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1. INTRODUCTION

Lactic acid bacteria (LAB), recognized for their vital
function in food fermentation, form a varied range of
beneficial microorganisms (Ruiz-Rodriguez et al., 2016).
They have gained a lot of interest lately because of their
probiotic characteristics, which are classified as live bacteria
that enhance the host’s health, even at low concentrations

(Tufail & Schmitz, 2024).

Fruits, generally have natural characteristics that allows
microorganisms, such as lactic acid bacteria (LAB) to

survive. According to Marchesi et al. (2015) and
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ABSTRACT

There is a necessity to find additional lactic acid bacteria (LAB) from a variety of sources
that can be used as probiotics in various food products, attention has not been focused on
nondairy sources of LAB, hence, the need to undertake this study. A total of forty guava
fruits were screened for presence of LAB using de-Man Rogosa Sharpe media.
Morphological, biochemical, and physiological assessments were carried out for preliminary
identification. Probiotic potentials of the isolates were assessed using antagonistic activity,
bile tolerance, salt and temperature tolerance while safety attributes were evaluated using
antibiotics susceptibility, mucin degradation and gelatinase activity. Molecular identification
was carried out on two exceptional probiotic isolates using polymerase chain reaction and
16S rRNA. The LAB isolates obtained in this study included Lactobacillus, Leuconostoc and
Lactococcus. Only six isolates showed significant antagonistic activity against the test
isolates, tolerated 0.1 to 0.3% bile salts with optimum growth obtained at 37°C. None of the
isolates exhibited degradation of mucin, hemolytic or gelatinase activities. The six isolates
exhibited probiotic properties and were safe to be incorporated into food. This study revealed
that guava-derived LAB strains represent valuable candidates for the development of

probiotic-enriched foods and therapeutic applications.

and Zoumpopoulou et al. (2016), LAB is a type of
bacteria that can colonize intestinal epithelial cells and
withstand harsh conditions in the human body, including
low pH, pancreatic juice, and salivary enzymes.
Numerous bacteria in this class are known to have
probiotic qualities, and increasing research suggests that
eating a balanced diet high in fruit may help prevent
prolonged diseases, increase immunity and reduce the

expression of incendiary biomarkers (Hosseini et al,

2018).
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A wide variety of fruits can enhance food preservation by
supplying nutrients, fiber, minerals, bioactive compounds,
and the ability to metabolize carbs to lactic acid (Ansari et
al., 2022). LAB helps preserve perishable foods by
creating conditions that prolong their shelf life,
particularly when paired with fruit-based substrates like
guava (Venkatesan & Muniyan, 2024). Their capacity to
modify the immune system and produce bioactive
compounds that inhibit pathogenic microorganisms, like
antimicrobial peptides, accounts for their probiotic

potential (Indira et al., 2019).

The tropical fruit guava (Psidium guajava), which is
consumed as a fresh snack or in making meals, gives a
portion of the global population a substantial supply of
fiber all year long (Verma, 2023). They are generally
high in nutrients, including probiotic-acting phytoactive

substances (Kumar et al., 2022).

Despite its numerous nutritional, culinary and health
benefits, few studies have reported the occurrence of
lactic acid bacteria from guava fruits; Tam et al. (2025)
isolated LAB from guava and utilized them in yoghurt
production, Lactiplantibacillus plantarum have also been
isolated from pickled guava (Mohamad et al., 2022) and
Lactobacillus brevis was isolated and characterized as a
probiotic strain from guava fruit (Anitha & Manivannan,

2022).

Understanding the probiotic potential, molecular
characteristics, and safety profiles of lactic acid bacteria
present in guava will advance food microbiology while
also promoting the creation of functional foods from
guava that augment health. Thus, this study investigated
the isolation, identification, probiotic and safety attributes

of LAB from fresh guava fruits in Ibadan, Nigeria.
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Materials and Methods.

Sample Collection and Isolation of Lactic Acid

Bacteria

Forty samples of guava (Psidium guajava) void of dirt
were collected from a farm; fruits were washed with
sterile distilled water, peeled and diced to remove surface
contaminants; 10g from each guava sample was
homogenized in 100mLof sterile distilled water, and then
serially diluted. Using the pour plate method, 1 mL of the
10%dilution was inoculated into the de-Man Rogosa Sharpe
(MRS) and incubated for 48 hours at 37°C. Pure cultures
were then frozen in MRS broth with 20 % glycerol till

further investigation (Linares-Morales et al., 2020).
Characterization of LAB

The LAB isolates were preliminarily identified based on
morphological and biochemical characteristics while two
isolates were further identified using molecular tools
following the methods of Ruiz Rudriguez ef al. (2019) and
Mohamad et al. (2022),

Antimicrobial Activity.

