakness of the RPW to B. thuringiensis (Mana-
chini et al., 2008a,b, 2009). Pseudomonas aeruginosa
(Schroeter) was isolated from infected larvae collected
in Kerala, India (Banerjee and Dangar, 1995). Research
facility examines that this bacterium was pathogenic for
weevils when ingested through force-feeding or when
insects were forced to wade through a suspension of
bacterial cells. Mortality occurred eight days after inoc-
ulation and small larvae were more susceptible than
larger larvae (Banerjee and Dangar, 1995), probably
most likely because of absence of antimicrobial cuticu-
lar compounds (Mazza et al., 2011a).The current study
was carried out to characterize bacterial flora associated
with the RPW in Hail region. Also to identify and screen
bio-control bacterial strains. As a result, this can be set
as a baseline data on the screening of natural enemies of
the RPW in this region.

MATERIALS AND METHODS

Collection of red palm weevils (RPW) samples:
Monthly, 120 adults of the red palm weevils (RPW)
were collected from five different infested farms in Hail
region, namely: Al Gayed, Jubbah, Helala, Horir and
Gutha Sharagiya. The study was conducted during the
period October 2017 to December 2018. The pheromone
traps were used for the RPW’s collection. In each area,
40 adults of the RPW were separately placed in plas-
tic boxes. The collected RPW were kept in a freezer at
—-20 °C at the laboratory at the Department of Biology,
Faculty of Science at University of Hail until used for
investigating the bacteria.

Identification of microorganism flora: Isolation of bac-
teria: For bacterial isolation, the collected RPW were
surface-sterilized with 70% ethanol for 5 min (Poinar
and Thomas, 1978) and washed 3 times in sterile distilled
water. The bodies of the investigated RPW were homog-
enized in nutrient broth using a glass tissue grinder, and
the homogenate was filtered. Then, 10, 25, and 50 pL of
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sample extracts was plated on nutrient agar and incu-
bated at 30 °C for 2-3 days. The remaining mixtures
were incubated at 30°C for 3-4 h to enrich the num-
ber of bacteria that have low concentration. From these
mixtures, 10, 25, and 50 pL were also plated on nutrient
agar and incubated at 30°C for 2-3 days. Finally, the
incubated RPW suspensions were heated in a water bath
at 80°C for 10 min to eliminate nonspore-forming bacte-
ria (Ohba and Aizawa, 1986). After heat inactivation, 10,
25, and 50 pL of the heated suspensions were plated on
nutrient agar and incubated at 30 °C for 2-3 days. The
bacterial Isolates were distinguished according to their
colony color and morphology. Pure cultures of bacte-
rial colonies were prepared and stocked in 20% glycerol
at -80°C in the Microbiology Laboratory, Department of
Biology, and Faculty of Sciences at University of Hail.
Bacterial cultures were identified according to their
morphology, nutritional features, and biochemical and
molecular characteristics.

Molecular identification of the bacterial isolates: Inoc-
ulation of isolates: The bacterial isolates were grown on
5 ml tubes contained 2 ml of Luria broth (LB). The tubes
containing isolates were incubated horizontally at 37°C
for overnight with shaking at 200 rpm in an incubator
shaker (Lab-line Instruments, Inc.). To precipitate bacte-
rial pellets for extraction of DNA, 2 ml of LB media was
centrifuged at 5000 rpm for 5 min.

DNA Extraction using modified Dellaporta procedure:
DNA was extracted using modified method of Del-
laporta et al., (1983) as the following protocol: Twenty
mg of fresh harvested mycelium or bacterial pellet were
ground with pestles in a 1.5 ml tube with 500 pl of Del-
laporta buffer (100 mM Tris pH 8. 50 mM ethylenedi-
amine-tetraacetate EDTA, 500 mM NaCl, 10 mM beta
mercaptoethanol) (BME). Thirty three pl of 20% sodium
dodecyl sulfate (SDS, w/v) were added, and the mixture
was vortexed and incubated for 10 min at 65°C.One hun-
dred and sixty ul of 5 M potassium acetate KoAc (Sigma
chemicals) were added and vortexed. The mixture was
then centrifuged for 10 min at 10,000 rpm, and 450 pl
of supernatant was transferred to a new tube. Four hun-
dred and fifty pl phenol, chloroform and isoamyl-alco-
hol (PCI) were added with a ratio of 25:24:1 and vortex
for 5 min and then centrifuged for 5 min at 10,000 rpm.
400 pl of the upper phase were then removed to a clean
microcent. The supernatant was removed and the total
nucleic acid was precipitated in the bottom of the tube.
The pellet was washed with 70% ethanol and spun 5 min
at 10,000 rpm. Then, the pellet was re-suspended in 100
ul of Double-distilled water (ddH20).

Polymerase Chain Reaction (PCR): Amplification of
the 16S rRNA gene from bacterial isolates was carried

out using the universal primers; 27F 5-AGA GTT TGA
TCM TGG CTC AG-3" and 1492R 5-TACGGYTACCTT-
GTTACGACTT (Weisburg et al., 1991), in a total 50 pl
of PCR reaction. The main PCR steps were programmed
as follows: denaturation at 94 °C for 45 s, annealing
at 55 °C for 60 s, and extension 72 °C for 60 s. in 30
amplification cycles, followed by a final extension step
at 72 °C for 10 min. PCR was conducted in the ESCO
Swift Maxi Thermal Cycler with initial denaturation at
95°C for 2 min, followed by 35 cycles of 95°C for 30
sec, 52°C for 30 sec, and 72°C for 30 sec, and the final
cycle is a polymerization cycle performed at 72°C for 10
min. PCR Products were purified using QIAquick® PCR
Purification Kit (Cat. No. 28106) according to manufac-
turing procedures.Macrogen Inc., (Korea), sequenced the
purified PCR products and sequencing of the purified
isolates was performed in both directions using ITS5 and
ITS4 primer pairs. Sequence alignments were edited by
MEGA7 (Kumar et al., 2016).

RESULTS AND DISCUSSION

Rhynchophorus palm weevils are large insects belonging
to the family Dryophthoridae, subfamily Rhynchophori-
nae, and tribe Rhynchophorini (Bouchard et al., 2011).
All Rhynchophorus species are polyphagous and have a
comparable life history and some of them are significant
pests due to the serious economic damage they cause,
specifically to several species of the family Arecaceae.
In excess of 50 characteristic adversaries have been
accounted to attack Rhynchophorus species, among the
considered organisms, bacteria is a critical to be consid-
ered for incorporation in the integrated pest management
programs. In the present study, obtained sequences were
edited in MEGA7 and compared to available sequences
in GenBank database. The 16S rDNA sequencing showed
that bacteria isolated from the investigated RPW were
mostly Gram positive and belonged to Proteus mirabilis
(33.3%), Klebsiella pneumonia (25%), Serratia marces-
cens (25%), Staphylococcus sciuri (8.3%) and Providen-
cia rettgeri ( 8.3%) as shown in Fig. 1 and 2.

The dominated bacteria P. mirabilis was found to be
on the bodies of the tested dead red palm weevil (RPW)

FIGURE 1. A: Proteus mirabilis: B: Klebsiella pneu-
monia; C: Serratia marcescens
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FIGURE 2. Phylogenetic analy-
sis of 16S rDNA sequence by
UPGMA software.

and it was accounted 33.33% of all bacterial isolates from
RPW body. Proteus species are part of the Enterobacte-
riaceae family of gram-negative bacilli. Proteus organ-
isms are embroiled as genuine causes of diseases in
humans along with Escherichia, Klebsiella, Enterobac-
ter, and Serratia species. Proteus species are the most
regularly found in the human intestinal tract as a com-
ponent of ordinary human intestinal flora, alongside
Escherichia coli and Klebsiella species, of which E. coli
is the dominating inhabitant. Proteus is also found in
various natural environments, including long-term care
facilities and medical clinics (https://emedicine.med-
scape.com/article/226434-overview).

The most characterizing normal for Proteus micro-
scopic organisms is a swarming marvel, a multicellu-
lar differentiation procedure of short rods to extended
swarmer cells. It allows population of bacteria to move
on strong surface. The virulence of Proteus rods has
been related to several factors including fimbriae, fla-
gella, catalysts (urease - hydrolyzing urea to CO, and
NH,, proteases corrupting antibodies, tissue framework
proteins and proteins of the supplement system), iron
acqusition frameworks and poisons: hemolysins, Pro-
teus poison agglutinin (Pta), as well as an endotoxin -
lipopolysaccharide (LPS)

Proteus mirabilis, a Gram-negative rod-shaped bac-
terium most noted for its swarming motility and urease
activity, frequently causes catheter-related urinary tract
infections (CAUTI) that are frequently polymicrobial
(Chelsie et.al., 2017). P. mirabilis belongs to the class
Gammaproteobacteria, and has long been perceived as a
member of the order Enterobacteriales, family Enterobac-
teriaceae. However, one group recently created a recon-
structed phylogenetic tree based on shared core proteins,
ribosomal proteins, and four multilocus sequence analy-
sis proteins, and has suggested that the order Entero-
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bacteriales be renamed, putting Profeus within a new
Morganellaceae family (Adeolu et. al., 2016).

