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A B S T R A C T   

The intricate balance of intestinal microbiota is significantly influenced by the pivotal role of 
indigenous lactic acid bacteria (LAB). These LAB not only contribute to antimicrobial activity and 
enhance animal health and productivity but also serve as defense against intestinal infections. In 
the present study, the probiotic potential of LAB strains isolated from various intestinal sections of 
adult and young guinea pigs (Cavia porcellus) was comprehensively assessed. Strains belonging to 
the genera Ligilactobacillus, Weissella, Enterococcus, and Limosilactobacillus were also identified. 
The antibacterial activities of the LAB strains against Salmonella typhimurium, Escherichia coli, and 
Staphylococcus aureus were quantified. Exopolysaccharide production, adherence capacity, anti-
biotic resistance, and bile salt tolerance (0.15 %, 0.30 %, and 0.45 %) of LAB were quantified. 
Further analyses focused on the effects of pH (2.9, 5.0, 6.4, and 7.4), temperature (40, 50, and 
60 ◦C) and NaCl concentrations (3.5 % and 6.5 % w/v) on LAB growth. Strains GCI9 and GDE10 
(Ligilactobacillus salivarius), isolated from the cecum and intestine of guinea pigs, exhibited sig-
nificant antimicrobial activity against S. typhimurium, E. coli and S. aureus. Remarkable adherence 
capacity to porcine gastric mucin was demonstrated by L. salivarius strains, specifically ACI1, 
GCI9, and GDE10, with the highest exopolysaccharide levels produced by ACI1 and GCI9 (1.71 
and 1.76 mg/mL, respectively). The probiotic potential was further underscored by remarkable 
bile salt tolerance, especially in strain GDE10, and substantial exopolysaccharide production. 
These strains displayed notable adaptability to varying environmental conditions, including NaCl 
concentrations at 3.5 % and 6.5 %, temperatures ranging from 40 to 60 ◦C, and pH levels of 2.9, 
5.0, 6.4, and 7.4. This comprehensive assessment of the probiotic properties of L. salivarius strains, 
particularly ACI1, GCI9, and GDE10, shows promise for the development of probiotic formula-
tions aimed at enhancing the intestinal health of guinea pigs.   

1. Introduction 

Peru holds the distinction of being the world leader in guinea pig production, comprising a significant 77.6 %) of the global market, 
followed by Ecuador, Bolivia, and Colombia [1]. The continuous growth of guinea pig breeding in these countries is attributed to its 
integral role in traditional and cultural gastronomy, coupled with a commendable 40 % profit margin for commercialization [1]. 

In Colombia, the department of Nariño is the epicenter of guinea pig production is, contributing to 95 % of the national production, 
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benefiting approximately 30.000 producer families with an annual output of 2.6 million guinea pigs [2]. However, the expansion of 
commercial-scale production has ushered in challenges such as elevated morbidity and mortality rates, along with the overreliance on 
antibiotics to combat infectious diseases caused by Salmonella typhimurium, Escherichia coli, Staphylococcus aureus, and other parasites 
[3,4]. An intriguing avenue for mitigating these challenges lies in the utilization of probiotic bacteria isolated from guinea pig in-
testines. Studies conducted by Killer et al. [5] and Sechovcová et al. [6] showcase the isolation of Lactobacillus caviae and Alloscardovia 
venturai, both belonging to the lactobacillus and bifidobacterium species respectively. Furthermore, Palakawong Na Ayudthaya [7] 
identified a Streptococcus species from guinea pig fecal samples. The exploration of probiotic bacteria derived from the host itself has 
gained momentum in recent decades as a natural resource to optimize animal production and prevent infections [8,9]. These live 
organisms contribute to the improvement of intestinal microbial balance and exhibit efficacy against various disorders, including 
inflammatory diseases and bacterial infections [10,11]. Notably, studies indicate that strains display enhanced probiotic capacity 
when applied to the same source from which they are isolated [7,8,12–14]. Therefore, leveraging strains with probiotic potential from 
guinea pig intestines for inclusion in their diets becomes a promising strategy. 

Several factors determine the probiotic capacity of a strain, including its adherence capacity, antimicrobial activity, tolerance to 
diverse temperatures, pH fluctuations, NaCl concentrations, production of exopolysaccharides (EPS), and antibiotic resistance [9,10, 
15,16]. 

The importance of molecularly identifying strains with probiotic capacity is underscored, and molecular techniques, particularly 
polymerase chain reaction (PCR)-based methods, play a pivotal role in their characterization and specific detection. Notably, 16S 
rDNA sequencing, involving single- or double-gene amplification from an appropriate DNA sample, facilitates the determination and 
comparison of nucleotide sequences with those of other bacteria, thereby elucidating their phylogeny [5,13]. Thus, the objective of this 
study was to identify lactic acid bacteria (LAB) isolated from guinea pig intestines and assess their probiotic capacity. 

2. Materials and methods 

2.1. Reagents 

Nutrient agar, de Mann–Rogosa and Sharpe (MRS) broth, peptone water, and glucose were obtained from PANREAC (Castellar del 
Vallès, Barcelona). Ethanol, xylene, and phosphate buffered saline were obtained from Merck (Darmstadt, Germany). MacConkey agar, 
pepsin, pancreatin, bile salts, and aniline blue were purchased from Sigma-Aldrich (St. Louis, MO, USA). 

