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Abstract

Probiotics have been used for over a century to prevent and treat diseases. They can reduce the effects of
gastroenteritis and are now used to treat acute diarrhea. This study aimed to evaluate the co-aggregative effects
of probiotics bacteria against diarrheal causative bacteria. For this purpose, 11 isolates of probiotic bacteria were
used in the current study, including three Lactobacillus plantarum, one Lactobacillus gasseri, two Lactobacillus
fermentum, three Lactobacillus acidophilus, and two Lactococcus garvieae isolates. All isolates were tested for
antibiotic susceptibility, autoaggregation ability, adhesion ability, antibacterial activity, acid tolerance, and bile
salts tolerance. The results showed that most of them had the ability to autoaggregate after 4 h, with the highest
percentage of 57.14% for L. fermentum. For the antibiotic susceptibility test, all the isolates showed resistance
against trimethoprim/sulfamethoxazole, except one isolate. Moreover, all the isolates, except one, were
susceptible to both vancomycin and tetracycline. All tested isolates had adhesion ability with different survival
rates, which reached 34.57% for L. plantarum in acidic conditions. Besides, the highest survival rate was
85.17%, which belonged to L. garvieae, for bile salt tolerance. Probiotic isolates had an antibacterial effect
against diarrhea-causative bacteria with an inhibition diameter of 17-49 mm for different Lactobacillus spp. and
Lactococcus spp. isolates. Furthermore, the co-aggregation ability of probiotic isolates against diarrhea-
causative bacteria was studied, and results showed that probiotic isolates had a co-aggregative effect against
diarrhea-causative bacteria, Escherichia coli, Shigella sonnei, and Providencia alcalifaciens, after 24 h of
incubation. The highest co-aggregative effect of probiotics isolates belonged to L. fermentum and L. acidophilus
against P. alcalifaciens with a co-aggregation percentage of 100%, while the lowest co-aggregation rate was
14.29% against E. coli. The findings revealed the probiotic properties and co-aggregative effects of probiotic
bacteria against diarrhea-causative bacteria.
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1. Introduction

Probiotics are "live microorganisms that, when
administered in adequate amounts, confer a health
benefit on the host” (1). The history of probiotics dates
back to the first use of cheese and fermented products,
which were well known to the Greeks and Romans who
recommended their consumption (2). Probiotics have
been used to prevent and treat diseases for more than a
century, and their use has lately increased (3). Probiotic
medication may mitigate the effects of gastroenteritis in

resource-constrained environments (4). Probiotics treat
acute diarrhea as they activate immunological signaling
pathways, produce anti-pathogenic factors, and cause
the host to secrete them to combat enteric infections.
Before they can be used as probiotics to regulate
intestinal flora, the safety and digestive system stability
must be ensured (3, 5).

Gram-positive probiotic bacteria, like Lactobacillus
spp., have been widely used to treat and prevent
diarrhea caused by gastrointestinal infections (6).
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Lactobacillus spp., Lactococcus spp., and Leuconostoc
spp. have effectively prevented and treated various
diarrheal diseases. Anti-infective mechanisms of
probiotics include regulation of the gut microbiota,
promotion of intestinal barrier function, competition for
adhesion and nutrition, modulation of the host immune
system, and synthesis of antimicrobial compounds (7).

In general, probiotic bacteria, which are beneficial to
health, are best obtained from a human host and should
have resistance to gastrointestinal acids and bile. They
were classified as Generally Recognized as Safe
(GRAS). These bacteria are characterized by their
ability to produce antimicrobial substances and
compete with pathogens to prevent their colonization of
the intestine, and humans are the preferable source for
them (8).

Most diarrheal infections are caused by pathogenic
bacteria, such as Escherichia coli, which cause
gastrointestinal tract infections in developed countries,
with symptoms, including stomach pain, bloating, and
moderate diarrhea (9). In addition, it can cause illness
in humans and animals and contain pathogenic genes.
Moreover, it can cause an infection after intestinal
adherence by fimbriae (10). An estimated 160,000
deaths per year across all age groups are attributed to
Shigella spp., a major cause of diarrhea among young
children in developing nations. It should also be
mentioned that the strain Shigella sonnei causes
shigellosis disease in developed nations (8). In this
regard, the current study aimed to detect probiotic
properties and the co-aggregative effects of probiotic
bacteria against diarrhea-causative bacteria.

