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Probiotic properties of isolated lactic acid bacteria (LAB) from sustainable foods
including camel milk are the potential research domains. For this purpose,
camel milk samples (n = 20), from four different herds of Camelus dromedarius,
were processed for the identification of LAB strains based on biochemical
profiles followed by amplification and sequence analysis of the 16S rRNA gene.
The probiotic characteristics, i.e., acids and bile salts tolerance, antimicrobial
susceptibility profiles, hemolytic and antimicrobial activities, auto-aggregation
assay, and adhesion to HT-29 epithelial cells were determined. Thirteen out of
20 milk samples were initially found positive for the growth of probiotics or LAB
which were further confirmed as Lacticaseibacillus casei (5) and Pediococcus
pentosaceus (3). The probiotics/LAB strains showed maximum survival
(%) =92.06 +1.82 and 81.35 + 3.64 against acids and bile salts, respectively. The
LAB strains were found sensitive to amoxicillin, ceftazidime, imipenem, linezolid,
ofloxacin, tetracycline, tobramycin, and vancomycin. None of the LAB strains
showed hemolytic activity. L. casei-04 strain showed a maximum zone of
inhibition (15.33 + 0.58) against multidrug-resistant E. coli AZ1 strain whereas, L.
casei-05 showed a maximum zone of inhibition (16.33 + 1.15) against methicillin-
resistant S. aureus Saba-1strain. L. casei-03 showed maximum percentage auto-
aggregation (28.65 + 1.96) at 4 h while L. casei-01 showed (41.10 + 3.03) at 24 h
of incubation. Maximum adhesion was shown by P. pentosaceus-01 (11.14%)
followed by L. casei-02 (9.73%). Altogether, the current findings suggested that
camel milk has significant potential of providing probiotics/LAB strains into
human food chain and enabling camel milk as potential sustainable food.

KEYWORDS

antimicrobial susceptibility, Camelus dromedarius, camel milk, sustainable foods,
lactic acid bacteria

1 Introduction

The term “Probiotics” is defined as “viable, non-pathogenic microorganisms which when
administered in adequate amounts confer a health benefit on the host” (Khurshid and Alkash,
2020; Anwar et al., 2021). Dairy products including milk, yogurt, and cheese are considered
conventional and sustainable sources of different probiotics and lactic acid bacteria (LAB).

01 frontiersin.org


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2024.1437201&domain=pdf&date_stamp=2024-07-30
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1437201/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1437201/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1437201/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1437201/full
mailto:drasifzahoor@gcuf.edu.pk
https://doi.org/10.3389/fsufs.2024.1437201
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2024.1437201

Nawaz et al.

Camel milk or its fermented products are potential research areas for
the isolation and identification of probiotics/LAB strains (Shori, 2017)
that could be considered as classical example of sustainable foods.
Historically, the camels have a pivotal role in the cultural and
economic developments of several communities, i.e., the Arabian and
Middle East regions of the world (Burger et al., 2019). Camel milk is
also useful as biomedicine against different clinical conditions
including generalized edema, asthma, jaundice, diabetes, anemia, and
piles (El-Fakharany et al., 2017; Behrouz et al., 2022). The bacteriocin-
producing LAB strains from camel milk are recently discussed
(Rahmeh etal., 2019). The proteins and peptide molecules from camel
milk contribute to different biological pathways including digestion,
intestinal absorption, gut immunity, and generalized growth of the
individual (Rahmeh et al., 2019; Swelum et al., 2021). For example,
lactoferrin is one of the defense proteins of camel milk which regulates
iron metabolism along with induction and modulation of the immune
system (Mahala et al., 2022). Some of the previous studies reported
the antimicrobial properties of camel milk against different pathogens
including parasites, fungi, and bacteria (Swelum et al., 2021).

