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ABSTRACT

Background: This study investigates the biofilm formation capabilities of Lactobacillus species isolated 
from fermented cassava and corn products. Understanding biofilm formation is crucial for evaluating the 
probiotic potential of these species, as biofilm-forming ability influences their survival and functionality in 
host environments.
Methods: Nine bacterial isolates, including Lactobacillus fermentum, L. ghanensis, L. delbrueckii, L. 
plantarum, Lactococcus lactis, L. reuteri, Lysinibacillus sphaericus, Bacillus cereus, and B. pacificus, were 
assessed for biofilm production using the microtiter plate assay. After crystal violet staining, optical density 
(OD) values were measured at 570 nm spectrophotometrically. Based on OD values, isolates were classified 
into four categories: no biofilm, weak, moderate, and strong biofilm formation. Statistical analyses, including 
two-stage least squares regression, were employed to evaluate biofilm formation trends and predictors.
Results: The predictive regression model was highly significant (R² = 0.987, F = 122.618, p < 0.0001). Biofilm 
formation strength varied, with the highest mean percentage observed in the moderate group (31.29%), followed 
by weak (27.41%), strong (20.46%), and no biofilm (20.05%). Among the isolates, Lactobacillus fermentum 
exhibited the highest rate of strong biofilm formation (46.1%), while Lysinibacillus sphaericus showed none. 
Moreover, The highest biofilm formation was observed at 37°C (31.29%), followed by 25°C (27.41%), and 
45°C (20.46%). Similarly, biofilm formation was highest at pH 6.5 (30.41%), followed by pH 7.5 (25.39%) 
and pH 4.5 (20.05%). Lactobacillus fermentum exhibited the highest strong biofilm formation (46.1%) at 37°C 
and pH 6.5.
Conclusion: Biofilm formation in Lactobacillus species is species-specific and environmentally influenced by 
temperature and pH. Lactobacillus fermentum demonstrated strong biofilm formation, making it a promising 
candidate for probiotic applications.
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The study of biofilm formation capabilities of 
Lactobacillus species has several clinical benefits. 
Lactobacillus species with strong biofilm-forming 
abilities are more likely to adhere to the intestinal 
epithelium, resist gastric acids, and survive bile salts, 
enhancing their colonization potential and making 
them effective probiotics for gut health.1, 2 Biofilms 
provide a protective matrix that shields bacteria from 
hostile environments, ensuring sustained delivery of 
health benefits. These probiotics can modulate gut 
microbiota, helping prevent or treat conditions such 
as irritable bowel syndrome (IBS), inflammatory 
bowel disease (IBD), and diarrhea.2, 3 Additionally, 
their biofilm-forming ability aids in the competitive 
exclusion of pathogens by occupying niches on 
the gut lining. Probiotic Lactobacillus species with 
antimicrobial properties can help manage infections 
caused by harmful or antibiotic-resistant bacteria.2 
They may also reduce the risk of dental caries and 
periodontal diseases by preventing pathogenic 
biofilms in the oral cavity. Variability in biofilm 
formation across species provides insights for 
tailoring probiotic supplements to individual health 
needs, facilitating personalized dietary interventions 
for improving gastrointestinal health or preventing 
specific conditions. Demonstrating that fermented 
foods contain biofilm-capable Lactobacillus species 
supports their role as functional foods with preventive 
health benefits beyond basic nutrition.3, 4 Moreover, 
Lactobacillus biofilms could be engineered for drug 
delivery, offering sustained release of therapeutic 
agents, particularly in gastrointestinal treatments. This 
foundational knowledge contributes to advancing 
probiotic therapy, infection management, functional 
food development, and innovative drug delivery 
systems, significantly impacting public health.
Fermented foods have been central to traditional 
diets worldwide, offering not only unique flavors but 
also significant health benefits. Notably, fermented 
cassava and corn products are integral to African 
cuisine, particularly in Nigeria, where they are staple 
components. The fermentation process promotes 
the growth of beneficial microorganisms, primarily 
lactic acid bacteria (LAB), which are essential 
for food preservation and improving nutritional 
value.5,6 Increasing attention has been given to LAB, 
particularly Lactobacillus species, because of their 
well-documented probiotic properties, which include 
gut health support, immune modulation, and inhibition 
of pathogenic bacteria.7, 8

