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Abstract
Background: Presently, there exists a growing interest in mitigating the utilization of antibiotics in response to the 
challenges emanating from their usage in livestock. A viable alternative strategy encompasses the introduction of live 
microorganisms recognized as probiotics, exerting advantageous impacts on the immune system and nutritional aspects 
of the host animals. Native lactic acid bacteria, inherently possessing specific properties and adaptive capabilities 
tailored to each animal, are deemed optimal contenders for probiotic advancement.
Aim: In the current investigation, microorganisms exhibiting probiotic potential were isolated, characterized, and 
identified from the fecal samples of guinea pigs (Cavia porcellus) belonging to the Peruvian breed.
Methods: The lactic acid bacteria isolated on Man, Rogosa, and Sharpe agar underwent Gram staining, catalase 
testing, proteolytic, amylolytic, and cellulolytic activity assays, low pH tolerance assessment, hemolytic evaluation, 
antagonism against Salmonella sp., determination of autoaggregation and coaggregation capacity, and genotypic 
characterization through sequencing of the 16S rRNA gene.
Results: A total of 33 lactic acid bacteria were isolated from the feces of 30 guinea pigs, also 10 isolates were selected 
based on Gram staining and catalase testing. All strains exhibited proteolytic activity, while only one demonstrated 
amylolytic capability, and none displayed cellulase activity. These bacteria showed higher tolerance to pH 5.0 and, to 
a lesser extent, to pH 4.0. Furthermore, they exhibited antagonistic activity against Salmonella sp. Only two bacteria 
demonstrated hemolytic activity, and were subsequently excluded from further evaluations. Subsequent assessments 
revealed autoaggregation capacities ranging from 4.55% to 23.19%, with a lesser degree of coaggregation with 
Salmonella sp. ranging from 3.53% to 8.94% for the remaining eight bacterial isolates. Based on these comprehensive 
tests, five bacteria with notable probiotic potential were identified by molecular assays as Leuconostoc citreum, 
Enterococcus gallinarum, Exiguobacterium sp., and Lactococcus lactis.
Conclusion: The identified bacteria stand out as promising probiotic candidates, deserving further assessment in 
Peruvian breed guinea pigs. This exploration aims to enhance production outcomes while mitigating the adverse 
effects induced by pathogenic microorganisms.
Keywords: Lactic acid bacteria, Enzymatic capacity, Salmonella sp., PCR, 16S rRNA.

Introduction
Guinea pigs, originally domesticated in Peru and 
subsequently introduced to various regions spanning 
South America, the Caribbean, Europe, and the United 
States (Lord et al., 2020), hold significance in breeding 
endeavors owing to the exceptional quality of their meat. 
This meat is characterized by its elevated protein content 
and low fat composition, rendering it an appealing choice 
for human consumption (Enríquez, 2019). Integral to 

their productive enterprise is the meticulous management 
of nutrition, primarily centered around green forage. 
Nevertheless, alternative nutritional sources, including 
balanced feed, vitamins, and high-protein flours, have 
been integrated into their dietary regimen (Reynaga 
et al., 2020; Herrera et al., 2022).
In tandem with nutritional considerations, scrutiny 
has been directed toward the intricate microbial 
communities inhabiting the gastrointestinal tract of 
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diverse animal species, given their profound influence 
on host physiological processes (Esser et al., 2019; 
Frias et al., 2023). Within the intestinal milieu of guinea 
pigs, the discerned microbial diversity is principally 
constituted by phyla encompassing Bacteroidetes, 
Firmicutes, Fibrobacteres, Proteobacteria, Actinobacteria, 
Verrucomicrobia, and Tenericutes (Crowley et al., 
2017; Palakawong Na Ayudthaya et al., 2019). The 
nuanced distribution of these phyla is contingent upon 
the specific intestinal segment under examination 
(Tang et al., 2022). Within this microbial consortium, 
select microorganisms demonstrate the capability to 
extracellularly produce enzymes and metabolites, 
thereby exerting influence over nutrient absorption 
dynamics within the host’s intestinal milieu (Solden 
et al., 2018; Oliphant and Allen-Vercoe, 2019). 
Furthermore, these microorganisms intricately engage 
with the host’s immune system, modulating defensive 
responses against a spectrum of pathogens (Zheng 
et al., 2020).
The confluence of technological advancements and 
intensified guinea pig production has brought to light 
profound sanitary challenges precipitated by microbial 
pathogens such as Salmonella sp. and Escherichia coli. 
These pathogens give rise to enterohepatic lesions, 
while Streptococcus sp. is implicated in respiratory 
afflictions, and to a lesser extent, Klebsiella sp. and 
Bordetella sp. (Morales, 2017; Angulo-Tisoc et al., 
2021). These microbial agents contribute significantly 
to elevated mortality rates and suboptimal growth in 
guinea pigs (Obregón et al., 2018; Bazán et al., 2019; 
Angulo-Tisoc et al., 2021). Despite the widespread 
practice of administering antibiotics by producers to 
mitigate the deleterious effects of these infections, 
empirical evidence underscores the persistent presence 
of these antibiotics in guinea pig meat, as well as in 
the liver and kidneys (Ampuero-Riega and Morales-
Cauti, 2021). Furthermore, there is a discernible surge 
in pathogen resistance to antibiotics, as substantiated 
by research findings (Quesada et al., 2016).
A viable alternative to antibiotic administration is the 
integration of probiotics into animal diets. Probiotics, 
living microorganisms recognized for their positive 
health impact in both human and animal contexts 
(Das et al., 2022), operate through mechanisms such 
as intestinal colonization, normalization of microbial 
communities, competitive exclusion of pathogenic 
counterparts, production of short-chain branched fatty 
acids, intestinal mucus synthesis, and modulation of 
the immune system, among other factors (Plaza-Diaz 
et al., 2019).
The application of probiotics has yielded substantial 
enhancements in the production performance of 
various animals, marked by elevated growth rates, 
improved feed conversion efficiency, and diminished 
mortality due to infectious diseases (Bhogoju and 
Nahashon, 2022). In the specific context of guinea 
pig production, probiotic supplementation has been 