The assay outlined by Gunajit et al. (2017) was used to
assess the antimicrobial activity using agar well diffusion
technique. Cell free supernatants of the isolates obtained
from centrifuging 48 hours broth culture of the each
isolated LAB at 10,000rpm were tested against two strains

each of Escherichia coli and Staphylococcus aureus.
Screening for Probiotic Potential of LAB Isolates.

Bile Tolerance was analyzed by culturing the LAB in
MRS broth incorporated with 0.1 to 0.3 % of bile salt
(Oxoid), the control was prepared without bile salt. After
24 hours incubation, the optical density (OD) at 600nm
were measured and compared to the control culture

(Rajyalakshmi et al., 2022). Temperature Sensitivity was
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Safety Assessment of the LAB Isolates:

Antibiotic Susceptibility Testing

Agar diffusion assay was employed to determine the
susceptibility of the LAB isolates to clinically used
antibiotics using the method of James and John (2015);
Hemolytic activity was done by streaking LAB isolates on
blood agar plates and Gelatinase activity was done by
plating isolates on nutrient-gelatin media as described by
Pooja et al. (2015) and Mucin degradation test was
carried out with the procedure of Megur et al.
(2023).Freshly cultured isolates were used for these
assays and cultures were incubated at 37°C for 24 hours.

Data Analysis

The quantitative data were analyzed using SPSS
software's One-way Analysis of Variance (ANOVA). The
means from three replicates of the assays were separated
and compared using Duncan Multiple Range Tests with

significant value set at P < 0.05.
Results

The guava fruits sampled in this study harbored sixteen
LAB isolates with spherical and smooth edges were
obtained .The isolates were gram-positive with rod and
cocci shapes and negative for catalase, oxidase, and
indole tests as shown in Table 1. The isolates were mainly
from the genera Lactobacillus, Lactococcus, and
Leuconostoc. Lactococcus garvieae and Leuconostoc
mesenteroides, were identified at the species level by
BLAST analysis of sequence fragments.

Cell-free supernatants from LAB inhibited Escherichia
coli and Staphylococcus aureus with zones of inhibition
ranging from 6.00 to 17.00 mm; L. plantarum and L.
pentosus produced the highest zone of inhibition against
the test bacteria while L. brevis produced the lowest zone
of inhibition as shown in Table 2. Table 3 illustrates the

impact of bile salts on the development of LAB isolates.
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There were notable differences between the cultures'
increase in broth containing bile salt (P<0.05). LAB
isolates' growth was inhibited with increasing bile salt
concentrations (from 0.0% to 0.3% w/v), suggesting
decreased viability at higher bile levels. Higher bile
tolerance is shown by isolates GS4 and GS10's greater

growth across concentrations

All of the guava LAB isolates reached their maximum
optical density (OD) values at 37 °C, where they also
showed optimal development. At 25 °C, growth is
noticeably slower for all isolates, indicating that bacterial
metabolism is slowed down by the lower temperature.
Growth also decreased at 40 °C as presented in Table 4.
Table 5 shows the effects of varying NaCl concentrations
on the growth of the preferred LAB isolates. The optimal
growth conditions for all LAB isolates are at 0% NaCl;
growth slows down as NaCl concentration rises,
suggesting a decreased ability to withstand high salt
concentrations. The  exception, GS4, exhibits
comparatively steady growth up to 4% NaCl, indicating a

greater resistance to salt than the other isolates.

The susceptibility of the selected LAB isolates to
antibiotics is shown in Table 6. All the lactic acid bacteria
isolated in this study were resistant to Vancomycin,
highest zone of inhibition was recorded for Ampicillin and
Nitrofurantoin, only Leuconostoc mesenteroides was
resistant to Ampicillin. Table 7 displays the hemolytic
activity, gelatinase activity, and mucin degradation of the
isolates. The isolates showed no hemolytic activity on
blood agar, and were tested negative for gelatin hydrolysis

and breakdown of mucin.
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Table 1: Morphology and Biochemical characteristics of Lactic Acid Bacteria from Guava

Isolate Gram Cellular Catalase Indole Oxidase Probable identity
code reaction morphology test Test test