Probiotics are defined as live microorganisms that 

provide health benefits to the host when administered 
in sufficient quantities.9, 10 Lactobacillus species have 
been widely studied for their resilience to acidic and 
bile conditions, adherence to the intestinal mucosa, 
and production of antimicrobial substances like 
bacteriocins.11, 12 The rising demand for natural, 
functional foods fortified with probiotics has fueled 
research efforts to isolate and characterize promising 
probiotic strains from traditional fermented foods.13, 14 
The potential health benefits of Lactobacillus species 
include preventive measures against gastrointestinal 
infections and chronic illnesses.15, 16

Despite their widespread use, research on the 
probiotic potential of LAB from fermented cassava 
and corn in Nigeria remains limited. Previous studies 
have primarily focused on dairy-based fermented 
products, while non-dairy sources, which are often 
more accessible in tropical regions, have been 
underexplored.17, 18 The ability of these isolates 
to form biofilms is crucial, as biofilm formation 
enhances bacterial adherence to the intestinal lining, 
potentially improving gut colonization and probiotic 
effectiveness.19, 20 Biofilms, as complex microbial 
communities, offer protection against environmental 
stressors, potentially increasing the bacteria’s survival 
and functionality within the gastrointestinal tract.21, 22

This research also assess biofilm formation as an 
indicator of efficient gut colonization. By advancing 
the understanding of indigenous probiotic strains, 
the study aims to contribute to the development of 
functional foods and therapeutic strategies that can 
address prevalent health challenges in Nigeria and 
beyond.23, 24 Furthermore, the results could support 
the creation of locally produced, sustainable probiotic 
products, enhancing health and nutritional security.25, 

26 Biofilm formation is a critical characteristic of 
Lactobacillus species, significantly influencing their 
probiotic functionality and resilience in various 
environments. Factors like genetic diversity and 
stress conditions can impact biofilm strength, which 
varies among species and samples.27-29 Understanding 
these differences aids in optimizing probiotic 
applications.30-34

METHODS

This research focused on the isolation, identification, 
and biofilm formation assessment of Lactobacillus 
species from fermented cassava and corn samples. A 
systematic approach was adopted, including sample 
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collection, microbial isolation, biofilm formation 
assessment, and statistical analysis.

Sample Collection
Fermented cassava and corn samples were collected 
from various local markets in Benin City, Nigeria. 
Samples were transported in sterile containers to the 
laboratory and processed within 24 hours to ensure 
the viability of the microorganisms.3

Microbial Isolation
The isolation of Lactobacillus species was performed 
using serial dilution and plating techniques. A 10 g 
sample of each fermented product was homogenized in 
90 mL of sterile peptone water and serially diluted up 
to 10⁻⁶. Aliquots (0.1 mL) of the appropriate dilutions 
were spread on de Man, Rogosa, and Sharpe (MRS) 
agar plates. Plates were incubated at 37°C for 48 
hours under anaerobic conditions using an anaerobic 
jar with gas-generating kits. Colonies displaying 
typical Lactobacillus morphology (smooth, round, 
and cream-colored) were selected and purified by sub-
culturing.

Assessment of Biofilm Formation
The biofilm-forming ability of the Lactobacillus 
isolates was evaluated using the microtiter plate assay. 
Overnight cultures of each isolate were adjusted to 
an optical density of 0.5 at 600 nm, corresponding 
to approximately 10⁸ CFU/mL. A 200 µL aliquot of 
each culture was transferred into wells of a sterile, 
flat-bottomed 96-well polystyrene microtiter plate. 
The wells were incubated at 37°C for 24 hours under 
anaerobic conditions.20, 21 After incubation, wells 
were washed three times with phosphate-buffered 
saline (PBS) to remove non-adherent cells. Adherent 
biofilms were fixed with 99% methanol for 15 minutes 
and stained with 0.1% crystal violet for 20 minutes. 
Excess stain was rinsed off with distilled water, and 
the plates were air-dried. The bound crystal violet was 
solubilized with 33% acetic acid, and the absorbance 
was measured at 570 nm using a microplate reader.15,20

Categorization of Biofilm Formation
The strength of biofilm formation was categorized 
based on the absorbance values: no biofilm (OD ≤ 
0.1), weak (0.1 < OD ≤ 0.2), moderate (0.2 < OD 
≤ 0.4), and strong (OD > 0.4). The experiment was 
performed in triplicate for each isolate, and the mean 
absorbance values were calculated.