associated with enhanced feed conversion rates and 
immune stimulation levels akin to those achieved using 
growth-promoting antibiotics in animals afflicted with 
Salmonella sp. (Saldarriaga, 2018; Carcelén et al., 2021). 
Preeminent among microorganisms employed as 
probiotics are those belonging to the group of lactic 
acid bacteria. This category encompasses gram-positive 
facultative anaerobic cocci and bacilli, distinguished 
by their lack of catalase activity, non-sporulation, and 
proficiency in lactic acid production (Pachla et al., 2018; 
Bintsis, 2018). Based on their metabolic pathways, they 
are stratified into homofermentative types, which ferment 
sugars to yield lactic acid, and heterofermentative types, 
generating lower acid quantities but producing carbon 
dioxide, ethanol, and mannitol (Moon et al., 2018; 
Abedi and Hashemi, 2020).
These microorganisms are deemed promising 
probiotics due to their capabilities in organic acid and 
bacteriocin production, impeding the proliferation 
of pathogens. In addition, they exhibit the synthesis 
of host-beneficial vitamins, secretion of immune-
enhancing exopolysaccharides, and production of 
antioxidant substances (Wang et al., 2021). Noteworthy 
genera renowned for their probiotic potential 
include Enterococcus, Pediococcus, Lactobacillus, 
Streptococcus, and Leuconostoc (Fijan, 2014).
In light of the aforementioned, there is a notable 
emphasis on the imperative to continue research 
on novel lactic acid bacteria possessing probiotic 
potential, particularly for their application in guinea 
pig rearing with the aim of improving production 
outcomes. Therefore, the primary objective of this 
study was to isolate and characterize native strains of 
lactic acid bacteria derived from guinea pig feces. The 
study further sought to evaluate the in vitro probiotic 
potential of these strains and molecularly identify the 
selected candidates.

Materials and Methods
Collection of guinea pig fecal samples
Guinea pig fecal samples were procured in February 
2023 at the Kotosh Production Center of the Hermilio 
Valdizan National University (UNHEVAL), situated in 
Kotosh City, Huánuco Province, within the Huánuco 
Region, Peru.
A total of 40 guinea pigs of the Peruvian breed, 
weighing between 300 and 400 grams, were selected 
for the study. These animals were evenly distributed 
among four ponds, each containing 10 individuals. 
A 2-week observation period preceded the sampling 
process to ensure the absence of disease signs, and no 
antibiotics were administered during this period. Pond 
two, displaying signs of illness, was consequently 
excluded from the study.
During the observation period, the guinea pigs were 
acclimated to a diet consisting of green forage, 
comprising corn husks, alfalfa, and hydroponically 
grown barley, with no water supplementation. The 
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animals were exposed to a lighting regimen of 12 hours 
of light and 12 hours of darkness, maintained under 
ambient temperature conditions.
Approximately 10 grams of fresh feces were collected 
from each pond using sterile forceps and promptly 
placed into previously sterilized tubes. The tubes 
containing fecal samples were then placed in a cooler 
box with refrigerant gel to maintain a temperature 
range between 2°C and 8°C during transportation to the 
Molecular Biotechnology Laboratory at UNHEVAL. 
This controlled temperature ensured the preservation 
of sample integrity for subsequent processing (Serrano 
et al., 2020).
Isolation of lactic acid bacteria
The collected fecal samples were cleaned and processed 
within a Class II biosafety cabinet (Biobase, China) 
using surgical blades to extract the superficial portion 
of the feces, subsequently placing them in Petri dishes 
for each of the three designated groups. One gram of 
fecal surface was taken and diluted in 50 ml of sterile 
saline solution (NaCl 0.9%). Subsequently, 1 ml of 
the prepared solution underwent serial dilutions to a 
value of 10-4. One hundred microliters of each dilution 
were spread on Man, rogosa, and sharpe (MRS) agar 
plates (Hi-Media, India), a medium specific for lactic 
acid bacteria. These plates were then incubated under 
microaerophilic conditions at 37°C for 24 hours.
Bacterial colonies obtained were further purified 
through sub-culturing on MRS agar plates, followed 
by an additional incubation at 37°C for 20 hours under 
microaerophilic conditions to ensure the attainment of 
pure colonies. Finally, 10–12 colonies were selected 
from each group (designated as G1, G3, and G4) for 
subsequent evaluations.
Biochemical selection tests
The pure bacterial isolates underwent characterization 
through Gram staining and a catalase activity test. For 
the Gram staining, a Gram staining kit (LabiFarma, 
Peru) was employed. The process involved initially 
staining the bacterial smear, fixed by prior flame 
fixation, with crystal violet for 1 minutes. Subsequently, 
Lugol’s solution was added for 1 minutes, followed 
by acetone alcohol for 15 seconds, and safranin for 1 
minutes. Distilled water rinses were performed between 
each treatment. The slides were observed under a 
microscope at 1,000× magnification using immersion 
oil (Jain et al., 2020).
Catalase activity was assessed by adding three drops 
of 15% hydrogen peroxide (JTBaker, USA) onto a 
bacterial smear on a glass slide. The appearance of 
bubbles was considered indicative of catalase enzyme 
activity (Castillo et al., 2022). For subsequent tests, 
Gram-positive bacteria with negative catalase activity 
were selected.
Evaluation of enzymatic activity
Proteolytic activity
The proteolytic activity of the isolates was assessed 
using Tryptic Soy Agar (TSA) agar plates (Difco, USA) 

