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Abstract 

This study evaluates the ability of yoghurt and supplement isolated Bifidobacterium species to generate biofilms through 

characterization of ITS region genes associated with biofilm formation. The objective of this project is to gain a better 

understanding of the ability of probiotic Bifidobacteria to build biofilms, which is thought to be beneficial for maintaining 

intestinal microbial balance and reducing the amount of pathogenic and food-spoilage microorganisms. This work is  

distinctive because it aims to close a knowledge gap on the ability of Bifidobacterium species isolated from yoghurts and 

supplements to form biofilms. Giving important details on prospective applications for these probiotic Bifidobacterium 

species, particularly in the biomedical and food industries. Samples including yoghurt samples and food supplements 

will be cultured using RCA (Reinforced Clostridial Agar) media. The Bifidobacteria will be isolated and then identified 

using morphological and biochemical analysis. 9 controls of bacteria with established biofilm forming potential will be 

run. The crystal violet assay will be used to evaluate the ability of various microbes to produce biofilms, and the DNA  

extraction for the samples and controls will be performed following ITS-PCR for the genotypic characterization. The DNA 

of the isolated Bifidobacterium species will be run through a gel electrophoresis procedure to determine its size.  

Comparison of the biofilm forming potential of Bifidobacterium species isolated from yoghurt and food supplements with 

that of pathogenic bacteria known to build biofilms may provide light on the utilization of probiotics to avoid infections 

from several pathogens. 
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Introduction 

Probiotics are defined as live microorganisms that, when supplied in suitable proportions, have been proved to promote 

the health of the host (Sa nchez et al., 2017). Probiotic bacteria like Lactobacillus acidophilus, Bifidobacterium spp., and 

Lactobacillus casei have been linked to a multitude of health advantages (Rubin et al., 2022). Since lactic acid bacteria 

(LAB) have been shown to have positive health effects when consumed, they are routinely added to foods, especially dairy 

products, and sold commercially in large quantities as probiotics (Ljungh & Wadstrom, 2006). Novel strains of  

Lactobacillus and Bifidobacterium have been assessed for probiotic potential and in vitro effects. The effects of these 

strains on the human intestine HT-29 cell line were also analysed, and it was found that Lactobacillus plantarum PBS068, 

Lactobacillus rhamnosus PBS070, and Bifidobacterium animalis subsp. lactis PBSO75 had the most potent probiotic  

qualities (Chen, Hsieh, Huang, & Tsai, 2017). 

These organisms are being added to dairy products more frequently because of the possible health benefits. Yoghurt con-

sumption has been demonstrated to result in quantifiable health advantages associated to the presence of live bacteria 

(Mckinley, 2005).  
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Human studies show time and time again that consuming yoghurt with live bacteria (Streptococcus thermophilus  and    

Lactobacillus delbrueckii sp. bulgaricus) improves lactose digestion and eliminates lactose intolerance symptoms (Marco 

et al., 2017). Some of these results include maintaining intestinal structure and restoring gut flora, enhancing  

immunological barrier functions, and decreasing intestinal inflammation. Therefore, it is obvious that these cultures 

meet the current definition of probiotics (Guarner et al., 2005). 

Numerous bacterial species, including members of the Enterococcus, Enterobacter, Escherichia, Bifidobacterium, and  

Lactobacillus families, colonize the human gastrointestinal tract (Koleva, Kim, Scott, & Kozyrskyj, 2015). The majority of 

the indigenous bacterial species found in the human gut, Bifidobacteria, are perhaps the most important for  

understanding the potential health benefits of this microbiota (Conlon & Bird, 2014). In addition to its amazing capacity 

to cling to epithelial cells and to utilize the host's metabolic pathways to metabolize glycans, this bacterium also exhibits 

remarkable physiological and genetic features. A number of beneficial health effects are associated with the microbiota, 

including regulation of intestinal microbial homeostasis, inhibition of pathogens and harmful bacteria that colonize and/

or infect the gut mucosa, modulation of local and systemic immune responses, inhibition of pro-carcinogenic enzymatic 

activities within the microbiota, vitamin production, and bioconversion of a number of dietary compounds into bioactive 

molecules (Rossi & Amaretti, 2010). The most common species of gut-colonizing bacteria passed from mothers to their 

offspring are Bifidobactreium bifidum and Bifidobacterium breve (Cukrowska, Bierła, Zakrzewska, Klukowski, &  

Maciorkowska, 2020). 