2. Materials and Methods

2.1. Bacterial Isolates
2.1.1. Probiotic Bacteria

This study included 11 isolates of probiotics bacteria,
namely Lactobacillus gasseri (Lbl), Lactobacillus
acidophilus (Lb2, Lb3, and Lb4), Lactobacillus
plantarum (Lb5, Lb6, and Lb7), Lactobacillus
fermentum (Lb8 and Lb9), and Lactococcus garvieae
(Lcl and Lc2). These isolates were identified by the

Vitek 2 system (bioMérieux, France) and obtained from
the Department of Biology, College of Science,
Mustansiriyah University, Baghdad, Iraqg.
2.1.2. Diarrhea Causative Bacteria

Five diarrhea causative isolates, including E. coli
13841), S. sonnei (1, and Providencia alcalifaciens (y,
were isolated from children with diarrhea aged between
3 days and 11 years old who visited hospitals in
Baghdad, Irag. These isolates were identified by
cultural, microscopical, and biochemical tests as well as
a Vitek 2 system.
2.2. Detection of Probiotic Properties
2.2.1. Acid tolerance

For this experiment, 10 ml of De Man, Rogosa, and
Sharpe (MRS) broth was inoculated with 0.1 ml of an
overnight culture of Lactobacillus spp. and
Lactococcus spp. isolated (9x108 CFU/ml, O.D600
0.134), which had adjusted to a pH of 2.5 with 1N HCI.
Subsequently, the mixture was put into a CO; incubator
at 37 °C for 3 h. Afterward, the number of viable
bacteria was determined by plating serial dilutions on
the MRS agar. Colony numbers of isolates on MRS
agar were compared and the results were used to
evaluate their acid tolerance. The percentage of bacteria
that survived after being incubated for 0 and 3 h on
MRS agar was calculated using the plate count method.
The survival rate (%) was defined as the comparison of
the number of viable colonies after incubation (N) with
the initial number of viable colonies (No) (11):

Survival rate (%) = [N/Ng] x 100%
(N: the number of colonies after 3h), (No: the number
of viable colonies at zero time)

2.2.2. Bile Salts Tolerance

At this stage, 100 pl (9x108CFU/ml, O. Deoo 0.134) of
Lactobacillus spp. and Lactococcus spp. were
inoculated in 10 ml of MRS broth and MRS-bile salt
broth with and without 0.3% (w/v) bile salt and
incubated at 37 °C for 3 h. After incubation, the
number of viable bacteria was determined by plating
successive dilutions on MRS agar. The survival rate
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was determined using the plate count method at 0 and 3
h post-inoculation. The survival rate (%) was calculated
by comparing the number of surviving colonies (N)
after incubation with the original number of surviving
colonies in the control group (N¢) (12):

Survival Rate (%) = [N/Nc]*x100%

(N: the number of colonies after 3 h in bile salt
availability), (Nc: the number of colonies without bile
salt for control)

2.2.3. Adhesion Ability (Congo Red Binding Assay)
The Lactobacillus spp. and Lactococcus spp. isolates
were cultivated by streaking on the prepared MRS-
congo red agar and incubated in a CO- incubator at 37
°C for 48-72 h. The red colonies indicate positive
results for congo red-bound cells (13).
2.3. Antibiotic Susceptibility Test
Antibiotic  susceptibility tests for 10 different

antibiotics,  including  ampicillin,  ciprofloxacin,
cefotaxime, cefoxitin, gentamicin, imipenem,
meropenem,  trimethoprim/sulfamethoxazole,  and

vancomycin, were tested using the Kirby-Bauer method,
as described by WHO, and according to the guidelines
established by the Clinical Laboratory Standards
Institute (2021) (14). Moreover, the susceptibility or
resistance of an isolate to a given antibiotic was
determined by measuring the diameter of the inhibition
zone that formed around the discs in millimeters.