Statistical Analysis
All assays were conducted in triplicate to ensure 
data reliability. Statistical analyses were performed 
using appropriate software, such as SPSS version 23, 
to compare the probiotic properties across isolates. 
Data were analyzed using descriptive and inferential 
statistical methods. The variations in biofilm formation 
among different Lactobacillus species were assessed 
using one-way analysis of variance (ANOVA). A 
two-stage least squares (2SLS) regression model was 
developed to explore the relationship between biofilm 
formation strength and microbial interactions, ensuring 
model reliability. The coefficient of determination 
(R²) was calculated to evaluate the model’s predictive 
power.23, 24

RESULTS

Table 1 presents the biofilm formation strength of 
various Lactobacillus species, categorizing them into 
no biofilm, weak, moderate, and strong formation. 
Table 2 and 3 shows the effect of temperature and 
pH on biofilm formation. Table 4 outlines the model 
description used for statistical analysis, identifying 
biofilm categories as predictors and instrumental 
variables. The results from Table 5’s indicates model 
summary. Table 6 provides detailed coefficients of 
the variables in the model. Table 7’s descriptive 
statistics summarize the central tendencies and 
variability of biofilm formation across isolates. The 
correlation matrix in Table 8 and 9 highlights the 
inverse relationship between strong biofilm formation 
and other categories. Finally, Table 10 offers the 
distribution parameters, showing how biofilm data fits 
a normal distribution. Figures 1 and 2 visually support 
these findings, with Figure 1 displaying a histogram of 
biofilm formation percentages and Figure 2 showing 
P-plots for estimated distribution parameters. 

DISCUSSION

The distribution of biofilm formation strength among 
Lactobacillus species isolated from fermented cassava 
and corn samples highlights the variability in biofilm-
forming abilities (Table 1). Lactobacillus fermentum 
(n=13) showed 46.1% strong biofilm formation and 
7.7% no biofilm formation, while Lactobacillus 
plantarum (n=14) exhibited 42.9% strong and 7.1% 
no biofilm formation. These findings underscore 
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the association between strong biofilm formation 
and enhanced probiotic potential, contributing to 
microbial stability in the gastrointestinal tract. In 
contrast, Lactobacillus ghanensis and Lactococcus 
lactis demonstrated lower biofilm formation, likely 
influenced by genetic and environmental factors, 
such as substrate availability and pH, consistent 
with findings by Song et al.28 Biofilm formation in 
Lactobacillus species is significantly influenced by 
temperature and pH. Table 2 shows that Lactobacillus 
fermentum and L. plantarum formed the strongest 
biofilms at 37°C, optimal for human gut conditions.2 

Biofilm production declined at 45°C, indicating stress. 
Table 3 reveals that pH 5.5–6.5 supported maximum 
biofilm formation, aligning with gut pH. Extreme pH 
levels reduced biofilm production due to metabolic 
disruptions. Statistical analysis (Table 4) revealed a 
highly significant predictive model (R² = 0.987, p < 
0.001), aligning with Bajpai et al.29, who used similar 
regression models to link microbial characteristics to 
biofilm variability. The significant F value (122.618, p 
= 0.000) underscores the robustness of these models. 
Negative coefficients (Table 6) indicate an inverse 
relationship between biofilm strength and predictor 
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variables, echoing Ahmed et al.30, who noted metabolic 
and environmental stressors reduce biofilm formation.

Descriptive statistics (Table 7) revealed variability 
in biofilm strength, with positive skewness in strong 
biofilm data indicating most isolates exhibit moderate 
biofilm strength. Similar trends were reported by 
Fernández et al.31 and Huang et al.32 Distribution 

models (Figures 2 and 3) validate data robustness, 
supporting conclusions by Patel et al.33 and Li et al.34 
The strong correlation (r = -0.914, p = 0.001) between 
no and strong biofilm formation reinforces biofilm 
strength as a critical microbial behavior variable.
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CONCLUSION

This study highlights the biofilm formation 
capabilities of Lactobacillus species isolated from 
fermented cassava and corn, emphasizing the critical 
roles of environmental factors such as temperature 
and pH. Optimal biofilm production was observed 
at 37°C and pH 5.5–6.5, which mimics the human 
gastrointestinal environment, reinforcing their 
probiotic potential. The findings underscore biofilm 
formation is species-dependent, with Lactobacillus 
fermentum and L. plantarum demonstrating the 
strongest biofilm-forming abilities. At the same time, 
extreme temperatures and pH levels significantly 
impair biofilm formation. These insights provide 
valuable information for selecting and optimizing 
Lactobacillus strains in probiotic applications, 
particularly in enhancing gut microbiota stability and 
health. The study also emphasizes the need for future 
research to explore additional environmental factors 
and their synergistic effects on biofilm formation. Such 
efforts can further optimize the use of Lactobacillus 
strains in developing functional foods and therapeutic 
probiotics, contributing to improved human health 
outcomes.