Antibiotic-resistant microorganisms, according to the World Health Organization, have emerged as a result of the  

widespread and careless use of antibiotics, e.g., vancomycin resistance exhibited by Pediococcus and Leuconostoc species 

(Zhang, Xu, Yang, Chou, & He, 2022). Clinical infections caused by MRSA were successfully treated with vancomycin (Micek, 

2007). Therefore, the medical breakthroughs of the last century may be lost as a result of the rapid and widespread  

development of antibiotic resistance in bacteria. Assuming this tendency continues, antibiotic therapy may become  

ineffective in the coming years, leading to more severe illnesses among the general population. Probiotics can serve as a 

source of avoiding the infections and limiting the use of antibiotics which will serve as a way of controlling antibiotic  

resistance issue (Cars, Hedin, & Heddini, 2011). 

Bacterial cells can increase their chances of surviving in difficult settings by forming biofilms, which operate as a  

protective mechanism (Chmielewski, Frank, & safety, 2003). Therefore, it is reasonable to develop methods for  

producing bifidobacterial biofilms that are inspired by the properties of such biofilms in nature. To prevent the spread 

of pathogenic and spoilage microorganisms, bifidobacterial biofilms may one day be used in both industrial and medical 

settings (Speranza, Liso, Russo, & Corbo, 2020). One hundred eighty isolates from seven different Bifidobacterium species 

were examined in vitro using a subtractive technique to identify good and undesirable features (Delgado, O’sullivan,  

Fitzgerald, & Mayo, 2008). About 20% of these isolates could grow at pH 3–5, and about 45% of them could grow in 2% 

bovine bile. Unwanted enzymatic activity, such as those of N-acetyl-glucosaminidase, glucuronidase, and chymotrypsin, 

was not found (Delgado et al., 2008). 

The present study aims to isolate and genotypically characterize the Bifidobacteria for biofilm formation potential, found 

in yoghurt and food supplements. Yoghurt is well established source of a variety probiotic bacteria including  

lactobacillus species, the present study aims the genotypic characterization of probiotic Bifidobacterium strains isolated 

from yoghurts and dietary supplements for its potential to generate biofilms as compared to pathogenic organisms 

known to form biofilms. It will also find the presence of biofilm forming genes in Bifidobacterium species isolated from 

yoghurts and dietary supplements. The study will provide an insight towards use of Bifidobacteria in yoghurts and other 

fermented food supplements as the bacteria has been associated with excellent probiotic properties. 

 

Methods  

Samples 

4 yoghurts samples and 2 food supplements, as mentioned in table 1. will be selected for the isolation of Bifidobacterium 

and the yoghurts and food supplements will be purchased from theTesco UK and Amazon. 
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Table 1. Samples 

 

 

 

 

 

 

Isolation and Identification of Bifidobacteria 

One of the most used diluents for counting Bifidobacteria in dairy products water with saline (Roy, 2001). The yoghurts 

and food supplements will be diluted in normal saline. To get reach a certain type of bacterium, researchers use selective 

culture mediums. This type of media is used to prevent the growth of unwanted microorganisms by including a variety of 

inhibitors in the growth conditions (Harrigan & McCance, 1976). For the culturing of the Bifidobacterium RCA (Reinforced 

Clostridial Agar) medium with  the addition of lithium mupirocin will be used (Modesto, 2018). 

