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Abstract: The Paraguayan meat industry is a key economic pillar and one of the country's main signatures,
whereby its productivity depends on strategies that optimize livestock production. Animal supplementation
using microorganisms emerges as a sustainable alternative to improve cattle nutrition. In this regard, this study
focused on the isolation, characterization, and fermentation using bench-top bioreactors of lactic acid bacteria
isolated from the bovine ruminal microbiome. Here, we isolated two strains belonging to the Enterococcaceae
family, named here as CR2 and CR3. Their tolerance to different temperature and pH conditions, and growth
capacity in alternative media, were evaluated using microplate readers. The isolates showed the highest growth
rates in MRS medium, and among alternative media, whey supplemented with glucose (5 g/L) exhibited the
best growth parameters. Bench-top fermentation using stir-tank bioreactors showed that, after 72-hour, CR3
reached 25 x 10'° CFU/mL, of biomass in MRS, and 24 x 10'° CFU/mL in supplemented whey, corresponding
to 2.95 and 2.0 g/L of biomass, respectively. Although the results are promising, future optimizations could
improve process efficiency and its application in animal supplementation, by their evaluation as probiotics.
This study demonstrates the feasibility of scaling these microorganisms and their potential for valorizing
agro-industrial byproducts such as whey. Thus, it proposes a sustainable and innovative approach to bacterial
biomass production, benefiting both the livestock industry and byproduct utilization.

Key words: Lactic acid bacteria, agro-industrial by-products, animal supplementation.

Resumen: La industria carnica paraguaya constituye un pilar econdmico fundamental y una de las principales
insignias del pais, cuya productividad depende de estrategias que optimicen la produccion ganadera. La
suplementacion animal mediante el uso de microorganismos surge como una alternativa sostenible para mejorar
la nutricion del ganado. En este contexto, el presente estudio se enfocd en el aislamiento, caracterizacion y
fermentacion en biorreactores de mesa de bacterias acido-lacticas aisladas del microbioma ruminal bovino.
Se aislaron dos cepas pertenecientes a la familia Enterococcaceae, denominadas en este trabajo como CR2
y CR3. Se evaluo su tolerancia a diferentes condiciones de temperatura y pH, asi como su capacidad de
crecimiento en medios alternativos, utilizando lectores de microplacas. Los aislados mostraron las mayores
tasas de crecimiento en medio MRS, y entre los medios alternativos, el lactosuero suplementado con glucosa
(5 g/L) presentd los mejores parametros de crecimiento. Las fermentaciones en biorreactores de tanque agitado
de mesa demostraron que, tras 72 horas, CR3 alcanzé 25 x 10 UFC/mL en medio MRS y 24 x 10" UFC/
mL en lactosuero suplementado, correspondientes a 2.95 y 2.0 g/L de biomasa, respectivamente. Aunque los
resultados son prometedores, futuras optimizaciones podrian mejorar la eficiencia del proceso y su aplicacion
en la suplementacion animal, mediante la evaluacion de los aislados como probidticos. Este estudio demuestra
la viabilidad de escalar estos microorganismos y su potencial para valorizar subproductos agroindustriales como
el lactosuero, proponiendo asi un enfoque sostenible e innovador para la produccion de biomasa bacteriana, en
beneficio tanto de la industria ganadera como del aprovechamiento de subproductos.
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Introduction

Livestock, especially cattle, is a cornerstone
of Paraguay's economy, driving GDP growth,
employment, and rural development (Arce, 2012;
Laino et al., 2018). Advances in genetics and farm
management have propelled Paraguay to become
one of the world’s leading beef exporters, with
320.000 tons of beef exported in 2024, generating
over 1.5 billion USD (SENACSA, 2024).
Ruminants, such as cattle, are herbivores that
excel at digesting fibrous plant material, thanks
to their specialized four-compartment stomach,
which facilitates the fermentation of cellulose,
hemicellulose, and starch (Briones Ramirez,
2023; Strizler & Rabotnikof, 2019). Here, the
microorganisms present in the rumen break down
the complex plant polysaccharides into volatile
fatty acids (VFAs) and microbial proteins, which
are critical for energy and nutrient absorption in
ruminants (Kim et al., 2017; Li & Guan, 2017).

Furthermore, as concerns rise over the use
of antibiotics in livestock, there is an increasing
shift towards alternative strategies, such as by
using probiotics, to improve feed efficiency,
reduce methane emissions, and promote
overall animal welfare (Mansilla et al., 2022).
This strategy is gaining importance in regions
like the European Union, where the use of
antibiotics for growth promotion is banned
(Michalak et al., 2021). The challenge lies in
the isolation and identification of new natural
probiotics, and their subsequent scaling up for
production for large-scale use. In bioreactors,
the large-scale cultivation of microbes, such as
lactic acid bacteria (LAB) and other probiotics,
can be achieved by evaluating and maintaining
optimal growth conditions for each isolate.
These systems are designed for consistent,
reproducible production, which is crucial for
meeting the demand for probiotic strains in
the livestock industry (Serrat Diaz & Méndez
Hernandez, 2015).

The dominant microbial groups present in
the rumen microbiome, such as Firmicutes
and Bacteroidetes, play a key role in fiber
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degradation, while methanogenic archaea, like
Methanobrevibacter, are essential for hydrogen
homeostasis and in maintaining the rumen's
anaerobic conditions (Arias-Islas et al., 2020)
(Arias-Islas et al., 2020). The balance of this
microbial community is crucial for maintaining
the animal’s health. For instance, they not only
support digestion but also contributes to up to
70% of the animal’s energy requirements through
VFAs (Li & Guan, 2017). Recent studies on the
rumen microbiome aims to enhance livestock
productivity and health, by evaluating the use
of probiotics, like lactic acid bacteria (LAB),
to improve nutrient absorption and growth in
livestock (Suharsono et al., 2023). Many of
these studies also focus on the bioprospection of
microbial isolates from the rumen microbiome to
use them as functional probiotics (Kumar et al.,
2023; Mamuad et al., 2019; Qadis et al., 2014).
Ultimately, the aim is to improve the cattle’s gut
health and their nutrient efficiency.