Further, camel milk is also an enriched source of probiotics which
can ferment carbohydrates and produce lactic acid. The probiotics/
LAB strains of camel milk consisted of different species of
Lacticaseibacillus, Leuconostoc, Lactococcus, Pediococcus, and
Bifidobacterium which have a beneficial impact on human health (Fl-
Zahar etal., 2021; Mahala et al., 2022). The probiotics/LAB strains are
resistant to gastric pH and bile salts and are generally recognized as
safe (GRAS) microorganisms that are safe to use in human or
veterinary medicine (Rahmeh etal., 2019; Afzal et al., 2020). The LAB
strains from camel milk can inhibit the growth of different bacterial
pathogens by producing different antimicrobial compounds, i.e.,
hydrogen peroxide, organic acids, and bacteriocins. The LAB strains
adjust the intestinal microbial balance and inhibit the adhesion of
pathogenic bacteria to the intestinal epithelium, promote digestion,
boost immune function and confer resistance to different infections
(Azizi et al,, 2017; Rahmeh et al., 2019). This study was designed to
address the gap regarding the scarcity of global data on the isolation
and in vitro assessment of potential probiotic or LAB from camel milk
that represents a promising component of sustainable food systems.
In vitro assessment, that was conducted in the current study includes
molecular analysis, acid and bile salt tolerance assays, antibiotic
susceptibility profiles, hemolytic activity, antimicrobial activity, auto-
aggregation assay and adhesion to human cell line of the isolated
LAB strains.

2 Methods
2.1 Sample collection and initial isolation

The milk samples (n=20) were collected in duplicates from four
different camel herds (Camelus dromedarius) using 15 mL falcon tubes
(MTC-Bio, San Diego, USA) from District Faisalabad-Pakistan. The
samples were immediately transported to the research laboratory
under temperature-controlled conditions using ice-chest and were
processed within 24h of collection. 100pL of each sample was
inoculated on de Man Rogosa and Sharpe agar (MRS agar) (Oxoid-
UK) and incubated in the anaerobic chamber (Oxoid-UK) at
37°C. The bacterial growth was recorded after 72-96h and
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morphological characteristics were recorded. Each type of bacterial
growth was processed separately. Pure bacterial cultures were stored
using MRS broth (Oxoid-UK) supplemented with 20-30% glycerol
(Ox0id-UK) at —80°C (Kabir et al., 2020).

2.2 Morphological and biochemical
characteristics

The bacterial growth was initially identified based on cultural,
morphological and biochemical characteristics of each sample. For
this purpose, the stained smears were examined under a light
microscope (IRMECO, Germany) at 100X. The isolates were processed
for biochemical characteristics according to the standard protocols
established by the American Society for Microbiology (ASM), i.e.,
catalase, indole, oxidase, methyl red, triple sugar iron, and Voges-
Proskauer test (Kabir et al., 2020; Waheed et al., 2021).

2.3 Molecular analysis of the isolates

Initially identified isolates were further screened on molecular
basis by extracting the DNA from purified cultures using the
commercially available DNA extraction kit (GeneJET Genomic DNA
Purification Kit, Thermo Scientific, United Kingdom) as described by
the manufacturer. The quantification of bacterial DNA was performed
with Colibri Micro volume Spectrophotometer (Titertek-Berthold,
Germany). 16S rRNA gene was amplified using the universal primers:
27F  (5-AGAGTTTGATCMTGGCTCAG-3") and  1492R
(5"-TACGGYTACCTTGTTACGACTT-3"). 'The amplification
reaction was performed in total 25 pL reaction volume [containing
1pL of each forward and reverse primers, 12.5pL of Master Mix
(TagMan ™, ThermoFisher Scientific), and 1 pL of genomic DNA] for
40 cycles using a Thermal cycler (BIO-RAD, T100™ Thermal Cycler,
California). The amplified product was subjected to electrophoresis
using 1.5% agarose with 1X Tris-EDTA buffer and stained with
ethidium bromide (Kabir et al., 2020; Waheed et al., 2021). The
purified PCR product was dispatched to Macrogen™, Korea for
sequencing, and the sequences were analyzed and compared with the
existing GenBank database." Molecular Evolutionary Genetic Analysis
software (Mega-X) was used for analysis as described (Swelum et al.,
2021; Waheed et al., 2021).