For the identification of Bifidobacterium morphological analysis and biochemical testing will be employed. Gram staining 

technique will be used to confirm the presence of Bifidobacterium in the isolated bacterial colonies. Catalase test will be 

done for the biochemical characterization of Bifidobacterium (Behrad, Yusof, Goh, Baba, & Technology, 2009). In addition 

to this, RapIDTM ANA II System will be utilized to positively identify the isolated Bifidobacterium species. 

Experimental Controls and Culturing of the Controls 

The pathogenic controls will also be employed in the study. The 9 control groups with the confirmed biofilm forming  

potential will be used, according to table 2. 

 

Table 2. Pathogenic Controls with Growth Media. 

 

 

 

 

 

 

 

 

Determination of Biofilm Formation Potential 

Biofilm assay procedure will be utilized to determine the potential of Bifidobacterium to form biofilm. Crystal violet  

technique is a potential method to test the biofilm formation potential of Bifidobacterium (Riedel et al., 2009). The  

samples and the controls will be subjected to biofilm assay. 
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Sr. No Sample Sample Name 

1. Yoghurt Yeo Valley Natural Yoghurt 

2. Yoghurt Onken Natural Set Yoghurt 

3. Yoghurt Bio-Tiful Dairy Kefir Drink Original 

4. Yoghurt Activin Strawberry Yoghurt 

5. Food Supplement NutriZing (16 Strain Multibiotics: 30 CFU/serving) 

6. Food Supplement Optibac Probiotics Everyday Max 

Control Name Media for Culturing Sr. No 

Bacillus subtilis 8054 Nutrient Agar 1. 

Escherichia coli K12 (8797) Nutrient Agar 2. 

Staphylococcus aureus 10442 (MRSA) Nutrient Agar 3. 

Klebsiella pneumonia NTCT 13368 MacConkey agar 4. 

Streptococcus mutans Nutrient Agar 5. 

Cronobacter sakazakii Tryptone Soy Agar 6. 

7. Pseudomonas aeruginosa ATCC 27853 Nutrient Agar 

8. Listeria monocytogenes Blood Agar 

9. Bifidobacterium animalis subsp lactis (BB-12) TOS-MUP agar 
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DNA Extraction 

The bacterial colonies from the samples and controls will be taken and treated to extract the DNA. The DNA extraction 

protocol will be followed after the literature review and the appropriate method  mentioned by (Matsuki, Watanabe, & 

Tanaka, 2003) will be applied. 

Genotypic Characterization of Bifidobacteria 

For confirmation at the genetic level PCR will be performed. The ITS-PCR followed for the genotypic characterization of 

Bifidobacteria. The primers for the ITS region will be made and the PCR will be run. The primers for the ITS-PCR will be 

used for 16S-23S rDNA ITS gene, table 3. 

After the PCR, the PCR product will be subjected to gel electrophoresis along with a marker to identify the size of the PCR 

product which will confirm the presence of Bifidobacteria in the yoghurts and food supplements. 

Table 3. ITS Primers. 

 

 

 

Statistical Analysis 

One-way ANOVA and Post Hoc Test will be performed for the statistical analysis. This will compare the biofilm formation 

potential of Bifidobacteria from yoghurts & food supplements and controls. The analysis will be performed using SPSS 

(Statistical Program for the Social Sciences). The p values (p < 0.05) will be considered as significant. 

 

Research flowsheet 
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Forward Primer GTCGTAACAAGGTAGCCGTA 55°C Annealing Temperature 

Reverse Primer CAAGGCATCCACCGT 55°C Annealing Temperature 
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List of Equipment  
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Name Sr. No 

Petri Plates 1.  

Flasks 2.  

Test Tubes 3.  

Inoculating Loops 4.  

Bunsen Burner 5.  

Reagent Bottles 6.  

Spreader 7.  

Slides 8.  

Microscope 9.  

Eppendorf 10.  

ELISA Flat Bottom 96-wells plate 11.  

PCR Machine 12.  

Gel Tanks 13.  

Water Bath 14.  

Heating Blocks 15.  