2.3.1. Antibacterial  Activity (Well-Diffusion
Method)

Antibacterial activity of Lactobacillus spp. and
Lactococcus spp. isolates were studied using the well-
diffusion method. The MRS broth was inoculated with
2% of bacterial isolates (9x108 CFU/ml, absorbance:
0.134 ODgy) for 48 h in a CO, incubator at 37 °C.
After the incubation period, these cultures were
centrifuged in a cooling centrifuge at 4,000 rpm for 30
min to obtain the supernatant, then sterilized with
Millipore filter paper (0.22 um). Mueller-Hinton agar
was prepared and cultivated with 100 pl of diarrhea-

causative bacteria using a glass rod spreader.
Subsequently, the wells (6 mm in diameter) were
formed after that, and all of them were filled with
sterilized supernatants of probiotics isolates, while the
control well was filled with only a sterilized MRS
broth. The plates were incubated for 24 h at 37 °C, and
the inhibition zones around the wells were measured in
millimeters using a metric ruler (15, 16).
2.4. Auto-Aggregation Assay
2.4.1. Visual Assay

Overnight growth of probiotics bacteria (9x108
CFU/ml, absorbance: 0.134 ODsgy) Was inoculated in
MRS broth and incubated aerobically for 24 h at 37 °C.
After the incubation period, the tubes were vortexed for
10 s and left statically for 4, 9, and 24 h at 37 °C, and
the results were observed. Positive results show
sedimentation at the bottom of the tubes, while negative
results show turbidity (17).
2.4.2. Spectrophotometry Assay

The bacterial growth culture was prepared as
mentioned in the visual assay section. After that, 0.1 ml
of the upper portion was transferred to a tube
containing 3.9 ml of phosphate buffer saline (PBS)
solution and shaken; afterward, the ODesy nm was
recorded. The other part was left statically for 4 h at 37
°C. After 4 h, 0.1 ml of the transparent upper part was
transferred to other tubes that contained 3.9 ml PBS
and the OD 600 was recorded after shaking each tube
(18). The auto-aggregation percentage was recorded
according to Janosikova, Palkova (19):

(Auto-aggregation) % = [Ao - A/A¢] x 100%

(Ao): Initial OD of each isolate, recorded before
stagnation.

(A): Final OD of each isolate, recorded after 4, 9, and
24 h.

2.5. Co-Aggregative Effect of Probiotics Bacteria
against Diarrhea Causative Bacteria

The bacterial inoculum of Lactobacillus spp. and
Lactococcus spp. isolates and pathogenic bacteria were
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prepared in an auto-aggregation assay. Moreover, 2 ml
of the pathogenic bacteria inoculum was separately
mixed and vortexed with Lactobacillus spp. and
Lactococcus spp. inoculum in a tube for 10 s. The
control tubes contained 4 ml of probiotic and 4 ml of
pathogenic bacteria separately, each vortexing for 10 s.
All the tubes were left statically for 4 and 24 h at 37 °C.
After 4 and 24 h, the ODgg Was recorded for 0.1 ml
from the clear upper portion, which was mixed with 3.9
ml of PBS (17). The percentage of co-aggregation was
calculated according to the equation described by
Motey, Owusu-Kwarteng (16).

Ax + Ay/2) — A(x +
(Co — aggregation) % = ( (A});/+)Ay/2() y) X 100%

AXx: OD for probiotic bacteria.

Ay: OD for diarrhea causative bacteria.

A(x+y): OD for probiotic bacteria and diarrhea-
causative bacteria mixture.

3. Results and Discussion

3.1. Detection of Probiotic Properties
3.1.1. Acid Tolerance

The acid tolerance of 11 probiotic bacteria isolates
was evaluated on MRS agar with a pH of 2.5, as shown
in figure 1. The acid survival rates of Lbl, Lb2, Lb3,
Lb4, Lb5, Lb6, Lb7, Lb8, and Lb9 were 4.32%, 5.97%,
14.54%, 3.58%, 29.29%, 34.57%, 2.58%, 2.9%, and
4.16%, respectively (Figure 1). Moreover, the acid
survival rates of Lactococcus garvieae (Lcl and Lc2)
were 1.72%, and 9.65%, respectively, as illustrated in
figure 1. The best tolerance rates belonged to the Lb5
and Lb6 isolates (29.29% and 34.57%, respectively),
which were higher than those of the other studied
probiotic isolates (20). According to Sadeghi, Panahi
(21), Lb5 and Lb6 were mildly resistant (10-16%) and
sensitive (>10%), respectively. Moreover, four groups
have been mentioned for the survival rate for acid
tolerance. It should be noted that the tolerance of L.
plantarum for acidic environments varies by species
and strain.
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Figure 1. AcidTolerance and survival rate of probiotics
bacteria

Liu, Xu (22) mentioned that the probiotic bacteria
should resist and adapt to the intestinal acids for
colonization of the cellular layer at low pH values
(pH=2.5). This condition may affect the cellular layer
(dynamical proton pump, reactions of tolerating acids,
and repairing) as well as the mechanisms of acid
tolerance generation and preservation to the macro-
molecules.

