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A R T I C L E   I N F O  A B S T R A C T 
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Lactobacillus plantarum was the most common species in the microflora of artisanal Siahmazgi white 

brined cheese with 41.6% occurrence among the total isolated LAB. In this study, the attachment 

properties of 5 different L. plantarum strains isolated from Siahmazgi traditional cheese were 

evaluated by in vitro tests including auto and co-aggregation, hydrophobicity, and cell adhesion. A 

relatively high amount of auto-aggregation ranged from 58.21 to 73.99% was seen in selected isolates. 

Co-aggregation was highly variable from 1.46 to 49%, depending on the pathogenic bacteria and L. 

plantarum isolates. Hydrophobicity was also highly different in tested strains ranging from 6.58 to 

73.3%. Two isolates showed great affinity about 73% to chloroform.  All the isolates presented high 

adhesion to Caco-2 cell line up to about 90%. In conclusion, five L. plantarum isolates showed 

appropriate attachment properties and could be good candidates for further studying, including safety 

evaluation, that support their use as probiotics. 
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1. Introduction 

 

Probiotic food products are considered as functional foods 

which can improve consumers’ health. According to the World 

Health Organization (WHO) and the Food and Agriculture 

Organization (FAO), probiotics are live microorganisms 

which when administered in adequate amounts, confer health 

benefits to their host (1). Several lactic acid bacteria (LAB) 

strains are known to be beneficial for their host and have been 

chosen for use as probiotics. They are human gastrointestinal 

(GI) microflora and are classified as GRAS (2). Commonly 

used probiotic bacteria include several species of 

Lactobacillus, Bifidobacterium, Streptococcus, Lactococcus 

and some species of Enterococcus (1). Among them, 

Lactobacilli are one of the main genera of LAB known for 

probiotic characteristics. They are found in a wide range of 

food products. Lactobacillus plantarum is a common 

inhabitant of the human GI tract and some strains are used as 

ingredients of probiotic foods (3). In order to meet the growing 

demand of the market, especially in developed countries, to 

produce the functional food products with active probiotic 

cultures, assessment of new probiotic strains is of great 

importance. It is necessary to screen and characterize 

numerous strains to obtain an ideal probiotic culture since not 

all lactic acid bacteria possess the health benefits for the host 

(4). In this way, there is a great interest in indigenous and 

traditional fermented foods from non-industrialized countries, 

especially dairy products, as a reservoir to search for new 

Lactobacillus strains with novel functional properties (5). For 

the beneficial impact on the health of the host, probiotic 

cultures must be ingested in sufficient amount (106 to 107 

CFU/g). Probiotic microorganisms should overcome the 

physical and chemical barriers, especially the acid and bile 

stress as well as pancreatic enzymes during the gastrointestinal 

transition. It is known that adhesion of probiotic 

microorganism to the intestinal epithelium is needed for their 

colonization on the gastrointestinal tract epithelium and play 

an important role in preventing bacterial elimination by 

peristalsis and providing a competitive advantage in the 

ecosystem (6). Furthermore, auto-aggregation is suggested to 

be necessary for adhesion of probiotic microorganisms to the 

intestinal epithelium, and co-aggregation potential may 
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prevent colonization by pathogens (2). Moreover, a correlation 

hydrophobicity and adhesion ability have been previously 

reported (7). Siahmazgi cheese is a traditional cheese produced 

from raw sheep and goat milk in Northern provinces of Iran. 

This cheese ripens in bags made of sheep skin called Khik. No 

starter culture is added to raw milk during the production of 

this type of cheese and the process of ripening is conducted 

only by the indigenous flora. It is a popular traditional product 

among northern people due to its delicious taste and belief that 

it improves health. In the previous study, we identified the 

LAB flora isolated from this cheese using biochemical 

methods and 16s rDNA analysis (8). Lactobacillus plantarum 

was the most common species in the microflora of artisanal 

Siahmazgi white brined cheese with 41.6% occurrence among 

the total isolated LAB. The resistance properties of the isolates 

against acid, bile and gastrointestinal conditions were 

investigated in the previous study (Veterinary Research Forum 

accepted article). In this study, we aimed to evaluate the 

attachment properties of the L. plantarum strains isolated from 

Siahmazgi cheese, through the study of their auto-aggregation 

and co-aggregation, their hydrophobicity and their adherence 

to Caco-2 cell line. 