Gel Doc 16.  

Centrifuge Machine 17.  

Anaerobic Chamber 18.  

Incubator 19.  

Fridge -4°C 20.  

Weighing Balance 21.  
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List of Chemicals 
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Name Sr. No 

100% Ethanol 1.  

Acetic Acid 2.  

TBE Buffer 3.  

Agarose 4.  

Crystal Violet 5.  

Phosphate Buffer Saline 6.  

GelRed Nucliec Acid Stain 7.  

10X PCR Buffer 8.  

Gram Iodine 9.  

Safranin 10.  

Alcohol 11.  

DNA Molecular Markers 12.  

Reinforced Clostridial Agar (RCA) 13.  

Lithium Mupirocin Supplement 14.  

Brain Heart Infusion Broth 15.  

Trypton Soy Broth 16.  

Hydrogen Peroxide 17.  

Sodium Chloride 18.  

Methanol 19.  

McFarland Standards 20.  

MRS Medium 21.  

Methanol 22.  

Yoghurts Samples 23.  

Food Supplements  24.  

dNTPs  25.  

Taq Polymerase  26.  

Nutrient Agar  27.  

Instagene Matrix  28.  

RapID ANA II System  29.  

RapID Spot Indole Reagent  30.  

RapID 1mL Inoculation Fluid  31.  

Listeria monocytogenes  32.  

Klebseilla pneumonia NTCT13368  33.  

E.coli K12 (8797)  34.  

Cronobacter sakazakii  35.  

Bacillus subtilis 8054  36.  

Bifidobacterium animalis subsp. Lactis (BB-12)  37.  

Streptococccus mutans  38.  

Staphylococcus aureus 10442 (MRSA)  39.  

Pseudomonas aeruginosa ATCC27853  40.  
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Research Hypothesis 

Bifidobacterium strains isolated from yoghurts and dietary supplements contains genes for biofilm formation and have 

more potential to generate biofilms as compared to pathogenic organisms known to form biofilms. 

Adaptation of Research to Non-Laboratory Format 

Due to the possibility for COVID-19 to cause a delay in the previously specified goals, this research will be conducted as a 

systematic review combined with bioinformatics analysis. Primary papers for the systematic review will be gathered from 

reliable sources like PubMed, Google Scholar, Elsevier, ResearchGate, etc. These publications' data and information will 

be carefully crafted to shed light on the study's objectives. The identification and determination of potential genes  

connected to biofilm formation in Bifidobacterium species will be done using bioinformatics analysis. 

Ethical Consideration and COSH 

All significant legal, moral, and social obligations connected to this research endeavour have been thoroughly assessed, 

and any potential health and safety concerns have been appropriately taken into account. 

References 

Behrad, S., Yusof, M., Goh, K., Baba, A. J. W. A. o. S., Engineering, & Technology. (2009). Manipulation of probiotics fermenta-

tion of yoghurts by cinnamon and licorice: effects on yoghurts formation and inhibition of Helicobacter pylori growth in 

vitro. 60, 590-594. 

Cars, O., Hedin, A., & Heddini, A. J. D. r. u. (2011). The global need for effective antibiotics—moving towards concerted 

action. 14(2), 68-69. 

Chen, Z.-Y., Hsieh, Y.-M., Huang, C.-C., & Tsai, C.-C. J. M. (2017). Inhibitory effects of probiotic Lactobacillus on the growth 

of human colonic carcinoma cell line HT-29. 22(1), 107. 

Chmielewski, R., Frank, J. J. C. r. i. f. s., & safety, f. (2003). Biofilm formation and control in food processing facilities. 2(1), 

22-32. 

Conlon, M. A., & Bird, A. R. J. N. (2014). The impact of diet and lifestyle on gut microbiota and human health. 7(1), 17-44. 

Cukrowska, B., Bierła, J. B., Zakrzewska, M., Klukowski, M., & Maciorkowska, E. J. N. (2020). The relationship between the 

infant gut microbiota and allergy. The role of Bifidobacterium breve and prebiotic oligosaccharides in the activation of 

anti-allergic mechanisms in early life. 12(4), 946. 