2.4 Tolerance to acids and bile salts

The bacterial isolates were processed for the evaluation of the
tolerance to acids and bile salts according to the standard protocols.
Briefly, in the acid tolerance test, bacterial cultures were first
incubated overnight in 100mL of MRS broth (Oxoid-UK) at
37°C. The pH of fresh MRS broth was adjusted to 1.5 using 0.2N HCl
and inoculated with bacterial cultures and incubated for 5-7h at
37°C. The pH of the control MRS broth was adjusted to 6.5 which
was also inoculated with bacterial cultures. Afterward, each

1 http://blast.ncbi.nlm.nih.gov/
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inoculation was spread on MRS agar plates (Oxoid-UK) and
incubated at 37°C for 48-72h. For the bile tolerance test, MRS agar
(Oxoid-UK) was prepared and supplemented with 1.5% (W/V) bile
salts (Oxoid-UK) along with control MRS agar (without bile salts).
After solidification, the bacterial cultures were streaked and
incubated with similar conditions (Tambekar and Bhutada, 2010).
Survival rates were measured by counting the Log CFU/mL by the
given formula:

Survival Rate (%) =1log CFUT /log CFU; x 100

where Log CFU;=Log CFU/mL at time and Log CFU,=Log
CFU/mL at initial time.

2.5 Antibiotic susceptibility testing

The bacterial isolates were examined for the antibiotic
susceptibility profile by the Kirby-Bauer disc diffusion method
(Hudzicki, 2009) on Muller Hinton Agar (Oxoid-UK). Following
antibiotic discs (Oxoid-UK) were used to determine the antibiotic
susceptibility profiles, i.e., Amoxicillin (AMC-30pg), Ceftazidime
(CAZ-30pg), Imipenem (IPM-10pg), Linezolid (LZD-10pg),
Ofloxacin (OFX-5pg), Tetracycline (TET-30pg), Tobramycin
(TOB-10pg), and Vancomycin (VA-5 pg). The discs were placed onto
the agar and incubated overnight at 37°C. Later, the diameters of clear
zones around the discs were measured and the results were
demonstrated in terms of sensitive/intermediate/resistant according
to the guidelines of the Clinical Laboratory Standards Institute
(CLSI-2016).

2.6 Hemolytic activity

For the determination of hemolytic activity, Columbia agar
(Oxoid, UK) was prepared followed by supplementation with 5%
sheep blood. The bacterial isolates were streaked on agar plates and
incubated at 37°C for 24 h. Hemolysis was noted as a greenish zone
(a-hemolysis), clear zone (B-hemolysis), or no clear zone (y-hemolysis)
as described (Jang et al., 2019). Staphylococcus aureus Saba-1 (NCBI
GenBank Number = MN453615.1) was used as the positive control.

2.7 Antimicrobial activity of LAB

The bacterial isolates were analyzed for the antimicrobial activity
against multidrug-resistant E. coli AZ1 strain (NCBI GenBank
Number=MF185146.1) and methicillin-resistant S. aureus Saba-1
strain (NCBI GenBank Number=MN453615.1) according to the
recently described protocol with a slight modification of Tryptic Soy
agar (TSA) (Oxoid, UK) preparation (Jang et al., 2019). Briefly, 3L
of the overnight incubated LAB cultures were spotted on freshly
prepared MRS agar plates and incubated anaerobically for 24h at
37°C. In the next step, 100pL overnight incubated cultures of
described E. coli and S. aureus were inoculated into TSA soft agar, and
the soft agar was overlaid. The plates were incubated for 24h at
37°C. The zones of inhibition (mean +SD) were recorded.
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2.8 Auto-aggregation assay

The percentage auto-aggregation was measured (with some
modifications) as described (Jang et al.,, 2019). Briefly, overnight
cultured bacteria were centrifuged at 14000g and the pellet was
washed twice with PBS. The initial absorbance (A0) was adjusted to
0.3+0.05 and 5mL of bacterial suspension was incubated at 37\
u00BOC. The time lapsed absorbance (AT) was measured at 0, 4, and
24h, and the percentage auto-aggregation was estimated as:

Auto — aggregation (%) =(1- Ao / A1) x 100

where Ay=initial absorbance and A;=absorbance at a
specific time.