2.2. Isolation of LAB 

This study was approved by the Research Ethics Committee of the Universidad Nacional de Colombia, Palmira Campus and the 
Ministry of Environment, Republic of Colombia (Contract No. 121 of 2016). Four 4-month-old adult guinea pigs and four 15-day-old 
healthy young guinea pigs were obtained from Botana farm, Universidad de Nariño, Colombia. The guinea pigs were sacrificed using a 
captive bolt gun by holding the animals on a metal table. With the head firmly supported on the table, the captive bolt gun was placed 
at the midline between the eyes and ears so that the bolt could penetrate the thalamus/midbrain regions, and the carotid arteries and 
jugular veins were separated bilaterally until total exsanguination [17]. Intestines were aseptically extracted for LAB isolation. 

A total of 24 LAB samples were collected from the intestinal mucosa of the cecum, colon, and small intestine. Each swab was 
immersed in a tube containing sterile peptone. From the resulting dispersion of each intestinal section, 1 mL was serially diluted to 
10− 4 in sterile water. Bacterial colonies were seeded on MRS agar with the addition of 0.3 % aniline blue [18]. Bacterial colonies were 
seeded by depletion for 48 h at 37 ◦C. The seeding procedure was repeated until pure cultures were obtained and the strains were coded 
using letters and numbers. The first letter A or G were used to indicate whether the strain was obtained from an adult or young guinea 
pig, and the second and third letters CI, CO, or DE were used to indicate the intestinal section from which it was obtained, the cecum, 
colon, or intestine, respectively. The code was used to indicate the number of consecutively isolated colonies. Pure colonies were 
subjected to Gram staining and catalase assays. Finally, pure gram-positive, non-spore-forming, and catalase-negative colonies were 
seeded in MRS broth and cryopreserved in glycerol at − 40 ◦C for molecular identification. 

2.3. Molecular identification of LAB 

The cryopreserved strains were reactivated by placing them in MRS broth for 24 h at 37 ◦C and were subsequently replicated on 
MRS agar for 48 h at 37 ◦C. DNA was extracted from the reactivated strains using a DNA extraction kit (GenElute Promega Wizard 
Genomic DNA Isolation, Sigma-Aldrich, St. Louis, MO, USA), according to the manufacturer’s instructions. The extracted DNA was 
subjected to molecular size comparison using a GeneRuler 1 kb Plus DNA Ladder (Thermo Scientific™, V. A. Graiciuno 8, Vilnius, LT- 
02241 Lithuania). After size confirmation, the DNA samples were subjected to PCR. For amplification of the 16S ribosomal gene, PCR 
was performed using the GoTaq G2 Flexi DNA Polymerase Amplification Kit (Promega, Madison, WI, USA) according to the manu-
facturer’s instructions. The samples were then placed in a thermal cycler (PTC 100, Bio-Rad, Edison, NJ, USA). The initial denaturation 
was performed at 95 ◦C for 5 min for 30 cycles and the second denaturation at 95 ◦C for 30 s for 30 cycles. Posteriorly, the hybridization 
(amplification) was performed at 50 ◦C for 60 s and 30 cycles and the final extension at 72 ◦C for 40 s and 30 cycles. The melting 
temperature of the primers was 50 ◦C. 16S rDNA was amplified from the isolated genomic DNA [18]. 

PCR was performed using primer pairs 27F (5′-AGA-GTTTGATCCTGGCTCAG-3′) and 1495R (5′-CTACGGCTACCTTGTTACGA-3′). 
The size and amount of PCR products were verified on a 1 % agarose gel-TBE 1X with 1 h run conditions at 100 V using the Thermo 
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Scientific™ GeneRuler 100 pb Plus DNA Ladder 100 pb Plus DNA Ladder. The PCR products were subjected to Sanger sequencing at the 
Corporation Research Center (contract number 105S-2021-SEC; Bogotá, Colombia). 

To identify each LAB, regions with low sequence quality were removed using BioEdit software version 7.7.1. Edited sequences were 
compared with sequences available in the National Center for Biotechnology Information (NCBI) GenBank database using the Basic 
Local Alignment Search Tool. The sequences were registered in the NCBI to obtain their respective access codes. 

To construct a phylogenetic tree, the 16S rRNA gene sequences of different isolates were aligned using BioEdit version 7.7.1. 
Phylogenetic analysis was performed using the neighbor-joining method with the following settings in the PAUP software: phylogeny 
test: bootstrap method, 1000 reps; bootstraps under 50 at branch node were removed; substitution model - Kimura 2-parameter model; 
rates and patterns: uniform rates. The nucleotide substitution model was determined using JModelTest V.2.1.10, by employing the 
Bayesian Information Criterion for model selection. Reference sequences from GenBank were used to establish internal and external 
roots in the analysis. 

2.4. Measuring the antimicrobial activity of LAB 

The antimicrobial activity of molecularly identified LAB was measured against the pathogens S. typhimurium (ATCC® 25241™), 
E. coli (ATCC® 25922™), and S. aureus (ATCC® 25923™), following the methodology outlined in a study by Serna Cock et al. [19]. 

