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Abstract

Milk is a rich source of nutrients for many microorganisms. Fifty-four bacterial strains from buffalo, sheep, cow, and
camel milk were isolated on an MRS agar medium. The isolates were divided into 23 LAB isolates and 31 non-LAB isolates
based on catalase, spore formation, Gram staining, and lactic acid formation tests. The probiotic investigations were carried out on
the proteolytic isolates. The probiotic isolates (CAL1, BA4, and CA3) were chosen for morphological and biochemical tests.
According to the findings, Bacilli BA4, CA3, and Lactococcus CAL1 can be used as probiotic proteolytic strains.
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1. Introduction

Microorganisms thrive in nutrient-rich
environments, with milk from mammals being a rich
medium for most of them, indicating their diverse metabolic
needs. Milk is a nutritious growth medium for many
bacteria, containing carbs, fat, casein, protein, vitamins, and
minerals [1]. Lactic acid bacteria (LAB) were initially
isolated from milk, and it was later shown that LAB exists
naturally in raw milk as indigenous microflora [2]. It is also
naturally present in milk-based products [3]. LAB are Gram-
positive, non-spore-forming bacteria employed as starter
cultures, producing lactic acid as a primary by-product of
sugar fermentation [4]. Anaerobic or facultative aerobic rods
or cocci of lactic acid bacteria are widely distributed in the
natural world and naturally occur as native microflora in raw
milk, which plays a crucial role in many food and feed
fermentations [5]. LAB species, including Lactobacillus,
Lactococcus, Pediococcus, Enterococcus, and
Streptococcus, are frequently found in fermented dairy
products [6].

Probiatics are living microorganisms that improve the
health of a host when provided in appropriate quantities. [7].
The beneficial benefits of probiotic strains are determined by
their capacity to survive via a passageway in the stomach,
establish themselves in the gastrointestinal tract (GIT), and
outcompete pathogens [8]. Potent probiotic isolates must
possess specific characteristics, such as the ability to thrive
and form colonies under various environmental conditions
[9]. The ability of probiotic bacteria to survive in the
gastrointestinal tract depends on their properties, including
resistance to bile salts and stomach acidity [10]. LAB, or
bifidobacteria, are usually beneficial bacteria related to
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probiotic behavior [11]. Also, Bacillus sp. has demonstrated
exceptional probiotic potential because of the resistance of
the spores to heat and other environmental factors, including
pH and pressure [12]. Most commercial Bacillus probiotics
consist of B. subtilis, B. polyfermenticus, B. clausii, some B.
cereus, B. coagulans, B. pumilius, and B. licheniformis [13].
The present study aimed to isolate probiotic proteolytic
bacteria from raw milk.

2. Materials and methods
2.1. Sample collection

Eight samples of different types of milk (buffalo,
sheep, cow, and camel) and two samples of each type were
collected from different regions (Mansoura, Assiut, and
Aswan). Each sample was collected in a sterile bottle, sent in
an ice box to a laboratory under aseptic conditions, and
refrigerated at 4°C until processing.

2.2. Bacterial isolation and purification

Each sample was cultured on MRS agar medium by
the spread plate method and incubated at 37°C for 72 h
under aerobic and anaerobic conditions. Following
incubation, all colonies that appeared on the plates were
selected for purification using the streak plate technique on
MRS agar plates.

2.3. Examination of bacterial isolates
2.3.1. Gram staining

All purified bacterial isolates were stained with
Gram-staining and then studied under a light microscope
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using an oil immersion lens to determine the shape of the
bacterial cells and confirm their purity.
2.3.2. Catalase test

On a glass slide, a loopful of 24-hour culture
cultured on MRS agar was emulsified with drops of H.O»
(3%). The liberation of oxygen as gas bubbles indicates the
presence of the catalase enzyme [14].

2.3.3. Spore formation

A tube of MRS broth medium was inoculated with
growth from the agar medium, in which sporulation was
suspected to occur. The tube was placed in a water bath at
80 °C along with an uninoculated broth containing a
thermometer, and the water level in the bath was higher than
the broth level. The inoculated tube was incubated for 10
minutes, starting when the thermometer reached 80 °C,
cooled, and incubated at 37 °C for 48 h. After incubation,
the growth (turbidity) tubes indicated endospore formation
[15].

2.3.4. Lactic acid production on MRS agar medium

The streak plate technique was used to spread pure
culture colonies of each isolate on MRS agar medium
supplemented with 0.5% CaCO3, and the plates were then
incubated at 37 °C for 48 hours. The translucent zone
surrounding the growth on the chalked agar plates indicates
the presence of lactic acid produced by the bacterial isolates
[16].

2.4. Screening for proteolytic activity

Each isolate was streaked on a skim milk agar plate
to assess its proteolytic activity. For 48 h at 37 °C, plates
were incubated under aerobic and anaerobic conditions for
non-LAB and LAB isolates, respectively. After incubation,
the transparent or intensely opaque zones around the growth
were assessed as positive for proteolytic activity [17].

2.5. In vitro characterization of probiotic properties
Isolates that showed proteolytic activity were examined for
their probiotic characteristics in the following ways:

2.5.1. Acid and bile salt tolerance test

The tolerance of the isolates to both acidic pH
values and bile salts was assessed according to [18], with a
few minor modifications. The isolates were cultured
overnight and inoculated with (1%, v/v) in MRS broth
medium adjusted to pH value 2.0, while others were
supplemented with 0.3% bile salts. The pH of the MRS
broth medium was adjusted to 6.5, and another without bile
salts was considered the control for bile salts and pH
condition. The samples were incubated at 37 °C for intervals
of (0, 1, 2, and 3 h). The biomass (CFU/mI) of each culture
was determined on an MRS agar plate after incubating at 37
°C for 24 h. The survival rate (%) was calculated using the
following formula:

Biomass at a time (t)

Survival Rate (%) = X 100
urviv (%) Biomass at the initial time (0)

2.5.2. Phenol tolerance test

The isolates’ phenol tolerance was assessed
according to [18]. Overnight-grown isolates were added to
the MRS broth medium, which was supplemented with 0.4%
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and 0.6%, v/v, phenol. Following 24 h of incubation at 37
°C, the cultures were diluted serially and then spread on
MRS agar plates. The plate count method calculated the cell
viability (log CFU/m).