P. mirabilis can be found in a wide assortment of
environments, including soil, water sources, and sew-
age, yet it is transcendently a commensal of the gas-
trointestinal tracts of humans and animals (Armbruster
and Mobley, 2012). While the bacterium is fit for caus-
ing an assortment of human diseases, including those of
wounds, the eye, the gastrointestinal tract, and the uri-
nary tract, it is most noted for infections of the siphoned
urinary tract, known as catheter-associated urinary
tract infections (CAUTI) (Warren et.al. 1982; Mobley
and Warren 1987; Breitenbucher 1984; Jacobsen 2008;
Armbruster et. al., 2016). These infections are common
in long-term siphoned patients, for example, the indi-
viduals who dwell in nursing homes and chronic care
facilities, and may be of particular danger to spinal cord
injury patients. During infection, histological damage is
brought about by cytotoxins including hemolysin and
a assortment of proteases, some autotransported. The
pathogenesis of infection including evaluation of indi-
vidual genes or global screens for virulence or fitness
factors has been evaluated in murine models of ascend-
ing UTI or CAUTI using both single-species and polymi-
crobial models. Global gene expression studies carried
out in culture and in the murine model have revealed the
remarkable metabolism of this bacterium (Chelsie et.al.,
2017). Vaccines, utilizing MR/P fimbria and its adhesin,
MrpH, have been appeared to be strong in the murine
model.

Klebsiella pneumoniae was also found in high numbers
in the body of the tested RPW. It represented 25% of the
total numbers of isolated bacteria. Klebsiella species are
Gram-negative coliform bacteria that can cause mastitis,
prompting noteworthy economic losses on dairy farms.
K. oxytoca and K. pneumoniae are the species that are
responsible for causing mastitis. Typical K. pneumoniae
is an opportunistic pathogen, which for the most part
influences those with debilitated immune systems and
will in general reason for nosocomial infections. A subset
of hypervirulent K. pneumoniae serotypes with elevated
production of capsule polysaccharide can affect influence
previously healthy persons and cause hazardous commu-
nity acquired infections, such as pyogenic liver abscess,
meningitis, necrotizing fasciitis, endo- phthalmitis and
severe pneumonia. K. pneumoniae uses an assortment
of virulence factors, particularly capsule polysaccharide,
lipopolysaccharide, fimbriae, outer external membrane
proteins and determinants for iron procurement and
nitrogen source usage, for survival and immune avoid-
ance during infection (Bei et. al., 2014).

K. pneumoniae, a member of the family Enterobac-
teriaceae, is a rod-shaped, Gram-negative, lactose-fer-
menting bacillus with an unmistakable case. Normal K.
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pneumoniae is an opportunistic pathogen that is widely
found in the mouth, skin and intestines, as well as in
hospital settings and medical devices. Opportunistic K.
pneumoniae mostly influences those with compromised
immune systems or who are weakened by other infec-
tions. Colonization of the GI tract by opportunistic K.
pneumoniae generally occurs prior to the development
of nosocomial infections, and K. pneumoniae coloni-
zation can be additionally found in the urinary tract,
respiratory tract and blood (Podschun 1998). K. pneu-
moniae biofilms that structure on therapeutic gadgets
(e.g., catheters and endotracheal tubes) provide a signifi-
cant source of infection in catheterized patients (Schroll
et. al.,, 2010). Nosocomial infections brought about by
K. pneumoniae tends to be chronic due to the two fol-
lowing major reasons: K. pneumoniae biofilms formed
in vivo protect the pathogen from attacks of the host
immune responses and antibiotics (Jagnow and Clegg
2003 ); and nosocomial isolates of K. pneumoniae often
display multidrug-resistance phenotypes that are com-
monly caused by the presence of extended-spectrum
B-lactamases or carbapenemases, making it hard to
choose appropriate antibiotics for treatment (Paterson
et. al., 2004; Munoz-Price et. al. 2013).

Serratia marcescens was also found in high numbers
in the body of tested RPW. It represented 25% of the
total numbers of isolates. Analysis by the 16S rDNA
sequences allotted the selected bacteria to the genus Ser-
ratia (family Enterobacteriaceae), with the most note-
worthy similitude found for the species Marcescens. The
genus Serratia includes, at least, 10 species (Grimont
and Grimont 2006). Serratia is a bacterium found in the
family Enterobacteriaceae that can cause opportunistic
infections even though it is usually a weak pathogen.
Analysis by the 16S rDNA sequences, classified our iso-
lates into the species marcescens. The phylogenetic trees
dependent on the 16S rDNA and the linked housekeep-
ing gene sequences arranged our strains within the S.
marcescens cluster (Figure -2).

This cluster was plainly particular from those of the
other known red pigment-producing Serratia species
(Grimont and Grimont 2006; de Araujo et al. 2010). S.
marcescens has likewise been accounted for, at least
for some red pigment-producing strains, to display an
antimicrobial activity against some gram-positive and
gram-negative bacteria (Ibrahim et al. 2014; Lapenda et
al. 2015). 1 then verified if this was also the case for my
isolates. S. marcescens is available as extracellular sym-
biont in various formative phases of the RPW. Addition-
ally, the antimicrobial activity exhibited versus Bacillus
spp., Paenibacillus spp., and Lysinibacillus spp., reported
as insect pathogens and potential candidates for biocon-
trol agents, could attribute for S. marcescens a potential
protective role (Maria Scrascia et. al. 2016).

Serratia marcescens is among the most widely rec-
ognized irresistible agents in infections related with
Serratia. They cause infections with noteworthy mor-
tality and morbidity in infants (Edmond et. al., 1999;
Roy et. al., 1997; Ania et. al., 2008; Bayramoglu et. al.,
2011). Moreover, S. marcescens is a significant irresist-
ible agent that causes hospital-acquired respiratory and
urinary tract infections in neonatal-adult intensive care
unit and immunodeficient patients. The diffuse nearness
of S. marcescens inside the infested palms highlighted
the capacity of this bacterium to replicate and spread
along the palm tissue.

The RPW is a singular insect with no or restricted
contact between adult and developing individuals.
Solitary insects, moreover to their own safeguards, can
make utilize of symbionts to better protect themselves,
offspring, or nutritional assets against pathogens, pre-
dateors, parasites, or parasitoids (Kellner 2002; Kalten-
poth et al. 2005; Brownlie and Johnson 2009). This pro-
tection can be interceded by various mechanisms, which
include the production of antimicrobials. The coopera-
tion among microorganisms and hosts have depend-
ably been the object of escalated studies. Specifically,
studies on the mutualistic relationships among bacteria
and insects have dynamically uncovered the pertinent
pretended by the formers on the life cycle of their hosts.
The identification of red pigment-producing S. marc-
escens as extracellular symbiont of the RPW will add
to the knowledge on a mutualistic connection among
bacteria and the RPW (Maria Scrascia et. al. 2016). It
has been reported that populations of certain weevils
are sometimes definitely decreased by naturally occur-
ring pathogens, for the most part under conditions for
example, delayed high humidity or dense pest popula-
tions. Banerjee and Dangar (1995) isolated the bacterium
Pseudomonas aeruginosa from naturally infected adults
of R. ferrugineus. The bacterium is observed to be patho-
genic to adults forced to feed on a suspension of bacte-
rial cells and mortality happened 8 days after ingestion.

Staphylococcus sciuri was identified in 8.3% of the
bacterial isolates from the tested RPW body. S. sciuri
belongs to the group of oxidase-positive, novobiocin-
resistant coagulase negative staphylococci (CoNS)
(Stepanovic et. al., 2006). This bacterium is widespread
in nature and can be isolated from an assortment of pets,
wild and domestic animals, insects, environment (soil,
sand, water, air samples, etc.), and foods (Stepanovic et.
al., 2006, Stepanovic et. al. 2005).

It has additionally been recuperated from the hos-
pital environment (Dakic et. al, 2005) and in spite of
the fact that S. sciuri is just occasionally isolated from
humans, it has been associated with a number of serious
infections such as septicemia, endocarditis, peritonitis,
pelvic inflammatory disease, urinary tract infections and
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FIGURE 3. A: Staphylococcus sciuri ; B: Provi-
dencia rettger

wound infections (Severin et. al., 2010; Stepanovic et.
al., 2005). However, there is a little information regard-
ing the pathogenicity of S. sciuri. Members of the S.
sciuri group are widely distributed in nature, and they
can be isolated from a variety of animals and the prod-
ucts of animal origin (Takeuchi ef. al., Gianneechini et.
al., 2002; Waage et. al., 1999) as well as from human
(Stepanovic et. al., 2001; Couto et. al., 2000), but most
of them are a pathogenic to animals. It has been reported
that numerous bacteria pathogens to insects are dynamic
makers of secondary metabolites harmful to insects or
other organisms that can be utilized as novel particles
for controlling both plant pathogens and pests (Bode,
2009).

Providencia represents a genus of urease produc-
ing, gram negative bacilli which although rare, are very
omnipresent in the environment. Providencia species
intently take after Proteus and Morganella species. They
are often isolated from wounds, respiratory tract and
urinary tract (P. alcalifaciens, P. rettgeri and P. stuartii),
stool of humans (P. alcalifaciens), poultry, faeces from
reptiles (P. rettgeri), throat, perineum, axilla and blood
of humans (O’Hara et. al., 2000). A report from Nepal in
2014, a cluster of surgical infections with regards to the
isolation of P. rettgeri, demonstrated the presence and
significance of this organism in the Asia-Pacific region
(Tada et al., 2014). P. rettgeri has been involved in the
etiology of gastrointestinal sickness in 1986, traveler’s
diarrhea in 2004, and ocular infection in 2006 (Muller
1986; Yoh et. al., 2005; Koreishi et al., 2006 ). P. rett-
geri has additionally been involved as a causative agent
of “purple bag syndrome”, where the enzymatic activity
gives rise to a purple tinged urine (Peters et. al., 2011).

There are not many records about the occurrence of
natural enemies of R. ferrugineus, which may be ascribed
to the mysterious living space of the eggs, larvae and
pupae, which protect them from such common adver-
saries. Ordinarily, the natural enemies do not play an
important part in controlling of R. ferrugineus. Reginald
(1973) suggested that natural enemies don’t have a sig-
nificant impact in controlling world’s worst pest of palm
trees, R. ferrugineus (RPW) and few studies have been
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conducted on natural enemies of Rhynchophorus (Mur-
phy and Briscoe, 1999; Faleiro, 2006a,b). In this study,
bacteria associated with the red palm weevils have been
investigated by considering their pitfalls and potenti-
alities in order to pinpoint management techniques to
be considered in the development and reconciliation of
biological control procedures.