Delgado, S., O’sullivan, E., Fitzgerald, G., & Mayo, B. J. J. o. A. M. (2008). In vitro evaluation of the probiotic properties of 

human intestinal Bifidobacterium species and selection of new probiotic candidates. 104(4), 1119-1127. 

Guarner, F., Perdigon, G., Corthier, G., Salminen, S., Koletzko, B., & Morelli, L. (2005). Should yoghurts cultures be consid-

ered probiotic? British Journal of Nutrition, 93(6), 783-786. doi:10.1079/BJN20051428 

Harrigan, W. F., & McCance, M. E. (1976). Laboratory methods in food and dairy microbiology: Academic Press Inc.(London) 

Ltd. 

Koleva, P. T., Kim, J. S., Scott, J. A., & Kozyrskyj, A. L. J. B. D. R. P. C. E. T. R. (2015). Microbial programming of health and 

disease starts during fetal life. 105(4), 265-277. 

Ljungh, A., & Wadstrom, T. J. C. i. i. i. m. (2006). Lactic acid bacteria as probiotics. 7(2), 73-90. 

Marco, M. L., Heeney, D., Binda, S., Cifelli, C. J., Cotter, P. D., Foligne , B., . . . Pihlanto, A. J. C. o. i. b. (2017). Health benefits of 

fermented foods: microbiota and beyond. 44, 94-102. 

Matsuki, T., Watanabe, K., & Tanaka, R. J. C. i. i. i. m. (2003). Genus-and species-specific PCR primers for the detection and 

identification of bifidobacteria. 4(2), 61-69. 

Mckinley, M. C. J. I. j. o. d. t. (2005). The nutrition and health benefits of yoghurts. 58(1), 1-12. 

Micek, S. T. J. C. i. d. (2007). Alternatives to vancomycin for the treatment of methicillin-resistant Staphylococcus aureus 

infections. 45(Supplement_3), S184-S190. 

 

SVOA Microbiology 

Biofilm Formation and Genotypic Characterization of Bifidobacteria from Yoghurt Samples and Food Supplements  

https://search.worldcat.org/title/822939547
https://search.worldcat.org/title/822939547
https://search.worldcat.org/title/822939547
https://pubmed.ncbi.nlm.nih.gov/21444235/
https://pubmed.ncbi.nlm.nih.gov/21444235/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6155858/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6155858/
https://pubmed.ncbi.nlm.nih.gov/33451238/
https://pubmed.ncbi.nlm.nih.gov/33451238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4303825/
https://pubmed.ncbi.nlm.nih.gov/32235348/
https://pubmed.ncbi.nlm.nih.gov/32235348/
https://pubmed.ncbi.nlm.nih.gov/32235348/
https://pubmed.ncbi.nlm.nih.gov/18248372/
https://pubmed.ncbi.nlm.nih.gov/18248372/
https://pubmed.ncbi.nlm.nih.gov/16022746/
https://pubmed.ncbi.nlm.nih.gov/16022746/
https://www.scirp.org/reference/referencespapers?referenceid=2040053
https://www.scirp.org/reference/referencespapers?referenceid=2040053
https://pubmed.ncbi.nlm.nih.gov/26663884/
https://pubmed.ncbi.nlm.nih.gov/26663884/
https://pubmed.ncbi.nlm.nih.gov/16875422/
https://pubmed.ncbi.nlm.nih.gov/27998788/
https://pubmed.ncbi.nlm.nih.gov/27998788/
https://pubmed.ncbi.nlm.nih.gov/14503690/
https://pubmed.ncbi.nlm.nih.gov/14503690/
https://onlinelibrary.wiley.com/doi/10.1111/j.1471-0307.2005.00180.x
https://pubmed.ncbi.nlm.nih.gov/17712745/
https://pubmed.ncbi.nlm.nih.gov/17712745/
https://sciencevolks.com/microbiology/


29 

 

Modesto, M. (2018). Isolation, Cultivation, and Storage of Bifidobacteria. In The Bifidobacteria and Related Organisms (pp. 