2.5.3. Antibiotic susceptibility test

Eight isolates were tested for susceptibility to seven
different commercially available antibiotic discs (Oxoid™)
using the disc diffusion technique. Penicillin G (10ug/disc),
cefotaxime (30ug/disc), oxacillin (1pg/disc), vancomycin
(30ug/disc), nitrofurantoin  (300ug/disc), erythromycin
(15pg/disc), and streptomycin (10upg/disc) were put on the
surface of MRS agar plates. After 24 h of incubation at 37
°C, the diameter of the inhibition zone for each antibiotic
was determined according to [19].

2.5.4. Auto-aggregation ability test

The auto-aggregation tests were conducted
according to [20]. In the MRS broth medium, bacterial
isolates were cultured for 16 hours at 37 °C. After
centrifuging the cells at 6000 g for 10 min, the pellets were
washed twice and mixed with phosphate-buffered saline
(PBS, pH 7.4) until the optical density (ODeoo) reached 1.0.
Following a two-hour incubation period at 37 °C, 100 pl of
the upper suspension was moved to a different tube
containing 1.9 ml of PBS, and the ODgg Was determined.
The auto-aggregation (%) was calculated using the
following formula:

Auto — aggregation(%)
=1
0D600 of upper suspension

~ '0D600 of total bacterial suspension
x 100

2.5.5. Co-aggregation ability test
Similar to the auto-aggregation test, cell
suspensions were prepared for co-aggregation. In a cuvette,
1 ml of each isolate's cell suspension and the pathogen strain
Pseudomonas aeruginosa (ATCC9027) were mixed. The
ODgoo Was then measured right away (A0). The combination
was incubated at 37 °C for two hours, and then the ODsgoo
was measured again (At). The co-aggregation (%) was
calculated using the equation in [21]:
(A0 — At) y

1
20 00

Co — aggregation(%) =

2.5.6. Hydrophobicity test

The hydrophobicity of the isolates was evaluated
using xylene extraction, as described in [20]. The bacteria
were grown in MRS broth for 24 hours. The cells were then
separated by centrifuging at 6000 g for 5 minutes and being
washed twice with 50 mM K;HPO, buffer (pH 6.5).

The absorbance at 600 nm (Agoo) Was set to 0.5+
0.05, and then 3 ml of bacterial suspension and 0.6 ml of
hydrocarbon (xylene) were mixed and stirred for 180
seconds. After incubating at room temperature for one hour,
the aqueous phase was removed, and its Aesp Wwas
determined. The hydrophobicity (%) was calculated using
the following formula:

(A0 — A)

Hydrophobicity (%) = a0 x 100

Whereas A0 = initial absorbance, and Al = final absorbance.
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2.6. Morphological and biochemical examination

The bacterial isolates (CA3 isolated from cow milk,
BA4 isolated from buffalo milk, and CAL1 isolated from
camel milk) were identified by examining their
morphological features and biochemical tests. They were;

Growing up on different media
Scanning Electron Microscope (SEM)
Indole test

Methyl red test

V-P test

Citrate utilization test

Motility test

H,S production test

Gas production from glucose

0. Carbohydrate fermentation test

BOo~NoOA~wNE

2.7. Statistical analysis

Triplicate measurements were used to determine
mean values and standard deviations (SD). The statistical
study was carried out using a one-way analysis of variance
(ANOVA). The significance (p < 0.05) of the differences
between the mean values was assessed using Duncan's
multiple-range test. The statistical analysis was conducted
using IBM SPSS Statistical software (version 22.0).

3. Results
3.1. Isolation and purification of bacterial isolates

Raw milk samples from buffalo, sheep, cows, and
camels were collected from 8 different farmers in Mansoura,
Assiut, and Aswan (cities in Egypt) for the isolation of
probiotic bacteria. Fifty-four bacterial isolates were isolated
and purified on an MRS agar medium. The most isolated
bacteria were from cow milk, then buffalo, sheep, and camel
milk, with 38.89%, 24.08%, 22.22%, and 14.81%,
respectively.

3.2. Examination of bacterial isolates

In this study, a total of 54 isolates were divided into
23 LAB isolates and 31 non-LAB isolates according to
Gram staining, catalase test, spore formation, and lactic acid
production on a chalk MRS agar medium, as shown in
(Table and Fig. 1). Notably, all the isolates found in the
study were Gram-positive.

3.3. Screening for proteolytic activity

The bacterial isolates that showed proteolytic
activity on a milk agar plate are listed in (Table 2). The
results showed that the opaque zone appeared with 14
isolates of LAB and the clear zone with seven isolates of
non-LAB, as shown in (Fig. 2).

3.4. In vitro characterization of probiotic properties
3.4.1. Acid tolerance test

The results demonstrated a significant decline in
the survival rate at pH 2.0 with time. All isolates survived in
MRS broth medium pH 2.0 in the first hour, except for
isolates SP1, CA8, and CA10. Only BA4, CA3, and CAL1
stayed in the same medium after the second hour. Finally,
only two of the eight bacterial isolates, BA4 and CA3, could
survive for three hours at pH 2.0. As demonstrated in (Table
3), the BA4 strain exhibited a higher (p < 0.05) survival rate
than the CA3 strain.
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3.4.2. Bile salt tolerance test

The data indicated that the growth rate over time
has decreased significantly (p < 0.05). The only strain that
didn't grow in the MRS broth medium with 0.3% bile salts
in the first hour was the SP1 strain. The CA2, CA8, and
CA10 isolates could not tolerate bile salts when the seven
bacterial isolates were left in the same medium for an extra
hour, as shown in (Table 4). Also, the result showed the
most adaptable isolate in the bile salt at a concentration of
0.3% for three hours was the CALL strain, with a survival
rate of 76.59%, followed by isolates BA4, CA3, and CA1l
with 63.90%, 50.37%, and 11.21%, respectively.

