
ABSTRACT
Lactic acid bacteria (LAB) play an important role in digestion of food material in the gut. Recent researches reveal 
that the signals from gut are sent to the brain which controls all body functions. LAB acts as probiotics and plays 
significant role in health of man and animals. LAB found in human and animal milk influence the health of its 
consumers and the taste of milk also depends upon the type of LAB found in the milk. Deficiency of probiotics is 
very commonly reported in the people of developing nations. Demand of naturally occurring good probiotic strains 
with ideal characteristics meeting the eligibility criteria framed by WHO is the necessity of time. Therefore, In 
vitro study on biochemical characterization of Lactic Acid Bacteria (LAB) was performed using 12 different camel 
milk samples collected from the Bagru village of Jaipur district (Rajasthan). The isolates were initially confirmed 
to be LAB using biochemical tests - catalase, oxidase, Gram’s staining, MR-VP and Sugar Fermentation tests. The 
isolates were also checked for their probiotic potential by examining their growth at low pH, different temperatures 
and different bile salt concentrations. The isolates which gave satisfactory results were further examined for their 
resistance against antibiotics as well as their antimicrobial activity against common human pathogens. In view of 
high rise in demand of good probiotic supplements throughout the world, there is a need of suitable probiotic local 
strains. Five best species of LAB isolated from camel milk were characterized phenotypically and were evaluated 
for their probiotic potentials. The present study was carried out with the aim of phenotypic characterization of 
Lactic Acid Bacteria from camel milk and to evaluate their probiotic potential.
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INTRODUCTION

As per FAO report, the population of camels at global 
stage is estimated to be around 26.99 million which is 
spread over 47 different countries. It is also reported 
that about 83% of camel population is mainly found in 
northern as well as eastern part of Africa whereas the 
rest of the population inhabits in Middle east Asia and 
Indian subcontinent. Across the globe, Somalia is the 
only country having 7.10 million camels which is the 
highest amongst all. India ranks 10th in the world with 
a population of 0.38 million camels (FAOSTAT, 2015).
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Camels in India are mainly found in the states of Uttar 
Pradesh (2.0%), Bihar (2.2%), Haryana (4.7%), Gujarat 
(7.6%) and Rajasthan leading with 81.4% (DAHDF,2014). 
Camel is considered to be the ship of desert since years 
and the milk laid by camel is believed to be the white 
gold of desert. Camel milk has wide range of health 
benefits and believed to be a good source of probiotics 
(Seifu et al., 2012). Camel milk is reported to contain 
both Gram-positive as well as Gram-negative bacteria 
(kumar et al., 2016). Past studies have mainly focused on 
the physiological adaptations, anatomic characteristics 
and bio-molecules present in camel milk (Benmechernene 
et al., 2014). 

Large numbers of studies in the past have focused 
on the microbiology of cow, buffalo, goat and sheep 
milk, however, very little scientific information on the 
microbiology of camel milk is available till date. Very 
few researchers have tried to focus on the microbial 
population of camel milk and to find the differences in 
the comparison to milk of other animals (Fguiri et al., 
2017). Camel itself is a unique animal having the ability 
of surviving in both the extreme heat as well as cold 
temperatures which may produce significant differences 
in microbial composition as well as its biological 
characteristics of milk (Vimont et al., 2017). Isolation, 
characterization and applications of Lactic acid bacteria 
in human colostrums, and from cow and buffalo milk 
have previously been studied by our group (Bisht  2019, 
2020; Arya et al., 2020). 

Large number of lactic acid bacteria (LAB) found in raw 
camel milk have been proven to be of great technical 
relevance in diary industry. Among all LAB, species of 
Lactococcus have shown to be the best starter culture 
for cheese manufacturing as well as in production of 
several flavor compounds (Ruggirello et al., 2016). 
Lactobacillus is another important genus of LAB which 
is very commonly found in all raw milk and has wide 
range of dairy applications. These have the ability of 
producing various aroma compounds and have been 
proven to be highly probiotic which contributes to the 
quality and nutrition of dairy products (Stefanovic et al., 
2018). Besides these two, there are several other genera of 
LAB such as Streptococci, Bifidobacterium, Aerococcus, 
Pediococcus and Enterococcus are used in dairy. 