Each LAB strain was cultured in 25 mL of MRS broth, and each pathogenic strain was cultured in 5 mL of Mueller–Hinton broth. 
From each LAB, 15 mL was centrifuged at 4000 rpm for 30 min, and the resulting pellet was adjusted to a cell concentration of 1.8 ×
109 cells/mL with peptonized water, with an optical density (OD) of 0.6 at 600 nm. To determine whether the antimicrobial activity 
was attributed to lactic acid or other metabolites produced by the strains, the supernatant was adjusted to pH 7.0 with NaOH (1 M) 
(antagonism test) [16]. For pathogenic strains, the inoculum was adjusted to an OD of 0.1 at 600 nm, equivalent to 0.5 on the 
McFarland scale. 

Each pathogenic strain was inoculated onto Mueller–Hinton agar. A Sensi-Disc™ ampicillin/sulbactam served as a positive control 
on each agar plate. Three holes were made in the Mueller–Hinton agar using a sterile punch, and 15 μL of LAB suspension was 
inoculated at the base of each hole. A cylinder of sterile MRS agar (diameter 7 mm) was placed over the holes, and an additional 15 μL 
of LAB suspension was inoculated on the surface of the cylinder. The plates were incubated at 37 ◦C for 48 h, and the resulting in-
hibition halo was measured using the ImageJ software (Imagen j® 1.40 g, Wayne Rasband, National Institutes of Health, USA). In-
hibition tests against each pathogen were conducted in triplicate for each strain. 

For the antagonism test, each pathogenic strain was inoculated onto Mueller–Hinton agar by massive seeding with swabs of 
pathogenic bacteria. Three holes were made in the Mueller–Hinton agar using a sterile punch, and each hole was filled with 100 μL of 
neutralized supernatant. Amoxicillin (10 mg/mL) was used as a positive control, and 100 μL of Mueller–Hinton medium served as the 
negative control. The plates were incubated at 30 ◦C for 24 h, and the resulting inhibition halos were measured using the ImageJ 
software. 

2.5. Measurement of adhesion capacity 

The assessment of LAB adhesion capacity followed the methodology outlined in a study by Garcia-Gonzalez et al. [20] with slight 
modifications. Porcine gastric mucin type III was dissolved in phosphate-buffered saline (PBS) at a final concentration of 10 mg/mL. 
Subsequently, 100 μL of the resulting solution was added to each well of the plate for immobilization at 4 ◦C for 48 h (96 wells were 
used for each LAB). Following this, two washes were performed with PBS, and a solution of fetal bovine serum (20 mg/mL) was added 
to each well for a saturation stage for 24 h at 4 ◦C. The LAB were pre-inoculated in MRS broth at 37 ◦C for 48 h. Twenty milliliters of 
each culture was centrifuged at 4000 rpm for 30 min, and the supernatant was discarded. The respective biomasses were adjusted to a 
cell concentration of 2.8 × 109 cell/mL (OD of 0.60 at 600 nm using PBS buffer). A total of 50 μL of each LAB suspension were added to 
the respective wells and incubated for 2 h at 37 ◦C. Subsequently, the supernatants from each well were removed, and two washes with 
sterile PBS were performed to remove unattached bacteria. Finally, adherent bacteria were resuspended in 0.25 % trypsin/ethyle-
nediamine tetraacetic acid solution for 2 min. Ten microliters of the contents of each well was used to count the adherent bacterial cells 
for each strain, and the cell concentration was determined using Neubauer chamber counting by adding trypan blue (1 % w/v) to each 
sample in a 1:1 ratio. The results are expressed as a percentage of adherence, as detailed in the equation. 

%A=(# adherent cells /# initial cells) × 100  

where %A is the percentage of adhesion, #adherent cells are the cells of each strain that adhered to the wells, and #initial cells are the 
cells initially added to each well. 

2.6. Antibiotic resistance of selected LAB 

Each selected strain was inoculated into 25 mL of MRS broth, and after 48 h, 15 mL was centrifuged at 4000 rpm for 30 min. The 
precipitates were adjusted with peptone water to a cell concentration of 1.8 × 109 cells/mL and an OD of 0.6 at 600 nm. For antibiotic 
resistance assays, each LAB was evaluated on MRS agar plates, compared to microbial sensitivity discs of eight antibiotics (lincomycin 
(2 μg), clindamycin (2 μg), penicillin G (10 u), ampicillin/sulbactam (20 μg), ampicillin (10 μg), ciprofloxacin (5 μg), and enrofloxacin 
(5 μg)). The inhibition halo of each antibiotic was measured using the ImageJ software [21]. The assays were performed in triplicate 
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for each LAB strain. 

2.7. Production of EPS 

LAB were cultured in 20 mL of MRS broth supplemented with 2 % (w/v) glucose at 37 ◦C for 72 h. Bacterial cells were removed by 
centrifugation at 7800 rpm for 20 min. Seven milliliters of supernatant was recovered from each culture, and 95 % (v/v) cold ethanol 
(4 ◦C) was added at a 1:1 ratio to precipitate EPS. The resulting solution was centrifuged at 7800 rpm for 20 min to facilitate pre-
cipitation. The supernatant was discarded, and the pellet was dried at 37 ◦C for 24 h. EPS was calculated using the following equation: 

EPS(mg/mL) = Tubefinal − Tubeinitial  

where EPS(g) is the amount of EPS produced, Tubfinal is the weight of the tube at the end of the extraction procedure, and Tubeinitial is 
the weight of the empty tube. 