In their study, Ayyash, Abdalla (20) mentioned the
proton flow mechanism for the protection against
acidic conditions, in which the proton flows in large
amounts and the homeostasis maintenance becomes
low. This disturbance in the homeostasis inside the
cells causes energy draining. The acids cause
denaturation of protein, DNA, and physiological and
biochemical processes, damage to the membrane, and
cellular death.

3.1.2. Bile Salts Tolerance

The results showed that the probiotic isolates were
grown in the MRS broth with 0.3% of bile salt with
different survival rates. Accordingly, the survival rates
of Lbl, Lb2, Lb3, Lb4, Lb5, Lb6, Lb7, Lb8, and Lb9
were 45.19%, 17.87%, 12.79%, 29.65%, 11.46%,
3.03%, 48.29%, 36.09%, and 53.8%, respectively.
Moreover, Lcl and Lc2 showed high survival rates
(51.87% and 85.17%, respectively), compared to the
other probiotic isolates, all of which showed mild
resistant rates against the bile salts, except Lb6, which
was sensitive to the bile salts and had a survival rate of
3.03%, as shown in figure 2.
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Figure 2. Bile salt tolerance of probiotics bacteria

Khromova, Epishkina (23) reported that all the
growing colonies of probiotic bacteria on the agar
with bile salt were less than those on the control
plates (without bile salt). The probiotic bacteria
isolates have many ways to resist the bile salts, such
as alterations in the structural components of lipids,
pumps regulating the flowing of these salts, and
preservation enzymes, such as hydrolase. The
affinity of bile salts to lipids (high hydrophobic)
makes it target the probiotic bacteria cellular
structural lipids and cause changes in it. This affects
their cellular shapes and changes their external
membrane which is associated with cell protection
and resistance (5).

3.1.3. Adhesion Ability (Congo Red Binding Assay)

The results revealed that all the 11 studied
probiotic isolates were grown on the congo red
MRS agar surface with red color colonies within
48-72 h, as shown in figure 3. The appearance of
the red colonies indicated the adhesion ability of
probiotics bacteria. Ambalam, Kondepudi (13)
mentioned that protein structures on the outer layer
of bacterial cells play a role in adhesion and biofilm
development. Accordingly, the bright red-colored
appearance of colonies is due to the S-layer, which
plays a role in the adhesion to the cells of the
intestine.

Alp, Kuleasan (24) reported that the S-layer,
fimbriae, lipoteichoic acid, saccharides, and proteins
for mucoid binding are found on the outer membrane
of the cell used for adhesion. This layer is related to
the characteristics of probiotics (adhesiveness,
aggregation ability, and microorganism suppression)
and does not affect the adhesive characteristics of all
the bacteria. This has led to the belief that there are
other adhesion compositions. Affhan, Dachang (25)
reported that CR plays a role in bacterial adhesiveness
and biofilms, which bind with the outer saccharides of
bacterial cells.

Figure 3. The appearance of probiotics bacterial colonies on
Congo Red-MRS agar after (48-72) h at 37 °C

Alp, Kuleasan (24) reported that the S-layer, fimbriae,
lipoteichoic acid, saccharides, and proteins for mucoid
binding are found on the outer membrane of the cell
used for adhesion. This layer is related to the
characteristics of probiotics (adhesiveness, aggregation
ability, and microorganism suppression) and does not
affect the adhesive characteristics of all the bacteria.
This has led to the belief that there are other adhesion
compositions. Affhan, Dachang (25) reported that CR
plays a role in bacterial adhesiveness and biofilms,
which bind with the outer saccharides of bacterial cells.
3.2. Antibiotic Susceptibility Test