 

2. Materials and methods 

 

2.1. Bacterial strains and culture conditions  

 

Five L. plantarum strains used in this study, which were 

previously isolated from Siahmazgi traditional cheese and 

molecularly identified by the Department of Food Hygiene and 

Quality Control, Faculty of Veterinary Medicine, University 

of Tehran (8). The isolates were grown in de man rogosa 

sharpe (MRS) broth (Merck, Darmstadt, Germany) at 37˚C for 

24 hours. Two pathogenic strains (Listeria monocytogenes 

ATCC19118 and Salmonella Typhimurium ATCC14028) 

were also supplied by the Department of Food Hygiene and 

Quality Control, Faculty of Veterinary Medicine, University 

of Tehran. They were grown in brain-heart infusion (BHI) 

broth (Merck, Darmstadt, Germany) in aerobic condition at 

37˚C for 18 h. 

 

2.2. Auto-aggregation and co-aggregation assay  

 

Four mL of overnight culture containing 108 CFU/mL of 

selected L. plantarum strains was vortexed and incubated for 

5 hours at room temperature. At intervals of 1 hour, 0.1 mL of 

the supernatant was removed and transferred to a new tube 

containing 3.9 mL PBS and then the optical density was 

measured at 600 nm. The auto-aggregation percentage was 

calculated as: 

 

Auto-aggregation (%) =1-(A0 /At) × 100 

A0: The optical density at 0 h 

At: The optical density at 5 h 

 

In order to assess the co-aggregation, equal volumes (500 

µL) of various strains and each pathogen (Salmonella 

Typhimurium and Listeria monocytogenes) were mixed and 

incubated at room temperature. Absorbance values at 600 nm 

were measured during 5 hours of incubation and the 

percentage of co-aggregation was determined as: 
 

Co-aggregation (%) = [(Apa + Apr) / 2 × (Amix)] / (Apa + Apr) / 

2 × 100 

Apa and Apr represent A600 of pathogens and L. plantarum 

strains, respectively and Amix denotes A600 of the pathogens 

and Lactobacillus mixture.  

 

2.3. Cell surface hydrophobicity  

 

Percentage of cell surface hydrophobicity of bacterial 

isolates to hydrocarbons including xylene, chloroform, and 

toluene was assessed according to the method of (9). The cell 

pellets were harvested by centrifugation and washed 2 times 

with PBS and then a suspension of 108 CFU m/L was prepared 

in 3 mL 0.1 Mol/L KNO3. The optical density of the mixture 

was measured at 600 nm (A0). One milliliter of the 

hydrocarbons was added to the mixture, vortexed for 5 minutes 

and incubated for 20 minutes at room temperature. After 

removing the aqueous phase, the optical density was measured 

at 600 nm (A1). The percentage of the cell surface 

hydrophobicity (H %) was calculated as follows:  

 

H %= (1−A1/A0) ×100 

 

2.4. Caco-2 adhesion  

 

Adhesion of the L. plantarum strains to the human colon 

adenocarcinoma cell line was evaluated according to Chen et 

al. (9) with some modifications. The human intestinal Caco-2 

cell line was procured from Pasteur Institute of Iran. The test 

was done on a 24-well tissue culture plate.  The Caco-2 cells 

were seeded in 24-well plates with Dulbecco’s modified 

Eagle’s medium (DMEM) (Sigma-Aldrich, USA) containing 

supplement incubated in 7% CO2 at 37 °C for 13 days till the 

cell concentration reaches almost 80% confluence. The 

medium was replaced with fresh medium every 2 days. 

Twenty-four h before an adhesion assay, an antibiotic-free 

medium was used. Caco-2 cells were washed 2 times with PBS 

and 2 ml of DMEM without supplement was added to each 

well. Bacterial suspension of L. plantarum strains was 

harvested by centrifugation at 6000g for 15 min. The cell 

pellets were washed three times with PBS and then suspended 

in DMEM. The final concentration of bacteria was adjusted to 

108 CFU m/L. Then, 1 mL suspension was added to Caco-2 

monolayers. After 2 hours incubation in aerobic conditions at 

25°C, monolayer was washed 3 times with PBS to detach the 

non-adhered bacteria. The cell line was lysed by triton X100. 