GS1 + R - - - L plantarum
GS2 + R - - - L. plantarum
GS3 + C - - - L.gravidae

GS4 + C - - - L.mesenteroide
GS5 + R - - - L. brevis

GS6 + R - - - L. pentosus
GS7 + R - - - L.acidophilus
GS8 + R - - - L. rhamnosus
GS9 + C - - - L. garvieae
GS10 + R - - - L. plantarum
GS11 + R - - - L. rhamnosus
GS12 + R - - - L. pentosus
GS13 + R - - - L. brevis

GS14 + R - - - L. plantarum
GSI15 + R - - - L. rhamnosus
GS16 + C - - - L. mesenteroide

Keys: GS: Guava sample, + positive, - negative, C cocci, R Rod

Table 2: Antagonistic activity of selected LAB isolates against Escherichia coli and

Staphylococcus aureus.

Isolates code Zone of Inhibition (mm)

Escherichia coli Escherichia coli Staphylococcus aureus Staphylococcus aureus

L. plantarum 10.00 = 0.01 16.00 +0.01 17.00 £ 0.01 12.00 +0.01
L.mesenteroides  10.00 + 0.00 06.00 + 0.00 10.00 = 0.01 06.00 = 0.00
L. pentosus 10.00 + 0.00 13.00+0.01 17.00 + 0.01 11.00 £ 0.01
L. garvieae 12.00 + 0.01 12.00 +0.02 10.00 + 0.01 10.00 £ 0.01
L.plantarum 12.00 + 0.01 06.00 +0.00 12.00 + 0.02 06.00 = 0.00
L. brevis 06.00 + 0.00 06.00 = 0.00 10.00 + 0.00 06.00 £+ 0.00
A Osun State University - UJBAS Publication Volume 1 (1) April, 2026
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Table 3: Effects of different concentrations of bile salt on the growth of selected isolates

Isolates Bile Salt %  (w/v)/ODgoonm
0.0 0.1 0.2 0.3

L. plantarum 0.124 0.112 0.089 0.061
L.mesenteroides  0.148 0.130 0.105 0.080
L.pentosus 0.135 0.115 0.097 0.070
L. garvieae 0.130 0.108 0.095 0.072
L. plantarum 0.140 0.120 0.078 0.065
L. brevis 0.122 0.095 0.083 0.060

Table 4: Effects of varying temperatures on the growth of selected LAB isolates

Isolates code Temperature//ODgoonm
25°C 37°C 40°C
Lactiplantibacillus plantarum  0.080 0.145 0.130
Leuconostoc mesenteroides 0.076 0.155 0.128
Lactobacillus pentosus 0.080 0.148 0.127
Lactococcus garvieae 0.070 0.138 0.120
Lactiplantibacillus plantarum  0.085 0.150 0.125
Lactobacillus brevis 0.072 0.142 0.118

Table 5: Sodium Chloride (NaCl) Tolerance of the selected LAB isolates

Isolates code

NaCl Concentration % (w/v)/ /ODgoonm

0 2 4 6
L. plantarum 0.135 0.125 0.095 0.070
L.mesenteroides 0.150 0.140 0.135 0.078
L. pentosus 0.140 0.125 0.095 0.073
L.garvieae 0.130 0.118 0.085 0.065
L. plantarum 0.145 0.130 0.100 0.080
L. brevis 0.128 0.115 0.090 0.068
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Table 6: Antibiotic Susceptibility Profile of the Selected LAB Isolates

Antibiotics/Zone of Inhibition
Isolate Code

AMP CAZ GEN CRX NIT AUG OFL VAN CPR

Lactobacillus plantarum 22.0 15.0 14.0 16.0 20.0 19.0 13.0 0.0 18.0
Leuconostoc mesenteroides 00 100 00 150 9.0 0.0 100 0.0 12.0
Lactobacillus pentosus 21.0 20.0 17.0 19.0 21.0 23.0 18.0 0.0 22.0
Lactococcus garvieae 23.0 18.0 16.5 17.0 22.0 22.0 15.0 0.0 20.0
Lactobacillus plantarum 190 12.0 150 11.0 16.0 21.0 11.0 0.0 15.0
Lactobacillus brevis 160 140 00 120 0.0 100 11.0 0.0 11.0
Keys:

AMP: Ampicillin, CRX: Ciprofloxacin, CAZ: Ceftazidime, GEN: Gentamicin, AUG: Amoxicillin,
OFL: Ofloxacin, VAN: Vancomycin, CPR: Cefpirome, NIT: Nitrofurantoin

Table 7: Hemolytic Activity, Gelatinase Activity, and Mucin Degradation of the Selected LAB .