CONCLUSION

The study demonstrated the many pathogenic bacteria
were associated with the red palm weevil, Rhynchopho-
rus ferrugineus Olivier adults, however, the pathogenic-
ity of these bacteria could be attributed to the produc-
tion of secondary metabolites harmful to the RPW. The
extraction and recognizable proof of secondary metabo-
lites delivered by the entomopathogenic bacteria iso-
lated in this study as well as the in vivo activity of
bacterial cells against R. ferrugineus require further
investigation.
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ABSTRACT

This paper presents an intelligent model to analyze, understand and classify Arabic tweets. The proposed model includes four main
phases; preprocessing, feature extraction, language model, and classification model phases. In the preprocessing phase, the corpora
and the stop words will be employed. The language model includes morphological, lexical, syntax, and semantic analysis. Moreover,
stem, root extraction and number indication will be involved. Consequently, we have different features that represent the analyzed
Arabic tweets (meanings, word order, syntactic features, number features ...). Therefore, the classification phase is used to classify
Arabic tweets model. The proposed solution uses tweets corpora written in Arabic, so the generated dictionary/lexicon has been made
of Arabic words with their meaning. After getting the content data from the corpora, the language model analyzes and understands
the content and stores it into deep structure or internal representation. Therefore, feature extraction extracts tweets features, and
classification model classifies the new tweets. This study uses linguistic preprocessing tasks and similarity functions to outperform
Arabic tweets clustering. Consequently, machine learning will generate the result of the analyzed tweets.
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INTRODUCTION

Arabic is the main language in the Middle East; there-
fore, it is the language of a large number of posted mes-
sages in social media applications. Arabic is the most
growing language over the web. Millions of messages
and followers in Arabic are posted daily in social media.
However, Arabic still suffers deficiency to analyze and
extract valuable knowledge. Sometimes, dialectal and
modern standard Arabic may be used in different Ara-
bic countries. Recently, short text messages in social
media, such as Facebook posts as well as Twitter tweets
have been increasing. Therefore, opinions analysis, sub-
ject clustering, and messages classification are used to
extract valuable knowledge such as sentiments, prod-
ucts, services and different events. Many researches han-
dle tweets sentiment analysis, (Abuaiadah, et al., 2017)
(EI-Nagga, et al., 2017) (Nsouli, et al., 2018) (Samdi €t
Qawasmeh, 2018) (Badarneh, et al., 2018).

Preprocessing tasks such as rule-based stemming
and light stemming are optimized to be used in clus-
tering. Many classification and clustering algorithms
have been used to retrieve information from applica-
tions. Therefore, natural language processing (NLP) has
been used to support name entities, question answering,
and sentiment analysis (El-Nagga, et al., 2017). In addi-
tion, hybrid approach between modern standard Arabic
and dialectal Arabic (e.g. Egyptian dialectal) should be
needed for sentiment analysis.

Real time traffic events and road conditions with con-
gestion attentions based on twitter data analysis, is one
of the hot applications that support intelligent transpor-
tation system (ITS) (Nsouli, et al., 2018). The ‘ITS’ helps
drivers to know shortest roads and avoid cars’ accidents
based on (Abuaiadah, et al., 2017) traffic tweets post
analysis.

A supervised machine learning method is announced
to extract events for Arabic tweets. The proposed method
in (Samdi & Qawasmeh, 2018) based on triggering event,
time event and type of event. An Arabic tweets dataset
is built and annotated by two human experts, in case of
emotional analysis (Badarneh, et al., 2018); (Al-A’abed
& Al-Ayyoub, 2016); (Hmeidi, et al., 2016). Emotional
analysis focuses on emotion such as (joy, fear, happi-
ness, sadness, surprise, anger, etc.). Also, lexicon-based
approach is used to analyze Arabic children stories with
their emotional expressions (El Gohary, et al., 2013).
Accordingly, natural language processing (NLP), mor-
phological, syntactic and semantic tasks with stemming
task will be used in sentiment analysis.

The present paper has been divided into following.
Section 2 introduces literature review with related works
for sentiment analysis. Section 3 explains Arabic text
analysis framework and describes the different design

stages of all models. The classification model with
machine model algorithms has been illustrated in sec-
tion 4. Section 5 evaluates output results with accuracy
indicators. Conclusion and future work is presented in
section 6.

Sentiment and opinion mining of tweets are consid-
ered to be more interesting than documents mining. In
addition, this mining is ambiguous and vague (Abuaia-
dah, et al., 2017); (Efron, 2011).0ther challenging points
to work with the sentiment analysis, opinion mining
and the corresponding needed datasets are mentioned in
many literatures (Oraby, et al., 2013). Therefore, it is sig-
nificant to evaluate messages tweets on social networks
as indicators of people opinions. An assistant opin-
ion model with messages orientations are presented in
(Nabil, et al., 2015); (Ibrahim, et al., 2015) to analyze and
classify tweets in social media and documents analysis.

An improvement of aspect sentiment analysis has
been presented in (Do, et al., 2019). Aspect extrac-
tion and tweets classifications of messages reviews for
products are two objectives of this research. Therefore,
machine learning approach with syntactic and seman-
tic messages features are achieved.Word co-occurrence
networks for microblogs have been presented to analyze
and uncover hidden parameters (Garg & Kumar, 2018).
Evaluation and experimental results have been done
based on FSD dataset.

Ismail et al presented their work to analyze Arabic
tweets dialected with Sudanese people to observe their
opinions (Ismail, et al., 2018). Four classifiers (NB, SVM,
K-Nearest and Multinomial logistic regression) were used
in training with dataset includes 4712 tweets. The SVM
classifier gave and revealed highest score with 729%.
Alayba et al mentioned that the use of deep neural net-
works gauge to classify and analyze sentiment analysis
and natural language processing applications (Alayba,
et al., 2018). Therefore, Word2Vec model is described;
and implemented by using a large Arabic corpus from
ten newspapers. They reported that they obtained good
accuracy of classification. Alharbi et al work introduced
their paper to identify activities that led to Saudi citi-
zens’ happiness. Entertainment events, Saudi cities, and
happiness activities are used events to measure the hap-
piness base on Twitter in Saudi Arabia (Alharbi, et al.,
2018).

In Arabic countries, we have many dialectical lan-
guages, rather than “modern standard Arabic (MSA)"
In Saudi Arabia, six major dialectical regions exist (e.g.
Hejazi, Najdi) (Alwakid, et al., 2017). Table 1 includes
some examples to show differences between MSA and
Saudi dialectical (Hejazi, and Najdi).

Some troubles and difficulties such as understanding
the concept and the meaning of dialectal language and
related definitions need additional elaboration. The idea
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Table 1. Some Examples to lllustrates Differences Between
MAS and Arabic Dialected Words (Alwakid, et al., 2017)

Dialected in Saudi
English Modern Standard Arabic
Hejazi MNajdi
g il Sl
Window 38 :
Leave it lge flgs L Lls
What 1k ! s

behind that is lexical units with similar meanings should
appear in similar context. Therefore, official repository
for semantic information for emotions’ content and sen-
timent orientation will be involved.

Arabic Text Analysis Framework Materials

The natural language processing (NLP) operations will
be employed to understand the Arabic text tweets. Then
text analysis step will take place. Different NLP opera-
tions will be explored in detail such as preprocessing
with standard linguistic notation. Therefore, the pre-
processing phase includes tokenization, tagging, chunk-
ing, stemming and lemmatization. Based on these opera-
tions, we obtain words, phrases and sentences or any
other tokens. Text cleaning is also needed to increase the
accuracy of the classifiers (e.g. normalizing text). Other
important aspects should be involved such as syntactic
structure and POS, parsing and grammars. The architec-
ture of the proposed framework is illustrated in Figure 1.

FIGURE 1. Evaluation method phases and steps

Many preprocessing tasks and related models are
needed to analyze messages in the following descrip-
tion. The pre-processing phase will be described in the
following algorithm.

Step 1. Given dataset as stream of tweets

Step 2. Splitting each tweet alone (Splitting algo-
rithm)

Step 3. Clean each tweet from

HTTP link, and URLs for each tweet using regular
expressing algorithm.

Non-Arabic words

Unnecessary and special characters

Diacritics and punctuation marks

Hassanin et al.

Repetition of characters

Using Cleaning algorithm

Step 4. Tokenize each tweet by split algorithm.
Step 5. Apply Stemming process

Step 6. Apply the stop word algorithm.

Step 7. Return by the tweet

A. Language model

The objective of language model is to analyze and
understand the content text in order to extract rel-
evant information and create internal representation
of the analyzed text. This internal representation is
very important to understand the context meaning of
the text. Consequently, the task of the language model
includes tokenizer, morphological, syntactic and seman-
tic analysis phases. Therefore, the language model uses a
well-defined dictionary, lexicon and grammatical rules.
The output results of language model is used to achieve
the internal meaning (internal representation).

B. Tweets Corpus Tokenization Phase

This task splits Arabic tweets (text corpus) into pieces
called tokens. The splitting task of tweets sentences is

W o Wy

performed by using specific delimiters such as (%", “,”,
“;", and “\n”). Therefore, many of Arabic tweets are
needed to create our corpus to work with the natural
language to work with the Arabic natural language
toolkit. Next, tokenizer task tokenizes the Arabic text
stream into separate words (tokens) using the pre-trained
Arabic tokenizer and the NLTK interface.

The first step includes two sub-steps: sentence/phrase
splitting, tokens (words) and word derivations with affixes
processing. Any Arabic text content will be segmented
into separate sentences/ phrases (chunks). After that, each
sentence/phrase will be segmented into separate words
(tokens). So, the morphological analyzer takes place to
analyze and make derivations of the current word and
remove affixes from it, and therefore, find its root. The
affixes can be processed to find out additional param-
eters or indictors to support the word part of speech (verb,
noun, character, etc.), gender, tense, number (singular or
plural). Details of the preprocessing phase and the details
of tokenizer module are shown in Figure 2.

