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ABSTRACT 

LABs(lactic acid bacteria) are normal residents of the human gastrointestinal tract and play a very important role in 
maintaining the microbial ecosystem of the large intestine. Aggregation is one of the most important criteria for 
selecting good probiotic candidates. In addition, the aggregation ability of probioticsis increased. It has been 
characterized as a key factor related to the colonization of the intestinal epithelium. Studies have shown that certain 
lactic acid bacteria can prevent pathogens from attaching the intestinal mucosa to form a barrier through self-
aggregation or aggregation with pathogens. We were collected different probiotic supplements from the different 
pharmacy stores. And get seven different probiotic bacterial species like Lactobacillus spp, Clostridium butyricum, 
Bacillus spp, Streptococcus faecalis, etc. These bacteria were then analyzed for aggregation and adhesion properties. We 
determined that Lactobacillus sporogenes gave the highest bacterial adhesion and co-aggregation with S aureus 
whereas; Bacillus mesenteric us gave the highest auto-aggregation. 
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INTRODUCTION 
Probiotics are beneficial microorganisms in foods and dietary supplements, which are beneficial to 
human and animal health [1].In recent years, there has been great interest in the field of probiotic 
research and the verification and characterization of health benefits associated with the use of probiotics 
[2]. The accumulation of hydrocarbons and bacterial adhesion test (BATH test) showed the cell surface 
characteristics of the tested commercial probiotic strains [3]. Aggregation was first observed in bacteria 
isolated from human dental plaque. When bacteria are suspended or a certain type of bacteria adheres to 
the surface, aggregation may occur. Cohesion is a process in which the adhesion of one microorganism 
can promote the subsequent adhesion of other microorganisms [4].Auto-aggregation ability test together 
with cell-surface hydrophobicity and co-aggregation could be used for preliminary screening identifying 
potentially adherent bacteria with properties suitable for commercial purposes [5].Lactic acid bacteria 
have beneficial effects on the human body because they have health-promoting properties, such as 
inhibiting the invasion of pathogens and improving the epithelial barrier function. [6]. 
In vitro adhesion test has been successfully done using Intestinal mucus [7],[8]. and human enterocyte-
type Caco-2 cell cultures[9]. However, this method was expensive and taking more time. Therefore, a 
reliable and simple method was used for preliminary screening of potential adherent strains.Thepurpose 
of our research was to isolate and identify probiotics and determine the hydrophobicity, aggregation, and 
co-aggregation of selected bacteria. 
 
MATERIAL AND METHODS 
Sample collection: 
Different probiotic samples Vizylac, Darolac, Sporlac, and Yakult were obtained from the pharmacy and 
were used for the isolation of the bacteria. Different probiotic samples like Vizylac, Darolac, Sporlac, and 
Yakult were used for the isolation of microorganisms. 
Isolation and screening of bacteria from probiotic samples:  
Four probiotic samples each from different pharmacy stores were collected. The isolation of 
microorganisms was done as follows. 1 gram of probiotic was taken in 9 ml sterile distilled water and 1 
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ml sample was transferred into sterile MRS broth and incubated at 37 ºC for 24 hours anaerobically. 0.1 
ml of inoculated MRS broth samples were plated on sterile De Man, Rogosa, and Sharpe (MRS) agar 
medium and incubated at 37 ºC for 48 hours anaerobically. A single colony was picked up and streaked on 
sterile MRS agar plates to get pure culture. Well, isolated colonies were observed for morphological 
characterization. Seven organisms were selected for further analysis to check adhesion properties and 
aggregation properties. 
Morphological observation of isolates: 
The colony characteristics and gram reactions of different isolates were performed using the standard 
microbiological methods. 
Adhesion property: Hydrophobicity 
Isolated organisms were inoculated in MRS broth and incubated anaerobically at 37ºC for 24 hours. After 
overnight incubation, the broth was centrifuged at 10,000 rpm at 4°C for 10 min. Obtained pellet was 
washed twice with PBS buffer solution and resuspended in the same solution. 1 ml of xylene hydrocarbon 
was added in 3 ml of cell suspension. Absorbance (OD600) was taken at 0h and after vortexing both phases 
for 2 min. Absorbance was taken again after 2h incubation [6]. 
Hydrophobicity % = {(A0 – At) / A0} x 100 
Where At = Absorbance at time t=2 
  A0 = Absorbance at time t=0 
Aggregation property: 
Auto-aggregation: 
Isolated seven organisms were inoculated in MRS broth and incubated anaerobically at 37ºC for 24 hours. 
After overnight incubation, the broth was centrifuged at 10,000 rpm at 4°C for 10 min. Obtained pellet 
was washed twice with PBS buffer solution and re-suspended in the same solution, followed by 
incubation at 37°C for 4 h. An equal amount of aliquot was taken and absorbance was measured at OD600 
at 0, 1, 2, 3, and 4 h [10]. 