supplemented with 1.5% skim milk (Difco, USA). 
Before testing, a culture of each isolate was prepared 
in MRS broth (Hi-Media, India) and incubated at 
37°C for 20 hours under microaerophilic conditions. 
Subsequently, the bacterial concentration was measured 
using a Nanodrop Onec UV-visible spectrophotometer 
(Thermo Scientific, USA) set at 650 nm and adjusted to 
a final bacterial density of 1.0 optical density (OD 650).
Next, 5 µl of each bacterial culture was inoculated onto 
TSA plates supplemented with skim milk, in triplicate. 
The plates were allowed to dry and then incubated at 
37°C for 48 hours under microaerophilic conditions. 
The formation of a clear halo around the bacterial 
colony indicated proteolytic activity. Following the 
methodology outlined by Fitriyanto et al. (2020), the 
diameter of the halo and the bacterial colony were 
measured to determine the proteolytic index using the 
following formula:

Proteolytic Index

Diameter of Clear Zone Diameter of Bacterial Co

=

- llony

Diameter of Bacterya Colony

Amylolytic activity
The assessment of amylolytic activity was conducted 
on nutrient agar plates (Hi-Media, India) supplemented 
with 1% soluble starch (Millipore, Germany). From 
bacterial cultures in MRS broth, 5 µl of each culture 
adjusted to a concentration of 1 OD 650 were inoculated 
in triplicate onto plates with nutrient agar and soluble 
starch. The plates were allowed to dry and then 
incubated at 37°C for 48 hours under microaerophilic 
conditions.
Subsequently, 3 ml of a Lugol’s solution (Sigma-
Aldrich, Germany) was added to each plate and 
allowed to stand for 5–10 minutes at room temperature. 
The appearance of a halo around the bacterial colony 
was considered an indicator of starch hydrolysis. 
Furthermore, the diameter of the halo and bacterial 
colony was measured to determine the amylolytic 
index using the following formula:

Amyolytic Index
Diameter of Clear Zone Diameter of Bacterial Colo

=
- nny

Diameter of Bacterya Colony

Cellulolytic activity
The cellulolytic activity of the isolates was assessed 
on nutrient agar plates supplemented with 1% 
Carboxymethyl cellulose (Spectrum Chemical, 
China). For each bacterial culture, 5 µl adjusted to a 
concentration of 1.0 OD650 were inoculated in triplicate 
onto plates with nutrient agar and carboxymethyl 
cellulose. The plates were allowed to dry and then 
incubated at 37°C for 48 hours under microaerophilic 
conditions.
To reveal cellulose degradation, a 1.0% Congo red 
solution (Merck, Germany) was added, and the plates 
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were allowed to stand for 15 minutes. The excess 
solution was removed, and a 0.1 M NaCl solution was 
added, left to stand for another 15 minutes, and the 
excess was removed. Finally, the plate was covered 
with 2% acetic acid for 10 seconds (Alcívar-Vega and 
Vera-Vargas, 2013; Anguiano-Aguilar, 2019). The 
presence of a clear halo around the colonies indicates 
cellulolytic activity.
Evaluation of probiotic capacity
Tolerance to low pH
Sterile MRS broth was prepared in tubes with 4.5 ml, 
and the pH was adjusted to 6.5, 5.0, and 4.0 using 
concentrated HCl. Simultaneously, an inoculum of 
each isolate were cultured in MRS broth at 37°C for 20 
hours under microaerophilic conditions. Subsequently, 
0.5 ml (10% v/v) of each culture was added to the 
tubes with MRS broth at the adjusted pH levels, with 
triplicate inoculations. The tubes were then incubated 
for 18 hours at 37°C under microaerophilic conditions.
Following incubation, bacterial concentration was 
measured by OD at 650 nm using a UV-visible 
spectrophotometer. Comparisons were made between 
bacterial concentrations at pH 5.0 and 4.0, adjusted with 
the concentration obtained at pH 6.5 for each bacterium.
Antagonistic activity against Salmonella sp.
To assess antagonistic activity, we employed a 
modified agar overlay method inspired by Halder 
et al. (2017). Inocula of each bacterial isolate was 
cultured in MRS broth and incubated at 37°C for 20 
hours under microaerophilic conditions. The OD for 
each microbial isolate was adjusted to 1 OD650 using a 
spectrophotometer. Subsequently, 5 µl of each isolate 
was inoculated in triplicate onto MRS agar plates.
These plates were covered with Mueller Hinton agar 
(Condalab, Spain) containing 0.8% agar, pre-mixed 
with 106 CFU/ml of Salmonella sp. After drying, the 
plates were incubated at 37°C for 48 hours under 
microaerophilic conditions to observe the presence 
or absence of an inhibition halo formed around the 
bacterial colony.
Hemolytic activity
The hemolytic activity of bacterial isolates was 
assessed by triplicate inoculation of 5 µl of bacterial 
culture adjusted to a concentration of 1.0 OD650 onto 
azide blood agar plates (Microgen, India) containing 
5% human blood. The plates were incubated under 
microaerophilic conditions at 37°C for 72 hours. The 
presence of hemolytic activity was associated with 
the formation of a clear halo around bacterial colonies 
(Kousha et al., 2022).
Auto-aggregation assay
The selected bacteria were inoculated into MRS broth 
and incubated at 37°C under microaerophilic conditions 
for 20 hours. After centrifugation at 3,000 g for 10 
minutes, the supernatant was discarded. The bacterial 
pellet was washed twice with a PBS 1× buffer (pH 7.2) 
and resuspended in the same solution. The bacterial 
concentration was adjusted to an OD650 of 0.25 ± 0.05.