C. Words Tokenization

This phase receives its input from tweets stream (previ-
ous task) and splits the segmented sentence into their
component list of words (tokens). This process is impor-
tant to clean and normalize the generated words (tokens)
and extract root for each individual word. Any proposed
word tokenizer includes the following steps:

Step 1. While there is a stream for tweets text Do
Step 1.1. Separate and split the input text stream
out periods that exist at the end of each tweet.
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FIGURE 2. Arabic Tweets Sentiment Analysis

Step 1.2. Separate and split the sentence stream when
find out any delimiters followed by white spaces.
Step 1.3. Split words using standard root using
contractions method.

Step 1.4. Employ the word tagging (POS) for the
whole tweet.

Step 4. Stop.

This task will be applied before and after cleaning task.
The root and/or stem will be recognized with different
lexical indicators.

Next section describes the normalization tasks to get
clean textual data that understand its meaning. The only
thing we need is to maximize the Arabic tweets data to
be very large. However, depending on how we plan to
use our model, we need to be more or less satisfied with
the quality of the dictionary and lexicon we use. When-
ever there is doubt, the general rule is the more data we
have, the better the case is. Moreover, depending on the
corpus size (tweets content), training can take several
hours or even days, but fortunately, and we can store the
analyzed data and extracted features on a storage disk.
Thus we do not have to perform the analyzed tasks of
model training every time we use it.

D. Normalize Tweets

As illustrated in (Alwakid, et al., 2017), many challenges
have been encountered to analyze Arabic tweets due to
unstructured written language: orthographic errors, dia-
lected words, ironic-sentences, contractions, idiomatic
terminologies/ expressions, or abbreviations. Moreover,
repetition of Arabic characters needs to be normalized
(unified). Therefore, normalization is used to change
some of special characters into one form (shape). Some-
times, Arabic letters (1.1 1) can be changed into one
form Arabic letter (), see table 2.

This process includes series of steps to clean, tokenize,
standardize and wrangle tweets stream into a suitable

Table 2. Some Examples to lllustrates Differences Between
MAS and Arabic Dialected Words

Letter )
Mormalized letters Examplas
process
- 3= I3 [
Pttt , 13 = 13 Wi = 13
alatn o= Al sla o= Bgla
) a
. SR T=Ee ==k
(LRt S

form that could be processed by NLP various analytic
methods.

Clean Tweets

Sometimes many of extraneous and unnecessary char-
acters and tokens are not needed or not required, such as
symbol tags and repeated data. Therefore, such unneces-
sary tags and repeated data can be removed. Removing
unnecessary and special characters will be done before
and after cleaning task.

Contraction Tweets

This task is important to avoid and recover the standard
text of Arabic. Some contraction types can be classified
into normal (auxiliary verb), negated, and colloquial.
According to the Arabic tweets nature, the colloquial
contraction with an acronyms or short end description
(abbreviated), such as - »» Means as s+ and s means
“ 582 3247 are two type of such contractions. Other types
such as euphemism taboo word (restricted), vulgar and
accepted will be discussed in other literatures.

Stem

Morpheme is the smallest unit in morphological analy-
sis, it consists of stem and affixes. The stem is known as
a base form of a word, and we can generate new words
by attaching affixes to this base form. Therefore, the
stem can be extracted from that inflection/derivation; a
process known as stemming.

Al-Barhamtoshy et al. (Al-Barhamtoshy, et al., 2007)
remarked that Arabic is a derivational and morpho-

Table 3. Some examples to explain different surface forms
:::::: Form: Englizh meaning
—'\I— Gold
; s Painted
= b Go
Sl Is this zold?
—= Grain
= Love
- waad Ilove
] i You love
s Ha loves
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logical language. The reason that allows several differ-
ent patterns or surface forms or stem for single words.
Table 3 describes examples of some cases.

Lemmatization

Lemmatization is similar to stemming after removing
word affixes. It is the task of finding base form. Some-
times this base form needs to make extra inflection or
derivational and lexicographical process to find correct
word in the dictionary (root stem).

Ontology Phase

We are now moving from corpus data (unstructured data
that include tweets’ messages) to deep structure or inter-
nal representation (semi structured data). If we know
the tweets sender name, we also know in which country
the sender lives; sender write tweets that are published
in specific dates and written in a particular language,
etc.

There is a whole series of information to be drawn
from this tweets story - this is the goal of the ontol-
ogy. In addition, phonology helps us understand missing
data. If the NLP analyst has recognized the sender and
title, what has not been recognized? It seems that the
tweet is published in group domain. So let’s look for his-
tory - it’s there. Moreover, it seems that the language is
also involved - we can find it too.

The classification process is based on ontology within
the Interlingua language model approach. The syntactic/
semantic generation module with a very limited domain
of classification (forecast ontology could support clas-

Hassanin et al.

sification). Therefore, the ontological representation
determines which route (meaning) to track and so, clas-
sify the words correctly.

Classification of Model Architecture
Tweets Dataset

Arabic twitter can be used to create tweets dataset (dic-
tionary and lexicon) of the proposed solution with clas-
sification model. Table 4 illustrates some examples that
are selected from the created corpus. Some of this data-
set is constructed and released, annotated for morpho-
logical and syntactic analysis, and others are used in
clustering (Nabil, et al., 2015).

Many tweets representing judgement directions can
be assigned to several categories of sentimentality. Pri-
marily, these tweets are used to represent the tweets
corpus. Tweets classification can be classified into two
types: content-based and request-based classification.

To automate and create “tweets classification sys-
tem”, we will classify tweets corpus to domain catego-
ries or classes.

Usually, supervised and unsupervised machine learn-
ing algorithms are relevant to classify such input tweets.
In addition, reinforcement and semi-supervised learning
may be used.

To describe the classification process of tweets in sci-
entific notation. The text tweets (TT) is a set of combined
texts and labels. TT = { (T, c), (T,, <y (T, ¢ )} where,
T, T,.., T, are a list of tweets, and their paired labels
are classes: ¢, ,, ..., C, .

Table 4. Tweets Dataset Description
Dataset Title Original Content | Words/Tokens | Size

Voilence Keywords | Words 237
Argblc—Vlolence— Emotion Icons Icons 800
Twitter

Stop words Words 126
Arabic Sentiment Train.txt Tweets 2002
Tweets Dataset Test.txt Tweets 218
TripAdvisor.com Attraction ATT.csv | Tweets (2154) 893 KB
Qaym.com Hotel HTL.csv Tweets (15572) 14.5 MB
Elcinemas.com Movie MOV.csv Tweets (1524) 5.11 MB
Soug.com Product PROD.csv Tweets (4272) 515 KB
TripAdvi

ripAdvisor and Resturant RES.csv Tweets (10970) 4.24 MB

Qaym

Training (CSV)
MPQA-A Tok 204 231

Q r Testing (CSV) okens 0430823153
. Training (CSV) 42076
Astd-artwitter Testing (CSV) Tokens 4519
LABR-book- Training (CSV) 937765
. . Tokens

reviews Testing (CSV) 99947
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Assuming that the learning algorithm L is trained with
the training dataset TT, the classifier ¢ such that F(TT)=¢
is used. The workflow of the proposed automated tweets
classification system is illustrated in Figure 3.

Usually, the dataset is divided into two datasets,
training and testing datasets. The preprocessing phase
and the features extraction phase are overlapped to be
used in both training and testing. In the training phase,
each tweet has its own equivalent type (category or
class) that was labeled before. The cleaning tweets will
be forwarded to the feature extraction phase to extract
significant features (numeric arrays or vectors).

These significant features (vectors) are feeding with
the corresponding related labels to the machine learn-
ing algorithm to learn various tweets patterns related
to each category and combine classification model. This
gained knowledge will be used to predict categories
for new tweets. Once we have the classification model
(working model), we can test such model using accuracy
metrics.

Feature Extraction (Feature Engineering)

Features are measurable properties for every data ele-
ment in a dataset. The feature extraction (engineering)
is the process to transform the input stream of dataset
into a set of measurable value (numerical values). These
features can be extracted using machine learning algo-
rithm in order to differentiate and recognize the tweet’s
dataset.

“Vector Space Model” or “Term Vector Model” is
used as mathematical model to represent tweets text as
numeric vector. We have a tweet T in a tweet vector
space VS. The dimension of each tweet is the number of
distinct words for all tweets in the vector space.

VS={W,W,.,W} (1)
Where n represents distinct words in the whole tweets.
We can represent tweet (T) in such vector space by:

(2)

Where W_ describes the weight of word (n) in tweet (T).
This weight represents frequency (or average frequency)
as numeric value, or term frequency (TF) weight.