3.4.3. Phenol resistance test

The CFU/ml of the bacterial isolates were
determined using MRS agar plates following a 24-hour
incubation in MRS broth medium that included 0.4% and
0.6% phenol. Comparing the phenol concentrations to the
MRS control without phenol, an inhibitory impact was seen,
as shown in (Fig. 3). A viable count ranging from 2.53 to
7.05 log CFU/mI was observed with phenol 0.6% and from
4.36 to 7.39 log CFU/mI with phenol 0.4%, while the viable
count range was 4.65 to 9.40 log CFU/ml without phenol.
The obtained data showed a significant decrease in the log
CFU/ml of bacterial isolates at phenol 0.4% in all the
isolates except CA10. In contrast, the result showed a
significant change in the log CFU/mI of all isolates at phenol
0.6% compared to the control (0.0%, phenol).

3.4.4. Antibiotic susceptibility test

All bacterial isolates were resistant to penicillin G
10pg, oxacillin 1ug, erythromycin 15ug, streptomycin 10ug,
and cefotaxime 30ug. On the other hand, all the isolates
were sensitive to vancomycin 30pg, except the isolate CA2,
which was intermediate. In addition, all the isolates were
intermediate to nitrofurantoin 300ug, except the isolate
CA2, which was resistant. Finally, the bacterial strains
showed varied antibiotic susceptibility, which is documented
in (Table 5).

3.4.5. Confirmatory assays

Auto-aggregation, co-aggregation, and
hydrophobicity assays were conducted for isolates (CAS3,
BA4, and CAL1), which were the most potent isolates with
the probiotic properties mentioned above.

3.4.5.1. Auto-aggregation assay

The three isolates exhibited auto-aggregation
activity with a significant difference (p < 0.05) after 2 h of
incubation at 37°C. The isolate BA4 showed the highest
auto-aggregation activity after 16 hours of static cultivation
in an MRS broth medium at 37 °C, as shown in (Table 6).

3.4.5.2. Co-aggregation assay

The co-aggregation ratios between three isolates
(CA3, BA4, and CAL1) and Pseudomonas aeruginosa
(ATCC9027) are shown in (Table 6). Isolate CA3 showed a
significantly high (p < 0.05) co-aggregation ability with
Pseudomonas aeruginosa compared to other isolates.

3.4.5.3. Hydrophobicity assay
Hydrocarbon (xylene) was used to assess the cell-
surface hydrophobicity of the bacterial isolates. The
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hydrophobicity test showed no significant difference (p <
0.05) between isolates BA4 and CAL1. On the other hand,
the three isolates had hydrophobicity greater than 85%, as
indicated in (Table 6).

3.5. Morphological and biochemical identification

For morphological and biochemical testing, the
isolates BA4, CA3, and CALL were chosen based on their
potent probiotic features (Fig. 4 and 5), which show the
morphological results. At the same time, (Table 7) illustrates
the biochemical results for selected isolates.

4. Discussion

Milk has a high nutritional content, and
combined with high water activity at a near-neutral pH, it
stimulates the growth of numerous microbes [22], leading to
a diverse bacterial community. Raw milk is an excellent
source of probiotics, as documented in [23]. Previously,
different LAB and non-LAB strains were isolated from raw
milk, as recorded in [24-30]. In the present study, lactic acid
bacteria (LAB) and non-LAB isolates were isolated from
various types of raw milk (buffalo, cow, sheep, and camel
milk) in an MRS agar medium. According to [31] and [32],
LAB were Gram-positive, catalase-negative, and non-spore-
forming isolates. Also, LAB isolates were determined based
on a clear zone around the colonies in a chalk agar medium,
which indicated the dissolution of CaCO3 by lactic acid
(Fig.1). The current results are in agreement with [16,31],
which found the transparent area in an MRS agar medium
provided with 1% CaCO3 around the growth of LABs after
the incubation period. In contrast, Gram-positive, catalase-
positive, spore-forming, and non-lactic acid-releasing
isolates in chalk agar medium were classified as non-LAB.

Bioactive peptides are defined as those that consist
of specific protein fragments that show biological activity
and may be beneficial in promoting health [33]. Protein
hydrolysis (or breakdown) to get these peptides can come
from various sources, but milk-derived peptides are
currently the most crucial source [34]. Fifty-four bacterial
isolates were tested for their ability to hydrolyze proteins in
skim milk (SM) agar medium. The results showed
transparent (highly proteolytic) and opaque (weakly
proteolytic) zones in SM agar with non-LAB and LAB
isolates, respectively. LAB are weakly proteolytic and
possess a comprehensive proteinase/peptidase system
capable of hydrolyzing oligopeptides into small peptides and
amino acids [35]. On the other hand, Bacillus sp. can
produce exopeptidase and endopeptidase enzymes [36],
leading to highly proteolytic action. The findings align with
previous studies [37] and [17], which recorded transparent
and opaque SM agar zones due to bacterial isolates'
proteolytic activity.