Scalingup ofmicrobial productioninbioreactors
is another challenge. It involves optimizing growth
media and ensuring the stability of microbial
strains under large-scale fermentation conditions.
Given the high cost of defined media, agro-
industrial residues, such as whey, are increasingly
being evaluated as cost-effective alternatives for
large-scale microbial fermentation (Saval, 2012).
Whey, a byproduct of dairy processing, is rich
in nutrients that can support the growth of lactic
acid bacteria (Ramirez Navas, 2012, 2013; Rojas
et al., 2016). By utilizing this agro-industrial
residue, researchers aim to not only reduce
costs but also contribute to sustainable practices
in bioprospecting and microbial fermentation,
offering an efficient, scalable alternative to
traditional media. Thus, the main challenge to
leverage microbial biotechnology in the form of
natural novel probiotics from the rumen require
their isolation, identification, and physiological
characterization for effective growth.

Here, we isolated two LAB from the cattle
ruminal microbiome, which were biochemically
characterized, and evaluated their growth in
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alternative whey-based media prior to scaling up
at reactor scale.

Materials and Methods
Sample Collection and Bacterial Isolation

Post-mortem rumen content was collected from a
4-year-old, 560-kg bovine (Bos taurus) of mixed
genetic background (Brahman, Brangus, and
Nelore), originally from the Canindeyt department,
at the San Lorenzo Municipal Slaughterhouse
(San Lorenzo, Central Department, Paraguay).
Approximately 400 g of rumen content were
collected in a sealed plastic bag and transported
on ice to the lab to preserve microbial integrity
(Robles et al., 2023). The sample was then stored
at —20°C prior to analysis.

To enrich for lactic acid bacteria (LAB), 1 g
of rumen content was inoculated into 15 mL of
MRS broth (Oxoid CMO0359) in sterile 50 mL
tubes and incubated at 39°C for 48 hours under
microaerophilic conditions, since the aerobic
metabolism of LAB results in greater biomass
yields—an increase of 25 to 33% compared to
anaerobic conditions (Condon, 1983; Cueto-Vigil
et al., 2010; Sanchez & Tromps, 2014; Smalley
et al., 1968; Yousten et al., 1975). Serial dilutions
were performed post-incubation, and 100 puL of
the 107¢ dilution was plated on MRS agar (1.5%
w/v). Plates were then incubated at 39°C under
aerobic conditions.

White, round, small colonies were selected and
subcultured by streak plate. Gram staining was
performed using a modified method by Alvarez
Duarte (2020). Gram-positive colonies were
selected for catalase testing (Velazquez-Lopez et
al., 2018), and were grown in MRS broth at 39°C
for 24 hours. Catalase activity was evaluated by
adding 3% hydrogen peroxide to 1 mL of culture
(Parada et al., 2017; Parra Gonzalez, 2020).
Isolates showing no bubble formation were
considered catalase-negative and retained for
further study.

Molecular Identification
Isolates were cultured in 30 mL MRS broth
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Table 1. Sequences of primers 515F and 806R used for the
amplification of the 16S rRNA gene of isolates CR2 and CR3
by PCR (Katiraei et al., 2022).

Primer Sequence
515F 5-GTGCCAGCMGCCGCGGTAA-3'
806R 5'-GGACTACHVGGGTWTCTAAT-3’

at 39°C for 72 hours under static aerobic
conditions. After centrifugation (4000 r.p.m.,
10 minutes), pellets were resuspended in 0.9%
sterile saline. DNA was extracted using the
ZymoBIOMICS™ DNA Miniprep Kit, following
the manufacturer’s protocol (Ojo-Okunola et al.,
2020). DNA was quantified with a Nanodrop 8000
spectrophotometer (Thermo Scientific).

Amplification of the 16S rRNA gene was
performed using HiMedia Hi-Proof DNA
Polymerase and universal primers 515F and 806R
(Table 1). Reactions (20 plL) contained buffer,
dNTPs, primers, polymerase, and template DNA.
PCR conditions, modified from Katiraei et al.
(2022), were: Initial denaturation: 94°C for 3
minutes, 30 cycles: 94°C for 45 seconds, 50°C for
1 minute, 72°C for 1 minute, and final extension:
72°C for 5 minutes.

PCR products were verified by electrophoresis
on 2% agarose gel (70 V, 90 minutes), stained with
Diamond™ Dye, and visualized under UV light.
Amplicons were sequenced via Sanger sequencing
at Macrogen Inc. (Seoul, South Korea).

Forward and reverse sequences were
assembled into consensus sequences using
UGENE (v.52.0), with a 70% minimum identity
threshold (Lin et al., 2020; Okonechnikov et al.,
2012). Taxonomic assignment was performed
using BLASTn (megablast algorithm) against the
16S rRNA database (Bacteria and Archaea, type
strains only), excluding unannotated sequences
(Parra Gonzalez, 2020; Zhang et al., 2000).

Evaluation of growth conditions: pH and
Temperature

Growth kinetics were assessed under conditions
similar to the bovine rumen using a microplate
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reader (Multiskan FC, Thermo Scientific)
measuring optical density at 620 nm, to calculate
growth rate (n) and doubling time (DT).

Four MRS broths pH conditions were
evaluated. For this, 100 mL for each condition
was sterilized and adjusted to pH 4.5, 5.5, 6.5, and
7.5, using sterile HCI 1 N and NaOH 1 M under
sterile conditions. Furthermore, four temperatures
were also evaluated, 37°C, 38°C, 39°C, and 40°C
(Pérez et al., 2015; Sanchez Ortiz et al., 2015).
A factorial combination of pH and temperature
yielded 16 treatments. Each condition was
performed in octuplicate.

Each well of a 96-well plate received 190
pL of pH-adjusted MRS medium and 10 pL of
inoculum (prepared by culturing strains in MRS at
39°C for 24 hours). OD620 was monitored every
30 minutes for 18 hours (Sandoval-Espinola et
al., 2015). Growth rates were calculated from the
exponential phase slope, converted to natural log
(x2.303), and used to determine DT with: DT =
2In/p. Negative controls contained sterile MRS
broth. A heatmap of p values was generated in R
using ggplot2, normalized via Z-score (Villanueva
& Chen, 2019).