T= {WTI’ WTZ"”’ WTn}

Evaluation of The Proposed Model

To evaluate the proposed work (Arabic sentiment analy-
sis) through word embedding, precision, recall, accu-
racy and F -score of tweets, classification will be used.
Also, confusion matrix with detailed of the classifica-
tion result will be used for performance measurement.
Table 5 describes the analyzed results of our dataset.
These analyzed data include the tokenized training data-
set, and tokenized testing dataset. Then the vectorization

Table 5. Analysis Results of Tokenization and
Vectorization
Tweets Method Number of Tokens
Dataset Approach Training | Testing
Tokenization 204561 22203
Mpqa-ar
Vectorization 8996 1000
astd-artwitter- Tokenization 41420 5175
ar Vectorization 3187 355
Tokenization 930364 107348
LABR-book
Vectorization 14803 1645
Tokenization 48859 5894
Products
Vectorization 3841 427
Tokenization 325170 37352
Restaurant
Vectorization 7527 837

| Table 6. (a) Mpga-ar Dataset Evaluation Results

‘ S:;i:)f;i;twn Average | Prec. | Recall | F1

Random-Forest 74.69 75.00 | 65.90 70.16
| SGD-Classifier 76.49 76.86 | 68.42 72.40
| Linear-SVC 74.54 76.46 | 69.11 72.60
| Nu-SVC 74.74 71.17 | 72.31 71.74
| Logistic-Regression | 76.79 76.31 | 70.02 73.03
| Gaussian-NB 69.95 72.62 | 55.84 63.13

Table 6. (b) Astd-arTwitter Dataset Evaluation Results

‘ g;;f_::cc;twn Average | Prec. | Recall | F1

‘ Random-Forest 74.69 85.80 | 73.23 79.02
‘ SGD-Classifier 82.71 87.03 | 81.31 84.07
Linear-SVC 80.24 86.78 | 76.26 | 81.18
‘ Nu-SVC 83.29 87.98 | 81.31 84.51
Logistic-Regression 81.94 88.95 | 77.27 | 82.70
‘ Gaussian-NB 74.01 80.11 | 71.21 75.40

Table 6. (c) Astd-artwitter Dataset Evaluation Results

‘ gs;i;f:;;tmn Average | Prec. | Recall | F1

‘ Random-Forest 78.29 85.80 [ 73.23 | 79.02
SGD-Classifier 82.71 87.03 | 81.31 84.07
Linear-SVC 80.24 86.78 | 76.26 81.18

‘ Nu-SVC 83.29 87.98 | 81.31 84.51
Logistic-Regression 81.94 88.95 | 77.27 | 82.70
Gaussian-NB 74.01 80.11 | 71.21 75.40

280

SEMANTIC AND SENTIMENT ANALYSIS FOR ARABIC TEXTS USING INTELLIGENT MODEL

Bioscience BioTECHNOLOGY RESEARCH COMMUNICATIONS




Table 6. (d) Restaurant Dataset Evaluation Results
Cositation v [ e [
‘ Random-Forest 60.31 78.27 | 94.52 | 85.63
‘ SGD-Classifier 65.48 80.36 | 92.91 86.18
‘ Linear-SVC 71.92 84.16 | 89.86 86.92
‘ Nu-SVC 69.08 82.09 | 92.27 86.88
‘ Logistic-Regression | 73.27 85.12 | 89.37 | 87.20
‘ Gaussian-NB 51.30 86.78 | 41.22 55.90
Table 6. (e) Products Dataset Evaluation Results
Classification | Pevious | e | pecat [ F1
‘ Random-Forest 63.80 76.53 | 95.35 | 84.91
‘ SGD-Classifier 75.48 82.13 | 94.68 87.96
‘ Linear-SVC 76.92 83.99 | 92.36 87.98
‘ Nu-SVC 71.08 79.89 | 95.02 86.80
‘ Logistic-Regression | 76.27 83.53 | 92.69 | 87.87
‘ Gaussian-NB 63.30 88.27 | 57.48 69.62

FIGURE 3. Architecture of Automated Tweets
Classification System

process is employed with vectorized training tokens with
14803, and vectorized testing tokens with 1645.

We used six classifiers, Random-Forest, Stochastic
Gradient Descent (SGD), Support Vector Machine (Lin-
ear-SVC), Nu-SVC, Logistic-Regression, and Gaussian-
NB. Classification results of these methods are demon-
strated in table 6.

Figure 4 illustrates the receiver operating characteris-
tic (ROC) as a relation between sensitivity and specific-
ity (true positive and false positive rates) for all cut-off
points. So, if we have true positive 0.85, we have a prob-
ability of 0.15 of being wrong.

CONCLUSION

In this paper, we have presented a proposed model to
analyze and classify Arabic tweets. The real application
domain includes many of dataset in different domains.
The proposed solution is tested with five corpora for Ara-

Hassanin et al.

FIGURE 4. Realtion between sensitivity and
specificity

bic tweets. The proposed model has been tested accord-
ing to different six classifiers; the output results indicate
that our model increased the accuracy of the sentiment
classifications tasks in all the used datasets based on the
language model.
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Some difficulties such as understanding the concept
and the meaning of dialects and related definitions need
additional elaboration; the reason is that the lexical
units that have similar meanings should appear in simi-
lar context. Therefore, official repository for semantic
information for domains’ contents and terminologies
definitions should be involved using ontological addi-
tional works.
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ABSTRACT

This paper describes an Omni OCR system for recognizing typewritten and handwritten Arabic texts documents. The proposed system
of the Arabic OCR system can be classified into four main phases. The first phase is the pre-processing phase; it focuses on binariz-
ing, skewing treatment, framing, and noise removing from the prepared documents (dataset). The second phase aims to segment the
preprocessed documents into lines and words. Two main tasks are pointed during this phase: language model with the used Arabic
dictionary, and the detection of segmented lines and segmented words. The third phase is features extraction phase; it is used to
extract features for each segmented line/word according to the used language model. Finally, the classifier or the recognizer will be
used to recognize each word/line into a text stream. Therefore, scientific evaluation of the four phases will be applied to measure the
accuracy of the Arabic OCR system. The recognition approachis based on Hidden Markov Models (HMM) with the prepared datasets
and software development tool are discussed and introduced. State of the art OCR’s recognition systems are now capable to perform
accuracy of 70% for unconstrained Arabic texts. However, this outline is still far away from what is required in a lot of useful appli-
cations.In other words, this paper describes a proposed approach based on language model with ligature and overlap characters for
the pro-posed Arabic OCR. Therefore, a posterior word-based approach is used with tri-gram model to recognize the Arabic text.
Features are extracted from images of words and generated pattern using the proposed solution. We test our proposed OCR system in
different categories of Arabic documents: early printed or typewritten, printed, historical and calligraphy documents. The test bed of
our system gives 12.5%-character error rate compared to the best OCR of other systems.
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INTRODUCTION

Currently, OCR systems achieve important role in docu-
ment analysis and content retrieving with high accuracy.
Though, Arabic document analysis and Arabic retrieving
systems have more challenges (Stahlberg & Vogel, 2016).
The document outline analysis is the method of classify-
ing and labeling the zones of the image documents into
a segments of text documents. Somewhat OCR system
involves the segmentation of text regions from non-tex-
tual ones. Nevertheless, Arabic text regions play diverse
its logical parts inside the manuscript (title, subtitle,
notes, cross-references, etc.) and this kind of seman-
tic labeling is the opportunity of the layout analysis.
Figure 1 shows sample of the challenges in Arabic
scripts. Due to these properties the current performance
of state of art Arabic OCR systems is much lagging com-
pared with the performance of other Latin-based OCR
systems.

Recent submissions that used Arabic text segmenta-
tion and Arabic OCR systems are discussed in (Stahlberg
& Vogel, 2016). Other published applications to recog-
nize Arabic handwritten is illustrated in (Cao & Natara-
jan, 2014). A wide range of document analysis, layouts
processing to locate text blocks and none text blocks
and separating between them have been presented in
(Nobile & Suen, 2014). Script identification has been
a real challenge in OCR and information retrieval sys-
tems (Pal & Dash, 2014). The most state of the art papers
are published into the OCR machine printed character
domain.Moreover, segmentation process leads to errors
more than the other processes in document analysis and
processing (Cao & Natarajan, 2014).

Text classification addresses the problem of docu-
ment analysis into “classifying modern machine printed
text, handwritten text and historical typewritten text
from degraded noisy document” (Zha, et al., 2014).
Therefore, text classification approach based on iVector
is proposed in (Zha, et al., 2014). The text line is classi-
fied using SVM in iVector space. An OCR for multilin-
gual documents (Amazigh-Frensh) has been proposed in

(EI-Gajoui, et al., 2015). Hence, Amazigh writing tran-
scription methods are employed using Latin or Arabic
alphabet. Acomprehensive survey on Arabic cursive
scene text recognition, and the text having variations
infont styles, size, alignment, orientation, reflection,
illumination change, blurriness and complexbackground
had been illustrated in (Bin Ahmed, et al., 2019). Arabic
text recognition system is presented using deep learning
architecture, and text localization and feature extraction
are also presented. Then, it injects such feature vectors
to the HMM. Holistic Arabic printed word recognizer is
introduced along with discrete Markov classifier, HMM
toolkit (HTK), and discrete cosine transform (DCT). Five
fonts are used, having size of 14 points with plain style.
Additional details, technical points and paper analysis
are presented in (Nashwan, et al., 2017).

The documents to be studied within the datasets are
composed of different fields under different formats
styles (document styles, sizes, colors ...). Figure 2 shows
samples of documents with different fonts, styles, colors
...). Accordingly, different manipulation with respect to
syntax, styles, and colors during the analytic processes
are needed of the proposed system.This paper is organ-
ized as the following description. Section 2 introduces
an overview of multi classification of OCR system and
related definitions. Section 3 gives the proposed solution
of the Arabic OCR system with preprocessing operations
(binarization, skewing, frame removing, and segmen-
tation modules). Section 4 provides a language model
and a lexicon building with Arabic OCR dataset descrip-
tion. Section 5 introduces features extraction and HMM
decoding description. Performance evaluation results
will be discussed in section 6. Section 7 summarizes
conclusion and future works.
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Analyzing the layout of documents is difficult, par-
ticularly in typewritten, handwritten, historical images,
and manuscript notations. Any documents can be clas-
sified based on its category; either printed, typewritten,
handwritten, or scripts and manuscripts documents. The
documents require dedicated preprocessing modules
to deal with some common properties, structure, clear-
ing irrelevant objects or noises, language direction...etc.
Therefore, the documents require pre-processing proce-
dures because of some familiar properties such identify-
ing unrelated objects or noises, language direction ...etc.
An OCR system takes into consideration the different cat-
egories of such documents. Figure 3 illustrates a flow dia-
gram of multi-classification that used in OCR technology.