67-98): Elsevier. 

Riedel, C. U., Monk, I. R., Casey, P. G., Waidmann, M. S., Gahan, C. G., & Hill, C. J. M. m. (2009). AgrD‐ dependent quorum sens-

ing affects biofilm formation, invasion, virulence and global gene expression profiles in Listeria monocytogenes. 71(5), 

1177-1189. 

Rossi, M., & Amaretti, A. (2010). Probiotic properties of bifidobacteria. 

Roy, D. (2001). Media for the isolation and enumeration of bifidobacteria in dairy products. International Journal of Food 

Microbiology, 69(3), 167-182. doi:https://doi.org/10.1016/S0168-1605(01)00496- 2 

Rubin, I. M. C., Mollerup, S., Broholm, C., Baker, A., Holm, M. K. A., Pedersen, M. S., . . . Microbiology, 

E. (2022). Synbiotic Intervention with Lactobacilli, Bifidobacteria, and Inulin in Healthy Volunteers Increases the Abun-

dance of Bifidobacteria but Does Not Alter Microbial Diversity. 88(19), e01087-01022. 

Sa nchez, B., Delgado, S., Blanco‐Mí guez, A., Lourenço, A., Gueimonde, M., Margolles, A. J. M. n., & research, f. (2017). Probi-

otics, gut microbiota, and their influence on host health and disease. 61(1), 1600240. 

Speranza, B., Liso, A., Russo, V., & Corbo, M. R. J. M. (2020). Evaluation of the potential of biofilm formation of Bifidobacte-

rium longum subsp. infantis and Lactobacillus reuteri as competitive biocontrol agents against pathogenic and food 

spoilage bacteria. 8(2), 177. 

Zhang, Y., Xu, S., Yang, Y., Chou, S. H., & He, J. J. E. M. (2022). A ‘time bomb’in the human intestine— the multiple emergence 

and spread of antibiotic‐resistant bacteria. 24(3), 1231-1246. 

SVOA Microbiology 

Biofilm Formation and Genotypic Characterization of Bifidobacteria from Yoghurt Samples and Food Supplements  

Citation: Shafiq B. Biofilm Formation and Genotypic Characterization of Bifidobacteria from Yoghurt Samples and Food 

Supplements. SVOA Microbiology 2024, 5:2, 22-29.  

 

Copyright: © 2024 All rights reserved by Shafiq B. This is an open access article distributed under the Creative Commons 

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 

work is properly cited.  

https://pubmed.ncbi.nlm.nih.gov/19154329/
https://pubmed.ncbi.nlm.nih.gov/19154329/
https://pubmed.ncbi.nlm.nih.gov/19154329/
https://pubmed.ncbi.nlm.nih.gov/11603854/
https://pubmed.ncbi.nlm.nih.gov/11603854/
https://doi.org/10.1016/S0168-1605(01)00496-2
https://doi.org/10.1016/S0168-1605(01)00496-2
https://research.regionh.dk/en/publications/synbiotic-intervention-with-lactobacilli-bifidobacteria-and-inuli
https://pubmed.ncbi.nlm.nih.gov/36165644/
https://pubmed.ncbi.nlm.nih.gov/36165644/
https://pubmed.ncbi.nlm.nih.gov/27500859/
https://pubmed.ncbi.nlm.nih.gov/27500859/
https://pubmed.ncbi.nlm.nih.gov/31991823/
https://pubmed.ncbi.nlm.nih.gov/31991823/
https://pubmed.ncbi.nlm.nih.gov/31991823/
https://pubmed.ncbi.nlm.nih.gov/34632679/
https://pubmed.ncbi.nlm.nih.gov/34632679/
https://sciencevolks.com/microbiology/