Evaluation of Whey as an Alternative growth
medium

Commercial (COPALSA, Capiata, Paraguay)
whey powder was reconstituted at 10% (w/v)
(Quille Quille et al., 2021). The solution was
clarified by heating at 100°C for 15 minutes,
centrifuged (10,000 r.p.m., 5 minutes), and filtered
through 0.45 pm nitrocellulose membranes
(Muvdi-Nova et al., 2021; Rojas et al., 2016).
Three treatments were evaluated:

- 10% whey

- 10% whey + 5 g/L glucose

- 10% whey + 5 g/L yeast extract

All treatments were sterilized at 121°C for 15
minutes.

Growth was compared between the whey
treatments and MRS medium using a microplate
reader (39°C, monitoring OD,, — every 30
minutes for 18 hours), as previously mentioned.
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Each well received 190 pL of medium and 10 pL
of inoculum (from 24-hour MRS culture). Each
treatment was tested in octuplicate. Negative
controls contained sterile MRS.

The treatment with the highest growth rate and
subsequent shortest DT was selected for scale-up
in a bioreactor.

Bioreactor fermentation

Batch fermentations were performed in a 1-L
stirred-tank bioreactor (BioFlo120, Eppendorf)
at 39°C, 200 rpm (six-blade Rushton impellers),
with continuous pH monitoring for 72 hours, and
working volume of 1 L. For inoculum preparation,
the selected isolates were cultivated in 20 mL
MRS at 39°C for 24 hours. The bioreactor was
inoculated at 2% (v/v), containing either MRS
or whey medium as described above (Fernandez
Fernandez, 2022; Gutiérrez-Sarmiento et al.,
2020).

At the beginning and end of fermentation,
20 mL sample was filtered through 0.22 pm
previously dried membranes. Filters were then
dried again for 5 hours to determine final dry
weight (Padin Gonzales & Diaz Fernandez, 2006).
Five aliquots were collected during fermentation,
serially diluted in 0.9% saline to 1X107'°, and
plated on MRS agar using the Drigalski loop
technique. Plates were incubated aerobically at
39°C for 24 hours.

Statistical Analyses

Data were analyzed using one-way and two-
way ANOVA (a = 0.05), following Garcia M et
al. (2013) and Settachaimongkon et al. (2016).
Assumptions of normality and homogeneity of
variances were tested beforehand. Analyses were
conducted using InfoStat v.2017 (Di Rienzo et al.,
2008; 2017).

Two-Way ANOVA was used to assess
interactions between pH and temperature on
bacterial growth rate. On the other hand, One-
Way ANOVA was applied to detect differences
in growth among culture media (MRS and whey
treatments).

Mauricio Molinas-Vera et al.
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Results and Discussion
Bacterial Isolation

After enrichment culturing using bovine rumen as
initial inoculum in MRS medium, three colonies
were obtained. These were subsequently purified
through streaking, resulting in colonies CRI,
CR2, and CR3. These colonies were selected for
biochemical characterization via Gram staining
and catalase testing, aiming to confirm that the
bacterial isolates were Gram-positive and catalase
negative.

These characteristics coincide with lactic
acid bacteria, which contain many known
probiotics (Hill et al., 2014; Mansilla et al.,
2022). Under microscopic observation, the
Gram staining revealed violet coloration for
both CR2 and CR3, with the cells exhibiting a
coccoid morphology, predominantly grouped
as diplococci, although forming short chains
as well. On the other hand, CR1 exhibited
red coloration, indicative of a Gram-negative
bacterium (Yupangui Asanza et al., 2024), and a
bacillary morphology. The catalase test, which
detects the presence and activity of catalase
through a reaction with hydrogen peroxide
(H202), was negative for both CR2 and CR3,
but positive for CR1 (Table 2). Catalase is an
enzyme that breaks down H:0: into oxygen (Oz)
and water (H20), protecting cells from oxidative
damage produced during aerobic metabolism
(Moreno & Albarracin, 2016).

Based on the observed characteristics, colonies
CR2 and CR3 were selected for further analysis,
as they displayed the typical violet coloration
of Gram-positive bacteria and were catalase-
negative, indicating their potential of being part of

Colony [Morphology | Gram Staining | Catalase Test
CR1 Bacilli - +
CR2 Cocci + -
CR3 Cocci + -

Table 2. Characteristics of the isolated colonies based on
morphology, Gram staining, and catalase testing.
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the lactic acid bacteria (LAB) group.

LAB are Gram-positive, non-motile, non-
spore-forming bacteria, typically cocci or bacilli,
ranging in size from 0.5 to 0.8 pm (Ringe &
Gatesoupe, 1998). These bacteria lack the catalase
enzyme (Parra Huertas, 2010); however, LAB
are facultative anaerobes, meaning they can grow
in the presence or absence of oxygen due to the
presence of a hemin group, which allows them
to use oxygen as an electron acceptor (Ekinci
& Gurel, 2008). They belong to the phylum
Firmicutes and encompass approximately
20 genera, with Lactobacillus, Lactococcus,
Enterococcus and Streptococcus being the most
notable (Parra Huertas, 2010).

LAB are categorized into homofermentative
and heterofermentative species. The former
refers to the exclusive production of lactic acid,
whereas the latter refers to the production of
additional metabolites, such as bacteriocins
and ethanol. LAB can be mesophilic or
thermophilic, depending on their optimal growth
temperature (Parra Huertas, 2010). These
properties underscore the significance of LAB
in biotechnology, particularly in fermentation
processes and as probiotics, not only due to
their capacity to produce several compounds,
but also because of their potential use for animal
microbiome modulation (Hill et al., 2014;
Mansilla et al.,, 2022; Parra Huertas, 2010;
Suharsono et al., 2023).

Molecular identification via 16S rRNA Sanger
sequencing

DNA extraction and concentration

Total genomic DNA was extracted from CR2 and
CR3 as described in Materials and Methods. Their
concentration were measured in duplicates using
a Nanodrop spectrophotometer at 260 nm and the
260/280 nm absorbance ratio. The average DNA
concentration of the CR2 isolate was 49.58 ng/
pL with a 260/280 ratio of 2.07. For CR3, the
average DNA concentration was 45.61 ng/uL
with a 260/280 ratio of 2.185. The absorbance
ratio of 260/280 nm indicates high DNA purity,

Isolation, characterization, and scale-up of native bacteria from the cattle ruminal microbiome
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Table 3. Consensus sequences of CR2 and CR3 isolates after analysis using UGENE software (Unipro v.52.0).