The suspension was plated on MRS agar plates to measure 

adhesion percentage.  

 

2.5. Statistical analysis 

 

Each  experiment  was  replicated three times and data were 
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expressed as MEAN±SE. One-way ANOVA was used to 

compare different mean groups using SPSS version 229 (IBM 

Company, New York, United States). Tukey test used to assess 

significant differences between the groups p<0.05 was 

considered as significant. 

 

3. Results and discussion 

 

The results of the auto-aggregation test are shown in Fig. 1. 

All tested Lactobacillus strains revealed a high amount of 

auto-aggregation after 5 hours. F19 and F7 strains showed the 

highest (73.99%) and the lowest (58.21%) level of auto-

aggregation, respectively. The auto-aggregation ability is one 

of the key factors that determine the ability of the probiotic 

strain to adhere to the oral cavity, gastrointestinal tract, and 

urogenital tract (10). All the L. plantarum strains studied in the 

present work revealed great auto- aggregation up to 74%. The 

auto-aggregation levels seen in this study are greater than 

those reported by Kaushik et al. (11) which was found to be 

31% for indigenous L. plantarum Lp9, and, 40, and 46 % for 

standard probiotic L. johnsonii LA1 and L. acidophilus LA7, 

respectively. It has been reported that the auto-aggregation 

ability is associated with cell adhesion properties (12, 13).  

 

Fig. 1. Auto-aggregation ability of the selected L. plantarum strains 

isolated from Siahmazgi cheese. Values shown with different letters 

are statistically different (p<0.05). 

 

The results of the co-aggregation test are shown in Fig.2. 

F16 and F7 Strains displayed a significantly higher percentage 

of co-aggregation against S. Typhimurium with 49.04 and 

29.55% co-aggregation, respectively. The isolate L. plantarum 

F2 showed maximum adherence to E. coli and L. 

monocytogenes with 29.6 and 29.3% co-aggregation, 

respectively, while its co-aggregation with S. Typhimurium 

was only 1.46%. Furthermore, F21 isolate showed the lowest 

co-aggregation (2.66%) against S. aureus. Probiotic 

microorganisms that have the ability to co-aggregate with 

pathogens may be better able to kill undesirable bacteria 

because they could produce antimicrobial substances in very 

close proximity to them (14). The results of this study revealed 

that co-aggregation of the potential probiotic strains with 

bacterial pathogens was variable and depended on the species 

or strains which are in consistence with previous works (15, 

16, 17). Furthermore, each isolate showed different amounts 

of co-aggregation with different bacterial pathogens. The 

ability of co-aggregation can be of great importance for 

Lactobacillus strains to inhibit the pathogen adhesion to the 

surface of epithelial cells and interferes with pathogen 

colonization (18).  

 

Fig. 2. Co-aggregation ability of the selected L. plantarum strains 

isolated from Siahmazgi cheese. Different letters indicate a 

significant difference between co-aggregation of each  

pathogen with different isolates (p<0.05). 

 
The results of cell surface hydrophobicity of the isolates are 

shown in Fig. 3. Hydrophobicity was highly variable in tested 

strains ranging from 6.58 to 73.3%. The affinity of the selected 

isolates to xylene varied between 31.7 and 56.4%. 

Lactobacillus plantarum F2 and F7 strains had a high 

percentage of affinity to chloroform which were 73.3 and 

72.3%, respectively, while strain F2 was most adherent to 

xylene with 56.5% hydrophobicity. Ability to adhere to the 

mucosa or intestinal epithelial cells is another important 

feature of the probiotic strains enables them to remain and 

colonize in the intestine (19). This ability prevents the removal 

of strains by the intestinal peristalsis contractions. Cell surface 

hydrophobicity can influence the adhesion of bacterial cells to 

the host cell layer. Adhesion to hydrocarbons like xylene, 

toluene, and n-hexadecane is considered as a biochemical 

marker for adhering to the gut epithelial cells. Xylene and 

toluene are polar solvents which indicate the hydrophobicity 

of the probiotic cells. L. plantarum isolates examined in the 

present work exhibited 31 to 56% hydrophobicity to xylene 

which is comparable to the hydrophobicity of standard 

probiotics L. johnsonii LA1 (46 %) and L. acidophilus LA7 

(58 %) reported by Kaushik et al. (11). Bacterial cells with 

high hydrophobic properties usually form strong interactions 

with mucosal cells. Hydrophobic and hydrophilic appendices 

and   other   macromolecules   can   influence   the   cell   surface
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hydrophobicity to the hydrocarbon (19). It is stated that the 