2.8. Effect of NaCl on the growth of LAB 

Survival of LAB at different NaCl concentrations was evaluated as previously described [22], with slight modifications. Each of the 
LAB was reactivated in tubes with MRS medium at 37 ◦C for 24 h. Six tubes were prepared using 9 mL of MRS broth. An additional 
three tubes were adjusted to 3.5 % (w/v) NaCl concentration, and three tubes were adjusted to 6.5 % (w/v) NaCl concentration. To 
each tube, 1 mL of each reactivated LAB was added and immediately incubated at 37 ◦C for 5 h. Each tube was measured for 
absorbance (600 nm) before and after incubation in a Genesys 180 UV–Visible Spectrophotometer (Thermo Fisher Scientific, Madison, 
WI, USA). The experiments were performed in triplicate, and the results were expressed as percent growth (%C). 

%C=((Abs2 − Abs1) /Abs2) × 100  

where Abs2 is the absorbance after incubation and Abs1 is the absorbance before incubation. 

2.9. Effect of temperature on LAB growth 

The thermal resistance of LAB was evaluated at 40, 50, and 60 ◦C following the methodology provided by Teles Santos et al. [23] 
with some modifications. The strains were grown for 24 h in MRS broth. Cultures of each strain were replicated to tubes with MRS 
broth and kept in a water bath at 40, 50, and 60 ◦C, for 5 min, and immediately cooled in an ice bath. The tubes were incubated at 37 ◦C 
for 2 h. Each tube was measured for Absorbance (600 nm) before and after incubation. The experiments were performed in triplicate, 
and the results were expressed as percentage growth using the equation (%C). 

2.10. Effect of pH on LAB growth 

LAB were grown at different pH values (2.9, 5.0, 6.4, and 7.4) following the protocol given by Abushelaibi et al. [15], with some 
modifications. The strains were grown for 24 h in MRS broth. Each strain was replicated in tubes containing MRS broth with pH 
adjusted to 2.9, 5.0, 6.4, and 7.4 (pH-meter Orion Star A211, equipped with pH/ATC Ultra Triode probe, Thermo Scientific). The 
replicated tubes were incubated for 2 h at 37 ◦C. The absorbance (600 nm) of each tube was measured before and after the incubation. 
Replicates were performed in triplicates, and the results were expressed as percent growth using the equation (%C). 

2.11. Bile salt tolerance 

LAB were grown in different concentrations of bile salts (Sigma–Aldrich), following a previously described protocol [24]. The 
strains were grown overnight in MRS broth. A volume of 100 μL of each strain was then replicated in tubes containing 900 μL of MRS 
broth with bile salt concentrations of 0.15 %, 0.30 %, and 0.45 %. The tubes were incubated for 6 h at 37 ◦C. The growth of each strain 
was assessed by measuring its absorbance at 600 nm at 0 and 6 h using a previously described spectrophotometer. All tests were 
conducted in triplicate and the results were expressed as a percentage of growth, calculated using the equation (%C). 

2.12. Statistical analysis 

All data were expressed as the mean ± standard deviation. One-way analysis of variance and Fisher’s least significant difference 
test were used to detect significant differences between groups using the statistical software STATGRAPHICS Centurion XVI, version 
16.1.03. A p-value <0.05 was considered statistically significant. 

3. Results 

3.1. Isolation and molecular identification of LAB 

A total of 29 presumptive LAB strains were isolated from 24 samples collected from the intestines, cecum, and colons of adult and 
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young guinea pigs. All strains were non-spore-forming, gram-positive, and catalase-negative bacilli. Table 1 presents the results of 
molecular identification of LAB. All strains presented an E value of 0.0. 

The phylogenetic relationship between the 16S rRNA gene sequences used in the identification of the strains is shown in Fig. 1, 
which illustrates the phylogenetic analysis of the BAL sequences from the conserved 16S gene used for identification. This tree shows 
four groups or clades that reflect the taxonomic diversity of the isolated strains. The 4 clades include strains closely related with the 
genera Ligilactobacillus, Enterococcus, Weissella, and Limosilactobacillus. 

Based on the genera and species shown in Fig. 1, the strains ACI1, GCI9, GDE10, GCI19, ACI10, ACO3, ACO10, GDE2, and ADE13 
were selected for probiotic capacity testing. 

3.2. Antimicrobial activity 

Table 2 shows the antimicrobial activities of the 10 strains selected against the three pathogens. Ligilactobacillus salivarius (GCI9) 
and Enterococcus hirae (ACO10) inhibited all three pathogens. These strains were obtained from the cecum of a young guinea pig and 
colon of an adult guinea pig. The antimicrobial activity of ACO10 was higher against E. coli and S. typhimurium, showing statistically 
significant differences with the other strains studied. Lactobacillus salivarius (ACI1 and GDE10), Weissella viridescens (GDE2), and E. 
hirae (GCI19) inhibited at least one pathogen (these strains were from the cecum and small intestine of young and adult guinea pigs). 
The strains Limosilactobacillus alvi (ACI10), Weissella paramesenteroides (ACO3), Weissella cibaria (ADE13), and Weissella confusa (ACI2) 
did not inhibit any of the pathogens (these strains were isolated from the adult guinea pig cecum, colon, and small intestine). The 
results of the antagonism test using the neutralized supernatant did not show inhibitory halos, indicating that the antimicrobial activity 
of the strains was due to lactic acid. 