Isolate

Consensus Sequence (5'-3")

CR2

CGCAGCCGCGGGGTACCATCA

CR3

CCACGAGGGGGCAGGCAGTGTCGGATCATTGGGCGTAGCGAGCGCAGGC-
GGTTTCTTAACCTGATGTCAAACCCCCGGCTCAACCGGGGAAGGTCCTTG-
GAAACTTGGAAACTTCCACTCCGAAAAAGAAAACTGCAATCCATTAC-
CAACCGCCCCCGGTTGAGCCGGGGGCATTCAATCAACTTAAAAAACCGCTT-
GCTCTCGCTTTACGCCCAATAAATCCGGACAACGCTTGCCACCTACGTATTAC-

GGGGCCAGCCGTTCCGGGATTTATTGGGGGTAAAGGGAGCCCGGGCG-
GTTTTTTAAGTTTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTG-
GAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCATGTG-
TAGCGGTGAAATGCGTAGATATATGGAGGAACACCAGTGGCGAAGGCG-
GCTCTCTGGTCTGTAACTGACG

with values above 1,8 suggesting minimal
contamination by proteins (Crossley et al., 2020;
Osorio et al., 2017).

PCR and Sequence Alignment and Taxonomic
Assignment

The identification of the isolates was performed
through amplification of the 16S rRNA gene by
PCR, using the primers 515F and 806R. The
reaction was carried out with the HiMedia Hi-
Proof DNA Polymerase kit, following a cycling
protocol modified from Katiraei et al. (2022).
After amplification, the presence of PCR products
was confirmed by 2% agarose gel electrophoresis
stained with Diamond™ Dye. The amplified
products were subsequently sequenced by the
Sanger method at Macrogen, Inc. (Seoul, South
Korea), using the same primers employed in the
PCR reactions.

The consensus sequence for CR2 consisted
of 271 base pairs, while for CR3 it was 162 base
pairs (Table 3). The consensus sequence of CR3
met the requirement of a 70% similarity between
forward and reverse sequences, while CR2 only
achieved 60% similarity. This discrepancy might
be due to low-quality sequencing. Despite the
sequencing issues, taxonomic assignment via

BLAST confirmed that CR3 belongs to the
Enterococcus genus, with Enterococcus faecium
and Enterococcus hirae as the most similar
species (99% similarity). For CR2, only a family-
level assignment was possible, placing it in the
Enterococcaceae family. The closest match was
Melisococcus plutonius (93% similarity), although
this result requires further verification due to the
sequencing limitations (Al-Shuhaib & Hashim,
2023).

Enterococcus is the third most abundant genus
of LAB, after Lactobacillus and Streptococcus.
These Gram-positive cocci are non-spore-
forming, catalase-negative, and facultative
anaerobes (Anagnostopoulos et al, 2018; Ben
Braiek & Smaoui, 2019; Kadri et al, 2015).
They are ubiquitous microorganisms found in
soil, plants, freshwater, marine environments, and
the gastrointestinal tract of animals and humans.
Although some strains are opportunistic pathogens,
others produce bacteriocins and are used as
probiotic supplements in livestock (Beukers et
al., 2017; Parra Gonzalez, 2020). In a study by
Parra Gonzalez (2020), two Enterococcus faecium
isolates were obtained from milk and Paraguayan
cheese. Policani et al. (2024) further demonstrated
the inhibitory effect of this species against Listeria

Mauricio Molinas-Vera et al.
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Table 4. Summary of studies evaluating Enterococcus faecium isolation, probiotic potential, and effects on animal health and

rumen parameters.

Location/ . .
Study Silhes E. faecium use Key findings
India/ 12 . .. L ..
Kumar et al. . Isolation and probiotic E. faecium showed one of the best probiotic profiles
Sahiwal . . .
(2023) cows potential screening among 43 LAB strains
Smidkova & | Newborn E. faecium M74 administra- | No significant effect on E. coli abundance in the rumen
Cizek (2017) | calves tion for 2 weeks microbiota compared to control.
L R o )
Azzaz . E. faecium and L. rhamno- Irpproved digestion and milk yield: +.21.7 % (E..fae .
Dairy sheep . cium), +20.6% (L. rhamnosus). No differences in milk
(2023) sus supplementation .,
composition.
Qs el Holstein LAB probiotic mix (L. ' Stable rumen pH (6:676.8) in treat.ed group. Significant
2014) calves plantarum 220, E. faecium changes in lactic acid and ammonia nitrogen levels on
26, C. butyricum Mirayi) days 7-14.
Mamuad et In vitro E. faecium (0.1-1% concen- | Increased VFA, especially propionate, and reduced CHa
al. (2019) fermentation | trations) production. No effect on pH or ammonia nitrogen.
Adeniyi et Nigeria / Isolation and antagonistic E. hirae, E. durans, E. faecium, E. faecalis inhibited E.
al. (2015) Cow feces activity coli and Klebsiella spp. growth.
monocytogenes. with saliva rich in HCOs~ and HPO4. Saliva in

Enterococcus faecium 1is the most used
Enterococcus species in probiotic supplementation
for cattle. This lactic acid bacterium is native to
the rumen microbiome, though it is also found
in dairy and meat products. Its widespread use in
animal feed is due to its health and performance
benefits in ruminants (Moshokoa et al., 2024).

As summarized in Table 4, several studies
worldwide have focused on the isolation of E.
faecium to evaluate its probiotic potential and its
positive impact on animal health.

Growth optimization in terms of pH and
Temperature

In the ruminal ecosystem, pH ranges between
5.8 and 7.0 due to fermentation activity. This
parameter is heavily influenced by diet, as not
all foods impact rumination equally. Rumination,
which involves grinding food through strong
horizontal jaw movements, mixes the bolus

ruminants has an alkaline pH (8.2-8.4), acting as a
buffer to neutralize organic acids produced during
fermentation (Ramirez Lozano, 2017). Diets
high in concentrated foods reduce rumination
and, consequently, saliva secretion, decreasing
the buffering capacity and lowering ruminal pH
(Ramirez Lozano, 2017).