Subsequently, 3 ml of bacterial suspensions were 
aliquoted in triplicate and incubated at 37°C for 3 hours. 
The absorbance was measured at 650 nm. The percentage 
of auto-aggregation was expressed as follows:

1Auto – aggregation Percentage = Abs3h
Abs0h

100−








×

where Abs3 hours represents the absorbance at 650 nm 
after 3 hours of incubation, and Abs0h represents the 
absorbance at 650 nm at the start of incubation (0 hour) 
(Tuo et al., 2013).
Co-aggregation assay
The selected bacteria were cultured in MRS broth and 
incubated at 37°C under microaerophilic conditions for 
20 hours. In addition, an aliquot of Salmonella sp. was 
cultured in TSB broth (Difco, USA) and incubated at 
37°C for 20 hours. Suspensions of lactic acid bacteria 
and Salmonella sp. were prepared in PBS 1× as 
described in the auto-aggregation assay, considering an 
OD650 of 0.29 ± 0.05 for Salmonella sp.
Subsequently, 1 ml of the suspension of each evaluated 
bacterium was mixed with 1 ml of Salmonella sp. 
suspended in PBS 1×. The mixture underwent vortex 
agitation and was incubated at 37°C for 3 hours. 
The absorbance was then measured at 650 nm. The 
percentage of co-aggregation was calculated as follows:

Co – aggregation Percentage =

AbsSalm + Absacid
2

– Absmixture

AbsSalm + Absacid
2

100




























×

where AbsSalm and Absacid correspond to the 
absorbance at 650 nm of the Salmonella sp. and the 
lactic acid bacteria suspension at the beginning of the 
assay. Absmixture corresponds to the absorbance at 650 
nm of the mixture of Salmonella sp. with lactic acid 
bacteria after 3 hours of the assay (Tuo et al., 2013).
Bacterial molecular identification using 16S rRNA 
marker
The selected bacterial isolates from the previous tests 
were identified using molecular assays targeting a 
fragment of the 16S rRNA gene. Bacterial cultures 
were grown in MRS broth for 20 hours at 37°C under 
microaerophilic conditions, and their concentration 
was adjusted to 1.0 OD650. Bacteria were then 
centrifuged at 5,000 g for 10 minutes, and the resulting 
pellet was resuspended in saline solution (NaCl 
0.9%). Genomic DNA (gDNA) was extracted using 
the GeneJet Genomic DNA Purification Kit (Thermo 
Scientific, USA), following the manufacturer’s 
recommended procedures (Ahmed et al., 2021). The 
quantity and purity of the obtained gDNA were verified 
using the spectrophotometer NanoDrop OneC (Thermo 
Scientific, USA).
The bacterial genomic DNA’s 16S rRNA gene 
fragment was amplified using universal primers 27F: 
5′ AGAGTTTGATCCTGGCTCAG 3′ and 1492R: 5′ 
GGTTACCTTGTTACGACTT 3′ at a concentration 
of 0.24 uM. The amplification was carried out through 
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Polymerase Chain Reaction (PCR), employing 1U of 
Maximo Taq DNA polymerase (Geneon, Germany) 
and 0.2 mM dNTPs (Geneaid) in a 50 ul reaction 
volume. PCR was performed using a SimpliAmp 
thermocycler (Applied Biosystem, USA), initiating 
with an initial denaturation step at 95°C for 5 minutes. 
This was followed by 35 cycles of denaturation at 
95°C for 30 seconds, annealing at 54°C for 40 seconds, 
and extension at 72°C for 1 minutes. An additional 
extension step at 72°C for 7 minutes concluded the 
cycling, followed by a final step at 4°C. The presence 
of PCR products was confirmed by electrophoresis 
on 1.5% agarose gels (Geneon, Germany) alongside a 
100 bp DNA ladder (Geneaid Biotech, Taiwan). The 
PCR products were analyzed by 1.5 % agarose gel 
electrophoresis using a 1× buffer Tris-acetate-EDTA 
also used for the immersion of gel. Electrophoresis was 
run at 90V for 40 minutes in a Sub Cell GT horizontal 
electrophoresis chamber (BioRad, USA) connected 
to a PowerPac HC power supply (BioRad, USA). 
Gel visualization was performed using a GelDoc Go 
Imaging System (Biorad, USA).
PCR products with a band size of approximately 
1,500 bp were purified and sent for sequencing 
to Macrogen Inc., (Chile) using the ABI 3730XL 
DNA sequencer (Applied Biosystem, USA). 
Sequencing was carried out with primers targeting 
the V3-V4 region: 16S_V3-V4_IlluminaF 
(CCTACGGGGNGGCWGCAG) and 16S_V3-V4_
IlluminaR (GACTACHVGGGTATCTAATCC).
The generated sequences underwent analysis using the 
software program DNA Baser Sequence Assembler 
v5.21.0 (Heracle BioSoft, Romania) to confirm base 
assignments and sequence assembly. In addition, 
the Blastn free program (https://blast.ncbi.nlm.
nih.gov/Blast.cgi?PROGRAM=blastn&BLAST_
SPEC=GeoBlast&PAGE_TYPE=BlastSearch) was 
employed for the identification of genera and/or species 
corresponding to the obtained sequences. Phylogenetic 
relationships were inferred using the program MEGA 
11 (Tamura et al., 2021). Phylogenetic trees were 
constructed using the maximum likelihood method 
with the Kimura 2-parameter model, incorporating a 
gamma distribution of substitution rates among sites 
and 1,000 bootstrap replicates. Sequences obtained 
in this study were used alongside 14 16S rRNA gene 
sequences retrieved from the NCBI GenBank database.
Statistical analysis
Software Microsoft Excel v.2312 (Microsoft 
Corporation, USA) was used to create tables and 
comparative graphs. Statistical tests were conducted 
using the program IBM SPSS Statistics v.26 (IBM 
Corp, USA). The non-parametric Kruskal-Wallis test 
(proteolytic activity, pH tolerance, autoaggregation, 
and coaggregation) for independent samples was 
employed with a 95% confidence interval. Multiple 
comparisons were conducted using the Dunn test with 
a Bonferroni correction for the level of significance.