3.3. Adhesion capacity 

Table 3 shows the average values of the percentage of adhesion of LAB isolated from guinea pig intestines to type III porcine gastric 
mucin. 

According to the results obtained, the strains with the highest adherence capacity were Lactobacillus salivarius, Ligilactobacillus 
salivarius and W. cibaria (strains ACI1, GCI9 and ADE13, respectively). 

3.4. Antibiotic resistance 

Table 4 shows the values of the antibiotic inhibition halos for each LAB strain isolated from guinea pig intestines. 

Table 1 
Molecular identification of lactic acid bacteria.  

Strain code Sequence size (bp) Consulting cover % Identifier Molecular identification Accession  

ACI1 1213 94 % 98.53 % Ligilactobacillus salivarius OQ092276.1  
ACI10 1263 96 % 94,82 % Limosilactobacillus alvi OQ092277.1  
GCO2 1189 100 % 98,91 % Ligilactobacillus salivarius OQ092278.1  
ADE3 1253 99 % 98,17 % Ligilactobacillus salivarius OQ092279.1  
ACO3 1189 96 % 97,76 % Weissella paramesenteroides OQ092280.1  
GCI4 1322 96 % 97,52 % Ligilactobacillus salivarius OQ092281.1  
ACI5 1249 94 % 97,99 % Ligilactobacillus salivarius OQ092282.1  
GCI6 1316 94 % 97,14 % Ligilactobacillus salivarius OQ092283.1  
ADE7 1317 91 % 98,77 % Ligilactobacillus salivarius OQ092284.1  
GCO8 1305 97 % 97,29 % Ligilactobacillus salivarius OQ092285.1  
GCI9 1250 99 % 98,18 % Ligilactobacillus salivarius OQ092286.1  
GDE10 1267 99 % 96,08 % Ligilactobacillus salivarius OQ092287.1  
ACI11 1275 97 % 96,27 % Ligilactobacillus salivarius OQ092288.1  
ACO12 1282 97 % 96,43 % Ligilactobacillus salivarius OQ092289.1  
GDE13 1302 97 % 96,65 % Ligilactobacillus salivarius OQ092290.1  
GCO14 1285 99 % 96,07 % Ligilactobacillus salivarius OQ092291.1  
ADE15 1283 98 % 96,51 % Ligilactobacillus salivarius OQ092292.1  
ACI2 1170 89 % 98,03 % Weissella confusa OQ092293.1  
ACI8 1156 91 % 97,18 % Weissella viridescens OQ092294.1  
GCI19 1223 100 % 97,66 % Enterococcus hirae OQ092295.1  
GCI10 1320 99 % 97,74 % Enterococcus hirae OQ092296.1  
ACI13 943 89 % 85,46 % Limosilactobacillus reuteri OQ092297.1  
GCO6 1216 93 % 97,82 % Enterococcus faecium OQ092298.1  
ACO7 1125 97 % 98,03 % Enterococcus hirae OQ092299.1  
ACO10 1227 93 % 97,76 % Enterococcus hirae OQ092300.1  
GDE2 1130 88 % 97,73 % Weissella viridescens OQ092301.1  
ADE13 1115 91 % 97,12 % Weissella cibaria OQ092302.1  
ADE5 1184 92 % 97,91 % Enterococcus hirae OQ092303.1  
ADE6 1187 95 % 97,01 % Enterococcus hirae OQ092304.1   
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Fig. 1. Phylogenetic tree obtained from the sequences of bacteria isolated from the intestinal mucosa of guinea pigs and constructed using the 
neighbor-joining method. 

Table 2 
Antimicrobial activity of strains isolated from guinea pig intestines against pathogenic bacteria.  

Strain Escherichia coli Staphylococcus aureus Salmonella typhimurium 

ACI1 – 13,32 ± 0,19A – 
GCI9 12,0 ± 0,42C 13,65 ± 0,40A 10,67 ± 0,43A 

GDE10 – 13,33 ± 0,18A – 
ACI10 – – – 
ACO3 – – – 
ACO10 12,67 ± 0,33B 11,67 ± 0,33B 13,0 ± 0,58B 

GDE2 11,33 ± 0,33A 13,0 ± 0,58A – 
ADE13 – – – 
GCI19 – – 12,0 ± 0C 

ACI2 – – – 

All data were represented as mean ± standard deviation (n = 3). Superscripts with different letters in the same column indicate significant differences 
(p < 0.05) as analyzed using Fisher’s least significant difference test. 
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3.5. EPS production 

Table 5 shows the milligrams of EPS produced by each strain isolated from guinea pig intestines. 