The antibiotic susceptibility test was performed on 11
probiotics isolates, one L. gasseri (Lbl), three L.
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acidophilus (Lb2, Lb3, Lb4), three L. plantarum (Lb5,
Lb6, Lb7), two L. fermentum (Lb8, Lb9), and two L.
garvieae (Lcl, Lc2), by using disc diffusion test, for 10
antibiotics from different classes. These antibiotics
included  carbapenem class  (imipenem  and
meropenem), cephalosporin (cefotaxime and cefoxitin),
folate  pathway  (trimethoprim-sulfamethoxazole),
penicillins (ampicillin), tetracyclines (tetracycline),
fluoroquinolones (ciprofloxacin), cephamycins
(cefoxitin), glycopeptide (vancomycin), and quinolones
(gentamicin). The results showed that the isolates had a
variable resistance to the tested antibiotics (Table 1).
Most of the studied probiotic bacteria showed
resistance to antibiotics (cefotaxime, gentamicin, and
trimethoprim-sulfamethoxazole). Furthermore, most of
them were sensitive to ampicillin, vancomycin,
imipenem, and tetracycline. Dobreva, Koprinarova (26)
showed that the resistant genetic material against beta-
lactam antibiotics is transferable. Moreover, four, seven,
six, one, and six isolates were resistant to ampicillin,
cefotaxime, cefoxitin, vancomycin, and ciprofloxacin,
respectively. This resistance is due to a lack of
permeability or disturbance in the cellular wall and

multi-drug carriers. Furthermore, the resistance against
the quinolones group is due to the cellular wall
construction, permeability, and influx mechanisms (26).

Based on the findings, most of the studied isolates
showed resistance against gentamicin. This is consistent
with the results of a study performed by Kim, Lee (5).
Dobreva, Koprinarova (26) and Thumu and Halami (27)
in their studies found two resistant genes against
tetracycline in probiotic bacteria tet(M) and tet (S). The
probiotic bacteria could be used as a treatment for
intestine disease due to their resistance to antibiotics
(28). The ability to resist antibiotics has many benefits
since diseases affect the antibiotic by changes in the
microflora and their imbalance in the gut.

3.2.1. Antibacterial Activity (Well-Diffusion
Method)

The antibacterial activity of probiotic bacteria was
detected using the suitable diffusion method. The
results showed that the probiotic isolates had an
antibacterial effect against diarrheal causative
bacteria with an inhibition diameter of 17-49 mm for
different Lactobacillus spp. and Lactococcus spp.
isolates (Table 2).

Table 1. Antibiotic susceptibility test for probiotics bacteria. R: Resistant. S: Sensitive. I: Intermediate

(<5

c = ) ER

o = s £ £ § E § £ £ g2

Antibiotic s E § % E ¥ 3 & BT 2%
T o o © i} = =] =]

Bacterialisolates < e 2 5 = k] S & g g

2 < E O X = o s < = 3

= > o O S s =5

<Y
L.gasseri (Lb1) S S S S R R S S S R
L. acidophilus (Lb2) S S S S | R S S S R
L. acidophilus (Lb3) S S S S | S S S S R
L. acidophilus (Lb4) | S | | R R | S I R
L. plantarum (Lb5) S S S S R R | S S R
L. plantarum (Lb6) | S S | R S | S I R
L. plantarum (Lb7) S S S S R S S S S R
L. fermentum (Lb8) S | S R R | | | R R
L. fermentum (Lb9) S S S S | S S S S R
L. garvieae (Lcl) | S S | | R | S S R
L. garvieae (Lc2) | S | R S S | S S S
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Table 2. The inhibition diameter of the probiotics bacteria (CSF) against diarrheal causative bacteria
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g 4333323232233
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Probiotic Bacteria 2 § § § 8 & & £ & 2 2
. 4 = - - [} 5]
Pathogenic Isolates s 8 8 8 § £ § E E S g
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Inhibition diameter (mm)
E. coli (3) 32 33 3 32 31 36 34 37 34 36 39
E. coli (7) 28 19 31 24 27 33 21 16 35 26 26
E. coli (11) 36 38 17 36 26 21 17 37 26 18 29
E. coli (14) 35 24 3 34 33 36 36 32 33 31 36
E. coli (35) 31 36 49 38 35 48 41 35 36 38 39
E. coli (41) 26 26 21 25 21 26 41 28 24 36 22
S. sonnei (3) 36 36 36 39 38 37 35 38 42 34 36
S. sonnei (4) 18 23 23 41 21 33 31 19 33 33 41
P. alcalifaciens (1) 35 26 22 27 38 21 23 34 30 24 26