Camel milk is also known for health promoting effects 
such as aiding digestion, reducing the risk of asthma, 
atopic diseases and several other allergies (Zibaee et al., 
2015). Camel milk has evidently proven to be a safer 
consumption even after storage of several days without 
chilling it in refrigerator. That could be only possible if 
biological active bacteria produce antimicrobials such as 
bacteriocins, antifungal agents and other organic acids 
(kumari et al., 2008; Omer et al., 2009). The production 
of antimicrobials by microbial species may act as bio-
preservative agents which could increase the shelf life of 
camel milk. This brought us great interest for carrying 
out such a study on camel milk. The entire study will 
highlight the biochemical characteristics of LAB which 
were isolated from camel milk.

MATERIAL AND METhODS

Sample collection: All the camel milk samples were 
collected from the Bagru village of Jaipur District 
(Rajasthan, India). nipples of camel were washed with 
sterile distilled water and were carefully cleaned with 
cotton dipped in alcohol. The tubes used for sample 
collection were autoclaved using standard procedure 
before collection. The first 5 mL of milk sample was 
discarded to avoid contamination from skin flora. The 
mid flow of milk was carefully aseptically collected in the 
sterile tubes and these were sealed capped immediately. 
About 10 to 15 mL of milk sample was collected from 
each camel. The data regarding the diet, age, habitat 
and its other physiological activities were recorded 
by consulting the owner of camels. The samples were 
immediately brought to the laboratory and processed as 
described earlier (Bisht 2019; Arya 2020).

Isolation of Probiotic Bacteria:  MRS (de Man Rogosa and 
Sharpe agar) [Hi-Media] was used for isolating probiotic 
bacteria from camel milk. The milk samples were serially 
diluted up to 10-6in sterile peptone water and 0.1mL of 
inoculum from each dilution was aseptically inoculated 
on MRS agar plates using spread plate technique. The 
inoculated plates were placed in inverted position in 
desiccators using standard protocol and were incubated 
at 37°C for 48h in incubator (Bisht 2019; Arya 2020).

Characterization of Probiotic Bacteria: The colony 
characteristics (size, shape, texture, opacity, pigmentation, 
margins and color) of isolated bacteria were carefully 
noted down. The bacterial colonies were counted using 
digital colony counter and CFU/mL was calculated using 
standard protocol. The distinct colonies were further sub-
cultured on MRS agar plates to obtain pure cultures for 
further studies. Gram's staining: A single pure colony 
was picked from the surface of plate and was gently 
mixed with a single drop of sterile distilled water on the 
surface of cleaned glass slide to prepare a smear which 
was further heat fixed carefully using Bunsen burner. 
The standard protocol of gram's staining was performed 
and the slide was observed under oil immersion lens of 
microscope. All the bacteria which were Gram positive 
in nature were further tested for other biochemical 
activities (Hammes et al., 2009). Catalase test: Catalase 
is an enzyme which break down hydrogen peroxide 
(H2O2) into water and oxygen gas is liberated. On basis 
of this principle, all isolates were examined for their 
catalase activity. A drop of 3% hydrogen peroxide was 
gently mixed with a single distinct colony on the surface 
of clean glass slide, and the production of bubbles was 
indicator of catalase activity (kumar and kumar, 2015). 
The bacteria which did not show catalase activity were 
further screened for its oxidase activity. 

Oxidase activity: Cytochrome c oxidase is a type of 
enzyme which is found in bacteria as an electron 
transport chain. Presence of this enzyme oxidizes a 
reagent called tetramethylphenilindiamine and gives 
indophenols as an end product in blue color. All catalase 
negative isolates were examined for their oxidase 
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activity and all oxidase negative were further tested for 
their ability to ferment different sugars (kumari et al., 
2008; Bisht and Garg, 2019). Carbohydrate test: Bacteria 
ferment carbohydrates to form acid and gas or only 
acid as their end product. Different bacteria ferment 
different sugars or their combination which greatly help 
in the biochemical characterization of various species 
as described in Bergey's Manual of Systematic Biology, 
9th edition. For this test, different sugars were prepared 
such as Glucose, Galactose, Maltose, Mannitol, Fructose, 
Sucrose, Xylose, Arabinose, Cellulose and Lactose using 
standard protocol [Hi-Media]. Durham's tube was added 
to each tube of sugar to which 0.1mL of pure overnight 
grown culture was inoculated and the tubes were allowed 
to incubate at 37°C for 48h. Results were recorded after 
incubation and were compared with Bergey's Manual 
for identification (Bisht and Garg, 2019).