Auto-aggregation % = 1- (At / A0) x 100 
Where,  At =Absorbance after incubation at 1, 2, 3 and 4 h, 

A0 = Absorbance at 0 h. 
Co-aggregation: 
Select four organisms with the highest auto-aggregation activity for further analysis. Mixtures were made 
for four isolates with pathogenic bacteria viz. Bacillus cereus, Escherichia coli, and Staphylococcus aureus 
in 1: 1 ratio. Probiotic bacterial cells and indicator microorganisms were kept as control and incubated at 
35°C for 4 h. Absorbance (OD600) was observed for the mixture and each individual strain. The co-
aggregation percentage was calculated by Handley’s equation [3].  

Co− aggregation(%) = 
ቂA() +

(ౌ౪ౝ)

ଶ
ቃ − A(୧୶୲୳୰ୣ)

ቂA() +
(ౌ౪ౝ)

ଶ
ቃ

 × 100 

Where ALAB =Absorbance of lactic acid bacterial suspension 
APathogen = Absorbance of indicator microorganisms 
AMixture = Absorbance of LAB suspension and indicator organisms 
 
RESULTS AND DISCUSSION 
Sample collection from the different medical store: 
In the present study for the isolation of bacteria, different probiotic samples (Vizylac, Yakult, Darolac, and 
Sporlac) were collected from different pharmacy stores nearby the region Udhna, Surat, Gujarat. 
Isolation and screening of probiotic microorganisms: 
By screening on the MRS agar plate, 10 isolates were found. In which 7 isolates were selected by further 
screening. 
Morphological characteristics of the isolated microorganisms on MRS agar plate: 
Total seven numbers isolates were preceded for their morphological characterization. The colony 
characteristics of the obtained isolates from the different probiotic samples were studied on an MRS agar 
plate which gave circular, white, small colonies after 48 hours of anaerobic incubation. All 7 colonies were 
Gram-positive as examined by Gram’s staining method under an oil-immersion microscope. Among them, 
5 colonies were of long rods, 1 colony of small rods, and 1 colony of cocci (Table:-1).   
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Table 1:- Morphological characteristics of isolated organisms 
Colony 
characteristics ND1 ND2 ND3 ND4 ND5 ND6 ND7 

Size Small Pin point Small Large Small Small Small 
Shape Round Round Irregular Circular Circular Round Round 
Opacity Translucent Transparent Opaque Opaque Opaque Opaque Translucent 
Margin Entire Entire Rough Entire Entire Entire Entire 
Elevation Bumpy Convex Convex Convex Convex convex Bumpy 
Consistency Smooth Smooth Smooth Smooth Smooth smooth Smooth 
Pigmentation Non Non Non Non Non Non Non 

Gram reaction Gram 
positive 

Gram 
positive 

Gram 
positive 

Gram 
positive 

Gram 
positive 

Gram 
positive 

Gram 
positive 

Morphology Long rods 
in chain Short rods Long rods Long rods Single 

cocci 
Long rods 
in chains Long rods 

 
Adhesion property: Hydrophobicity 
Cell surface hydrophobicity is the nonspecific interaction between host and bacterial cells. The cell 
surface properties of lactic acid bacteria are key components of adhesion. Initially, this interaction is 
weak, but it is enhanced by the adhesion process mediated by cell surface proteins and lipoteichoic acid 
[11],[12].Bacterial adhesion to xylene was tested to study the Lewis acid-base characteristics of the 
bacterial cell surfaces. Xylene is a non-polar solvent. Determination of bacterial adhesion to xylene is a 
valid qualitative phenomenological approach [13]. The result of this study showed that the probiotic 
strains exhibited strong hydrophobicity towards non-polar solvent xylene. ND7 exhibited the highest 
adhesion (91.19%) and ND2 exhibited the lowest adhesion (29.90%) towards xylene (Table:-2). Higher 
hydrophobicity is required for the colonization and adhesion of bacteria to the epithelial cells of the gut 
[14].It is believed that the presence of S-layer proteins in the cell wall of Lactobacillus with a high 
isoelectric point shows a strong affinity for non-proteins. It has been proposed that the properties of the 
cell surface play a key role in self-aggregation and hydrophobicity [15].Adherence to epithelia helps in 
evaluating the surface hydrophobicity of the non-polar solvent. A good probiotic must possess high auto-
aggregation and strong hydrophobicity. 
 