Generally developing an OCR system framework for
multi-script language documents is more difficult than
a single-script OCR, due to features associated with the
language models, structures, properties, styles, and the
nature of writing. The first module in the layout analy-
sis is to organize text and non-text regions. Therefore,
given a document image, then converts it into a decom-
position of smaller regions. Thus, these regions are clas-
sified as text or non-text elements. Such text regions are
fed to the second module of the OCR system, in order to
declare category of the document (Printed, calligraphy
... or typewritten). In this proposal, we are dealing with
heterogeneous large-scale documents with wide varying
structured category. Furthermore, there could be multi-
page document with different languages. Accordingly,
the language domain will be identified within the lan-
guage script specification module.

The goal is to improve the OCR accuracy by creating
auto selection of the OCR system. To enable this goal,
the layout module aims to:

1. Identifying the document image category.
2. Detecting and segmenting text and non-text re-
gions.

A script is a visual representation or an organized
arrangement of distinct graphic characters in precise

Hassanin et al.

patterns known as the alphabet of a language Graph-
eme, allograph and glyph are needed to study the script
of a language, and they contribute to the script forma-
tion, as well as designing fonts Any OCR can be carried
out using one of the following steps:

e Building a general OCR that recognizes all words
and characters of the alphabets in all possible lan-
guages.

e Building language separation module to identify
each single script with related OCR engine.

Arabic historical documents are classified as one of
the most important documents that includes histori-
cal, political, and ancient information over the world
archives. Figure 4 shows two examples of Arabic his-
torical documents and one multi script (Arabic/English)
with different kinds of orientation.

1. Proposed Methods and Preprocessing Block Diagram

Several commercial systems have been developed based
on images analysis, segments determination and features
extraction techniques. Most of such documents contains
a lot of challenges; such as documents layout forms,
physical structure, low quality due to aging, etc. this in
addition to; the Arabic documents challenges; such as
language writing orientation, Arabic dots, and Arabic
diacritics. The data flow diagram (DFD) of the preproc-
essing stage of document analysis is shown in Figure 5.
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It starts with documents binarization (Al-Barhamtoshy,
et al., 2019).

2.1 Binarization

The main goal of binarization is separating the fore-
ground text from the background to enable and identify
useful feature for character recognition (Al-Barham-
toshy, et al., 2019). According to document degradation,
low contrast, shadows, background intensity, smear,
etc.; we need further processing for these challenging
tasks. Several algorithms are used in binarization for
modern documents, the most commonly used algorithm-
sare the Otsu algorithm, the Niblack algorithm, and the
Sauvola algorithm(Hadjadj, et al., 2016). In the binari-
zation development process, Sauvola algorithm will be
used with adaptation method to work with the Arabic
documents. The proposed solution gives good results for
the documents, as shown in figure 6.

Local binarization computes a threshold t(i,j) for each
pixel according to the following formula:
_Iiur
o)

The threshold t(i , j) is calculated after getting the
mean value of m(i, j) and standard deviation S(i , j) of
the pixel intensity in window (w , w) centered around
the pixel (1, j).

. 100=Fi
Fi= T i=12458

where R =128 for grayscale, and the default value of k=
0.34 gives best results.

2.2 Skew Detection and Correction

There are many methods used in documents skew detec-
tion. For example, projection profiles (El-Gajoui, et al.,
2015), Hough transform, nearest-neighboring, segmen-
tation (Al-Barhamtoshy € Rashwan, 2014), and coloring
documents are used. In the projection profiles, horizontal
and objective functions are computed to detect the skew
rotating angle in the image. Such horizontal profile has

consecutive local maxima and minima as the document
is rotated to the computed angle. The objective func-
tion is used to minimize the searching process. Another
technique is used by dividing the document into verti-
cal slices, and then compute the horizontal projection
profile for each slice. Also, wavelet decomposition can
be used with inaccurate results. Hough transform can
detect skew angle and estimate the lines in the docu-
ments and obtain their angles within time complexity
(slow speed and it takes lot of memory).

In (Subrahmanyam, et al., 2018) a skew estimation
is obtained based on image borderlines by using a run-
length algorithm with large connected components in the
whole documents. The proposed de-skewing algorithm
presented by, first it segments the imaged document,
then it detects the skewing angle using the segmented
objects, but when it tries to obtain the skewing angle
from page borders, it faced a problem that some pages
does not contain any borders and also some borders are
not continuous therefore, it will be hard to be extracted.
This leads us to try another technique in skew detec-
tion, first we assume that the skewing angle ranges from
-5 to 5, all borders and small components are removed,
then the page is segmented into lines using a histogram
technique, curve fitting is then used to obtain the skew
angle for each line, and finally the average skew angle
is calculated and rotate the whole page by this skew
angle. The main advantage of this method is its abil-
ity to detect the skewing angle even if it is very small.
Figure 7 shows the block diagram of the de-skewing
algorithm.In our case, we use connected component to
remove the marginal noise to perform documents clean-
ing. Then vertical histogram profile is used to obtain a
rough estimation for text lines, and then we use a curve
fitting to obtain the skew angle.

Figure 8 display two documents before and after the
skewing algorithm. A straight forward approach to cor-
rect skewing angle, we use the following formula:X = x
cos O +ysin 0, and Y =y sin 0 - x cos 6. Where X and
Y are the new point from the original (x , y) point.

2.3 Frame Detection and Removing

This section focuses on removing frames or border lines;
especially in old documents. A rule lines are removed,
and broken characters are reconstructed. In (Arvind,
et al., 2008) line detection is done by examining the
peak of connected component to obtain the page bor-
ders which is the most common and easy method to be
implemented. Eliminating borderline noise is done by
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cleaningavailable connected components based on their
size and aspect ratio. Projection profile is used to detect
the location of border objects, analyze them and then
remove them.In the current algorithm;the connected
components methodis used to remove the page frame,
the average width and height of all components are
computed, then searching for components with width
greater than x*average width, and height greater than
r*average height, then exclude those components from
the original image, where x is a constant value multi-
plied by the average width or average height, the value
of x is obtained experimentally (threshold), and the best
result was when x equal to 6 as shown in figure 9.

In Arabic typewritten and handwritten texts, usually
lot of overlapped components can exist, and it is causing
segmentation problems. Figure 10 includes samples of
these overlapped components of Figure 9(a). The follow-
ing algorithm is used to separate the overlapped com-
ponents:

1. Obtain image’s connected components.

2. Calculate average height, and width of all com-
ponents.

3. Obtain components that are greater than (thresh1
*average height), and components that are greater
than (thresh 2*average width), by trying different
values thresh1 = 5, and thresh 2 = 10.

Hassanin et al.

4. Obtain the histogram for each component, and if
peak exceeds a certain threshold (experimentally
0.7) remove the region around this peak.

5. IF there are no peaks in a component with a large
height, split the component into two components
from the middle.

2.4 Segmentation

Line segmentation is a technique to extract lines from a
scanned document (Gatos, et al., 2006). Line segmenta-
tion techniques basicallycategorized into fourdifferent
categories: Hough Transform (Gatos, et al., 2006), pro-
jection profiles, smearing, and segmentation based on
connected components. In our case, we first use verti-
cal projection profile but if there were some overlapped
characters between lines, we try to segment lines using
connected components techniques and this leads to seg-
ment lines with overlapped characters.

In the segmentation algorithm, three methodsof
smearing, projection profiles, and connected component
methods are used. The problem in smearing method was
the overlapping between lines and each other’s, in early
printed Arabic books. Therefore, when smearing is done
two lines may be connected to each other, and this will
lead to the segmentation of two lines as one line. Projec-
tion profile methods give us better results than smearing
methods, but this leaves us with the problem of having
very small components in extracted lines as results from
upper or lower components in other lines. That is the rea-
son we move to these connected component methods.
In the proposed segmented case; first vertical projection
profile is invoked; but there were some overlapped char-
acters between lines, thereforethe segmented lines using
connected components techniques are invokedand this
leads to segment lines with less overlapped characters,
as shown in Figure 11. The output of the line segmen-
tation are shown in figure 12 after frame removing in
figure 10.

The connected components of the document are pro-
posed to obtain a sequence of words to realize word
indexing. Features victors of the words will be computed
and stored in the query indexed database.
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whole imaga b Times
large components

Figure 11. DFD of the Sezmentation Process

Line segmentation is done by following Algorithm
steps (Figure 13):

1. Use horizontal projection profile to obtain an ini-
tial position for the separated lines, and baselines.

2. Divide the image into smaller regions, by taking
the region between each two successive base lines,
for each region do the following steps:

a. Obtain energy map.

b. Remove small regions from energy map (like
removing dots and diacritics).

c. Fill the horizontal edges of the image with high
values in order not to be included in path.

d. Find seam with minimum energy following the
given steps

i. Set initial point in a path by using the approxi-
mated baseline.

ii. Obtaining the next step in the path, by searching
the row with minimum value in a window with
size equal to 2/5 of the image height.

iii. Translate the previous step to be as far as possi-
ble from the two components that lie above and
below it.

The segmentation module is the most important
phase in documents analysis and OCR recognition sys-
tems. Three types of segmentation are described, two are
existing before: (1) Global and local approches, and the
third is new: line segmentation approach.

A. Global or Word Approach

It aims to segment the whole words (or Piece of A
Word: PAWSs) of the entire document, and keep track of
the index/references of their location in the text.
B. Local or Letter Approach

It allows to segment words’ images into letters,
graphemes, and/or legitures. This kind of methodology
may derive enhanced recognition percentage with slow
in implemntition task.
C. Line or (n-grams) Approach

This approach is based on the whole line segments
(number of words). It trys to use linguistic knowledge
such as dictionary, lexicon, and/or language model with
word probabilities. Such dictionary, lexicon and lan-
guage model are generated before or during training
phase of the OCR systems. Therefore, it trys to select and
identify the correct segment hypothesis.