Ethical approval
Not needed because the animal manipulation was only 
for the collection of feces, the principles of animal 
welfare according to the World Organization for 
Animal Health (founded as OIE) were complied with 
and the animals were not sacrificed in this study.

Results
Animals were randomly distributed in groups of 10 
animals per pond to reduce stress due to high densities. 
The feces collected from each pond represented 03 
replicates for the isolation bacteria that maximize the 
probabilities of obtaining acid lactic microorganisms 
with different morphologies for the following 
evaluations. A total of 33 pure bacterial isolates were 
obtained, distributed among Group G1 (10 isolates), 
Group G3 (11 isolates), and Group G4 (12 isolates), 
as detailed in Table 1. Gram staining characterization 
revealed that 73% exhibited a Gram-positive pattern, 
with 27% showing Gram-negative characteristics. 
Microscopic examination of all isolates identified cocci 
(42%), rods or bacilli (45%), and coccobacilli (13%). 
Notably, within the Gram-positive bacterial group, 
similar percentages were observed for both cocci and 
bacilli. Furthermore, catalase testing indicated that 
64% of the isolates were catalase-positive, while 36% 
exhibited catalase-negative activity.
From the initial characterization, ten acid lactic 
bacterial isolates were chosen for further evaluation, 
which were Gram-positive organisms, catalase 
negative, mesophilic, and rod or spherical shaped. The 
selected ones are: G1C2, G1C4, G1C5, G1C7, G3C3, 
G3C7, G3C9, G3C10, G4C7A, and G4C8. Isolates 
G1C8 and G4C7 were not considered due to their low 
or negligible growth in the conducted cultures.
The potential for extracellular enzymatic activity of 
each selected microbial isolate was investigated using 
selective agar for protease, amylase, and cellulase 
activities. In all three cases, the formation of a clear 
halo in the agar around bacterial colonies indicated 
enzymatic activity. The results are presented in Table 2.
The assay for proteolytic activity revealed that all 
bacterial isolates exhibited extracellular protease 
activity, forming a halo of protein degradation in the 
agar around the colony. The calculated proteolytic 
indices ranged from 0.17 to 0.60, indicating significant 
differences among them (p = 0.001). Isolates G1C2 and 
G3C7 demonstrated higher proteolytic activity, while 
G1C4 and G1C7 showed lower activity. However, 
significant differences were observed only between 
G1C2 and G1C4 (p = 0.024) and G1C7 (p = 0.034).
In this study, amylase activity was exclusively identified 
in the G3C7 isolate, demonstrating an amylolytic index 
of 0.48 ± 0.06 (Table 2). Conversely, cellulase activity 
remained undetected in the assessed bacterial isolates 
(Fig. 1C).
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Probiotic capacity assays
Tolerance to low pH levels
One of the defining features of microorganisms with 
probiotic potential is their ability to resist growth in 
environments with low pH levels, facilitating their 
survival in the digestive tract of animals (Bernatek 
et al., 2022; Mendonça et al., 2022). The OD650 
growth data at pH 6.5, 5.0, and 4.0 were normalized to 
the growth at pH 6.5 for comparative analyses (Table 3). 

The results revealed a significant reduction in bacterial 
growth due to the decrease in pH, particularly evident 
in cultures at pH 4.0 (p < 0.05) compared to cultures at 
pH 6.5 for each strain evaluated. Differences in growth 
at pH 5.0 compared to pH 6.5 were also observed (p > 
0.05). Isolates demonstrating higher tolerance at pH 5.0 
included G3C9 (0.6 ± 0.32), followed by G1C4 (0.51 
± 0.03) and G1C7 (0.49 ± 0.06), while G1C2 exhibited 
lower tolerance (0.22 ± 0.03) (p > 0.05). Consistently, 

Table 1. Gram staining, bacterial morphology, and catalase activity tests for isolates from guinea pig feces.

Bacterial isolatea Gram staining Morphology Catalase assay
G1C1 GRAM + COCOS CATALASE +
G1C2 GRAM + COCOS CATALASE −
G1C3 GRAM + BACILOS CATALASE +
G1C4 GRAM + COCOBACILOS CATALASE −
G1C5 GRAM + COCOS CATALASE −
G1C6 GRAM + COCOS CATALASE +
G1C7 GRAM + COCOS CATALASE −
G1C8 GRAM + BACILOS CATALASE −
G1C9 GRAM + COCOS CATALASE +
G1C10 GRAM + BACILOS CATALASE +
G3C1 GRAM + BACILOS CATALASE +
G3C2 GRAM − COCOS CATALASE +
G3C3 GRAM + COCOS CATALASE −
G3C4 GRAM − BACILOS CATALASE +
G3C5 GRAM + BACILOS CATALASE +
G3C6 GRAM − COCOS CATALASE +
G3C7 GRAM + COCOS CATALASE −
G3C8 GRAM − BACILOS CATALASE +
G3C9 GRAM + COCOS CATALASE −
G3C10 GRAM + COCOS CATALASE −
G3C12 GRAM − BACILOS CATALASE +
G4C2 GRAM + COCOS CATALASE +
G4C3 GRAM + BACILOS CATALASE +
G4C4 GRAM − COCOBACILOS CATALASE +
G4C5 GRAM − COCOBACILOS CATALASE +
G4C6 GRAM − COCOBACILOS CATALASE +
G4C7 GRAM + COCOS CATALASE −
G4C7A GRAM + BACILOS CATALASE −
G4C8 GRAM + BACILOS CATALASE −
G4C9 GRAM + BACILOS CATALASE +
G4C10 GRAM − BACILOS CATALASE +
G4C11 GRAM + BACILOS CATALASE +
G4C12 GRAM + BACILOS CATALASE +