Assessment of probiotic activity: For determining the 
probiotic activities of isolated bacteria, all the isolates 
were tested for their survival at low pH, their growth 
at different temperatures, tolerance again different bile 
salt concentrations, antimicrobial activity and their 
ability to resist against different common antibiotics 
(Bisht  2019; kang et al.,2019). Survival at low pH: It is 
believed that the food eaten by us stays in our stomach 
for at least 3 h and according to the literature the pH 
of human stomach is found in between 2-3 in healthy 
human (Arya et al., 2020).  Therefore, all the isolates of 
this study were checked for their growth at acidic pH 
values. For this test, desired MRS broth was prepared 
of different pH (1, 2, 3, 4, 5 and 6) by adding 0.1n HCL 
to which 0.1mL of overnight grown culture was added 
aseptically separately in each tube prepared at different 
pH. These were incubated at 37°c for 3 h on shaking 
incubator. 

After incubation the absorbance was measured at 620 nm. 
The initial absorbance was measured at 0h. The survival 
rate of isolates was measured by plotting graph using 
standard protocol (Powthong and Suntornthiticharoen, 
2015). Tolerance against different bile salt concentrations: 
To check the tolerance of isolates against different bile 
salt concentrations, desired MRS broth was prepared 
with concentration (0.3%) by adding Ox-bile. Overnight 
grown culture of isolates was inoculated to MRS broth 
prepared of 0.3% bile salt concentration and was 
incubated at 37°c for 6 h in shaking incubator. The 
absorbance (620 nm) of broth was measured at the 
regular interval of 1 hour to measure the growth curve 
of isolates (Goswami et al., 2017; Bisht and Garg, 2019). 
Growth at different temperatures: All the isolates which 
were able to tolerate bile salt concentration, were further 
examined for the growth at different temperatures. The 
pure culture of isolates was inoculated on MRS agar 
plate and were incubated at different temperatures 
(10°,20°,30°,37°,45°and 50°) in incubator (Bisht 2019; 
kang et al., 2019).

Antibiotic susceptibility test: The isolates which showed 
good probiotic potentials were checked for their resistance 
against common antibiotics using kirby Buayer's 

method. The overnight grown cultures were inoculated 
on Muller Hilton (MH) agar plates using spread plate 
technique. Wafers of different antibiotics (Penicillin G, 
Amoxicillin, Ciprofloxacin, Trimethoprime, Gentamycin, 
erythromycin, Streptomycin and Tobramycin) of different 
concentrations were placed on the surface of agar and 
were gently pressed (Abdullah and Osman, 2010; Bisen 
et al., 2013; Bisht and Garg, 2019; kang et al., 2019). 
The plates were allowed to incubate in upright condition 
at 37°C for 24-48h. 

The zones of inhibition were observed and measured 
with scale after incubation. Antimicrobial activity 
against pathogens: The isolates which were found to 
be resistant against antibiotics were further tested for 
their antimicrobial activity against human pathogens. 
The pathogens used in the study were Escherichia coli 
(ATCC-35218), Staphylococcus aureus (ATCC-25923), 
Salmonella typhi (MTCC-733), Pseudomonas aeruginosa  
(ATCC-27853) and Proteus vulgaris (ATCC-33420) 
using Agar well diffusion method. The overnight grown 
cultures of pathogen were inoculated on MH plates using 
spread plate technique (Batdroj et al.,2006; Gaspar et al., 
2018; Bisht  2019). A sterile cork borer of (diameter 6 mm) 
was used to puncture the agar surface to prepare wells. 
The overnight grown liquid cultures were filled in the 
wells using micropipette (Putra et al., 2017). The plates 
were allowed to incubate in upright position at 37°C 
for 24-48h. The zones of inhibition were observed and 
measured using scale (Bisht  2019; kang et al., 2019).

Characteristic RR SP76 LB005 SP53 DW2
of isolates

Gram stain + + + + +
Morphology Cocci Bacilli Cocci Bacilli Cocci
Presence of spore - - - - -
Catalase test - - - - -
Oxidase test - - - - -
Indole test - - - - -
MR + + + + +
VP - - - - -
Gas from glucose - - - - -
Citrate utilization - - - - -
Gelatin hydrolysis - + - - -
Starch hydrolysis - - - - -

‘+’: Growth and ‘-’: no Growth

Table 1. Some characteristics of presumptive LAB isolated 
from camel's milk

RESULTS AND DISCUSSION

A total number of 12 camel milk samples were studied 
for the isolation and characterization of LAB and for the 
assessment of their probiotic potential. In the present 
study, 23 different species of LAB were isolated which 
were primarily identified on the basis of biochemical 
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characterization as per description given in Bergey's 
Manual of Systematic Bacteriology, 9th edition. All the 
isolates of the present study showed positive growth on 
MRS agar plates and were Gram’s positive but catalase 
and oxidase negative in nature (Table 1). On examination 

of their probiotic potential, 5 best isolates were screened 
on the basis of their ability to grow at low pH, bile 
salt tolerance, growth at different temperatures, their 
antibiotic and antimicrobial activities against human 
pathogens. 