3. The Language Model and Lexicon Building Results

A statistical language model will be used based on
probability distribution and function of sequences of
likelihood word of different phrases. Consequently, an
N-gram can be defined as an overlappingsequence of N
Arabic words. For the line, (in Figure 12), the following
sets of N-grams can be attained.

Therefore, n-grams is said to include order of n by
applying a sequence task of probability to arrange the
desired probability of a line. The rule of the segmented
line2 can be calculated according to the following:

P (Linei) = P(W1) * P(W2|W1) * P(W3|W2W1) * ..... P(Wn|Wn-1..W1)

Accordingly, Arabic corpora and lexicon are used
to support the proposed language model.The proposed
model is based on features extraction for each line/word
during training or classification module. This module
focuses on HMM based classifier with full language
model data. Figure 14 displays the DFD of the proposed
system for our syntactic classifier.

Once the Arabic imaged - documents is scanned, the
pre-processing stage takes place (as discussed before).
Therefore, the segmented lines/words are extracted from
the imaged- document using appropriate algorithm.
From each segmented lines/words, many features will
be selected and extracted by utilizing the vocabulary of
syntactic language model data base. The language model
can reduce the computational overheadand enhance the
recognition rate.
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3.1 Lexicon building

A dictionary of a unique 800k words has been built
from very large corpus. The data of corpus has been col-
lected from different resources to guarantee occurrence
of words in different fields of life. The same corpus has
been used to build our language model. Our implemented
language model contains up to 3-words (tri-gram).

The character shape in Arabic is context sensitive,
that is, depending on its position within a word (iso-
lated, start, middle, or end). Also, Arabic characters are
rich in diacritic marks and delayed strokes (dots, Shadda,
Hamza, etc.). By tracing our training data, a total of 341
character models has been generated by taking into con-
sideration the fact that an Arabic character may have
different shapes according to its position in a word.
Another model for space has been added to solve the
problem of intra and inter spaces in the line. A total of
342 models have been generated and trained with the
embedded training data.

A dictionary of all the different unique words in our
database has been constructed. Each word in the dic-
tionary is described by its related ligatures and charac-
ters as shown in table 1.

3.2 Arabic OCR Dataset Description

In this section, we present Arabic OCR dataset that is
used in this research. The proposed Arabic OCR dataset
was developed by RDI and the Arabic OCR team project,
Faculty of Computing and Information Technology at
KAU in Saudi Arabia. It is made by helping staff of RDI
and Arabic Language Technology Center (ALTEC) data-
set. The creation of this dataset is a result of cooperation
to the three team works; Arabic OCR system team, RDI
team and ALTEC team.

Hassanin et al.

The dataset is required to consist mainly of images
(one page), and the corresponding formal description
of that image (XML transcription file). The number of
images to be produced is anticipated to be in the order
of same number of images, with the corresponding tran-
scription files. These are mainly using two streams; the
first will be generated using word lists and the second
will be generated using a collection of files and theses
documents.

The production of the required dataset is carried out
according to the following descriptions:

1. Fonts include: (a) Simplified Arabic, (b) Arabic
Transparent, and (c) Traditional Arabic.

2. Sizes: Each font is required and produced for sizes
of: 10, 12, 14, 16, 18, 20, and 22.

3. Books and Thesis Documents:

It is required to select 1500 pages from different
scanned documents (average of 10 pages from
each book for copyright constraints which gives
approximately 150 titles). The titlesmust be chosen
to cover uniformly the past 50 years.
In addition, 1000 pages from theses (in Arabic)
have been selected as well which is also covered
uniformly the past 50 years. Books came from at
least 15 different categories based on the fonts and
sizes used. The used books are classified manually
and approved by ALTEC. Theses come from 10 dif-
ferent categories based on the used fonts and sizes.
The typo thesisis classified manually and approved
by the team members.

4. Documents Production:
The documents production stage has two steps:
the first is the printing step and the second is the
scanning step. As for the books and theses, we go
directly to the scanning step.
In printing step, the produced output files are
printed then undergo different processes to add
noise to the produced documents. At the end of
this step, the following document versions have
been produced:

a. A Clean Version: the clean version is the first print
out from the created files. Printing is done using a
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different printer for every document set. In addi-
tion, the original document produced by type-
writer is to be considered as a clean version.

b. A Copy Version: the clean version is photocopied
using different photocopying machines.

c. Take a shot of the clean version using Digital
Cameras and Mobile Cameras. (10 digital cameras
and 10 mobile cameras are used). In this case, no
scanning is required since we get the “tif” images
directly. All cameras have at least 5M-pixel of
resolution, and the distance to the documents is
50cm. There is a 50% of the imaging with separate
cameras, and 50% with mobile cameras. The pro-
duced (.tif) images of this step is not undergo any
further processing.

In the scanning and digitizing step, the documents
produced by the printing step (a and b above) are
scanned using a different scanner for every set of docu-
ments and saved in (.tif) format. The scanning is done
using the following resolutions: 200, 300 and 600 dpi.
As for the books and theses, a Book Digitizer is prefer-
ably used to produce three resolution versions of each
page: 200, 300, and 600 dpi. As well, 300 pages of the
books and 300 pages of the thesis’s pages are also cap-
tured by digital or mobile cameras.

3.3 Calligraphy, Typewritten and Handwritten
DatasetsPreparation

Designing general OCR engine for multiple documents
is very difficult than a single script OCR engine. This is
because existence of many of different features, prop-
erties, fonts, styles and nature of language writing for
each language script are needed.

Definition 1. (Multi-Dimensional Language Documents)
A multi-dimensional documents set D is
a set of documents D, D, ... D, such that
each language script L, contains a set of f
features denoted by 4/.

Definition 2. (Language Script L) An OCR of language
length n documents contains w words (w,,
.. w, ). Each word contains numeric fea-
tures at each font (F,... F), together with a
set of m sizes (S, ... S ), such that the word
Wij is associated with font F, and size S..

Definition 3. (Document Data Clustering). Given a data-
set DS, then decompose its words into sets
W, ... W,, such that W, can be represented
as rows with set of features 4/ and each
feature is “similar” to one another, accord-
ing to their fonts and sizes.

Definition 4. (Document Data Classification). Given an n
x d training data set DS, and a class label
value in {1..k} associated with each of

the n in DS. Create a training model M,
which is evolved to predict the class label
of dimensional record Y & D.

The Arabic calligraphy, typewritten and handwritten
texts have many of documents’ varieties, as follows:

Height. Measured as the letter zones; the distance
between the upper, the middle and the lower zones.

Width. Defined as the length of the connecting strokes
and therefore it examines the breadth of the letters, the
distances between letters, words, lines, and the slant of
the writing.

Spacing. It examines the margins and the spacing
between lines, between words and the balance between
the height and the width of the letters.

Depth. Ittries to determine the direction of the stroke
from the width of the upstrokes and the downstrokes.

Curved writing. In Arabic typewritten and handwriting,
some of letters composed from oval shapes(loops: for-
mations of circle), or other Arabic letters are comprised
of parts of a circle.

Overly Embellished Writing. It likes all extremes in
handwriting, a facade or compensation for inner weak-
ness.

Pieces of Arabic Word (PAW) is defined as sub-words,
ligatures, and diacritics are two issues should be han-
dled.

Writing Direction. Arabic printed, typewritten or hand-
written writing directions are from right to left direction.
To determine the size of Arabic typewritten andhand-
written text, the system initially looks at the middle
zone letters. If the height was within 1/8” (3mm) then
the size will be normal, if it was greater than (or less
than) 1/8” then the word should be normalized.

The proposed dataset contains images of calligraphy,
handwritten Arabic text which can be used to train and
test calligraphy, printed and handwritten text recogniz-
ers and to perform OCR recognition and verification
experiments.

The dataset was first prepared at the ICDAR. Using
this dataset an HMM based recognition system for
printed documents was developed and published at the
ICPR 2000. The segmentation scheme used in the sec-
ond version of the dataset is documented in (Nobile &
Suen, 2014) and has been published in the ICPR 2002.
The Altec- is described in (Pal & Dash, 2014). We use the
dataset extensively in our own research, see publications
for further details.

3.4 Training Documents

Training documents preparation is the process of seg-
menting and extracting boxes of objected-words from a
large set of Arabic documents and storingeach objected-
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word as a separate labeled image. This label identifies
the text it contains, and this makes the usability of this
dataset much easier.Extracting training documents can be
automated through a smart computer tool, in addition toa
manual segment selection usingthe developed tool.

The manual technique of the segment selection is
done using a developed computer tool,with the helping
of an expert user that produces objects of the lines/words
with its coordinates. These coordinates are defined as
X,y X, yj) where (x, , y) are the coordinates of the
upper left corner in the bound box of the objected-word
(segmented word), and (Xj , yj) are the coordinates of the
lower right corner in the bounding box of the objected-
lines/word. This proposed development tool makes the
manual efforts to be more efficient in time and accuracy
than the ordinary methods. In the first training dataset,
there are 28 used typewritten books, the overall of the
selected objected-words from these typewritten books
includes 84,000 words.

Therefore, the automated tool generates two types of
outcomes: (1) Extracting segment regions; and (2) Gen-
erating text file description. The resulting segmented
regions and text labeling with its segmented coordina-
tion are used to build a classification model. The auto-
mated tool generates object-segments or word-segments
coordinates using x,, y, and x,, y, points as a region of
word/line picture. Then, the automated tool stores such
pictures in the name of pictures’ words. Each segment is
manually labeled for its text by annotator peoples.

Many processing algorithms need considerable tun-
ing to address the special features of Arabic documents.
The following section describes these modifications.

Now, we have two streams of picture files (automated
segmented regions: asr) and labeled text files (txt). The
learning algorithm uses such two streams to extract vis-
ual features from the two input streams. Accordingly, for
each documentfile, the output of this step creates two
generated files as illustrated in Fig 13.