aG: Group; C: Colony.
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G1C4 and G1C7 displayed greater tolerance at pH 4.0 
compared to other isolates (p > 0.05).
Antagonistic activity against Salmonella sp. 
All the assessed microorganisms exhibited inhibition 
zones against the pathogenic bacterium Salmonella 
sp., as demonstrated by the clear halos observed in the 
superficial agar layer.
Hemolytic capacity 
As for this investigation, isolates G1C4 and G4C8 
(Fig. 3) displayed distinct halos with a slightly greenish 
hue on the blood agar, leading to their exclusion from 
subsequent assays. For the remaining bacteria, no halos 
were discerned in the agar medium.
Autoaggregation and coaggregation capacity against 
Salmonella sp.
Eight isolates were assessed to determine their 
autoaggregation capacity at 3 hours (Table 4). The 
highest autoaggregation percentage was observed in 
isolate G3C7 at 23.19% ± 2.51%, compared to 4.55% ± 
0.00% in G1C2 and 6.94% ± 2.41% in G1C7, revealing 

Table 2. Assessment of protease, amylase, and cellulase enzymatic activity in selected bacterial isolates.

Bacterial 
isolate

Protease  
activity

Protease  
index1 Amilase activity Cellulase activity

G1C2 POSITIVE 0.60 ± 0.05a UNDETECTABLE UNDETECTABLE
G1C4 POSITIVE 0.17 ± 0.04b UNDETECTABLE UNDETECTABLE
G1C5 POSITIVE 0.36 ± 0.07 UNDETECTABLE UNDETECTABLE
G1C7 POSITIVE 0.17 ± 0.04b UNDETECTABLE UNDETECTABLE
G3C3 POSITIVE 0.41 ± 0.01 UNDETECTABLE UNDETECTABLE
G3C7 POSITIVE 0.50 ± 0.07 POSITIVE (0.48 ± 0.06) UNDETECTABLE
G3C9 POSITIVE 0.34 ± 0.01 UNDETECTABLE UNDETECTABLE
G3C10 POSITIVE 0.38 ± 0.03 UNDETECTABLE UNDETECTABLE
G4C7A POSITIVE 0.30 ± 0.03 UNDETECTABLE UNDETECTABLE
G4C8 POSITIVE 0.19 ± 0.08 UNDETECTABLE UNDETECTABLE

1Average values of three replicates ± standard deviation. a, b Different letters indicate significant differences (p < 0.05).

Fig. 1. Extracellular enzymatic activity of selected isolates. A) Isolate G1C2 exhibiting the highest protease activity, B) Isolate 
G3C7 displaying amylase activity, and C) Isolate G4C7A with negative cellulase activity.

Table 3. Growth measured in OD650 of microbial isolates 
in MRS broth at pH 5.0 and 4.01 normalized with respect to 
growth at pH 6.5.

Bacterial 
isolate

Averaged OD650 
normalized pH 5.0

Averaged OD650 
normalized pH 4.0

G1C2 0.22 ± 0.03 0.11 ± 0.02
G1C4 0.51 ± 0.03 0.15 ± 0.04
G1C5 0.38 ± 0.01 0.13 ± 0.00
G1C7 0.49 ± 0.06 0.17 ± 0.06
G3C3 0.47 ± 0.08 0.12 ± 0.01
G3C7 0.23 ± 0.12 0.09 ± 0.06
G3C9 0.60 ± 0.32 0.11 ± 0.01
G3C10 0.35 ± 0.01 0.08 ± 0.04
G4C7A 0.29 ± 0.01 0.13 ± 0.03
G4C8 0.46 ± 0.05 0.14 ± 0.07

1Values are the average of three replicates ± standard deviation.
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significant differences (p < 0.05). Similarly, the eight 
bacterial isolates were examined to ascertain their 
coaggregation capacity with the pathogen Salmonella 
sp. The highest coaggregation capacity was found to 
be 8.94% ± 0.52% in G3C7, which was significantly 
different from 3.53% ± 0.56% in G1C7 (p < 0.05).
Molecular identification using the 16S rRNA gene
Considering the probiotic capacity criteria evaluated 
earlier, isolates G1C7, G3C3, G3C7, G3C9, and G3C10 

were selected for molecular identification. Positive 
amplicons of approximately 1,500 bp were obtained 
for all 05 isolates after agarose gel migration (Fig. 4). 
The obtained 16S rRNA gene sequences for isolates 
G1C7 and G3C3 correspond to Leuconostoc citreum, 
with identity percentages of 99.38% and 84.73%, 
respectively. Isolates G3C7, G3C9, and G3C10 were 
identified as Enterococcus sp., Exiguobacterium sp., 
and Lactococcus lactis with identity percentages of 

Fig. 2. Bar chart illustrating the tolerance of bacterial isolates to pH 5.0 and 4.0 expressed in OD 
values at 650 nm normalized with respect to growth at pH 6.5. (*) indicates significant differences.

Fig. 3. Illustration of the hemolytic capacity of bacterial isolates, highlighting a greenish halo in the cases of (A) G1C4 and (B) G4C8.
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86.71%, 99.38%, and 100%, respectively (Table 5), and 
an E-value very close to zero. In addition, phylogenetic 
trees were constructed for isolates G3C7 and G3C10, 
one for G1C7 and G3C3, and one for G3C9 since 
fragments located in different regions of the 16S rRNA 

gene were obtained. This analysis confirmed the results 
obtained previously by Blastn (Fig. 5).