presence of (glyco-) proteinaceous material at the cell surface 

results in higher hydrophobicity, whereas hydrophilic surfaces 

are associated with the presence of polysaccharides (20). In 

this study, there was no correlation between the amount of 

auto-aggregation and hydrophobicity which was previously 

mentioned in other studies (21, 22). Furthermore, the great 

affinity of the selected isolates to chloroform which is a polar 

acidic solvent describes the electron donor properties of the 

bacterial cell surface.  

 

 

Fig. 3. Hydrophobicity (%) of the selected L. plantarum strains 

isolated from Siahmazgi cheese to different hydrocarbons. Values 

shown with different letters are statistically different (p<0.05). 

 

The results of the isolates cell adhesion to Caco-2 cells are 

shown in Fig. 4. All the strains showed great adhesion ability. 

The most adhesive strain was F21 (89.29%), while the F19 

strain showed the lowest adhesion percentage (73.75%). 

Although it is increasingly clear that probiotics can provide 

beneficial effects even without true colonization of the 

gastrointestinal tract, adhering to human intestinal epithelial 

cells confer beneficial effects to the host including inhibition 

of pathogen colonization in the gut and modulation of the 

immune system (23).  Thus, the ability of the probiotics to 

adhere the GI epithelium is one of the important criteria for 

choosing potential probiotic bacteria. In this study, we 

evaluated the adhesion properties of the selected L. plantarum 

to Caco-2 cell line as this cell line exhibits various enterocytic 

characteristics in vitro (24). Although its tumoral nature can 

somehow limit the extrapolation of the results, this cell line 

offers a relevant tool for in vitro screening (3). The results of 

the adhesion assay showed excellent adhesion (higher than 

70%) of the selected L. plantarum isolates to Caco-2 cells. The 

adhesion ability of the Lactobacillus strains reported by 

previous studies varied from 10-20% for Lactobacillus strains 

isolated from Uttapam batter (25) to 30-74% for L. plantarum 

strains isolated from a traditional fermented Korean beverage 

(1) and about 90% for L. plantarum isolated from quinoa seed 

(26). The adhesion ability of the present isolates is higher than 

reported values of 6.7% for L. plantarum ATCC 8014 (27) and 

8.5% for L. plantarum 122E (28).  

Fig. 4. The adhesion ability of the L. plantarum strains isolated from 

Siahmazgi cheese to Caco-2 cell line. Values shown with different 

letters are statistically different (p<0.05). 
 

Furthermore, these selected L. plantarum isolates showed 

more adhesion to Caco-2 cells compared to standard probiotic 

L. casei Shirota and L. rhamnosus GG which presented 

adhesion values lower than 40% (1). Moreover, it was revealed 

that the adhesion ability of the selected L. plantarum isolates 

was strain dependent. This strain-dependent manner with the 

adhesion ability of bacterial strains belonging to the same 

genus/species is generally assumed for probiotic bacteria (29). 

Cell adhesion is a multistep process involving contact of the 

bacterial cell membrane and interacting surfaces (23). The 

adhesion mechanisms are not fully understood, however 

bacterial cell-surface associated proteins with mucus and 

intestinal cell binding properties have been identified and 

characterized in probiotic strains (30, 31).  
 

4. Conclusion  
 

In conclusion, five selected L. plantarum strains represented 

desirable auto and co-aggregation, hydrophobicity, and cell 

adhesion abilities. These isolates can be suitable probiotic 

candidates for using in functional foods including dairy 

products. Although L. plantarum is considered among the non-

starter LAB flora in industrial cheese production, selected 

strains from Siahmazgi cheeses may be used as adjunct 

cultures in mixed starter preparations to deliver potential 

beneficial probiotic activities. However, further studies are 

still needed to evaluate them from both points of view of their 

safety and their ability to improve human health in well-

designed controlled clinical trials. 
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