The probiotic bacteria are beneficial for human
health. Consequently, probiotic tests were performed for
LAB isolate CAL1, which showed the highest proteolytic
activity, and 7 non-LAB isolates, which also showed
proteolytic activity in SM agar plates, as documented in
(Table 2). Survival of bacterial strains in low pH conditions
is a more accurate indication of the ability of strains to
survive passage through the stomach [38]. So, the probiotic
strain L. plantarum can be found in various parts of the
human gastrointestinal tract, such as the stomach and
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intestine [39]. The pH of the human stomach fluctuates
between 1.5 and 4.5, and the acidity has the most
detrimental impact on bacterial growth and viability [40]. In
vitro, survival tests at 2.0 pH were conducted using human
stomach juice simulation, a commonly used method for
quickly screening probiotic qualities in bacteria [41-43].
The study reveals that only (BA4, CA3, and CAL1) isolates
can survive for 2 hours in simulated gastric juice at pH 2.0,
with 71.31%, 63.50%, and 10.36% survival rates,
respectively

Bile salt tolerance is a crucial selection factor for
probiotic isolates to survive in the small intestine [32]. The
resistance of probiotic microorganisms to bile salts is
associated with the activity of bile salt hydrolase, which
reduces the inhibitory effect of bile by hydrolyzing
conjugated bile salts [44,45]. The isolates (BA4, CAl, and
CA3) grew with 0.3% bile salt with 63.905%, 11.21%, and
50.37% survival rates, respectively. These results are
somewhat consistent with those [41,46], where they
observed that Bacillus strains could grow in bile salt at
0.3%. Compared to the previous study [47], isolate CAL1
had a 76.59%. According to [48], bacterial strains'
intolerance toward bile salts is due to their ability to cause
disturbances in cellular homeostasis, causing disintegration
of the lipid bilayer and integral proteins of cell membranes,
leading to leakage of bacterial content and, eventually, cell
death.

Phenol tolerance is required for isolates to survive
in gastrointestinal conditions because gut bacteria can
deaminate aromatic amino acids received from food
proteins, which may generate phenols [49-51]. The results
in (Fig. 3) prove that bacterial isolates in the present study
can survive in phenol at concentrations between 0.4% and
0.6%. There are several reports of tolerance of LAB and
spore-forming strains to phenol, as documented in [18,52—
54]. Strains must be resistant to a variety of drugs and must
not carry any antibiotic-resistant genes [55,56]. The
antibiotic-resistance characteristics of probiotic bacteria are
considered helpful for survival in the gastrointestinal system
after antibiotic therapy [57,58]. In the current study, all
isolates were resistant to penicillin G, oxacillin,
erythromycin, and streptomycin.

Depending on the previous examinations, the
bacterial isolates (CA3, BA4, and CAL1) were selected to
complete the characterization of probiotics. Auto-
aggregation allows microorganisms of the same species to
create self-forming groups, and this process is commonly
connected with microorganisms adhering to the intestinal
mucosa [59]. Subsequently, it inhibits the body from
eliminating bacterial strains through peristalsis, and the auto-
aggregation of bacterial isolates on the intestinal epithelial
lining is a desired characteristic [60]. The current results
show that after 2 hours of incubation, all isolates showed an
excellent aggregation phenotype greater than 90%.
Similarly, co-aggregation potential enables probiotic cells to
establish a barrier that limits pathogenic colonization by
producing an environment with a high concentration of
inhibitory chemicals [61]. The presence of beneficial and
harmful bacteria in the environment shows the possibility of
competition, which might lead to infection removal from the
eukaryotic host [62].
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Table 1: Differentiate between LAB and non-LAB isolates by their morphological shape, catalase test, spore formation, and
lactic acid production on a chalk agar plate

Isolation - Morphological Catalase Sporg Lactic a_cid I_Examination of
source Region _ _shape _ test formation production isolates' results
Bacilli | Cocci +ve | -ve +ve -ve +ve -ve LAB Non-LAB
= x Mansoura A 1 4 2 3 1 4 3 2 3 2
ES Mansoura B 5 3 4 4 4 4 4 4 4 4
@ Total 6 7 6 7 5 8 7 6 7 6
S x Mansoura A 3 2 3 2 3 2 2 3 2 3
SE Mansoura B 4 3 4 3 4 3 3 4 3 4
Total 7 5 7 5 7 5 5 7 5 7
> x Assiut A 7 2 7 2 7 2 2 7 2 7
Ss Assiut B 9 3 7 5 8 4 4 8 4 8"
Total 16 5 14 7 15 6 6 15 6 15
TEJ X Aswan A 1 2 1 2 1 2 2 1 2 1
3 IS Aswan B 0 5 2 3 0 5 3 2 3 2
Total 1 7 3 5 1 7 5 3 5 3
Total of all isolates 30 24 30 24 28 26 23 31 23 31
Note: (*) Refers to non-LAB isolates that were negative for spore-forming and catalase tests.
Table 2. Proteolytic activity of bacterial isolates on skim milk agar medium
Isolation source No. of Code of Proteolytic Result
Isolate Isolate
3 BAL 1 ot
5 BAL 3 ot
Buffalo 6 BAL 4 o+
Milk 8 BAL 6 o+
9 BAL 7 °+
10 BA 4 +¢
14 SP1 ++4¢
Sheep 18 SPL 2 O+
Milk 19 SPL 3 O+
20 SPL 4 o+
21 SPL5 ++40
26 CA1l +¢
27 CA2 +¢
Cow 28 CA3 ++¢
Milk 34 CAL 2 ++40
35 CA8 +¢
37 CA 10 +++¢
48 CAL1 O+
Camel 52 CAL 3 0+
Milk 53 CAL 4 o+
54 CALS o+

+, Small zone; ++, Medium zone; +++, Large zone. (+°) Opaque zone on skim milk agar
plate; (+C) Clear zone on skim milk agar plate
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Table 3. The survival rate of bacterial isolates at an acidic pH value of 2.0

Isolates Survival Rate (%)
1n 2h 3h
BA4 88.52+2.46 A 71.31+2.46 2 63.11+1.88 ¢
SP1 00 D& 00 D& 00 Ca
CAL 29.44+10.2 52 00 b 020 CP
CA2 14224372 Ca 00 0P 020 CP
CA3 81.03+2.57 A2 63.50+1,09 &b 54.26+1.25 B¢
CA8 00 Da 00 D& 00 Ca
CA10 00 Da 00 D& 020 Ca
CALL 35.74+4.67 5 10.36+3.24Cb 00
Table 4. The survival rate of bacterial isolates at 0.3% bile salts
Survival Rate (%)
Isolates
1h 2h 3h
BA4 92.71+1.51 A2 84.43+0.99 Ab 63.90+4.02 B¢
SP1 020 Ea 020 0 0+0 &2
CAl 45.79+4.28C2 23.36+4.28 Cb 11.21+4.86D°
CA2 13.66+2.85 D2 00 Db 0+0 Eb
CA3 71.21+3.47 B2 63.63+3.93 B 50.37+4.59 ¢
CA8 11.45+4,77 2 00 Db 020 Eb
CA10 14,27+3.68 02 00 Db 020 Eb
CAL1 96.80+1.07 A2 81.9142.134b 76.59+3.19 A°

The values represent the mean = SD of n = 3.
@) Different lowercase superscripts for the same row's mean values indicate a significant difference (p < 0.05).
(AB) Different uppercase superscripts for the same column's mean values indicate a significant difference (p < 0.05).