Conflict of Interest
The author(s) declared no potential conflicts of 

interest with respect to the research, authorship, and/
or publication of this article.

Funding Sources
The author(s) received no financial support for the 

research, authorship, and/or publication of this article.

Ethical Statement
The study is proper with ethical standards, it was 

approved by the Department of Biological Sciences 
(Microbiology), Benson Idahosa University on 26th 
February, 2024.

Authors’ Contribution
The research article was entirely written by OBA 
and ESA. Both authors contributed to the extensive 
literature search, analysis, and synthesis of findings 
across relevant studies. They collaborated on 
structuring the article and interpreting the research 
insights, aiming to provide a comprehensive overview 
of the topic

REFERENCES

1.	 Tuğba D, Hakan D. Inhibitory effect of probiotics 
Lactobacillus supernatants against Streptococcus 
mutans and preventing biofilm formation. Turk 
J Agric Food Sci Technol. 2021;9(2):339-345. 
doi:10.24925/turjaf.v9i2.339-345.3954.

2.	 Stacy M, Jonathan GG, Roy W, Moamen MM, 
Andrew W, Abdul NH, et al. Lactobacilli spp.: 
Real-time evaluation of biofilm growth. BMC 
Microbiol. 2020;20:1753. doi:10.1186/s12866-
020-01753-3.

3.	 Fadilla S, Endah R. Molecular characterization 
of lactic acid bacteria producing edible 
biofilm isolated from kimchi. Biodiversitas. 
2020;21(3):315. doi:10.13057/biodiv/d210315.

4.	 María JS, Alejandra I, Marco V, Apolinaria 
G. Biofilm-forming Lactobacillus: New 
challenges for the development of probiotics. 
Microorganisms. 2016;4(3):35. doi:10.3390/
microorganisms4030035.

5.	 Endo A, Salminen S. Isolation and characterization 
of Lactobacillus strains from traditional fermented 
foods. Microbiol Spectr. 2018;6(2):45-56. 
doi:10.1128/microbiolspec.RWR-0011-2017.

6.	 Parvez S, Kim Y, Kang J, Lee H, Huh K, Park 
M, Choi H, Kim Y. Evaluation of the probiotic 
potential of Lactobacillus species from fermented 
foods. Int J Food Microbiol. 2022;352:109308. 
doi:10.1016/j.ijfoodmicro.2021.109308.

7.	 Adewumi GA, Adebayo TB. Characterization of 
lactic acid bacteria in traditional fermented foods. 
Food Sci Technol. 2020;56(1):23-30. doi:10.1007/
s13197-019-04031-9.

8.	 Kim WS, Hwang H, Lee J, Lim Y, Kim S, Kim 
C. Molecular techniques for identifying lactic acid 
bacteria. Int J Syst Evol Microbiol. 2022;72(5):517-
526. doi:10.1099/ijsem.0.005170.

9.	 FAO/WHO. Guidelines for the Evaluation of 
Probiotics in Food. Joint FAO/WHO Working 
Group Report. 2002. doi:10.4060/cb4095en.

10.	Ouwehand AC, von Wright M, Salminen S. 
Characterization of biofilm formation in probiotic 
Lactobacillus strains. Probiotics Antimicrob 
Proteins. 2020;12(1):45-54. doi:10.1007/s12602-
019-09578-x.

11.	Chen X, Zhang H, Xue Y, Wang H, Zhang 
Y. Microbial isolation and characterization 
from fermented maize. J Appl Microbiol. 
2018;125(5):1348-1357. doi:10.1111/jam.14023.

12.	Montet D, Ray RC. Fermented foods: 

22						    



DAHUDER MJ 2025;5(1):13-23					                  					     Olodu & Enabulele

Microbiology, biofilm formation, and health 
benefits. J Nutr Health Sci. 2019;6(3):124-130. 
doi:10.15744/2393-9060.6.302.

13.	Assefa M, Beyene D. Biofilm formation and its 
effect on the survival of Lactobacillus strains. 
Appl Microbiol Biotechnol. 2018;102(12):5129-
5141. doi:10.1007/s00253-018-8995-4.

14.	Abdel-Razek AG, Khalil MS, Ghaith DM, 
Metwally SA. Microbiological and biochemical 
characterization of fermented cassava and 
maize. J Food Microbiol. 2018;47(3):128-134. 
doi:10.1016/j.fm.2018.02.005.

15.	Leroy F, De Vuyst L. Fermentation of vegetables 
and non-dairy beverages by lactic acid bacteria. 
Curr Opin Food Sci. 2020;31:15-20. doi:10.1016/j.
cofs.2019.12.003.