Growth experiments were performed in
96-well plates in a plate-reader, as described
in materials and methods. The evaluation of
growth rates for both isolates highlights that
CR2 exhibited the best growth at temperatures
of 38°C and 39°C, at pH 6.5 and 7.5 (Fig. 1A).
In contrast, CR3 showed optimal growth at 40°C
and pH 7.5, though it also exhibited good growth
across all temperature ranges at this pH (Fig. 1B).
The effect of each pH level on the average growth
rate of CR2 was dependent on temperature (F =
4.43; p-value = 0.0001; Supplementary Table 1).
As with CR2, the pH effect on the growth rate of

Isolation, characterization, and scale-up of native bacteria from the cattle ruminal microbiome
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Figure 1. Heatmap of the growth rates of isolates CR2 (A) and CR3 (B) at different pH and temperature values.

CR3 depended on temperature (F = 2.3; p-value =
0.0207; Supplementary Table 1).

The genus Enterococcus comprises mesophilic
bacteria capable of growing between 10 °C and
45 °C, with an optimal growth temperature range
0f30 °Cto 35 °C. They can grow within a pH range
of 4.4 to 9.6 and tolerate saline environments with
up to 6.5% NaCl (Ben Braiek & Smaoui, 2019;
Garcia-Solache & Rice, 2019; Murray, 1990).

In the study by El-Sayed et al. (2023), it was
observed that Enterococcus faecium exhibited
optimal growth at temperatures between 30 °C and
40 °C and at pH values above 4, with pH 6 being
the most favorable for its development. These
findings are consistent with the results obtained in
the present work, where the isolates CR2 and CR3
showed higher growth rates at pH values between
6 and 7, combined with temperatures ranging from
39 °Cto 40 °C.

Evaluation of alternative growth media

In the evaluation of alternative growth media
based on whey (10% w/v), it was observed that
isolates CR2 and CR3 exhibited the highest
growth rates in whey supplemented with glucose
(5 g/L). However, the MRS medium continued to
support the best growth results for both bacterial
isolates (Table 5).

Evaluating the growth kinetics of isolate CR2
using various media, it was observed that under
all treatments, CR2 reached the stationary phase
around 4 hours after inoculation, with MRS being
the medium exhibiting the highest growth rates,
followed by whey (10% w/v) supplemented with
glucose (5 g/L) (Fig. 2A). Specifically, the MRS
medium provided the best results, with a growth
rate (1) of 0.99 h™! and a corresponding doubling
time (DT) of 0.70 h. The next best-performing
medium was whey (10% w/v) supplemented with

Table 5. Growth rates (h™") [] and doubling time (h) [DT] of isolates CR2 and CR3 cultured in MRS medium, 10% whey, 10%
whey supplemented with glucose 5 g/L, and 10% whey supplemented with yeast extract 5 g/L.

Culturing media w(hh)
MRS 0.99
Whey (10%) 0.65
Whey (10%) + Glucose (5g/L) 0.78
Whey (10%) + Yeast extract (5g/L) 0.48

DT (h) p(hh DT (h)
0.70 1.12 0.62
1.07 0.53 1.32
0.90 0.67 1.03
1.44 0.45 1.55
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Figure 2. Growth kinetics of isolate CR2 (A) and CR3 (B)
in different culture media, measured at 620 nm wavelength.
Whey + G: whey supplemented with 5g/L of glucose; Whey +
YE: whey supplemented with 5 g/L of yeast extract.

glucose (5 g/L), which resulted ina p of 0.78 h!
and a DT of 0.90 h, followed by whey (10%)
with a p of 0.65 h™* and DT of 1.07 h. Finally,
whey (10% w/v) supplemented with yeast extract
(5 g/L) had the lowest results, with a p of 0.48
h™ and a corresponding DT of 1.44 h (Table 5).
Overall, a significant effect of cultivation media
on the average growth rate (h™') was observed (F
= 83.91, p-value < 0.0001; Supplementary Table
2).

Similarly, isolate CR3 showed similar results
to CR2, with the highest growth rates observed
in the MRS medium, with a p of 1.12 h™' and
a corresponding DT of 0.62 h (Table 5). This
medium exhibited the highest growth rate,
reaching stationary phase after 4 hours cultivation,

57-73 65

highlighting the rapid growth of this bacterial
isolate under this condition (Fig. 2B). This was
followed by whey (10% w/v) supplemented with
glucose (5 g/L), which showed a p of 0.67 h™* and
a DT of 1.03 h. Whey (10% w/v) without additives
produced a pof 0.53 h™' and a DT of 1.32 h, while
whey (10% w/v) supplemented with yeast extract
(5 g/L) displayed the lowest results, with a p of
0.45 h™* and a DT of 1.55 h (Table 4). For this
strain, a significant effect of growth media on the
average growth rate (h™') (F = 10.69, p-value =
0.0001; Supplementary Table 2) was also detected.

Thus, for both, CR2 and CR3 isolates, whey-
based media supplemented with glucose (5 g/L)
emerged as the best alternative to MRS medium,
representing a suitable option for scaling up
in a bioreactor. In the context of biomass and
lactic acid production using two Lactobacillus
strains, Botello-Suarez et al. (2020) evaluated
the use of fresh and deproteinized whey at
various concentrations. Their study showed p
values of 0.54 h™* for fresh whey and 0.56 h™! for
deproteinized whey at 100% concentration. At
10% whey, pn values were 0.49 h™! for fresh whey
and 0.43 h! for deproteinized whey. Additionally,
De La Rosa et al. (2023) analyzed the use of
various alternative cultivation media, including
15% whey, 10% soy milk, and 15% commercial
sugar. In their study, whey supported the highest
growth rate, with a p of 0.47 h™™.

Similarly, Torres Rodelo (2018) examined
different supplements for whey, including inulin,
yeast extract, and minerals, in combination with
MRS as a control. For Lactobacillus casei, whey
supplemented with all three components achieved
apof0.79h ' and a DT of 0.87 h, while the control
MRS medium provided a p of 0.70 h™* and a DT
of 0.82 h. Furthermore, Lactobacillus rhamnosus
achieved the best growth parameters with whey
supplemented with all components, with a p of
0.80 h™' and a DT 0f 0.86 h.