2.9 Adhesion to HT-29 cells

The adhesion ability of LAB strains was estimated according to the
recently described protocol using the HT-29 cell line (Jang et al., 2019)
with a slight modification of initial bacterial count (Log CFU/
mL=6.7%0.1) followed by 2h of incubation at 37°C.

2.10 Statistical analysis

The mean+SD was calculated using a Microsoft Excel

spreadsheet, further all the procedures were conducted

in triplicates.

3 Results
3.1 Initial identification of isolates

A total of 13 camel milk samples were found positive for
characteristics LAB growth, whereas 7 samples did not show any
characteristicc LAB growth up to 6days of incubation or
characteristics biochemical profiles (hence, excluded from the study).
The bacterial colonies were observed as round, smooth and creamy
white with raised entire margins. Further, microscopically, all the
isolates were observed as Gram-positive. The isolates were initially
identified as Lacticaseibacillus (n=5), Pediococcus (n = 3), Enterococcus
(n=3), and Bacillus (n=2) based on microscopic/biochemical
profiles. Enterococcus and Bacillus were also excluded from the
current study.

3.2 Molecular identification of the isolates

The amplification of 16S rRNA of each isolate produced a single
band of about ~1,400-1,500 bp product which corresponds to the size
of the 16S rRNA gene. Further, the sequence analysis of the bacterial
isolates resulted in the identification of LAB strains, i.e.,
Lacticaseibacillus casei (n=5) and Pediococcus pentosaceus (n=3),
whereas Enterococcus faecium (n=3) and Bacillus aerophilus (n=2)

were excluded from the study.
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3.3 Acid and bile tolerance test 3.8 Adhesion to HT-29 cells

The result of acid tolerance (%) data showed that isolated LAB Maximum adhesion was shown by P. pentosaceus-01 (11.14%, Log
strains tolerated pH 1.5. The L. casei-01 showed a maximum  CFU/mL=5.69%0.05) followed by L. casei-02 (9.73%, Log CFU/

(92.06 +£1.82) while L. casei-02 showed the least survival rate ~ mL=5.68+0.04) as described in Table 2.
(77.38+1.19), as shown in Figure 1. The bile tolerance (%) data

showed that isolated LAB strains tolerated the 1.5% (W/V) bile

salts. The L. casei-01 showed a maximum (81.35+3.64) while 4 Discussion

L. casei-04 showed the least survival rate (77.78 +0.69), as shown in

Figure 2. Milk and other dairy products have been the befitting sources of

probiotics that are included in human food for thousands of years

(Kariyawasam et al., 2021). Among different milk-producing animals,

3.4 Antibiotic susceptibility testing camels are the best livestock that can efficiently survive in tropical and

sub-tropical regions and are a good source of milk, meat, and leather

The isolated LAB strains were sensitive to the antibiotics which ~ (Hawaz et al., 2016). Camel milk is a good source of probiotic bacteria,

were used in the current study. i.e., Lacticaseibacillus, Streptococcus, and Bifidobacterium as described

in some of the previous studies (Kadri et al., 2015; El-Zahar et al,,

2021). Therefore, in the current study, we targeted the isolation and

3.5 Hemolytic activity molecular identification of probiotics/LAB strains from camel milk.

For this purpose, camel milk samples (rn=20) were collected from four

None of the isolated LAB strains showed hemolytic activity. different herds (Camelus dromedarius) from District Faisalabad-

Pakistan (Figure 3) (Hussain et al., 2022; Aslam et al., 2023).

After the primary isolation and biochemical identification, the

3.6 Antimicrobial activity bacterial isolates were confirmed by molecular identification by

amplification and sequence analysis of the 16S rRNA gene. The

The L. casei-04 showed the maximum zone of inhibition  cultural characteristics were observed according to the previously

(15.33+0.58) against E. coli AZ1 strain whereas, L. casei-05 showed  described findings regarding different strains of probiotics from camel

the maximum zone of inhibition (16.33+1.15) against S. aureus  milk (Benmechernene et al, 2013). The results of cultural or

Saba-1, as described in Table 1. biochemical identification showed that 13 out of 20 milk samples were

positive for LAB strains, however 8 isolates were confirmed as LAB

strains based on 16S rRNA gene amplification and sequence analysis.