Lin, Hsieh (29) mentioned that the diameter size for
the inhibition zone was divided into three categories,
namely small (11-16 mm), moderate (17-22 mm), and
large (>23 mm). Kaewchomphunuch,
Charoenpichitnunt (30) reported that the probiotic
isolates could inhibit the growth of diarrhea-causative
bacteria and that the cell-free supernatant has more
antimicrobial activity than the filtrated elements due to
the presence of various materials. Affhan, Dachang
(25) indicated that the cell-free supernatant obtained
from probiotic bacteria has a protective effect against
diarrhea-causative bacteria, preventing the adherence
ability of the host cells and forming a biofilm. Many
methods and products have shown antibacterial effects,
such as H;O, protein complexes (fatty and lactic
acids), phenol, and competition for nutrients (31).

The inhibitory mechanism of lactic acid may lead to
the solubility of non-dissociated lactic acid inside the
cytoplasm membrane and the low solubility of
dissociating lactate, which causes acidic cytoplasm and
proton motive force failure. It affects the
transmembrane pH gradient and cell growth energy.
The antimicrobial activity was observed in the acetic
and lactic acid, especially in L. plantarum, as reported
by Wang, Ma (32).

3.3. Auto-Aggregation Assay

The results of the visual assay of aggregation
probiotic bacteria were observed after 4, 9, and 24 h for
11 isolates at 37 °C in the aerobic condition. When the
bacteria were suspended in constant broth culture and
left in a stand for 4, 9, and 24 h, the bacterial isolates
aggregated with each other and settled down at the
bottom of the broth tube. Nine isolates gave positive
results after 4 h of incubation, including Lb7, Lb8, Lh9,
Lb2, Lb3, Lb4, and Lcl, Lc2. However, three isolates
(Lb1, Lb5, and Lb6) revealed negative results after 4 h
but positive results after 24 h (Table 3).

Table 3. Auto aggregation ability of probiotics bacteria
(Visual Assay). (-): Negative result; (+): Positive result

Auto-aggregation

Probiotics isolates

4h 9h 24h
L.gasseri (Lb1) - - +
L.acidophilus (Lb2) + + +
L.acidophilus (Lb3) + + +
L.acidophilus (Lb4) + + +
L.plantarum (Lb5) - - +
L.plantarum (Lb6) - - +
L.plantarum (Lb7) + + +
L.fermentum (Lb8) + + +
L.fermentum (Lb9) + + +
L.garvieae (Lcl) + + +
L.garvieae (Lc2) + + +
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The spectrophotometry assay results showed different
rates of  autoaggregation;  accordingly, the
autoaggregation rates of Lb8, Lb9, Lc1, and Lc2 were
57.14%, 14.89%, 21.87%, and 8.33%, respectively.
However, Lb7 had a lower autoaggregation rate
(1.85%), while Lb5 and Lb6 showed negative results
after 4 h. Moreover, the autoaggregation rates of Lb2,
Lb3, and Lb4 isolates were 15.25%, 8.92%, and
11.11%, respectively. In the present research, the
highest aggregation rate was 57.14% which belonged to
Lb8, as shown in figure 4.
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Figure 4. Auto-aggregation percentage of probiotics bacteria

after 4h of incubation

Khojah, Gomaa (33) stated that the tested strains
showed high autoaggregation rates after 24 h, and the
probiotic bacterial strains used this feature to colonize
the intestine. This ability may prevent pathogenic
bacteria, which have the ability of adhesion to the
intestine cells, from colonization in the intestine. In a
study performed by Sadeghi, Panahi (21), the highest
aggregation rate was approximately 29%, which is
regarded as a strong aggregation ability.
3.4. Co-Aggregative Effect of Probiotics Bacteria
against Diarrheal Causative Bacteria

Five diarrhea causative isolates (E. coliaissa, S.
sonnei), and P. alcalifaciensa)) and three isolates from
probiotic bacteria (Lb2, Lb8, and Lcl) were selected
for this experiment. The co-aggregation rates of L.
acidophilus against the pathogenic isolates of E. colis),
S. sonneig, and P. alcalifaciensqy after 4 h of
incubation were 12.2%, 14.29%, and 6.85%,

respectively. Two of the isolates did not show co-
aggregation ability against E. coliqs, 41y after 4 h.