Reactor Scale-up

After conducting growth experiments in 96-
well plates, the next step involved growth

Isolation, characterization, and scale-up of native bacteria from the cattle ruminal microbiome
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experiments in bench-top bioreactors, with the
purpose of scaling-up. A 72-hour fermentation in
a stir-tank bioreactor, with a working volume of
1 L of MRS, the CR3 isolate produced 2.95 g/L
of biomass dry weight (DW), corresponding to a
final cell concentration of 25x10' CFU/mL. The
growth rate was 1.57 h™!, with a corresponding
doubling time of 0.44 h. The pH decreased from
6.24 to 4.33 during fermentation (Fig. 3A). On
the other hand, whey (10% w/v) supplemented
with 5 g/L glucose, which was selected for this
stage due to its superior growth rate during the
microplate assays (Table 5). Here, after 72 hours
fermentation, the microbial cell concentration
reached 24x10'" CFU/mL, with a biomass DW
of 2 g/L. The growth rate was 1.79 h™', and the
corresponding doubling time was 0.38 h. The pH
dropped from 5.70 to 4.50 (Fig. 3B).

Cell viability (CFU/mL) and DW biomass
(g/L) were evaluated during both fermentations.
Several studies have explored the use of whey
as an alternative growth medium for biomass
and lactic acid production. Ziadi et al. (2020)
reported 2.57 g/l DW biomass with whey and
3.16 g/L with M17 medium, producing 32.33
g/L of lactic acid with whey. Gordillo-Andia ef
al. (2024) achieved 13.09 g/L lactic acid with
clarified whey, while also observing a drop in
pH as observed in this study, likely due to acid
production. Studies by Cury R et al. (2017) on
L. casei showed varying cell concentrations
in different whey conditions, ranging from
5.28x107 to 1.82x10® CFU/mL. Escobar et al.
(2010) demonstrated that whey supplemented
with glucose significantly improved biomass
production, consistent with the findings in
this study, where supplemented media favored
bacterial growth more than non-supplemented
media.

Besides of the cell viability and biomass yield in
fermentations, these results highlight the potential
use of whey-based media for culture of LAB in
bioreactors, as a less expensive alternative that
also contributes to reutilization of agro-industrial
residues.
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Figure 3. Growth kinetics of CR3 isolate in MRS (A) and
Whey (B) medium supplemented with glucose in an stir-tank
bioreactor over 72 hours. Black circles represent the CFU/
mL, while red squares represent pH values.

Conclusions

Two bacterial strains were successfully isolated
from the bovine ruminal microbiome and identified
via 16S rRNA gene sequencing as members of
the Enterococcaceae family. This group includes
native microorganisms commonly found in animal
ecosystems, some, such as Enterococcus faecium,
is widely used as a livestock feed additive.

Both isolates exhibited notable tolerance to pH
and temperature conditions simulating the rumen
environment, with optimal growth observed at
pH values above 7 and temperatures near 40 °C.
These findings are essential to ensure the viability
and functional activity of the strains under in vivo
conditions.

Among the tested media, whey supplemented
with glucose emerged as a viable and cost-effective
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alternative for bacterial cultivation. This highlights
the potential of agro-industrial by-products
as sustainable resources for biotechnological
applications.

In bioreactor scale-up experiments using
stirred-tank  bioreactors, glucose-supplemented
whey supported efficient biomass production,
generating 2 g/l. DW after 72 h of cultivation—
slightly lower than the 2.95 g/L DW obtained
with conventional MRS medium. These results
underscore the feasibility of using low-cost
substrates for industrial-scale biomass generation.

Author contribution

Mauricio Molinas-Vera and Walter J. Sandoval-
Espinola contributed to the conception of the
study, data analysis, and manuscript writing.
Mauricio Molinas-Vera, Silverio Andrés Quintana,
and Yadira Parra carried out the molecular
identification of the bacterial isolates. Mauricio
Molinas-Vera and Karina Hodara performed the
statistical analysis of the results.

Conflicts of interest
The authors declare having no conflicts of interest.

Funding

The work described in this paper was co-funded by
varying degrees by GeneBiome E.A.S., MicroBios
S.A., Tecnofast S.A., and FACEN-UNA.

References

Adeniyi, B., Adetoye, A. & Ayeni, F. (2015).
Antibacterial activities of lactic acid
bacteria isolated from cow faeces against
potential enteric pathogens. African Health
Sciences, 15(3): 888-888. <https://doi.
org/10.4314/ahs.v15i3.24>,

Al-Shuhaib, M.B.S. & Hashim, H.O. (2023).
Mastering DNA chromatogram analysis
in Sanger sequencing for reliable clinical
analysis. Journal of Genetic Engineering
and  Biotechnology, 21(1): 115-115.
<https://doi.org/10.1186/s43141-023-
00587-6>.

57-73 67

Alvarez Duarte, O.M. (2020). Biisqueda de cepas
productoras de fermentacion lactica en
Queso Paraguay. (Disertacion de maestria).
Encarnacion: Universidad Nacional de
Itapua. 45 pp.

Anagnostopoulos, D.A., Bozoudi, D. & Tsaltas, D.
(2018). Enterococci Isolated from Cypriot
Green Table Olives as a New Source of
Technological and Probiotic Properties.
Fermentation, 4(2): 48-48. <https://doi.
org/10.3390/fermentation4020048>,

Arce, L. (2012). La industria carnica en Paraguay.
Asuncion: Ministerio de Agricultura y
Ganaderia. [Consulted: 1.vii.2025]. <https://
repositorio.mag.gov.py/archivo/348/la-
industria-carnica-en-paraguay.pdf>.

Arias-Islas, E., Morales-Barrera, J., Prado-
Rebolledo, O. & Garia-Casillas, A. (2020).
Metabolismo en rumiantes y su asociacion
con analitos bioquimicos sanguineos.
Abanico Veterinario, 10: 1-24. <https://doi.
org/10.21929/abavet2020.15>.

Azzaz, H. (2023). Characterization, encapsulation
and evaluation of the newly isolated
Enterococcus faecium as a probiotic for
ruminants. Egyptian Journal of Chemistry,
66(10): 107-117. <https://doi.org/10.21608/
ejchem.2023.163556.6995>.

Ben Braiek, O. & Smaoui, S. (2019). Enterococci:

Between  Emerging  Pathogens and
Potential Probiotics. BioMed Research
International, 2019: 1-13. <https://doi.

org/10.1155/2019/5938210>.

Beukers, A.G., Zaheer, R., Goji, N., Amoako, K.K.,
Chaves, A.V., Ward, M.P. & McAllister,
T.A. (2017). Comparative genomics of
Enterococcus spp. isolated from bovine
feces. BMC Microbiology, 17(1): 52-52.
<https://doi.org/10.1186/s12866-017-0962-
1>.