3.7 Auto-aggregation assay The PCR amplification resulted in a single band of about 1,400-

1,500bp product. The sequence data resulted in identification as

The L. casei-03 showed maximum percentage auto-aggregation  probiotics/LAB strains, i.e., Lacticaseibacillus casei (n=5) and

(28.65+1.96) at 4h of incubation whereas, the maximum percentage ~ Pediococcus pentosaceus (n=3). The 16S rRNA identification and

auto-aggregation was measured for L. casei-01 (41.10+£3.03) at24h of  sequencing were described as a confirmatory identification tool for

incubation, as shown in Figure 2. different bacterial isolates (Kabir et al., 2020; Waheed et al., 2021).

Percentage survival against Acidic pH = 2.0
100
80
60
40
20
0
\QN, . Qv & \pu \g; N & &
& & > 2 2 K N N
& & & & & & & &
Y Y % Y Y% 5 " S
x> N N
& & &
N N N
Q - Q-
Isolated LAB Strains
FIGURE 1
Percentage survival of the LAB strains against acidic pH (1.5). X-axis = Isolates, Y-axis = Percentage Survival.
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FIGURE 2

Percentage survival of the LAB strains against bile salts (1.5% W/V). X-axis = Isolates, Y-axis = Percentage Survival.

TABLE 1 Inhibitory effects of different LAB strains against pathogens.

(Zone of inhibition mm)

Mean + SD
LAB strains E. coli AZ1 S. aureus Saba-1
Lacticaseibacillus casei-01 14.33+0.58 15.33+0.58
Lacticaseibacillus casei-02 13.67+1.15 15.00£1.00
Lacticaseibacillus casei-03 14.67+0.58 15.00+1.73
Lacticaseibacillus casei-04 15.33+£0.58 15.67+0.58
Lacticaseibacillus casei-05 14.00£1.00 16.33+£1.15
Pediococcus pentosaceus-01 14.33+0.58 14.67+0.58
Pediococcus pentosaceus-02 13.33+1.15 14.67+1.15
Pediococcus pentosaceus-03 13.33+1.53 14.67+0.58

The isolated LAB strains showed acid tolerance and the survival
rates (%) ranged from 77.38+1.19 to 92.06+1.82, while bile salts
tolerance and the survival rates (%) ranged from 77.78+0.69 to
81.35+3.64. The survival rate against acids or bile salts was found
comparable to the previous data (Jang et al., 2019). However, they
calculated the acid tolerance in the presence of 0.3% pepsin, but
we demonstrated the exposure to acid and bile salt followed by
survival rates separately. Another study described that probiotics/LAB
strains from camel milk can tolerate acidic pH, and increased bile salt
concentrations (Sharma et al., 2021). Previously it was reported as
74+ 04 survival rate (%) under gastrointestinal conditions (Vimont
et al., 2017). Tolerance to acids or bile salts are considered as core
potentials of the LAB strains, as orally administered probiotics or
probiotic containing products/foods should survive the gastric or
intestinal environment to exert their health benefits that include
improved digestion, immune modulation, and pathogen inhibition etc.

The isolated LAB strains were found sensitive to different antibiotics,
i.e,, amoxicillin, ceftazidime, imipenem, linezolid, ofloxacin, tetracycline,
tobramycin, and vancomycin. Some of the previous studies reported
similar findings regarding susceptibility profiles (Benmechernene et al.,
2013). However, a few studies described resistance to tetracycline by
Lactobacillus paracasei (Comunian et al., 2010). Hence, a critical analysis
of antibiotic susceptible profiles is required to investigate the isolates.
Potential probiotics/LAB strains should be susceptible to all classes of

Frontiers in Sustainable Food Systems

antibiotics before the consideration as “probiotics/LAB strains to control
the possible spread of different classes of antimicrobial resistance genes
among humans, animals or environment. None of the LAB strains
showed hemolytic activity as shown in one of the previous studies
(Hamed and Elattar, 2013). This is a fact that probiotics/LAB strains
must not show any type of hemolytic activity and do not have negative
impact on ecosystem of other individuals. Similar findings were recently
described regarding the probiotic’s characterization of Lactobacillus
brevis KU15153 (Jang et al., 2019).