Antibiotics Symbol mg/disc   Isolates
   RR SP76 LB005 SP53 DW2

erythromycin e 5 R 14 R 19 10
Trimethoprime TR 30 12 18 20 R 15
Penicillin-G P 1 R R 16 18 20
Gentamycin HLG 120 R 20 20 14 R
Streptomycin HLS 300 20 24 R 20 16
Amoxicillin AMX 10 R 18 27 R 15
Tobramycin CAZ 30 R 25 R R 20
Ciprofloxacin CIP 5 22 R 14 12 R

Table 2. Antibiotic Susceptibility test of Isolates (zone of inhibition mm 
diameter).

Figure 1: Antibiotic Susceptibility Figure 1: Antimicrobial Activity

The study found that camel milk can be one of the 
good sources of quality LAB. Through, this study out of 
23 isolates of LAB, 12 possessed the ability to survive 
at pH 2 which constitute about 52.17%. The ability of 
isolates to tolerate bile salt was found to be 39.13% 
which comes to 9 isolates. Seven of nine isolates had 
the potential to survive at both higher as well as lower 
temperatures which comes to about 30.43%. Seven 
isolates were checked for the resistance out of which 5 
best were chosen for testing their antimicrobial activities 
against human pathogens. All the 5 best isolates were 
precisely identified on the basis of their biochemical 
characterization using Bergey's manual of Systematic 
Bacteriology (Olmo et al. 2020).

Antibiotic susceptibility pattern of LAB: Antibiotic 
susceptibility pattern of selected LAB isolates was 
observed using kirby-Bauer disc diffusion method. 
The results are shown in Table 2. Isolate RR was 
sensitive to Trimethoprime (12mm), Streptomycin 
(20mm), Ciprofloxacin (22mm) but was resistant to 
erythromycin, Penicillin-G, Gentamycin, Amoxicillin, 

Tobramycin. Isolate SP76 was only resistant to 
Penicillin-G, Ciprofloxacin but sensitive to erythromycin 
(14mm), Trimethoprime (18mm), Gentamycin (20mm), 
Streptomycin (24mm), Amoxicillin (18mm), Tobramycin 
(25mm). Isolate LB005 was sensitive to Trimethoprime 
(20mm), Penicillin-G (16mm), Gentamycin (20mm), 
Amoxicillin (27mm), Ciprofloxacin (14mm) but resistant 
to erythromycin, Streptomycin, Tobramycin. Isolate SP53 
was sensitive to erythromycin (19mm), Penicillin-G 
(18mm), Gentamycin (14mm), Streptomycin (20mm), 
Ciprofloxacin (12mm) but resistant to Trimethoprime, 
Amoxicillin, Tobramycin. Isolate DW2 was resistant to 
Gentamycin, Ciprofloxacin but sensitive to erythromycin 
(10mm), Trimethoprime (15mm), Penicillin-G (20mm), 
Streptomycin (16mm), Amoxicillin (15mm), Tobramycin 
(20mm) (Fig I and Fig II). 

Such resistance to a wide spectrum of antibiotics 
indicated that if isolated probiotics induced in patients 
treated with antibiotic therapy may be helpful in faster 
recovery of the patients due to rapid establishment of 
desirable microbial flora. Resistance of the probiotic 
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strains to some antibiotics could be used for both 
preventive and therapeutic purposes in controlling 
intestinal infections (eI-naggar, 2004). Gad et al. (2014) 
isolated 244 LAB strains from dairy and pharmaceutical 
products and tested their antibiotic resistance against 
vancomycin, tetracycline, erythromycin and clindamycin 
and found that most LAB were within the normal 
range of susceptibility and 16 strains of Lactobacillus, 
8 of Lactococcus and Streptococcus were resistant 
against tetracycline and/or erythromycin. PCR analysis 
showed that some strains harbor resistant genes. The 
antibiotic resistance of isolated LAB was assessed using 
antibiotic discs [Hi media] on MH agar plates against 
erythromycin (5μg), Trimethoprime (30μg), Penicillin-G 
(1U), Gentamycin (120μg), Streptomycin (300μg), 
Amoxicillin (10μg), Tobramycin (30μg) and Ciprofloxacin 
(5μg) (eI-naggar, 2004).