Table 5. Antibiotic susceptibility profile of the bacterial isolates

o Concentration Bacterial Isolates
Antibiotic (ng/disc) BA4 | SP1 [ CA1 | CA2 | CA3 | CA8 | CA10 | CAL1
He Diameter of inhibition zone (mm)

Penicillin G 10 10R 8R 8R oR gR 8R 8R 13R
Cefotaxime 30 oR oR 10R 10R OR OR oR 15R
Oxacillin 1 oR OR oR oR OR OR OR OR
Vancomycin 30 21° 258 218 16' 23° 218 218 245

Nitrofurantoin 300 16 17! 16 15R 16 16 19! 17!

Erythromycin 15 11R OR 10R 12R 10R 10R oR 12R

Streptomycin 10 9R 8R 10R oR 8R 10R 14R 10R

According to the values given by [19], the values are Sensitive (S) (=21 mm), Intermediate (I) (16—20 mm), and Resistant (R) (<

15 mm).
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Table 6. Auto-aggregation, co-aggregation with Pseudomonas aeruginosa (ATCC9027), and hydrophobicity of bacterial
isolates (CA3, BA4, and CAL1)

Isolates Auto-aggregation (%) Co-aggregation (%) Hydrophobicity (%0)
CA3 91.24+0.55 ¢ 20.14+0.522 89.77+1.35°
BA4 96.22+0.46 @ 13.54+1.02° 97.48+0.66 2

CAL1 93.15+0.16 ° 8.96+0.06 © 97.60+0.022

The values represent the mean = SD of n = 3. @9 Different lowercase superscripts for the same column's mean values indicate a
significant difference (p < 0.05).

Table 7. Morphological shapes, biochemical tests, and carbohydrate fermentation of the selected bacterial isolates

. Isolates

Morphological shapes BAZ CA3 CALL
The shape of the cell under a light microscope Diplobacilli Diplobacilli Diplococci

. - Length: 2.1um 2.6um 0.5um
Size of a cell under SEM “Width: 0.75um 1.07um 0.5um
Gram staining + + +

Biochemical Tests
Indole test - - -
M.R test + - +
V.P test + + -
Citrate test - - -
Catalase test + + -
Motility test + + -
H>S Production test - - -
Gas production from glucose - - -
Type of fermentation Homo Homo Homo
Carbohydrate Fermentation

Glucose + + +
Lactose - - +
Sucrose + + +
Fructose + + +
Starch + - +
Sorbitol + - +
Mannitol + - +

+, Positive result; —, Negative result.

Salem et al., 2023 20
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Figure 1. A clear zone on MRS agar medium with 0.5% CaCO3 added to it in the plate (A) illustrates
the production of lactic acid. Plate (B), which shows no change, means that no lactic acid is being
produced.

Figure 2. Screening for proteolytic activity on the skim milk agar medium, showing an opaque zone and clear zone on plate (A)
and (C), respectively, as positive results, while plate (B) showed a negative result for proteolysis.

5% Phenol 0.0% &2 Phenol 0.4% Phenol 0.6%

Log CFU/mI

BA4 SP1 CAl CA2 CA3 CA8 CA10 CAL1

Figure 3: Log CFU/ml of bacterial isolates at 0.4% and O.d%lﬂ@ﬁol. The data given are the mean and the standard deviation of n
=3. Means followed by different (a-c) lowercase letters between the different concentrations of phenol at the same isolate and

different (A-E) capital letters between the same concentrations of phenol at different isolates are significantly different (p < 0.05).
Salem et al., 2023
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Figure 4. Growth of bacterial isolates on different media and colony morphology following incubation for 24
h: (1). Bacillus BA4, (2). Bacillus CA3, and (3). Lactococcus CAL1 on (A) MRS agar, (B) Nutrient agar, and
(C) M17 agar.
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Figure 5. (1) Gram staining ; (2) SEM of the bacterial isolates: (A) Bacillus BA4, (B) Bacillus CA3, and
(C) Lactococcus CAL1L
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The present study showed significant changes in

the co-aggregation between bacterial isolates and
Pseudomonas aeruginosa (ATCC9027), which is lower than
30%. According to the study of [63], the current study
revealed varying levels of co-aggregation across the various
species, implying that these abilities are strain-dependent.
The difference in co-aggregation between bacterial isolates
and pathogenic bacteria is most likely due to physical
reasons (e.g., electrical charge variations) [62].
Probiotics' capacity to adhere to epithelial cells correlates
with their hydrophobicity, a crucial characteristic of their
cell surface features [64]. In the present study, all isolates
showed excellent adhesion toward xylene, greater than 85%.
The large percentage of bacterial adhesion to xylene
demonstrates the cell surface's hydrophobic character [63].

Morphological and biochemical characterizations
were performed for three bacterial isolates (BA4, CA3, and
CAL1), which were selected based on their probiotic
properties. In different agar media (MRS, Nutrient, and
M17), the colonies of isolate BA4 were irregularly cream-
colored, fuzzy white, and white with jagged edges. In
contrast, the colonies of isolate CA3 were circular (yellow,
white, and off-white), and the colonies of isolate CAL1 were
white circular colonies in all media types. The identical form
of bacterial isolate BA4 was seen on the MRS agar plate in
the investigation [65]. Similar to the findings of [66], the
biochemical examination revealed that bacterial isolates may
ferment glucose without producing gas.