After 24 h of incubation, the co-aggregation rates
against E. coliy, E. coli@s), E. coli@y, S. sonnei), and
P. alcalifaciens( were 89.74%, 60%, 56.52%, 84.21%,
and 100%, as summarized in table 4. The results for
Lb8 revealed no co-aggregative effect after 4 h;
however, after 24 h, its co-aggregation rates against E.
coliay, E. coligs, E. coliay, S. sonneiw, and P.
alcalifaciensy were 83.78%, 92.86%, 14.29%, 94.44%,
and 100%, respectively (Table 5).

Table 4. Co-aggregative effect of Lactobacillus acidophilus
(Lb2) against diarrheal causative bacteria.(-): Negative result
of co-aggregation

Pathogenic Co-aggregation(%o)
isolates 4h 24h

E. coli (11) -13.16 89.74

E. coli (38) 12.20 60.00

E. coli (41) -2.38 56.52

S. sonnei (1) 14.29 84.21

P. alcalifaciens (1) 6.85 100.00

Table 5. Co-aggregative effect of Lactobacillus fermentum
(Lb8) against diarrheal causative bacteria.(-): Negative result
of co-aggregation

Pathogenic Coaggregation (%)
isolates 4h 24h

E. coli (11) -78.72 83.78

E. coli (38) -16.98 92.86

E. coli (41) -49.09 14.29

S. sonnei (1) -51.22 94.44

P. alcalifaciens (1) -59.09 100.00

Furthermore, the results after 4 h revealed that the
percentages against E. coliay, E. colias), S. sonneigq,
and P. alcalifaciens ) were 5.26%, 21.95%, 11.43%,
and 9.59%, respectively. However, after 4 h, Lcl
showed negative results for co-aggregation against E.
coli@y). After 24 h, the co-aggregation rates of Lcl
against E. coliay, E. coliags), E. coli@y, S. sonneig),
and P. alcalifaciensgy were 90.48%, 96.30%,
70.21%, 67.74%, and 75%, respectively. All the
results showed that the co-aggregation rates were
higher after 24 h, compared to 4 h of incubation
(Table 6).
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Table 6. Co-aggregative effect of Lactococcus garvieae (Lcl)
against diarrheal causative bacteria, (-): Negative result of co-
aggregation

Co-aggregation (%)

Pathogenic isolates

4h 24h

E. coli (11) 5.26 90.48

E. coli (38) 21.95 96.30

E. coli (41) -11.90 70.21

S. sonnei (1) 11.43 67.74

P. alcalifaciens (1) 9.59 75.00

In their study, Alp, Kuleasan (24) mentioned that the
intestine secretes mucus continuously to remove the
pathogen from its tissue. The binding of probiotic
bacteria with the pathogen happened through co-
aggregation. The presence of mucus that is secreted in
limited amounts in the intestine keeps the beneficial
bacteria, such as the probiotic bacteria, by adherence to
the intestinal mucus glycoproteins by mucus-binding
proteins. These bacteria protect the intestine from
pathogenic bacterial colonization, decreasing the ability
of the pathogen to connect to the tissue of the intestine
(34).

The S-layer in probiotic bacteria was efficient in co-
aggregation. When this layer was removed from the
probiotic bacterial strains, they lost their co-aggregation
abilities (24). This protein layer reacts with a particular
surface cellular position of the pathogen that leads to
modifications on it, making the pathogenic bacterial
cells agglomerate with the probiotic bacteria, which
prevents tissue infestation. The probiotic bacteria have
several methods to aggregate with the pathogenic
bacteria in addition to the S-layer; for instance, the
lectin-like proteins located at the surfaces of many
bacterial cells aid in cellular interaction. Moreover,
protein 32 kDa, which is secreted by probiotic bacteria,
as well as a specialized peptide (sex pheromones), and
the exo-polysaccharide play roles in the co-aggregation
(24).

Probiotic bacteria have many characteristics and
mechanisms to prevent pathogenic bacteria from
colonization in the intestine and infection. One of them
is the co-aggregation with pathogenic bacteria, as
mentioned in a study conducted by Sadeghi, Panahi

(21). Bacteriocins, peptides, organic acids, and volatile
compounds generated by LAB isolates are
antimicrobial. Antibacterial activity of dead cells shows
that cell membrane and cytoplasm are antimicrobial
against food-borne pathogens (35).

Based on the results, Lactobacillus spp. and
Lactococcus spp. local isolates had probiotics
properties and co-aggregative effects against diarrheal
causative bacteria after 24 h of incubation.
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