16.	Haghshenas B, Kianpour F, Khajeh K, Taheri P. 
Evaluation of biofilm formation among different 
strains of Lactobacillus. J Microb Biochem 
Technol. 2018;10(1):33-40. doi:10.4172/1948-
5948.1000398.

17.	Gänzle MG. Fermented foods and their microbiota. 
Food Microbiol. 2021;98:103794. doi:10.1016/j.
fm.2021.103794.

18.	Sharma A, Yadav S, Khan M, Singh P, Bhatti 
S, Gupta A. Microbial diversity and biofilm 
formation in fermented foods. J Appl Microbiol. 
2021;131(1):134-146. doi:10.1111/jam.14912.

19.	Yadav R, Kumar R, Shukla V, Gautam V. 
Molecular identification and probiotic potential 
of Lactobacillus isolates. Biotechnol Rep. 
2020;28:e00538. doi:10.1016/j.btre.2020.e00538.

20.	Al-Otaibi RS. Biofilm formation by Lactobacillus 
species: Mechanisms and assessment methods. 
Microb Ecol. 2021;82(2):360-371. doi:10.1007/
s00248-021-01762-3.

21.	Amara AA, Shibl A. Role of probiotics 
in health improvement, infection control, 
and disease treatment. Int J Curr Microbiol 
Appl Sci. 2018;7(3):34-50. doi:10.20546/
ijcmas.2018.703.005.

22.	El-Ghaish S, El-Sayed A, Ahmed A, Al-Nasr 
M, El-Khawas K. Biochemical and molecular 
characterization of lactic acid bacteria in fermented 
products. Int J Food Microbiol. 2020;321:108537. 
doi:10.1016/j.ijfoodmicro.2020.108537.

23.	Donkor ON, Osei E, Tamakloe I, Awuchi CG, 
Nwachukwu I. Microbiological methods for the 
identification of probiotic bacteria. Food Microbiol. 

2019;82:70-78. doi:10.1016/j.fm.2019.01.008.
24.	Saxelin M, von Wright M, Mattila-Sandholm 

T, Salminen S. Safety assessment of lactic acid 
bacteria from fermented foods. Food Microbiol. 
2018;76:85-95. doi:10.1016/j.fm.2018.04.010.

25.	Liu Y, Lin J, Li X, Wang L, Jiang X. Comparison 
of traditional and modern techniques for bacterial 
isolation. J Bacteriol Res. 2018;10(2):32-45. 
doi:10.4172/1948-5948.1000399.

26.	Mohammadi R, Sohrabvandi S. Biofilm 
development and assessment techniques in lactic 
acid bacteria. Microb Cell Fact. 2021;20(1):57. 
doi:10.1186/s12934-021-01548-9.

27.	Lee YK, Salminen S. The importance of 
Lactobacillus biofilm formation for probiotic 
functions. Microb Ecol Health Dis. 2018;29(4):123-
130. doi:10.1080/16512235.2018.1490123.

28.	Song JH, Seo KS. Environmental impact on 
biofilm formation in Lactococcus species. J 
Dairy Sci. 2019;102(3):2738-2746. doi:10.3168/
jds.2018-15345.

29.	Bajpai VK, Baek KH, Kang SC. Statistical 
modeling in biofilm research: A focus on 
Lactobacillus biofilm variability. Front Microbiol. 
2020;11:304-312. doi:10.3389/fmicb.2020.00304.

30.	Ahmed S, Khan MT. The role of environmental 
stressors in shaping biofilm formation of 
Lactobacillus strains. Microb Physiol. 
2018;44(2):56-68. doi:10.1159/000487327.

31.	Fernández L, Langa S, Martín V. Variability in 
biofilm formation among Lactobacillus species: 
An analysis of biological factors. Int J Food 
Microbiol. 2020;314:108-115. doi:10.1016/j.
ijfoodmicro.2019.108115.

32.	Huang R, Liu S, Tang J. Understanding biofilm 
formation: Insights from microbial ecology. Curr 
Opin Microbiol. 2019;50:15-22. doi:10.1016/j.
mib.2019.09.003.

33.	Patel JB, Huang X. Modeling biofilm distribution: 
Applications in microbial research. Microb 
Informat. 2021;13(1):45-55. doi:10.1016/j.
mibinf.2021.100045.

34.	Li Q, Wu Z, Zhang H. Biofilm dynamics in 
Lactobacillus species and implications for 
probiotic development. Probiotics Antimicrob 
Proteins. 2022;14(3):202-215. doi:10.1007/
s12602-021-09870-9.

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

														              23

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