5. Conclusions

Milk contains probiotics from lactic acid bacteria
(LAB) and non-LAB strains. Most LABs have proteolytic
activity, producing opaque regions on SM agar surfaces,
while non-LABs produce clear zones. In the future, we will
focus on the production, purification, and immobilization of
protease enzymes from Bacilli BA4 and CA3 strains and
Lactococcus CAL1 strain, which can be used in various
industrial processes.

References

[1] V.M. Marshall, AY. Tamime. (1997). Starter
cultures employed in the manufacture of
biofermented milks. International Journal of Dairy
Technology. 50(1): 35-41.

[2] M.E.A. Alnakip, A.S. Mohamed, R.M. Kamal, S.
Elbadry. (2016). Diversity of lactic acid bacteria
isolated from raw milk in Elsharkia province,
Egypt. Japanese Journal of Veterinary Research.
64(S): S23-30.

[3] M. Wassie, T. Wassie. (2016). Isolation and
identification of lactic acid bacteria from raw cow
milk. International Journal of Advanced Research
in Biological Sciences. 3(1): 44-49.

[4] G.P. Singh, R.R. Sharma. (2009). Dominating
species of Lactobacilli and Leuconostocs present
among the lactic acid bacteria of milk of different
cattles. Asian Journal of Experimental Sciences.
23(2): 173-179.

[5] E. Edalati, B. Saneei, M. Alizadeh, S.S. Hosseini,
A.Z. Bialvaei, K. Taheri. (2019). Isolation of
probiotic bacteria from raw camel’s milk and their
antagonistic effects on two bacteria causing food

Salem et al., 2023

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

poisoning. New Microbes and New Infections. 27:
64-68.

E. Pessione. (2012). Lactic acid bacteria
contribution to gut microbiota complexity: lights
and shadows. Frontiers in Cellular and Infection
Microbiology. 2: 86.

C. Hill, F. Guarner, G. Reid, G.R. Gibson, D.J.
Merenstein, B. Pot, et al. (2014). Expert consensus
document: The International Scientific Association
for Probiotics and Prebiotics consensus statement
on the scope and appropriate use of the term
probiotic. Nature Reviews Gastroenterology &
Hepatology. 11(8): 506-514.

Z. Liu, Z. Jiang, K. Zhou, P. Li, G. Liu, B. Zhang.
(2007). Screening of bifidobacteria with acquired
tolerance to human gastrointestinal tract. Anaerobe.
13(5-6): 215-219.

W. Palachum, Y. Chisti, W. Choorit. (2018). In-
vitro assessment of probiotic potential of
Lactobacillus plantarum WU-P19 isolated from a
traditional ~ fermented  herb.  Annals  of
Microbiology. 68(1): 79-91.

FAO/WHO. (2002). Joint FAO/WHO working
group report on drafting guidelines for the
evaluation of probiotics in food. London, Ontario,
Canada.

S. Sathyabama, R. Vijayabharathi, P. Bruntha devi,
M. Ranjith kumar, V.B. Priyadarisini. (2012).
Screening for probiotic properties of strains
isolated from feces of various human groups.
Journal of Microbiology. 50(4): 603-612.

S.R.B. Ruiz Sella, T. Bueno, A.A.B. de Oliveira,
S.G. Karp, C.R. Soccol. (2021). Bacillus subtilis
natto as a potential probiotic in animal nutrition.
Critical Reviews in Biotechnology. 41(3): 355-
369.

N.K. Lee, W.S. Kim, H.D. Paik. (2019). Bacillus
strains as human probiotics: characterization,
safety, microbiome, and probiotic carrier. Food
Science and Biotechnology. 28(5): 1297-1305.

S.T. Cowan. (1974). Cowan and Steel's manual for
identification of medical bacteria, 2nd ed.
Cambridge University Press, Cambridge.

P.H.A. Sneath, J.G. Holt. (2001). Bergey’s manual
of systematic bacteriology. A Waverly company.
Volume 1.

T.H. Kurniati, S. Rahayu, I.R.B. Nathania, D.
Sukmawati. (2021). Antibacterial activity of lactic
acid bacteria isolated from oncome, a traditional
Indonesian fermented food. AIP Conference
Proceedings. 2331(1): 030011.

A. Karakas-Sen, E. Karakas. (2018). Isolation,
identification and technological properties of lactic
acid bacteria from raw cow milk. Bioscience
Journal (Online). 385-399.

R. Somashekaraiah, B. Shruthi, B.V. Deepthi, M.Y.
Sreenivasa. (2019). Probiotic properties of lactic
acid bacteria isolated from neera: a naturally
fermenting coconut palm nectar. Frontiers in
Microbiology. 10: 1382.

E. Vlkova, V. Rada, P. Popelarova, 1. Trojanova, J.
Killer. (2006). Antimicrobial susceptibility of
bifidobacteria isolated from the gastrointestinal

23



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

1JCBS, 24(9) (2023): 14-25

tract of calves. Livestock Science. 105(3): 253—
259.

F. Zuo, R. Yu, X. Feng, L. Chen, Z. Zeng, G.B.
Khaskheli, et al. (2016). Characterization and in
vitro  properties of  potential  probiotic
Bifidobacterium strains isolated from breast-fed
infant feces. Annals of Microbiology. 66(3): 1027—
1037.

S. Nagaoka, K. Hojo, S. Murata, T. Mori, T.
Ohshima, N. Maeda. (2008). Interactions between
salivary Bifidobacterium adolescentis and other
oral bacteria: in vitro coaggregation and
coadhesion assays. FEMS Microbiology Letters.
281(2): 183-1809.

