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ABSTRACT

Background: This study aimed to conduct a comparative study of antibiotic resistance in Lactobacillus species
isolated from fermented cassava and corn samples. Key objectives included identifying antibiotic resistance
profiles and evaluating interspecies correlations to support the development of functional probiotics.
Methods: A total of nine (9) bacterial strains, including Lactobacillus fermentum, Lactobacillus ghanensis,
Lactobacillus delbrueckii, Lactobacillus plantarum, Lactococcus lactis, Lactobacillus reuteri, Lysinibacillus
sphaericus, Bacillus cereus, and Bacillus pacificus, were analyzed for resistance against twelve (12) antibiotics.
Correlation coefficients and paired statistical analysis were performed to assess interspecies relationships and
variations, with p-values indicating significance. Correlations were evaluated using Pearson’s coefficient (r),
and significance was set at p<0.05.

Results: Lactobacillus fermentum exhibited the highest antibiotic resistance (mean 92.94%), while Lactobacillus
reuteri showed the least resistance (mean 81.88%). Significant positive correlations were observed between
Lactobacillus fermentum and Lactococcus lactis (r=0.89, p<0.01) and between Lactobacillus plantarum and
Lactobacillus delbrueckii (1=0.76, p<0.05). Resistance to gentamicin, amoxicillin, and erythromycin was
100% across most isolates, indicating high resistance. Paired sample analyses revealed statistically significant
differences between Lactobacillus fermentum and Lysinibacillus sphaericus (p<0.001) and other isolates.
Conclusion: The high prevalence of antibiotic resistance across isolates raises concerns for therapeutic
applications but underscores the potential of Lactobacillus species for robust probiotic formulations. The strong
correlations between species resistance profiles suggest opportunities for targeted probiotic development and
antimicrobial stewardship.
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Antibiotic Resistance in Lactobacillus Species

INTRODUCTION

This study on the antibiotic resistance of
Lactobacillus species isolated from fermented
cassava and corn highlights several health benefits.
Probiotic strains such as Lactobacillus have been
shown to enhance gut health by promoting the
growth of beneficial microbiota and improving
digestive function. They may also boost immune
responses, potentially reducing the risk of infections.
Furthermore, understanding the antibiotic resistance
patterns of these strains can aid in the development
of safer, more effective probiotics, contributing to the
prevention of antibiotic-resistant infections. The study
also supports the promotion of fermented foods for
their health-enhancing properties

The exploration of probiotics, particularly
Lactobacillus species, has gained attention due to
their promising health benefits and potential in food
preservation and enhancement.! Lactobacillus species,
commonly found in fermented foods, contribute to
gut health, immune modulation, and the inhibition of
pathogenic bacteria, making them crucial in functional
foods and nutraceuticals.>* Among these, fermented
cassava and corn are staple foods in many cultures,
especially in Nigeria, where they are widely consumed
as traditional foods like garri and ogi, respectively.* >
The rich microbial diversity in these fermented foods
presents an opportunity to isolate beneficial strains of
Lactobacillus with potential health applications.®

Antibiotic resistance in probiotic strains has
become a critical research focus in recent years, given
its implications for both human health and food safety.’
Some strains of Lactobacillus are known to possess
antibiotic resistance genes, which can potentially be
transferred to pathogenic bacteria, posing a risk to
consumer safety.®° The selection of probiotic strains,
therefore, requires careful screening to ensure both
beneficial effects and the absence of transferable
antibiotic resistance genes.'® Previous studies have
shown that the antibiotic resistance profiles of
Lactobacillus strains vary widely, depending on
factors such as strain type, origin, and environmental
conditions.' 2

In addition, the presence and dominance of specific
Lactobacillus species in fermented foods can be
influenced by multiple factors, including microbial
competition, ecological adaptation, and the physical-
chemical properties of the food matrix . For example,

Lactobacillus  fermentum, known for its strong
probiotic potential, has been consistently identified
as a dominant strain in fermented cassava and corn-
based foods due to its robust growth under acidic
conditions." This species, alongside others such as
Lactobacillus plantarum and Lactobacillus reuteri,
is frequently studied for its superior survival rate and
stability in fermented products.'

The use of statistical methods to analyze
microbial data enhances our understanding of strain
viability, prevalence, and potential relationships
with other microorganisms in the fermentation
matrix.'® Correlation analysis, for instance, can
highlight symbiotic relationships among strains,
which are important in developing effective
probiotic formulations.!” This study focuses on the
isolation, characterization, and statistical analysis of
Lactobacillus species from fermented cassava and
corn to evaluate their probiotic potential and antibiotic
resistance. The findings aim to contribute valuable
insights into the safe utilization of Lactobacillus
in food and therapeutic applications, supporting
sustainable fermentation practices and health benefits

for consumers. ' 1

METHODS

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.?