3.6. Effect of NaCl 

Fig. 2 shows the average percentage growth values of the isolated strains at NaCl concentrations of 3.5 % and 6.5 % (w/v). 

3.7. Effect of temperature 

Fig. 3 shows the average LAB growth percentages after exposure to different temperatures. 

Table 3 
Percentage of adherence to type III porcine gastric 
mucin of strains isolated from guinea pig intestines.  

Strain % A 

ACI1 11,33 ± 0,87H 

GCI9 10,72 ± 0,94G 

GDE10 3,37 ± 0,51A 

ACI10 8,29 ± 0,95E 

ACO3 7,8133 ± 0,28CD 

ACO10 9,81 ± 0,45F 

GDE2 5,78 ± 0,84B 

ADE13 11,1 ± 0,39GH 

GCI19 7,41 ± 0,27C 

ACI2 8,02 ± 0,98DE  

Table 4 
Antibiotic sensitivity of strains isolated from guinea pig intestines (R = resistant, I = intermediate, S = sensitive).  

Strain Lincomycin Clindamycin Penicillin G Ampicillin/sulbactam Ampicillin Ciprofloxacin Enrofloxacin Erythromycin 

ACI1 R S S S S R R R 
GCI9 R I S S S R R I 
GDE10 R S S S S R R R 
ACI10 S S S S S R R S 
ACO3 R S S S S R R S 
ACO10 R R S S S R R S 
GDE2 I I S S S R R S 
ADE13 R S S S R R R I 
GCI19 S S R S S R R S 
ACI2 R S S S S R I S  

Table 5 
Exopolysaccharides produced by strains isolated from guinea 
pig intestines.  

Strain Exopolysaccharides (mg/mL) 

ACI1 1,71 ± 0,08CD 

GCI9 1,76 ± 0,13D 

GDE10 1,67 ± 0,17CD 

ACI10 1,07 ± 0,08A 

ACO3 1,25 ± 0,16AB 

ACO10 1,16 ± 0,12AB 

GDE2 1,35 ± 0,06ABC 

ADE13 1,44 ± 0,12BCD 

GCI19 1,21 ± 0,14AB 

ACI2 1,12 ± 0,09AB 

Columns with different superscript letters indicate significant 
differences. Strains ACI1, GCI9, GDE10, and ADE13 produced 
the highest amounts of exopolysaccharides, with no statistical 
difference between the strains. 
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3.8. Effect of pH 

Fig. 4 shows the average percentages of LAB growth at different pH. 

3.9. Effect of bile salt tolerance 

Fig. 5 shows the average growth percentages of LABs subjected to three concentrations of bile salts. For a bile salt concentration of 
0.15 %, the %C ranged from 40 % to 72 %. At a concentration of 0.30 %, the %C ranged from 29 % to 61 %, and at a concentration of 
0.45 %, the %C ranged from 11 % to 48 %. 

Fig. 2. Effect of NaCl on the percentage growth of lactic acid bacteria isolated from guinea pigs.  

Fig. 3. Effect of temperature on the percentage of growth of isolated strains.  

Y.A. Pinchao et al.                                                                                                                                                                                                    



Heliyon 10 (2024) e29431

9

4. Discussion 

4.1. Isolation and molecular identification of LAB 

Strains closely related with Ligilactobacillus salivarius (ACI1, GCO2, ADE3, GCI4, ACI5, GCI6, ADE7, GCO8, GCI9, GDE10, ACI11, 
ACO12, GDE13, GCO14, and ADE15), W. confusa (ACI2, GCO4), W. viridescens (ACI8 and GDE2), Enterococcus faecium (GCO6), 
Limosilactobacillus alvi (ACI10), W. paramesenteroides (ACO3), Limosilactobacillus reuteri (ACI13), E. hirae (GCI19, GCI10, ACO7, 
ACO10, ADE5, and ADE6) and W. cibaria (ADE13) were isolated from different intestinal sections of adult and young guinea pigs. 
These strains, shown in Table 1, correspond to LAB that are generally recognized as safe. 

Previous studies have demonstrated the presence of LAB in the intestinal tract of young and adult guinea pigs. Porturas [25] 
isolated lactobacilli from the intestinal mucosa of 2–6 day old guinea pigs and 2 month old adult guinea pigs. Of a total of 85.18 % of 
the strains, 33.33 % corresponded to LAB Lactobacillus reuteri, frumenti, johnsoni, sp.; 37.03 % to E. hirae, faecalis, sp.; 3.7 % to 
Streptococcus thoraltensis, and 11.11 % to Bacillus pumilus and Bacillus sp. The remaining 14.81 % corresponded to Staphylococcus, which 
is not a probiotic. 

Additionally, Killer et al. [5] isolated a strain from the oral cavity of the guinea pigs (MOZM2T) that showed 98.4 % similarity to 
Lactobacillus reuteri DSM 20016T. However, because of the difference in the cellular profiles of fatty acids between MOZM2T and 
Lactibacillus reuteri DSM DSM 20016T, they proposed that their strain be considered a new taxon within the group of hetero-
fermentative lactobacilli and named it Lactobacillus caviae sp. nov., where caviae is derived from the scientific name of the guinea pig. 