Discussion
This investigation focused on the isolation of 
microorganisms from guinea pig feces, leveraging 
the transit of fecal pellets through the colon to capture 
microorganisms from the internal intestinal walls. The 
utilization of a selective MRS medium for bacterial 
isolation favored the growth of lactic acid bacteria, 
contributing to the observed prevalence of Gram-
positive bacteria. Furthermore, the coexistence of 
both Gram-positive and Gram-negative bacteria aligns 
with the established distribution of predominant phyla 
in the guinea pig intestine. Specifically, Firmicutes 
encompasses a substantial population of Gram-positive 
bacteria, while Bacteroidetes comprises Gram-negative 
bacterial entities (Crowley et al., 2017).
As evidenced by the results, equivalent levels of 
cocci and bacilli were discerned, accompanied by an 
increased prevalence of catalase-positive bacteria. This 
observation diverges from the findings of Serrano et al. 
(2020), who documented a prevalence of bacillary 
strains isolated from guinea pig feces, with over 80% 
of bacteria exhibiting catalase negativity. The criteria 
for the selection of potential probiotic microorganisms 
encompassed attributes such as lactic acid bacteria, 
Gram-positive staining, and catalase negativity (Jung 
et al., 2020; Castillo et al., 2022). 
Protease activity emerges as a noteworthy characteristic 
among probiotic microorganisms, contributing to 
the generation of bioactive peptides endowed with 
antimicrobial, immunomodulatory, and antioxidant 
properties conducive to host well-being (Wang et al., 
2021). Notably, all assessed bacteria manifested 
proteolytic activity, aligning with the findings of 
Serrano et al. (2020), who identified a substantial 
proportion of lactic acid bacteria isolated from guinea 
pig feces exhibiting protease activity, with a heightened 
prevalence in the Peruvian breed in comparison to 
the Andean or Inti breed. Furthermore, the levels 
of proteolysis closely paralleled those observed in 
probiotics isolated from other species, such as cattle, 
where indices of proteolytic activity were analogous 
(0.2–0.6) (Ramadhan et al., 2021). Conversely, an 
inquiry into probiotics isolated from pig feces revealed 
proteolytic halos with a maximum diameter of 3 mm 
following 24 hours of incubation (Marchwińska and 
Gwiazdowska, 2022). Another investigation focused 
on probiotics obtained from sheep dairy products 
reported protein hydrolysis diameters exceeding 10 
mm (Silva et al., 2019).
The microbial capacity for carbohydrate hydrolysis 
through the enzymatic actions of amylase and cellulase 
plays a pivotal role in enhancing food digestibility 
and optimizing the utilization of the provided diet (Yi 
et al., 2020). The observed low incidence of bacteria 
exhibiting amylolytic capacity in this study aligns 

Table 4. Autoaggregation and coaggregation capacity of 08 
bacterial isolates.

Bacterial 
isolate

% 
Autoaggregation 

3 hours

%  
Coaggregation with 

Salmonella sp. 3 hours
G1C2 4.55 ± 0.00a 5.19 ± 0.00
G1C5 11.11 ± 2.41 5.61 ± 0.52
G1C7 6.94 ± 2.41a 3.53 ± 0.56a

G3C3 15.28 ± 2.41 5.07 ± 0.57
G3C7 23.19 ± 2.51b 8.94 ± 0.52b

G3C9 12.12 ± 2.62 6.05 ± 0.57
G3C10 14.67 ± 4.62 6.29 ± 1.01
G4C7A 13.89 ± 2.41 5.50 ± 0.54

a, b Signify significant differences (p < 0.05) within the same 
column. Average values of three replicates ± standard deviation. 

Fig. 4. Agarose gel electrophoresis of PCR products targeting 
the 16S rRNA gene amplified from the genomic DNA of 
G1C7, G3C3, G3C7, G3C9, and G3C10. M is a 100 bp 
molecular weight marker.
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with previous investigations, revealing only 13% of 
amylolytic strains isolated from porcine intestines 
(Marchwińska and Gwiazdowska, 2022), and a mere 
8% of strains with recognized probiotic potential 
isolated from guinea pig feces (Serrano et al., 2020). 
Notably, the amylolytic levels recorded fall within 
the spectrum of those reported for amylolytic isolates 
originating from the intestines of Osphronemus goramy 
fish (Suprayudi et al., 2016).
Conversely, no bacteria with cellulase activity were 
documented in contrast to other investigations in 
guinea pigs, where 4% of bacteria exhibited cellulolytic 
activity (Serrano et al., 2020). Comparable cellulolytic 
activity has been observed in isolates from the intestinal 
tract of chickens (Nurliana et al., 2022).
Within the context of probiotic attributes, one of the 
paramount considerations is the resilience of lactic 
acid bacteria to low pH conditions, with some strains 
demonstrating tolerance to exceedingly low pH 
values (pH 2.0). These bacteria exhibit resilience for 
a minimum of 2 hours, yet optimal growth is observed 

at pH levels proximate to neutrality (Jomehzadeh 
et al., 2020; Marchwińska and Gwiazdowska, 2022). 
Lactic acid bacteria isolated from guinea pig feces have 
similarly displayed tolerance to pH levels of 2.0 and 4.0 
(Serrano et al., 2020). Consequently, the characteristics 
of the microorganisms elucidated in this investigation 
concur with these notable attributes.
The antagonistic proficiency against pathogenic 
microorganisms stands as a pivotal criterion in the 
discerning selection of probiotics. This investigation 
substantiates the in vitro antagonistic efficacy against 
Salmonella sp., a precipitating factor in guinea pig 
mortality, thereby underscoring the potential of these 
probiotic strains to mitigate Salmonella sp. infections 
in guinea pig hosts (Ortiz, 2016; Serrano et al., 2020). 
Moreover, this antagonistic prowess extends to other 
pathogens, including Yersinia enterocolitica, Shigella 
flexneri, E. coli, and S. aureus, as documented in existing 
literature (Jomehzadeh et al., 2020; Ahmed et al., 2021).
The hemolytic capacity assessment of the bacterial 
isolates serves a dual purpose: first, to categorically 

Table 5. Accession numbers and strain names stored in GenBank with the highest percentage of identity 
to potential probiotic isolates.