Isolation of Lactobacillus Species

The isolation of Lactobacillus species was achieved
using the serial dilution method. Approximately 10 g
of each fermented sample was suspended in 90 mL
of sterile peptone water and mixed thoroughly. The
mixture underwent serial dilution (10! to 10°), and
aliquots (100 pL) from each dilution were plated onto
MRS (de Man, Rogosa, and Sharpe) agar, a selective
medium for lactic acid bacteria. The plates were
incubated anaerobically at 37°C for 48 hours. After
incubation, colonies with distinct morphology were
selected and purified by re-streaking on fresh MRS
agar plates.

Characterization of Isolates
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The isolated colonies were subjected to
morphological and biochemical characterization.
Morphological examination involved observing cell
shape, size, and arrangement under a light microscope.
The researchers conducted biochemical tests,
including catalase activity, carbohydrate fermentation
profiles (using various sugars), and gas production,
which allowed for the preliminary identification of the
isolates as Lactobacillus species.

Antibiotic Resistance Testing

Antibiotic resistance testing was performed to
evaluate the resistance patterns of Lactobacillus
species isolated from fermented cassava and corn.
The test assessed their resistance to commonly
used antibiotics, such as ampicillin, tetracycline,
erythromycin, ciprofloxacin, and vancomycin. This
procedure was carried out using the disc diffusion
method on Mueller-Hinton agar supplemented
with 5% sheep blood to support the growth of
Lactobacillus. The bacteria were cultured overnight,
and standardized inoculate were swabbed onto the
agar plates. Antibiotic discs were then placed on the
plates, which were incubated at 37°C for 2448 hours.
Zones of inhibition around the discs were measured
and classified as resistant, intermediate, or susceptible
based on Clinical and Laboratory Standards Institute
(CLSI) guidelines.

The resistance rate (%) was calculated using the
formula:

. Number of Resistant Strains
Resistance Rate (%) =

~ Total Number of Isolates Tested * 100

Statistical Analysis

Datacollected fromtheisolationandcharacterization
of Lactobacillus species were analyzed using SPSS
version 23. Descriptive statistics, including means,
standard deviations, and frequencies, were computed
to summarize the characteristics of the isolates. The
probiotic potential and antibiotic resistance data were
subjected to inferential statistical tests, such as the
Chi-square test and Analysis of Variance (ANOVA), to
assess the significance of differences in the probiotic
activities and resistance profiles among the various
Lactobacillus species. Correlation analysis was also
performed to determine the relationships between
different probiotic traits and resistance patterns.
A p-value of < 0.05 was considered statistically
significant, and results were interpreted based on this
threshold.

RESULTS

The study includes the following tables: Table 1
presents the Clinical and Laboratory Standards Institute
(CLSI) breakpoints for antibiotics; Table 2 shows the
zones of inhibition around the discs, measured in
millimeters, for antibiotics against bacterial isolates;
Table 3 highlights the antibiotic resistance profile of
bacteria isolated from fermented cassava and corn
samples, represented as resistant isolates, N (%); Table
4 provides paired samples statistics and correlations;
and Table 5 details the paired samples test. Figure 1
shows the antibiotic resistance patterns for different
Lactobacillus species

Table 1. Clinical and Laboratory Standards Institute (CLST) Breakpoints for Antibiotics

Antibiotic Susceptible (S) Intermediate (T) Resistant (R)
Cilastatin (10pg) > 20 mm 16-19 mm <13 mm
Gentamycin (10pg) =15 mm 13-14 mm <12 mm
Ofloxacin (5pg) > 18 mm 15-17 mm <14 mm
Azithromycin (15pg) > 14 mm 11-13 mm <10 mm
Amoxicillin (30pg) > 18 mm 14-17 mm <13 mm
Cefotaxime (25ug) >22 mm 18-21 mm <17 mm
Ciprofloxacin (5ug) =21 mm 16-20 mm <15 mm
Cefixime (5pg) >22 mm 18-21 mm <17 mm
Levofloxacin (5ug) = 18 mm 15-17 mm <14 mm
Erythromycin (15pg) > 18 mm 15-17 mm <14 mm
Ceftriaxone (45ug) > 23 mm 18-22 mm <17 mm
Cefuroxime (30pg) > 23 mm 17-22 mm <16 mm
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Antibiotic Resistance Patterns in Lactobacillus Species
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Figure 1: The graph showing the antibiotic resistance patterns for ditferent Lactobacillus species.
Each bar represents the resistance percentage for each species against a specific antibiotic, with
different colors corresponding to each bacterial species.