According to the literature, the genera and species closely related with LAB in this study present certain probiotic characteristics, 
such as immunobiotic potential, antimicrobial activity against gram-negative intestinal pathogens, and adhesion to mucins and cells. 
According to several authors, these bacteria can stimulate the innate response of TLR 4 receptors responsible for the regulation of 
intestinal epithelial inflammatory expression [26,27]. Indo et al. [13], and Quilodrán-Vega et al. [27] demonstrated in their studies 

Fig. 4. Effect of pH on the percentage growth of lactic acid bacteria isolated from guinea pigs.  

Fig. 5. Effect of bile salt on the percentage growth of lactic acid bacteria isolated from guinea pigs.  
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that Ligilactobacillus salivarius has probiotic and immunobiotic potential, antimicrobial activity against gram-negative intestinal 
pathogens, and adhesion to mucins and epithelial cells. Therefore, the LAB isolates from this study are of high relevance because these 
probiotics may have immunostimulatory effects and antibody immune responses in guinea pigs. 

4.2. Antimocrobial activity 

The inhibition halos presented in Table 2 demonstrate that Ligilactobacillus salivarius and E. hirae (GCI9 and ACO10, respectively) 
exhibited antimicrobial activity against the three pathogens S. typhimurium, E. coli, and S. aureus. The antagonism test, utilizing only 
the supernatant, confirmed that the antimicrobial activity was attributable to lactic acid. This inference is supported by the findings of 
Serna Cock et al. [19], Zhou et al. [21], and Sobrino et al. [28], whereas Ligilactobacillus salivarius demonstrated inhibitory effects 
against various pathogens, such as Clostridium perfringens MP34, Enterococcus faecalis MP42, S. aureus MP83, Streptococcus suis MP205, 
and Trueperella pyogenes MP214, which were attributed to the production of lactic acid, specifically the L-lactic acid isomer. Addi-
tionally, a previous study has indicated that Ligilactobacillus salivarius can reduce S. typhimurium infection in an in vivo mouse model 
[27]. The administration of L. salivarius TUCO-L2 to mice resulted in a significant decrease in the number of Salmonella in the liver and 
spleen, with no pathogens detected in the blood of the animals. 

4.3. Adhesion capacity 

Adhesion capacity varied among the isolated strains, as shown in Table 3. Notably, L. salivarius (ACI1 and GCI9), E. hirae (ACO10), 
and W. cibaria (ADE13) exhibited the highest adherence. Specifically, Lactobacillus salivarius and Ligilactobacillus salivarius strains 
isolated from the cecum (strain 1 from the cecum of an adult guinea pig and strain 9 from the cecum of a young guinea pig) 
demonstrated substantial adherence capacity compared to the strain isolated from the small intestine. These finding aligns with that of 
Garcia-Gonzalez et al. [20] who suggested that lactobacilli generally possess a high adhesion capacity to gastric mucin, albeit varying 
among genera and species. According to Nishiyama et al. [29], LAB recognize and adhere to mucin through a carbohydrate-protein 
interaction mechanism involving the mucin chain and various adhesins on the bacterial cell surface. Therefore, it can be inferred 
that Lactobacillus salivarius and Ligilactobacillus salivarius strains employed this antimicrobial mechanism for adhesion. Additionally, 
LAB utilize various structures such as S-layer proteins, lipoteichoic acid, EPS, and mucus-binding proteins for adhesion [30]. 

Moreover, Sobrino et al. [28] and Quilodrán-Vega et al. [27] reported that strains such as L. salivarius TUCO-L2 can adhere to 
porcine mucins, Caco-2 cells, and HT29 cells. These studies also identified MucBP1, a protein associated with the adhesion of lac-
tobacilli to the intestinal mucosa [27]. These findings underscore the safety and biotechnological significance of the Lactobacillus 
salivarius and Ligilactobacillus salivarius strains isolated in this study. 

4.4. Antibiotic resistance 

LAB exhibited resistance (R) to at least two of the investigated antibiotics. Notably, all strains showed resistance to ciprofloxacin, a 
broad-spectrum antibiotic effective against both gram-positive and gram-negative bacteria, including Haemophilus spp. and Pseudo-
monas spp. Ciprofloxacin is active against gram-positive cocci and bacilli, Chlamydia, Mycoplasma, and Mycobacterium spp. Similarly, 
resistance to enrofloxacin, which is used to treat infections caused by Staphylococcus spp., E. coli, Haemophilus spp. Pasteurella spp. and 
Salmonella spp., has also been reported [4]. As emphasized in the studies by Hummel et al. [31] and Giuliano et al. [32], antibiotic 
susceptibility is a crucial consideration when selecting probiotic strains. The antibiotic resistance demonstrated by the LAB in this 
study raises concerns when considering their use as probiotics. However, strains that exhibit susceptibility or resistance to specific 
antibiotics in vitro may not necessarily exhibit similar effects in vivo. Therefore, the results shown in Table 4 should be considered a 
preliminary reference, and further tests are necessary to analyze the mechanisms of resistance, strain-specific toxin production, and the 
pharmacokinetic and pharmacodynamic properties of antibiotics [32]. Notably, LAB may harbor antibiotic resistance genes owing to 
the presence of plasmids of varying sizes. However, a comprehensive understanding of the physiological and molecular characteristics 
of the lactobacilli in this study is essential [31]. 