1. ASR file: Extract the segmented region with its co-
ordinates; that includes all keyword box locations
(x,, y,, width, height).

2. TXT file: Generate textile labels of these segments
that represent the segmented region itself (keywords
text; it may be a single word or compound words).

Accordingly, an overview of indexing and querying
data files for each documentdataset are formulated. The
first step of the indexing or querying is the computation
of the word representation in this section. The docu-
ments indexing is done in advance to allow a quick
examination.

Also, each lines file is segmented and described with
each document and contains the segmented line coordi-
nates and its labeled text description, see Figure 16.

Hassanin et al.

The next process; each word file is related with each
document and includes the coordinates of such words in
the page, the positions (left upper and lower right cor-
ners) and their labeled text, as the <pawposition = “x , y,
) X, yz”>Arabic Word</paw>". Each segmented Arabic
word or sub-word (PAW) is fully described using XML
standard format. The labeling of the segmented word,
or sub-word contains tags that represent ground truth
information about sequence of words/PAWs. Figure 17
gives generated example about information of docu-
ment, word text with PAW segment locations.

4. Proposed Model Discussion

In this section, we introduce our extracted features tech-
nique. Most of these features are well known and used.
The input image in binary after the pre-processing stage
is used to extract a feature vector. The background pix-
els of the image are labeled by logic “0” and the fore-
ground pixels by logic “1”A sliding window from right
to left is used. The window is of one column width “W”
-without any overlap- and the image’s height “H”.The
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following three features represent the distribution of
pixels per column in the given image.

a) Number of “1” pixels in each column were
counted to from the first feature (F1)

b) The gravitational center of each column was
calculated to form the second feature (F2), as
shown in the following formula:

i=t Lr(i)

Lit, rii)

F2=

Where, r (i) is the number of “1” pixels in the i® row of
a column.

a) The second order of moments was used to form the
third features (F3). The second order of moments
was used to represents the variance of each column
in the image.

b) The following four features represent the style of
characters and ligatures.

c) Position of the upper contour in the column per
image (F4).

d) Position of the lower contour in the column per
image (F5).

e) Orientation of the upper contour in the column per
image (F6).

f) Orientation of the lower contour in the column per
image (F7).

g) Number of “1” Pixels between the lower and upper
contours (F8).

The previous eight features used before with Latin
and gave a promising accuracy. To make this feature
suitable for Arabic, we normalized some of them to be
independent of the height of the image. (F1, F2, F4, F5,
F8) were normalized by the following formula.

I.___I.IZIDH'-':'__12‘“-_‘a
1= = L= L2433

Delta and acceleration were calculated and then con-
catenated with the extracted features to form feature
vector of length 24. A short script is used to read the
previous output files that contain the text and the loca-
tions’ points of the bounding boxes of each objected-
wordand output the objected-word as a separate labeled
image file.

Multi-match process is proposed to retrieve similar
matched features of the words, based on word spot-
ting. The objective of the matching is to filter num-
ber of words to be measured with the searchable word
query. Accordingly, a set of bound features is measured
as adequate for matching, such as ratio of their words’
segments sizes. If such a ratio does not lie within a spe-
cific threshold related to the size of the searchable word
query, therefore, don’t consider this word as candidate.
Then, compute the similarity between searchable word
queriesstored features of the candidate set of the com-

fortable content. Therefore, word spotting with vector
of features was computed and used in a word holistic
approach.

The over mentioned features’ vectors are used to
compare words with the given in word query, in case of
retrieving the relevant words and documents.

Figure 18 illustrates the DFD of the proposed match-
ing module, consideredthe distance that is used to com-
pare two words.

4.1. HMM Classifier/Decoding Module

In this section, we present the decoding stage in a gen-
eral way and describe what happens to the test image
from the moment it enters the system until the output
text is resulted from the system. First, the test image
goes through pre-processing stages that binarize the
image, remove the noise, remove frame (if exist), resolve
skewing, and segment the image into lines (Figure 19).

Then, the pre-processed lines of the given image go
through the feature extraction stage to extract a set
of robust features by using frames from right to left.
The different blocks of the architecture are going to
be explained in detail in the following sections of this

paper.

4.1 Hidden Markov Model

A hidden Markov model (HMM) represents stochastic
process to generate sequence of output over period. Offi-
cially, an HMM can be modeled by 4 parameters (A =
{S, A, TI, B}), where S = {S, S, ..., S } represents set of
states, A = (aij) is the state transition probability matrix,
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II signify the start probability vector; (= =P =), and B
={b,b,, .., b } stand for emission probabilities of states
(Figure 20).

FIGURE 20. HMM State topology for Arabic OCR
System

Where 11 is the initial state probability vector with the
following descriptions: °<==1 £~ -'; The transition prob-
ability matrix A is described as:

The Baum-Welch algorithm is used as a training
method. It considers the probability P(O| A) that a known
sequence O is produced by the HMM A and calculates the
latest model A which likely to have produced the given
sequence. A detailed description of the Baum-Welch
algorithm is given in ('). A modified algorithm is applied
during training phase. Hence, the text line HMMS are
accumulated using character of HMMs or whole-word
HMMs. The HMMs characters are coupled to form word
HMMs according to the language model dictionary (Fig-
ure 21). The recognizer is restricted to those words are
existing in the language model dictionary. Therefore,
thus, a model for word sequences is attained by the word
models concatenating,.

In Arabic OCR system, a segmented textual line
object is handled from right-to-left signal and modeled
as a sequence of extracted feature represented in vec-
tors sampled at a fixed slice rate.Each segment is divided
into several slides, and at each slide, object features are
computed. Accordingly, histogram features are obtained
by disintegrating the object signal at the pixel into gra-
dient, structural and concavity features.

A character object is divided into patches; three fea-
tures (gradient, structure, and concavity) are employed
and calculated. The gradient features are calculated by
using Sobel gradient operators to the whole character
object. Then, the gradient at each pixel is quantized and
transformed to 12 directions. Therefore, 12 features are
calculated according to the following equation:

Feature ; . = (No of pixels in the patch with gradi-
ent degree i) / (Total no. in the patch)

The second step is related to derive structure features
from gradient features. Therefore, the 12 assignments of
directions are clustered in 12 classes.

1 http://www.lasorsa.com/wp-content/uploads/2015/02/
Handwriting-Analysis.pdf
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This clustering represents the local structure central
pixel. Therefore, every structure feature is defined for
each patch as following equation:

Feature Structure = (No of black pixels of class i in the patch) /
(Total number in the patch)

The next step computes the concavity features by
using two directions scanning (from one side to the
opposite side). The scanning is employed row by row
(from right to left), then column by column (from up
to down). During the scanning, preserve path of all the
scanned white pixels until the first black one is reached
and end. Figure 3 displays labeled white pixels during
scanning from right to left and from top to down. At this
stage, histogram features are computed in the same way,
using the following equation:

Featuremcavilym = (No. of scanning white pixels in the patch at i) /
(Total no. in the patch)

Also, the hole feature is calculated as:

Feature )= (Number of scanned white pixels in the patch at i) /

(Total no in the patch)

hole(i

Example of imaged - word (=~ generation of a 6-char-
acteralphabets (. *J, «=, ¢,

5L )

The hidden Markov model is a double stochastic
process which can efficiently model the generation of
sequential data. The HMM used in this paper is a contin-
uous HMM with one HMM for each ligature or character.
In this paper, we use the same HMM classifier without
modification as simple mentioned in HTK Speech Recog-
nition Toolkit (Rabiner, 1989)]. However, we implement
our own parameters of the HMM. We allowed transition
to the current and to the next state only. HTK models
the feature vector with a mixture of Gaussians. It uses
the Viterbi algorithm in the recognition phase, which
searches for the most likely sequence of a character
given the input feature vector.

In the training phase, an iterative optimization of the
model with respect to the training data is performed, and
we used Baum-Welch algorithm, a variant of the expec-
tation maximization (EM) algorithm, for optimization of
the HMM model depending on the training data.

To achieve high recognition rates, the character
HMMs have to be fitto the problem. In particular, the
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number of states, the possible transitions, and the type
of the output probability distributions have to be care-
fully chosen.

HTK is principally concerned with continuous density
models in which each observation probability distribu-
tion is represented by a mixture Gaussian density. In
this case, for state j, the probability b(0) of generating
observation O, is given by:

where M. is the number of mixture components in state j
for stream s (1-stream used), the exponent vy s is a stream
weight and its default value is one, stm is the weight of
the m™ component, and #(e:p.2 is a multivariate Gaussian
with mean vector p and covariance ¥ that is:

where n is the dimensionality of 0.64 mixtures have
been chosen to give a robust model for each character
and high recognition rate.

4.3 Testing and Evaluation

To evaluate the preprocessing module, RDI and ALTEC-
dataset are used. The used dataset consists from docu-
ments of Arabic typewritten books, and documents of
Arabic handwritten documents. Such experimental test
validates each individual module in the preprocessing
phase, as well as for testing the Arabic OCR project. We
need 2 subsets:

(A) 200 selected documents taken from Arabic type-

written books.

(B) 200 documents gathered from Arabic handwritten

documents.

Datasets of any documents are very important part to
measure the accuracy of system. The accuracy achieve-
ment is very important to measure the performance of
the recovery model. Table 2 illustrates the present visibly
and available documents datasets that will be used in
the current paper.

The collected dataset includes 200 Arabic typewritten
and 200 handwritten documents. Each document from
typewritten dataset contains 35-40 Arabic text lines. For
training, we select 15 documents from each book, and
for testing we select 5 documents from each book.

The percentage value of the accuracy of the proposed
Arabic OCR for typewritten text can be calculated by the
following equation:

PercentAccuracy = .7::’ 100

N: represents the tot