Botello-Suarez, W., Fuentes, R. & Medina, A.
(2020). Produccion de biomasa probidtica
y acido lactico a partir de lactosuero dulce.
Revista Ambiental Agua, Aire y Suelo, 2:
1-10.

Isolation, characterization, and scale-up of native bacteria from the cattle ruminal microbiome


https://doi.org/10.4314/ahs.v15i3.24
https://doi.org/10.4314/ahs.v15i3.24
https://doi.org/10.1186/s43141-023-00587-6
https://doi.org/10.1186/s43141-023-00587-6
https://doi.org/10.3390/fermentation4020048
https://doi.org/10.3390/fermentation4020048
https://repositorio.mag.gov.py/archivo/348/la-industria-carnica-en-paraguay.pdf
https://repositorio.mag.gov.py/archivo/348/la-industria-carnica-en-paraguay.pdf
https://repositorio.mag.gov.py/archivo/348/la-industria-carnica-en-paraguay.pdf
https://doi.org/10.21929/abavet2020.15
https://doi.org/10.21929/abavet2020.15
https://doi.org/10.21608/ejchem.2023.163556.6995
https://doi.org/10.21608/ejchem.2023.163556.6995
https://doi.org/10.1155/2019/5938210
https://doi.org/10.1155/2019/5938210
https://doi.org/10.1186/s12866-017-0962-1
https://doi.org/10.1186/s12866-017-0962-1

68 Reportes cientificos de la FACEN, Enero - Junio 2025, 16(1):

Briones Ramirez, S.R. (2023). Caracterizacion
microbiologica de bacterias con actividad
celulolitica aisladas del liquido ruminal y
estiércol de ganado vacuno. Cajamarca:
Universidad Nacional de Cajamarca. 112
pp-

Condon, S. (1983). Aerobic metabolism of lactic
acid bacteria. Irish Journal of Food Science
and Technology, 7(1): 15-25. <http://www.
jstor.org/stable/25619546>.

Crossley, B.M., Bai, J., Glaser, A., Maes, R., Porter,
E., Killian, M.L., Clement, T. & Toohey-
Kurth, K. (2020). Guidelines for Sanger
sequencing and molecular assay monitoring.
Journal  of  Veterinary  Diagnostic
Investigation, 32(6): 767-775. <https://doi.
org/10.1177/1040638720905833>.

Cueto-Vigil, M.C., Acufia-Monsalve, Y. &
Valenzuela-Riafio, J. (2010). Evaluacion in
vitro del potencial probiotico de bacterias
acido lacticas aisladas de suero costefio.
Actualidades Biologicas, 32(93): 109—118.

Cury, R.K., Aguas, M.Y., Martinez, M.A., Olivero,
V.R. & Chams Ch, L. (2017). Residuos
agroindustriales: su impacto, manejo y
aprovechamiento. Revista Colombiana
de Ciencia Animal — RECIA, 9(S1):
122-132. <https://doi.org/10.24188/recia.
v9.ns.2017.530>.

De LaRosa, A K., Vasquez Garcia, A., Betancourt,
S.P., Andrade, E.N., Bermidez Medina,
D.F., Diaz Arce, K.S., Ascacio, J.A. &
Londofio Hernandez, L. (2023). Evaluacion
de medios de cultivos para el crecimiento
de bacterias acido lacticas probidticas
y su potencial uso en alimentacion
de aves de corral. Publicaciones e
Investigacion, 17(4): 111-121. <https://doi.
org/10.22490/25394088.7507>.

Di Rienzo, J.A., Casanoves, F., Balzarini, M.G.,
Gonzalez, L., Tablada, M. & Robledo,
C.W. (2008). InfoStat: software estadistico:
manual del usuario. (Vers. 2008). Cordoba:
Editorial Brujas. 336 pp.

Di Rienzo, J.A., Casanoves, F., Balzarini, M.G.,

57-73

Gonzalez, L., Tablada, M. & Robledo,
C.W. (2017). InfoStat: software estadistico.
(Vers. 2017). Cordoba: Grupo InfoStat.
[Consulted: 16.x.2018].  <https://www.
infostat.com.ar/>.

Ekinci, F.Y. & Gurel, M. (2008). Effect of using
propionic acid bacteria as an adjunct culture
in yogurt production. Journal of Dairy
Science, 91(3): 892-899. <https://doi.
org/10.3168/jds.2007-0244>.

Escobar, L.F.,, Rojas, C.A., Giraldo, G.A. &
Padilla-Sanabria, L. (2010). Evaluacion
del crecimiento de Lactobacillus casei y
produccion de acido lactico usando como
sustrato el suero de leche de vacuno.
Revista de Investigaciones Universidad
del Quindio, 20(1): 42-49. <https://doi.
org/10.33975/riug.vol20n1.707>.

Fernandez Fernandez, S. (2022). Caracterizacion
de bacterias acido lacticas (BAL) para la
produccion de acido lactico (AL) a escala
de planta piloto. Asuncion: Universidad
Nacional de Asuncion. 103 pp.

GarciaM.C.,Arrazola P.G. & Villalba C.M. (2013).
Produccion de acido lactico de suplemento
de lactosuero suplementado utilizando
Lactobacillus casei. Biotecnologia en el
Sector Agropecuario y Agroindustrial,
11(1): 136-143.

Garcia-Solache, M. & Rice, L.B. (2019). The
Enterococcus: a model of adaptability to
its environment. Clinical Microbiology
Reviews, 32(2): e00058-18. <https://doi.
org/10.1128/CMR.00058-18>.

Gordillo-Andia, C., Almirén, J., Barreda-Del-
Carpio, J.E., Roudet, F., Tupayachy-
Quispe, D. & Vargas, M. (2024).
Influence of Kluyveromyces lactis and
Enterococcus faecalis on obtaining lactic
acid by cheese whey fermentation. Applied
Sciences, 14(11): 4649-4649. <https://doi.
0rg/10.3390/app14114649>.

Gutiérrez-Sarmiento, W., Ventura-Canseco, L.,
Gutiérrez-Miceli, F., Lujan-Hidalgo, M.,
Abud-Archila, M. & Ruiz-Valdiviezo, V.