In the current study, the LAB strains inhibited the growth of
pathogenic bacteria, i.e., multidrug-resistant E. coli AZ1 (maximum
zone of inhibition=15.33+0.58) and S. aureus Saba-1 (maximum
zone of inhibition=16.33+1.15). These findings were in accordance
with the previous studies. A study reported the antimicrobial activity
of LAB strains against Salmonella Typhimurium and Bacillus cereus
(Salomskiené et al., 2015). Another study has reported the
antimicrobial activity of the LAB strain against S. typhimurium and
S. aureus (Jang et al., 2019). However, we demonstrated this activity
against MDR E. coli and methicillin-resistant S. aureus. The literature
described that the mechanism of this sort of inhibition involves the
metabolic products of LAB strains including bacteriocins, hydrogen
peroxide, lactic acid and acetic acid (Anastasiadou et al., 2008). The
current findings showed maximum auto-aggregation (%) 28.65+1.96
and 41.10£3.03 at 4 and 24h of incubation. The studies have also
demonstrated the au-to-aggregation abilities of the LAB strains from
camel milk (Abushelaibi et al., 2017; Jang et al., 2019). This ability of
the LAB strains is to prevent in vivo colonization of the intestinal
epithelial cells. The antimicrobial potential is contributed by different
metabolites of probiotics/LAB strains, i.e., hydrogen peroxide, organic
acids or bacteriocins. Further, probiotics/LAB strains have potential
to ferment milk to obtain wide range of products, i.e., yogurt, cheese,
and kefir etc. (Shori, 2017; Kariyawasam et al., 2021). Similarly,
probiotics/LAB strains could also be utilized for enhancing the
bioavailability of different nutrients including vitamins and minerals.

In the current study, HT-29 epithelial cells adhesion ranged from
6.96 to 11.14%. These findings were partially in accordance with a
previous study that used the HT-29 cells and Caco-2 cells and reported
increased adhesion percentage (Vimont et al., 2017). Adhesion to cell
membrane receptor is beneficial to combat the intestinal colonization
by pathogenic bacteria using competitive exclusion. In conclusion, the

frontiersin.org
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TABLE 2 Adhesion activity after 2-h incubation with HT-29 cells.

10.3389/fsufs.2024.1437201

LAB strains Adhesion (%) Log CFU/mL
Initial cell no. Adhesion cell no.

Lacticaseibacillus casei-01 8.43 6.7+0.1 5.65+0.03
Lacticaseibacillus casei-02 9.73 6.7+0.1 5.68+0.04
Lacticaseibacillus casei-03 7.18 6.7+0.1 5.63+0.04
Lacticaseibacillus casei-04 6.96 6.7+0.1 5.59+0.07
Lacticaseibacillus casei-05 6.83 6.7%0.1 5.62+0.03
Pediococcus pentosaceus-01 11.14 6.7+0.1 5.69+0.05
Pediococcus pentosaceus-02 6.99 6.7+0.1 5.62+0.14
Pediococcus pentosaceus-03 7.23 6.77+0.1 5.63+0.05

Auto-aggregation (%)

50

40

FIGURE 3

30

20

0
3 & & > & ~ & &

LA R R R A Q , A
> > > o > Ry Ry Ry
& & & & & & & &
> 2> >
A% % Y A% % > 4 4
3 X X
& & &
N N N
QU - Q
M4 Hours ™24 Hours

Percentage auto-aggregation of the LAB strains at 4 and 24 h of incubation. X-axis = Isolates, Y-axis = Percentage Auto-aggregation.

current study has demonstrated that probiotics/LAB strains from
camel milk have potential probiotic characteristics which can
be further evaluated using suitable animal models.
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