4.5. EPS production 

L. salivarius strains (ACI1, GCI9, and GDE10) exhibited the highest EPS production, with no significant differences among them. 
These substances play important roles in safeguarding microbial cells against various conditions including desiccation, osmotic stress, 
antibiotics, and toxic compounds [16]. Additionally, strains from genera such as Streptococcus, Lactococcus, Pediococcus, Lactobacillus, 
Leuconostoc, and Weissellale are known for their ability to produce EPS, which contribute significantly to human health [16,33]. These 
substances possess prebiotic properties and exhibit anticoagulant, antioxidant, anti-inflammatory, antiviral, cholesterol-lowering, and 
anticancer activities [34]. The promising results regarding EPS production by Ligilactobacillus salivarius strains in this study open 
avenues for the potential application of these bacteria in the development of probiotic food matrices [16]. 

4.6. NaCl, temperature, and pH tolerance 

Upon examining LAB growth at two NaCl concentrations (Fig. 2), it was noteworthy that Lactobacillus salivarius (ACI1) exhibited 
greater NaCl tolerance, evident from a higher growth percentage at both concentrations (3.5 % and 6.5 %). In contrast, Lactobacillus 
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salivarius (GCI9) and W. confusa (ACI2) displayed lower NaCl tolerance. As emphasized in the studies by Vasiee et al. [9] and Body et al. 
[35] in industrial applications, LAB must demonstrate the ability to endure salt stress conditions, as variations in NaCl concentration 
can influence the production of metabolites with potential health implications. 

Evaluation of the impact of heat shock stress on strains’ growth rates at three temperatures reveals that Ligilactobacillus salivarius 
strains (ACI1 and GCI9) exhibit the highest growth across all treatments (40, 50, and 60 ◦C) (Fig. 3). Notably, these strains (ACI1 and 
GCI9) subjected to the 50 ◦C treatment achieved growth rates of 40 % and 32 %, respectively. Thermal stress resilience is crucial at the 
industrial level, serving as an indicator that strains can withstand temperature fluctuations during the processing of diverse products, 
including meat and dairy [15,34]. 

The strains showed growth across all evaluated pH levels, with the highest growth percentages observed at pH 6.4 and 7.4. 
Lactobacillus salivarius (ACI1) particularly stands out, exhibiting optimal growth at pH 2.9 (18.75 %) and pH 5.0 (38.22 %). Lacto-
bacillus salivarius ACI1 showed superior adaptation to acidic pH conditions (2.9 and 5.0), whereas Ligilactobacillus salivarius (GCI9) 
excels at neutral pH. Increasing pH correlates with enhanced growth rates for all strains. An [23] essential probiotic trait is high 
resistance to gastric acidity, bile salts, pepsin, pancreatin, and other enzymes. Moreover, pH adjustment at the industrial level is 
employed to stress LAB, potentially simulating increased metabolite production such as EPS [34]. It is important to note that the 
lactobacilli exhibited varying growth rates at each pH, indicating strain-dependent characteristics (Fig. 4) [23]. 

4.7. Effect of bile salt tolerance 

Bile salt tolerance is a crucial parameter for assessing the probiotic potential of strains because bacteria susceptible to bile salts may 
degrade cell wall lipids, ultimately leading to cell death [11,36]. This study evaluated the impact of three bile salt concentrations on 
strain growth and revealed a decrease in %C as the bile salt concentration increased (Fig. 5). Notably, the strains in this study 
demonstrated a high survival capacity at bile salt concentration of 0.15 %, with relatively robust survival at concentrations of 0.30 % 
and 0.45 %. This finding is consistent with that of Saboktakin-Rizi et al. [11], which suggests that the strains exhibited favorable 
survival at bile salt concentrations in the gastrointestinal tract. The observed resilience at higher bile salt concentrations is a positive 
indicator of the ability of the strains to withstand significant challenges in the gastrointestinal environment [11]. However, it is 
imperative to recognize that strain-specific variations may exist that influence their effectiveness as probiotics under diverse 
conditions. 

5. Conclusions 

In various segments of the intestines in both adult and young guinea pigs, LAB strains recognized as safe were closely related with 
L. salivarius, W. confusa, W. viridescens, E. faecium, L. alvi, W. paramesenteroides, L. reuteri, E. hirae, and W. cibaria. Among these, 
L. salivarius demonstrated a superior probiotic capacity in situ. The confirmed probiotic attributes of L. salivarius make it a promising 
candidate for the development of probiotic food matrices tailored for guinea pigs. Additionally, considering its antimicrobial efficacy 
against pathogens impacting guinea pig reproduction, robust adhesion capabilities, substantial EPS production, and resilient growth at 
temperatures up to 50 ◦C, L. salivarius emerges as a versatile probiotic. However, the observed resistance of this strain to certain 
antibiotics raises concerns that may restrict its use. Consequently, further investigations are imperative to comprehensively understand 
the mechanisms of antibiotic resistance, assess its potential impact in vivo, and explore strategies to mitigate or circumvent this 
limitation. Future research endeavors will contribute to refining the application scope of L. salivarius and optimizing its effectiveness as 
a probiotic intervention for guinea pigs. 
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