Isolates Bile salt   Growth at different   Growth at
 (%)   temperature (°C)   different pH
 0.3 10 20 40 45 1 2 3 4 6

RR + + + + + + + + + +
SP76 + + + + + - + + + +
LB005 + + + + + + + + + +
SP53 + + + + + - - - + +
DW2 + + + + + - + + + +

‘+’: Growth and ‘-’: no Growth

Table 3. Probiotic activity of Isolates in term of growth at different temperatures, pH 
and bile salt tolerance

Probiotic activity of selected isolates: A variety of 
acid levels has been found in different regions of 
gastrointestinal tract. Stomach and the other regions of 
gastrointestinal tract have the highest acidity and these 
areas may fall to as low as pH 2 - 3. In order to be used 
as beneficial effect, LAB must be able to survive under 
these harsh conditions and colonies in the gut. In present 
research, the selected LAB isolates were able to grow in 
pH 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0. The survival rate of RR 
LB005 was maximum at pH 1-6 and showed the highest 
viability and showed moderate growth even at pH 2  
(Fig I) (Powthong and Suntornthiticharoen, 2015).

In general, the survival rate of three cultures RR, SP76 
and DW2 during 3 h of incubation increased at all pH 
conditions. In present study, all the selected LAB isolates 
were able to survive at temperature10, 20, 30, 40 and 
45°C. All the results are shown in table 3. Adamberg 
et al. (2003) have also evaluated the growth of LAB 
at various pH and temperature. Similar findings were 
shown by Powthong and Suntornthiticharoen, (2015). 
The change of pH and temperature is an effective method 
for determination of technological characteristics and 
comparative physiological study of LAB. The temperature 
is an important factor which can dramatically affect 
the bacterial growth. The reason for choosing this 
temperature range was to detect whether the isolated 
cultures were able to grow within range of normal body 
temperature or not. 

Figure 3: Antimicrobial activity of 5 isolates against 
pathogenic bacteria

As if the isolates were not able to survive within the 
selected temperature range then they would not have 
been able to survive in the human gut, which is an 
essential factor of probiotics to show their effectiveness. 
The results obtained were positive for growth at chosen 
temperature range (Powthong and Suntornthiticharoen, 
2015). 

Adamberg et al. (2003)  have studied the effect of 
pH and temperature on selected LABs and found that 
these factors influence the growth of most lactic acid 
bacteria. Mu and Ohegbu (2018) correlated the effect 
of pH and temperature with bacteriocin production by 
LAB. Somashekaraiah et al. (2019) have also evaluated 
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the probiotic activities 75 strains isolated from naturally 
fermented drink of coconut and found that 16 showed 
high probiotic activities in terms of antimicrobial and 
antibiotic resistance and concluded that they have 
good potential in functional fermented foods as bio-
preservatives. Olmo et al. (2020) have reported that 
storage of foods with LAB at lower temperature increases 
the shelf life of the food stuff while at room temperature, 
it is not so effective. Roger et al. (2015) has reported that 
LAB inhibit the growth of Aspergillus fumigatus and 
also reduces the production of aflatoxins. It suggests 
that addition of LABs in the food can act as good bio-
preservative agents and can increase the shelf life and 
can protect against food spoilage microbes. Our results 
show that the strains showing high antibiotic resistance 
have great potential to be used as probiotic (Roger et al. 
2015; Somashekaraiah et al. 2019; Olmo et al. 2020).

Antimicrobial Activity of Isolates: 5 isolates exhibited 
inhibitory activity against several pathogenic bacteria, 
including Escherichia coli (ATCC-35218), Proteus 
vulgaris (ATCC-33420), Staphylococcus aureus (ATCC-
25923), Salmonella typhi (MTCC-733) and Pseudomonas 
aeruginosa (ATCC-27853) (fig III).

CONCLUSION

Camel milk was found to be the good source of potential 
probiotic LAB. Large varieties of LAB were isolated in 
the present study. It was also found that few species of 
LAB are very difficult to sub-culture. On the basis of 
biochemical characterization, five good species of LAB 
with good probiotic potentials were identified. Further 
genomic studies are still required to be carried out for 
molecular characterization of these isolated species. 
LAB’s have wide range of applications on human 
health and great potential to be used bio-preservatives. 
Therefore, further in vivo studies are required to be 
carried out for clear justification. The probiotic strains 
available and sold in the market have some or the other 
limitation with limited applications. A good strain of 
probiotic can be searched with wide range of applications 
which can solve the problem of deficiency of probiotics 
in humans. even a mixture of two or more probiotic 
strains should be standardized and commercialized for 
human consumption.
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