M. Vargas-Ramella, M. Pateiro, A. Maggiolino, M.
Faccia, D. Franco, P. de Palo, et al. (2021). Buffalo
milk as a source of probiotic functional products.
Microorganisms. 9(11): 2303.

A. Sikarchi, L. Fozouni. (2018). Inhibitory Effect
of Probiotic Bacteria Isolated from Camel Milk on
Clinical Strains of Drug-Resistant Helicobacter
pylori. Medical Laboratory Journal. 12(1): 20-26.
S. Melia, J. Yuherman, E. Purwati. (2018).
Selection of buffalo milk lactic acid bacteria with
probiotic potential. Asian Journal of
Pharmaceutical and Clinical Research. 11(5): 186—
189.

T. Chen, L. Wang, Q. Li, Y. Long, Y. Lin, J. Yin,
et al. (2020). Functional probiotics of lactic acid
bacteria from Hu sheep milk. BMC Microbiology.
20(1): 1-12.

Y. Taye, T. Degu, H. Fesseha, M. Mathewos.
(2021). Isolation and identification of lactic acid
bacteria from cow milk and milk products.
Scientific World Journal. 1-12.

R. Rahmeh, H. Alomirah, A. Akbar, J. Sidhu.
(2019). Composition and properties of camel milk.
Milk Production-An Up-to-Date Overview of
Animal Nutrition, Management, and Health,
InTech.

R.M. Sonavale, B.N. Kunchiraman. (2018).
Probiotic characteristics of anti-candida Bacillus
tequilensis isolated from sheep milk and buffalo
colostrums. International Journal of Health
Sciences and Research. 8(11): 254-260.

C.H. Kweon, S.Y. Choi, H.Y. Kwon, E.H. Kim,
H.M. Kang, J. San Moon, et al. (2012). Isolation,
characterization, and evaluation of Bacillus
thuringiensis isolated from cow milk. Korean
Journal of Veterinary Research. 52(3): 169-176.

R. Daneshazari, M. Rabbani-Khorasgani, A.
Hosseini-Abari, J.H. Kim. (2023). Bacillus subtilis
isolates from camel milk as probiotic candidates.
Scientific Reports. 13(1): 3387.

H.E. Phyu, Z.k. Oo, K.N. Aye. (2015). Screening
on proteolytic activity of lactic acid bacteria from
various yogurts and fermented milk. International
Journal of Advanced Science Engineering and
Technology. 34-7.

G. Mulaw, T. Sisay Tessema, D. Muleta, A.
Tesfaye. (2019). In vitro evaluation of probiotic
properties of lactic acid bacteria isolated from some

Salem et al., 2023

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

traditionally fermented Ethiopian food products.
International Journal of Microbiology.

D.D. Kitts, K. Weiler. (2003). Bioactive proteins
and peptides from food sources. Applications of
bioprocesses used in isolation and recovery.
Current Pharmaceutical Design. 9: 1309-23.

H. Korhonen. (2009). Milk-derived bioactive
peptides: From science to applications. Journal of
Functional Foods. 1:177-87.

M.J. Sousa, Y. Ardd, P.L.H. McSweeney. (2001).
Advances in the study of proteolysis during cheese
ripening. International Dairy Journal. 11: 327-45.
Y. Lai, X. Wu, X. Zheng, W. Li, L. Wang. (2023).
Insights into the keratin efficient degradation
mechanism mediated by Bacillus sp. CN2 based on
integrating functional degradomics. Biotechnology,
Biofuels, and Bioproducts. 16: 1-14.

C. Masi, G. Gemechu, M. Tafesse. (2021).
Isolation,  screening,  characterization, and
identification of alkaline protease-producing
bacteria from leather industry effluent. Annals of
Microbiology. 71: 1-11.

D. Zielinska, A. Rzepkowska, A. Radawska, K.
Zielinski. (2015). In vitro screening of selected
probiotic properties of Lactobacillus strains
isolated from traditional fermented cabbage and
cucumber. Current Microbiology. 70: 183-94.

T. Aziz, M. Naveed, K. Jabeen, M.A. Shabbir, A.
Sarwar, Y. Zhennai, et al. (2023). Integrated
genome-based evaluation of safety and probiotic
characteristics of Lactiplantibacillus plantarum
YW11 isolated from Tibetan kefir. Frontiers in
Microbiology. 14: 1157615.

K. Ji, N.Y. Jang, Y.T. Kim. (2015). Isolation of
lactic acid bacteria showing antioxidative and
probiotic activities from kimchi and infant feces.
Journal of Microbiology and Biotechnology. 25:
1568-77.

X. Guo, D. Li, W. Lu, X. Piao, X. Chen. (2006).
Screening of Bacillus strains as potential probiotics
and subsequent confirmation of the in vivo
effectiveness of Bacillus subtilis MA139 in pigs.
Antonie Van Leeuwenhoek. 90: 139-46.

Z. Guo, J. Wang, L. Yan, W. Chen, X. Liu, H.
Zhang. (2009). In vitro comparison of probiotic
properties of Lactobacillus casei Zhang, a potential
new probiotic, with selected probiotic strains.
LWT-Food Science and Technology. 42: 1640-6.
C.L. Ramos, L. Thorsen, R.F. Schwan, L.
Jespersen.  (2013).  Strain-specific  probiotic
properties of Lactobacillus fermentum,
Lactobacillus plantarum and Lactobacillus brevis
isolates from Brazilian food products. Food
Microbiology. 36: 22-9.

S. Oh, SH. Kim, RW. Worobo. (2000).
Characterization and purification of a bacteriocin
produced by a potential probiotic culture,
Lactobacillus acidophilus 30SC. Journal of Dairy
Science. 83: 2747-52.

K. Mourad, K. Nour-Eddine. (2006).
Microbiological study of naturally fermented
Algerian green olives: isolation and identification
of lactic acid bacteria and yeasts along with the

24



[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

1JCBS, 24(9) (2023): 14-25

effects of brine solutions obtained at the end of
olive fermentation on Lactobacillus plantarum.
Grasas y Aceites. 57: 292-300.