DISCUSSION

The comparative analysis of antibiotic resistance
and probiotic potential of Lactobacillus species
isolated from fermented cassava and corn samples
yielded significant findings that provide insights
into the microbial dynamics and resistance profiles
of these strains. The results in Table 2 reveal distinct
antibiotic susceptibility patterns among the bacterial
isolates. For example, Lactobacillus delbrueckii showed
high susceptibility across most antibiotics, with zones of
inhibition ranging from 19 mm to 25 mm, indicating its
vulnerability to these drugs. Conversely, Lactobacillus
Sfermentum demonstrated resistance to Amoxicillin (10
mm, R) and Ciprofloxacin (13 mm, R), emphasizing its
reduced susceptibility. Lactobacillus reuteri showed
strong resistance to Cefotaxime (13 mm, R) but
significant susceptibility to Levofloxacin (23 mm, S)
and Azithromycin (23 mm, S). Bacillus cereus and
Bacillus pacificus exhibited broader susceptibility,
particularly with Ciprofloxacin, Ceftriaxone, and
Cefuroxime, achieving zones above 20 mm. The
findings highlight antibiotic efficacy disparities
and potential bacterial resistance trends. Table 3
revealed that among the various antibiotics tested,
Lactobacillus ~ fermentum showed the highest
resistance percentage (92.3%) to Cilastatin, followed
closely by Lactobacillus ghanensis (88.9%) and
Lactobacillus delbrueckii (100%) for Gentamycin. In
contrast, Lactobacillus reuteri exhibited the lowest

resistance at 75.0% against Gentamycin, suggesting
variability in susceptibility across strains'. This
resistance profile aligns with previous studies that
highlight the adaptive mechanisms of probiotics in
response to antimicrobial pressure, supporting their
potential in clinical and environmental applications >
3. Paired sample analysis (Table 4) further provided
statistical evidence on the comparative resistance
levels of Lactobacillus species. A significant
correlation was observed between Lactobacillus
fermentum and Lactobacillus delbrueckii (p = 0.013),
with a moderate correlation coefficient of 0.692. This
indicates a shared resistance trait between these strains,
which could be attributed to their similar metabolic
pathways or environmental conditions in fermented
foods *. Conversely, the resistance correlation between
Lactobacillus fermentum and Lactococcus lactis was
weak (r = 0.079, p = 0.807), suggesting divergent
resistance mechanisms . Similarly, other pairs such as
Lactobacillus fermentum and Lactobacillus reuteri (r
=0.667,p=0.018) also showed significant correlation,
underscoring the shared resistance characteristics
within the Lactobacillus genus °. The correlation
data from Table 5 illustrated diverse interactions
among the strains. A strong negative correlation (r =
-0.582, p = 0.047) was found between Lactobacillus
fermentum and Lactobacillus plantarum, indicating
that these strains exhibit opposing responses to
antibiotic pressure. This could be due to varying
environmental adaptation or genetic differences
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affecting their resistance mechanisms 7 ® Other
species such as Lysinibacillus sphaericus and Bacillus
pacificus exhibited weak correlations (r = 0.344, p
= 0.274), signifying less uniformity in resistance
across different species.”!'? Further statistical analyses,
including p-values and correlation coefficients,
suggest that the probiotic potential of these strains
may be influenced by their resistance profiles. Higher
resistance levels to certain antibiotics may correlate
with increased stability in harsh gastrointestinal
environments, making these strains viable candidates
for probiotic applications. The significant correlations
observed, especially within Lactobacillus species,
support the notion that resistance mechanisms may
be co-selected with probiotic traits, as evidenced by
similar findings in earlier studies.'"'* Figure 1 shows
antibiotic resistance patterns across nine bacterial
species, with high resistance observed against
Amoxicillin and Cefexime, while Ciprofloxacin
and Levofloxacin showed lower resistance. Bacillus
cereus and Lactobacillus fermentum displayed
consistently high resistance levels. The findings
highlight the prevalence of resistance mechanisms
and the importance of monitoring and using effective
antibiotics strategically. The findings from this study
provide valuable insights into the antibiotic resistance
and probiotic potential of Lactobacillus species. The
observed variability in resistance levels and significant
correlations between certain strains highlight the
complexity of microbial interactions in fermented
foods. These data suggest that Lactobacillus species,
despite their differing resistance profiles, may offer
promising potential for use in probiotic formulations,
particularly when their resistance traits are carefully
considered in product development.

CONCLUSION

In conclusion, this study provides a comprehensive
analysis of the antibiotic resistance and probiotic
potential of Lactobacillus species isolated from
fermented cassava and corn. The results reveal
significant variability in resistance profiles among the
strains, with some exhibiting high resistance to certain
antibiotics while others demonstrated lower resistance.
Statistical correlations between species suggest
that resistance mechanisms may be shared within
certain strains, particularly among Lactobacillus

species, which may influence their probiotic efficacy.
The findings highlight the complexity of microbial
interactions in fermented foods and underscore the
potential of these strains as viable candidates for
probiotic applications. While the high antibiotic
resistance observed in some strains warrants further
investigation, these strains may offer enhanced
stability in harsh gastrointestinal conditions. Overall,
the study contributes to a better understanding of
the relationship between antibiotic resistance and
probiotic potential, providing a foundation for future
research and development of probiotic products from

local fermented foods.
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