Bacterial 
isolate Reference strain ID value (%) GeneBank ID

G1C7 Leuconostoc citreum cepa MG5373 99.38 ON631287.1
G3C3 Leuconostoc citreum cepa BGL7 84.73 OR374033.1
G3C7 Enterococcus gallinarum cepa 0.17 86.71 MK611097.1
G3C9 Exiguobacterium sp. cepa NO6 95.09 MT377851.1
G3C10 Lactococcus lactis cepa WGC4-1 100 OR083558.1

Fig. 5. Phylogenetic trees based on 16S rRNA gene sequences for 05 isolates enclosed in a black rectangle. A) Phylogenetic tree for 
isolates G3C10 and G3C7. B) Phylogenetic tree for isolates G1C7 and G3C3. C) Phylogenetic tree for isolate G3C9.
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exclude strains with potential pathogenicity, aligning 
with the guidelines stipulated by the Food and 
Agriculture Organization (FAO) regarding the safety 
imperative for host organisms in the context of probiotic 
applications (FAO, 2016; Deidda et al., 2020). Second, 
the observed halos in this study signify a manifestation 
of alpha hemolysis on blood agar (Halder et al., 2017). 
Consistent with these findings, prior investigations 
have reported analogous hemolytic activity in lactic 
acid bacteria isolated from the gastrointestinal tracts 
of poultry and swine (Tuyarum et al., 2021; Makzum 
et al., 2023). The degradation of blood agar is posited 
to be instigated by hemolysin, an enzymatic agent 
capable of lysing host cells to facilitate the assimilation 
of ferrous compounds, particularly hemoglobin (Chen 
et al., 2018). It is pertinent to note that such hemolytic 
attributes are conventionally associated with a 
multitude of pathogenic microorganisms.
The phenomenon of autoaggregation is closely 
linked to the development of biofilms, facilitating 
enhanced adhesion and colonization within the 
intestinal environment. Simultaneously, coaggregation 
serves as a mechanism to impede the adhesion of 
pathogenic microorganisms to the intestinal epithelium 
(Venkatasatyanarayana et al., 2017). The observed 
proficiency in aggregation among the selected isolates 
aligns with findings reported by Kousha et al. (2021), 
who assessed the probiotic potential of Lactobacillus 
strains. This concordance is further substantiated by a 
study involving Lactobacillus strains isolated from the 
intestinal tracts of poultry, wherein a majority exhibited 
autoaggregation ranging between 11% and 29% after a 
2 hours evaluation period (Aziz et al., 2019). However, 
extant literature also documents instances of lactic acid 
bacteria, sourced from the digestive systems of poultry, 
as well as dairy and meat products, and some vegetables 
as fermented Torshi exhibiting higher percentages of 
autoaggregation and coaggregation against Salmonella 
sp. within a 2–4 hours assessment window (Reuben 
et al., 2019; Ahmed et al., 2021; Nemati et al., 2023).
Molecular analyses afford heightened precision in 
the identification of microorganisms possessing 
optimal probiotic characteristics. The identification 
of L. citreum, characterized as Gram-positive 
cocci with negative catalase activity, aligns with 
reports highlighting its probiotic capacity to inhibit 
pathogenic microorganisms (Muthusamy et al., 
2023; Ahn et al., 2023). Members of this genera also 
have been isolated from fermented Torshi showing 
a high acid and bile tolerance (Nemati et al., 2023). 
This alignment is consistent with the characteristics 
identified in the present study for isolates G1C7 and 
G3C3, both classified within the same taxonomic 
group. Enterococcus gallinarum, identified as Gram-
positive cocci with negative catalase activity (Eshaghi 
et al., 2015), closely mirrors the characteristics of 
isolate G3C7. This bacterial group is recognized for 
its probiotic potential, attributed to the production of 

pathogen-inhibiting bacteriocins, thus conferring them 
the status of potential immunomodulatory probiotics 
(Román et al., 2015; Totewad & Gyananath, 2018).
Exiguobacterium species, characterized by adaptability 
to diverse habitats, typically exhibit Gram-positive 
cocci morphology with catalase activity (Pandey, 2020). 
It is noteworthy that isolate G3C9, while assigned to 
this species, manifested an absence of catalase activity. 
Some members of the Exiguobacterium genus have 
been reported to harbor probiotic potential associated 
with nutrient absorption and the reduction of host 
mortality (Hadi et al., 2014; Cong et al., 2017). Finally, 
L. lactis, recognized as a Gram-positive cocci with 
negative catalase activity, holds the status of a probiotic 
organism (Jung et al., 2020).

Conclusion
The five selected isolates manifest commendable 
attributes qualifying them as potential probiotics. 
These features encompass protease enzymatic activity, 
amylase activity in one instance, the ability to inhibit 
Salmonella sp., resilience to acidic pH conditions, 
host safety demonstrated by the absence of hemolytic 
activity, and notable levels of autoaggregation and 
coaggregation with Salmonella sp. Furthermore, 
these isolates have been identified as bacteria with 
antecedent reports detailing their probiotic potential 
across diverse species. Thus, they could be used to 
prepare probiotic products to improve the health and 
productive parameters of guinea pigs. Complement 
studies should be conducted about potential probiotics 
of acid lactic isolated from other guinea pig breeds 
such as Inti and Andina. 
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