Table 2:- Adhesion of isolated organisms to xylene hydrocarbon 

Isolate culture no. 
OD600 % Hydrophobicity of 

xylene 0 h 2 h 
ND1 1.565 1.089 30.41 
ND2 0.755 0.529 29.90 
ND3 2.385 1.028 56.89 
ND4 0.294 0.168 42.85 
ND5 1.273 0.728 42.81 
ND6 0.767 0.088 88.52 
ND7 0.636 0.056 91.19 

 
Aggregation property: 
Auto-aggregation: 
Interaction of the bacterial strain with itself (clumping of the cell) determines the autoaggregation 
capability. Probiotic bacteria should adhere to the enterocytes cellular lines of oral cavity and GIT in 
order to exhibit their beneficial effects [16]. Bacterial aggregation depends on the amount of biofilm 
production which helps in adhesion of the cell [17]. The exact mechanism is not known of 
autoaggregation. Checked the self-aggregation based on the deposition rate. The sedimentation rate was 
observed during the 4 hours of incubation. The ability of strains to auto-aggregate increased with the 
increase of the incubation period. ND6 showed 68.97% aggregation after 4 h incubation (Figure:-1). The 
observed auto-aggregation could be due to cell surface component as they were not lost after washing 
and suspending of the cells in phosphate saline buffer [18]. 
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Figure1: Auto-aggregation ability of isolated bacteria. 

 
Co-aggregation: 
Auto-aggregation is the important property for adhesion to the fucoid preventing the colonization of 
pathogenic microorganisms [19]. Probiotics can co-aggregate with pathogenic microorganisms, inhibit 
their growth and finally kill them by secreting antimicrobial compounds that directly attack the cells of 
pathogenic bacteria [20]. ND7 exhibited higher co-aggregation ability with Staphylococcus aureus 
(77.00%) and co-aggregation potential of ND4 with Bacillus cereus was lower (14.00%) (Table:- 3).The 
effective co-aggregation potential of probiotics and gram-positive bacteria depends on the same cell wall 
morphology. The organism has a thick peptidoglycan layer, and its binding is enhanced due to its 
hydrophobicity [21]. Lactic acid bacteria having co-aggregation potential have a significant role in the 
human gut as they inhibit the growth of pathogenic strains by co-aggregating with them in the 
gastrointestinal tract. [22]. Here research shows that Lactobacillus spp. exhibited higher co-aggregation 
ability with Staphylococcus aureus [3]. 
 

Table 3:- Evaluation of Co-aggregation ability of isolated organisms with test indicators 

Indicator 
OD600 nm Co-aggregation (%) 

ND1 ND4 ND6 ND7 Mean ND1 ND4 ND6 ND7 Mean 
Escherichia coli 0.130 0.022 0.032 0.019 0.650 69.00 58.00 61.00 71.00 64.75 
Bacillus cereus 0.130 0.017 0.031 0.021 0.100 54.37 14.00 54.00 45.00 41.84 

Staphylococcus 
aureus 0.180 0.008 0.020 0.008 0.166 66.80 63.00 69.00 77.00 68.95 

 
CONCLUSION 
In conclusion, seven selected bacterial strains represented desirable auto-aggregation, co-aggregation, 
and hydrophobicity abilities. ND7:SLactobacillus sporogenes gave high hydrophobicity (91.19%), high co-
aggregation (77.00%) with Staphylococcus aureus, whereas; ND6:Bacillus mesentericusgave high auto-
aggregation (68.97%). Auto-aggregation and co-aggregation are important in the formation of biofilm to 
protect the host from pathogens. Bacterial aggregation and hydrophobicity can be used for preliminary 
screening to assess their adhesion properties. Therefore, these isolates can be suitable probiotic 
candidates for use in functional foods including dairy products. Further studies are needed to identify, 
characterize and evaluate the other important probiotic properties such as their functional properties 
(antimicrobial activity, survival of gastrointestinal tract conditions), technological properties (viability 
during storage), resistance to antibiotics, etc.  
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