H.L. Jeon, N.K. Lee, SJ. Yang, W.S. Kim, H.D.
Paik. (2017). Probiotic characterization of Bacillus
subtilis P223 isolated from kimchi. Food Science
and Biotechnology. 26:1641-8.

O. Yarlikaya (2019). Probiotic potential and
biochemical and technological properties of
Lactococcus lactis ssp. lactis strains isolated from
raw milk and kefir grains. Journal of Dairy
Science. 102: 1-11.

S. Mandal, A.K. Puniya, K. Singh. (2006). Effect
of alginate concentrations on survival of
microencapsulated Lactobacillus casei NCDC-298.
International Dairy Journal. 16: 1190-5.

R. Yadav, A.K. Puniya, P. Shukla. (2016).
Probiotic properties of Lactobacillus plantarum
RYPR1 from an indigenous fermented beverage
Raabadi. Frontiers in Microbiology. 7: 1683.
D.M.W.D. Divisekera, J.K.R.R. Samarasekera, C.
Hettiarachchi, J. Gooneratne, M.I. Choudhary, S.
Gopalakrishnan, et al. (2019). Lactic acid bacteria
isolated from fermented flour of finger millet, its
probiotic attributes and bioactive properties.
Annals of Microbiology. 69: 79-92.

N. Singhal, N.S. Singh, S. Mohanty, P. Singh, J.S.
Virdi.  (2019).  Evaluation  of  probiotic
characteristics of lactic acid bacteria isolated from
two commercial preparations available in Indian
market. Indian Journal of Microbiology. 59: 112-5.
N. Ahmad, A. Ghulam Muhammad, K. Muhammad
Ramzan. (2020). Molecular Identification and
Characterization of Bacillus sp. NIGAB-1 for
Phenol Degradation Under Saline Conditions.
Iranian Journal of Biotechnology. 18: e2275.

N. Ghabbour, Z. Lamzira, P. Thonart, P. Cidalia,
M. Markaoui, A. Asehraou. (2011). Selection of
oleuropein-degrading lactic acid bacteria strains
isolated from fermenting Moroccan green olives.
Grasas y Aceites. 62: 84-9.

S.M.K. Rahman. (2015). Probiotic properties
analysis of isolated lactic acid bacteria from buffalo
milk. Archives of Clinical Microbiology. 7: 5-10.
M.P. Mokoena, T. Mutanda, A.O. Olaniran. (2016).
Perspectives on the probiotic potential of lactic acid
bacteria from African traditional fermented foods
and beverages. Food and Nutrition Research. 60:
29630.

S. Nath, M. Roy, J. Sikidar, B. Deb, I. Sharma, A.
Guha. (2021). Characterization and in-vitro
screening of probiotic potential of novel Weissella
confusa strain GCC_19R1 isolated from fermented
sour rice. Current Research in Biotechnology. 3:
99-108.

G. Dixit, D. Samarth, V. Tale, R. Bhadekar. (2013).
Comparative studies on potential probiotic
characteristics of Lactobacillus acidophilus strains.
Eurasian Journal of Biosciences. 7: 1-9.

L.S. Patil, P.P. Vishwanath. (2012). Assessment of
probiotic potential of Lactobacillus sp. isolated
from cheese and preparation of probiotic ice-cream.

Salem et al., 2023

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

International Journal of Research in Ayurveda and
Pharmacy. 3: 532-536.

J. Lukic, 1. Strahinic, M. Milenkovic, M. Nikolic,
M. Tolinacki, M. Kojic, et al. (2014). Aggregation
factor as an inhibitor of bacterial binding to gut
mucosa. Microbial Ecolology. 68:633-44.

U. Akmal, I. Ghori, A.M. Elashali, B. Alharbi, A.
Farid, A.S. Alamri, et al. (2022). Probiotic and
antioxidant potential of the Lactobacillus spp.
Isolated from artisanal fermented pickles.
Fermentation. 8: 328.

C.M.A. Santos, M.C.V. Pires, T.L. Leao, Z.P.
Herndndez, M.L. Rodriguez, A.K.S. Martins, et al.
(2016). Selection of Lactobacillus strains as
potential probiotics for vaginitis treatment.
Microbiology. 162: 1195-207.

A. Algburi, S.A. Alazzawi, A.l.A. Al-Ezzy, R.
Weeks, V. Chistyakov, M.L. Chikindas. (2020).
Potential probiotics Bacillus subtilis
KATMIRA1933 and Bacillus amyloliquefaciens B-
1895 co-aggregate with clinical isolates of Proteus
mirabilis and prevent biofilm formation. Probiotics
and Antimicrobial Proteins. 12: 1471-83.

S. Duraisamy, F. Husain, S. Balakrishnan, A.
Sathyan, P. Subramani, P. Chidambaram, et al.
(2022). Phenotypic assessment of probiotic and
bacteriocinogenic efficacy of indigenous LAB
strains from human breast milk. Current Issues in
Molecular Biology. 44: 731-49.

M. Sadeghi, B. Panahi, A. Mazlumi, M.A. Hejazi,
D.E.A. Komi, Y. Nami. (2022). Screening of
potential probiotic lactic acid bacteria with
antimicrobial properties and selection of superior
bacteria for application as biocontrol using
machine learning models. LWT - Food Science and
Technology. 162: 113471.

O.A. Nikiforove, S. Klykov, A. Volski, L.M.T.
Dicks, M.L. Chikindas. (2016). Subtilosin A
production by Bacillus subtilis KATMIRA1933
and colony morphology are influenced by the
growth medium. Annals of Microbiology. 66: 661—
71.

A.A. Otunba, A.A. Osuntoki, D.K. Olukoya, B.A.
Babalola. (2021). Genomic, biochemical and
microbial evaluation of probiotic potentials of
bacterial isolates from fermented sorghum
products. Heliyon. 7: e08536.

25