Gelatinase Mucin
Isolate Code Hemolysis Type
Activity degradation

Lactiplantibacillus plantarum - - -
Leuconostoc mesenteroides - - -
Lactobacillus pentosus - - -
Lactococcus garvieae - - -
Lactiplantibacillus plantarum - - -

Lactobacillus brevis - - _

Key: -: Negative
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Discussion

The results of this research demonstrated the molecular
diversity, probiotic potential and safety profiles of lactic
acid bacteria (LAB) that were isolated from fresh guava
fruits. Sixteen (16) isolates with characteristic lactic acid
bacteria (LAB) morphology were obtained from guava
after LAB was isolated and subjected to preliminary
characterization. This morphological and biochemical
identification is consistent with Fessard & Remize (2019)
findings, which found that the most commonly isolated
LAB genera from fresh fruits and vegetative samples are
Lactobacillus, Leuconostoc, Weissella, Enterococcus, and
Pediococcus. The occurrence of Lactococcus species and
other LAB strains from Guava fruits is similar to what
was reported by Tam et al. (2025), the LAB strains from
their research had similar phenotypic traits and
antibacterial potentials with what was observed in this

study.

Antagonistic activity of lactic acid bacteria obtained in
this study against the selected test isolates is a reflection
of the production of metabolites produced by the isolates
and it is accordance to what has been reported by Todorov
et al. (2023) that characterized bacteriocin obtained from
lactic acid bacteria present in Guava fruits, similar
inhibitory properties of lactic acid bacteria obtained from
Guava and other edible fruits against Gram-positive and

Gram-negative bacteria.

.According to earlier research that corroborated what was
obtained in our study, Krishnendra et al. (2013) and Arici
et al. (2016) reported that LAB strains may have the
by

generating organic acids and bacteriocins, which is a

capacity to suppress harmful microorganisms

necessary characteristic for their probiotic and

preservative uses.
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The high bile tolerance seen in all isolates especially in
Leuconostoc mesenteroides, is consistent with earlier
research showing that LAB derived from plants frequently
exhibits tolerance to gastrointestinal disorders (Schifano et
al., 2021). At a lesser concentration (0.1%), the LAB
isolates demonstrated a high tolerance to bile salt;
however, as the bile concentration rose, their tolerance
declined. This tolerance raises the possibility that these
strains will live and colonize the gut, which is beneficial
for possible probiotic application.an essential quality of
successful probiotics (Schifano et al., 2021)."The lower
survival rate can be explained by the fact that after
bacteria were exposed to bile salt, cellular homeostasis
was disrupted, which caused the lipid bilayer and integral
protein of their cell membranes to dissociate, resulting in
death,"

bacterial content leaks and ultimately cell

according to Eurydice et al. (2016).

All of the isolates in the study grew between 25 and 40 °C,
but they all grew best at 37 °C, which is a temperature that
is typical of the human body. A minor inhibition at 40 °C
indicated thermal sensitivity, while growth was decreased
at 25 °C, most likely as a result of slowed bacterial
metabolism. This study's findings are consistent with
Pundir et al. (2013), who found that lactic acid bacteria
could thrive in temperatures between 25 and 40 °C.
Temperature has a significant impact on bacterial
development and that the isolates would not have been
able to survive in the human gut, which is crucial for
probiotics, if they had not been able to grow within the

temperature range.

Although isolates' tolerance to NaCl varied, all of them
demonstrated optimal growth at 0% NaCl and could
withstand 0% to 6%. Significantly, GS4 showed improved
salt resistance, growing comparatively steadily up to 4%

NaCl. This should increase its viability in situations with
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high salt content, which is crucial for food applications.
The results of this investigation are supported by those of
Gunajit et al. (2017), who found that L. plantarum could
withstand 6% NaCl, but the other isolates could only
withstand 5% NaCl. Nandha & Shukla (2023) isolated
LAB from Theobroma cacoa including the genera
Lactococcus, and Lactobacillus, llesanmi & Eniola (2023)
isolated probiotic LAB strains from pineapple and
watermelon. The probiotic strain isolated from their
studies showed no safety concerns fit for use in the food

industry.

Antibiotic susceptibility profile of the LAB strain in this
study was not similar to what was observed by certain
researchers, Saif, (2016) reported that LAB from some
fruits showed multidrug resistance, while only one out of
38 LAB isolates showed sensitivity to the antibiotics
tested. LAB are believed to be resistant to certain
antibiotics like Vancomycin. This indicates their potential
effectiveness in therapeutic applications and probiotic
formulations, which are likely to be inhibited by

commonly used antibiotics.

The LAB's isolates sensitivity to cell wall and protein
synthesis inhibitors has been reported by Gad et al.
(2014). However, strain-specific modifications that may
impact probiotic safety are suggested by isolates GS4 and
GS13's resistance to a number of antibiotics, including
ciprofloxacin and amoxicillin-clavulanic acid (Stefanska
et al., 2021). Notably, every isolate is appropriate for use
in probiotic applications as none recorded multidrug

resistance.

The non-pathogenic nature of the LAB isolates was
confirmed by safety evaluations that included gelatinase
tests, hemolytic activity, and antibiotic susceptibility.
Important markers of LAB's safety for usage with

probiotics are their hemolytic and gelatinase activity.
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All isolates exhibited gamma hemolysis (no hemolysis),
which is favorable because it suggests non-pathogenicity
and is consistent with the safe profile of many LAB
strains. Hemolytic activity was evaluated to identify the
pathogenic potential. According to Holzapfel & Todorov
(2023) and Soleimani et al. (2023), LAB strains that
exhibit y-hemolysis do not possess virulence factors
typically associated with pathogenic bacteria, which
supports their classification as generally recognized as
safe (GRAS) organisms. This study's findings are
consistent with other studies that have reported the
absence of invitro hemolytic activity by various probiotic
LAB. Since the production of gelatinase can be linked to
virulence in pathogenic bacteria, as these enzymes aid in
the breakdown of host tissues and promote invasive
infections, gelatinase activity testing, which assesses the
production of proteolytic enzymes linked to tissue
degradation, came back negative for all LAB isolates,

confirming their safety.

To the best of our knowledge, the only study that isolated,
identified and screened for probiotic potential of LAB
from guava fruit was Anitha & Manivannan. (2022),
Lactobacillus brevis was discovered as a promising
probiotic candidate in their study, our study enumerated
six promising probiotic culture that can be harnessed for

production of functional foods and biopreservatives.
Conclusion

This study’s findings demonstrate the potential of guava-
derived LAB as exceptional probiotic candidates for food,
feed, and pharmaceutical applications. These probiotics
could function as novel cultures outside the dairy-derived
LAB species, they can be added into fruits and fruit-based
products to promote the organoleptic, nutritional and
antioxidants qualities while lowering the anti-nutritive

ingredients in food.
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Supplementary File. Nucleotide Sequence of Lactic acid bacteria obtained in this study

Lactococcus garviae

CGTTCTTCTCTAACAACAGAGTTTTACGATCCGAAAACCTTCTTCACTCACGCGGCGTTGC

TCGGTCAGGG

Leuconostoc mesenteroides

GAGCGCAGACGTTTATTAAGTCTGATGTGAAAGCCCGGAGCTCAACTCCGGAATGGCAT
TGGAAACTGGTTAACTTGAGTGCAGTAGAGGTAAGTGGAACTCCATGTGTAGCGGTGGA
ATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTTACTGGACTGCAACTGAC
GTTGAGGCTCGAAAGTGTGGGTAGCAAACAGGATTAGATACCCTGGTAGTCCACACCGT
AAACGATGAACACTAGGTGTTAGGAGGTTTCCGCCTCTTAGTGCCGAAGCTAACGCATTA
AGTGTTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGACC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTC
TTGACATCCTTTGAAGCTTTTAGAGATAGAAGTGTTCTCTTCGGAGACAAAGTGACAGGT
GGTGCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC
AACCCTTATTGTTAGTTGCCAGCATTCAGATGGGCACTCTAGCGAGACTGCCGGTGACAA
ACCGGAGGAAGGCGGGGACGACGTCAGATCATCATGCCCCTTATGACCTGGGCTACACA
CGTGCTACAATGGCGTATACAACGAGTTGCCAGCCCGCGAGGGTGAGCTAATCTCTTAA
AGTACGTCTCAGTTCGGATTGTAGTCTGCAACTCGACTACATGAAGTCGGAATCGCTAGT
AATCGCGGATCAGCACGCCGCGATGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCA

CACCATGGGAGTTTGTAATGCCCAAAG
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