Mauricio Molinas-Vera et al.


http://www.jstor.org/stable/25619546
http://www.jstor.org/stable/25619546
https://doi.org/10.1177/1040638720905833
https://doi.org/10.1177/1040638720905833
https://doi.org/10.24188/recia.v9.ns.2017.530
https://doi.org/10.24188/recia.v9.ns.2017.530
https://doi.org/10.22490/25394088.7507
https://doi.org/10.22490/25394088.7507
https://www.infostat.com.ar/
https://www.infostat.com.ar/
https://doi.org/10.3168/jds.2007-0244
https://doi.org/10.3168/jds.2007-0244
https://doi.org/10.33975/riuq.vol20n1.707
https://doi.org/10.33975/riuq.vol20n1.707
https://doi.org/10.1128/CMR.00058-18
https://doi.org/10.1128/CMR.00058-18
https://doi.org/10.3390/app14114649
https://doi.org/10.3390/app14114649

Reportes cientificos de la FACEN, Enero - Junio 2025, 16(1):

(2020). Optimizacion de produccion de
biomasa, acido lactico y supervivencia a
simulacion gastrointestinal de Lactobacillus
plantarum BAL-03-ITTG cultivado en
biorreactor de tanque agitado. Agrociencia,
54(2): 147-162.

Hill, C., Guarner, F., Reid, G., Gibson, G.R.,
Merenstein, D.J., Pot, B., Morelli, L.,
Canani, R. B., Flint, H. J., Salminen, S.,
Calder, P. C. & Sanders, M. E. (2014).
The International Scientific Association
for Probiotics and Prebiotics consensus
statement on the scope and appropriate
use of the term probiotic. Nature Reviews
Gastroenterology & Hepatology, 11(8):
506-514. <https://doi.org/10.1038/
nrgastro.2014.66>.

Kadri, Z., Spitaels, F., Cnockaert, M., Praet, J.,
El Farricha, O., Swings, J. & Vandamme,
P. (2015). Enterococcus bulliens sp. nov.,
a novel lactic acid bacterium isolated from
camel milk. Antonie van Leeuwenhoek,
108(5): 1257-1265. <https://doi.
org/10.1007/s10482-015-0579-z>.

Katiraei, S., Anvar, Y., Hoving, L., Berbée, J.F.P.,
van Harmelen, V. & Willems van Dijk, K.
(2022). Evaluation of full-length versus
V4-region 16S tRNA sequencing for
phylogenetic analysis of mouse intestinal
microbiota after a dietary intervention.
Current Microbiology, 79(9): 276. <https://
doi.org/10.1007/s00284-022-02956-9>.

Kim, M., Park, T. & Yu, Z. (2017). — Invited
Review — Metagenomic investigation
of gastrointestinal microbiome in cattle.
Asian-Australasian  Journal of Animal
Sciences, 30(11): 1515-1528. <https://doi.
org/10.5713/ajas.17.0544>.

Kumar, S., Varada, V.V., Banakar, P.S., Tyagi,
N., Chouraddi, R., Hogarehalli Mallapa,
R. & Tyagi, A.K. (2023). Screening and
characterization of Sahiwal cattle calves-
origin lactic acid bacteria based on desired
probiotic attributes for potential application.
Animal Biotechnology, 34(4): 1612—-1625.

57-73 69

<https://doi.org/10.1080/10495398.2022.2
043885>.

Laino, L.D., Laino, I. & Musalem, K. (2018).

International trade and competitiveness

of cattle production in Paraguay.

Poblacion y Desarrollo, 24(46): 99—109.

<https://doi.org/10.18004/pdfce/2076-

054x/2018.024(46).099-109>.

& Guan, L.L. (2017). Metatranscriptomic

profiling reveals linkages between the active

rumen microbiome and feed efficiency in
beef cattle. Applied and Environmental

Microbiology, 83(9): 1-16. <https://doi.

org/10.1128/AEM.00061-17>.

Lin, W.-C., Ptak, C.P., Chang, C.-Y., lan, M.-
K., Chia, M.-Y., Chen, T.-H. & Kuo, C.-J.
(2020). Autochthonous lactic acid bacteria
isolated from dairy cow feces exhibiting
promising probiotic properties and in vitro
antibacterial activity against foodborne
pathogens in cattle. Frontiers in Veterinary
Science, 7: 1-13. <https://doi.org/10.3389/
fvets.2020.00239>.

Mamuad, L.L., Kim, S.H., Biswas, A.A., Yu, Z.,
Cho, K.-K., Kim, S.-B., Lee, K. & Lee, S. S.
(2019). Rumen fermentation and microbial
community composition influenced by live

Li, F.

Enterococcus  faecium supplementation.
AMB  Express, 9(1): 123. <https:/doi.

org/10.1186/s13568-019-0848-8>.

Mansilla, F.I., Ficoseco, C.A., Miranda, M.H.,
Puglisi, E., Nader-Macias, M.E.F,,
Vignolo, G.M. & Fontana, C.A. (2022).
Administration of probiotic lactic acid
bacteria to modulate fecal microbiome in
feedlot cattle. Scientific Reports, 12(1):
12957.  <https://doi.org/10.1038/s41598-
022-16786-z>.

Michalak, M., Wojnarowski, K., Cholewinska, P.,
Szeligowska, N., Bawej, M. & Pacon, J.
(2021). Selected alternative feed additives
used to manipulate the rumen microbiome.
Animals,  11(6):  1542.  <https://doi.
org/10.3390/ani11061542>.

Moreno, J.R. & Albarracin,

VH. (2016).

Isolation, characterization, and scale-up of native bacteria from the cattle ruminal microbiome


https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1007/s10482-015-0579-z
https://doi.org/10.1007/s10482-015-0579-z
https://doi.org/10.1007/s00284-022-02956-9
https://doi.org/10.1007/s00284-022-02956-9
https://doi.org/10.5713/ajas.17.0544
https://doi.org/10.5713/ajas.17.0544
https://doi.org/10.1080/10495398.2022.2043885
https://doi.org/10.1080/10495398.2022.2043885
https://doi.org/10.18004/pdfce/2076-054x/2018.024(46).099-109
https://doi.org/10.18004/pdfce/2076-054x/2018.024(46).099-109
https://doi.org/10.1128/AEM.00061-17
https://doi.org/10.1128/AEM.00061-17
https://doi.org/10.3389/fvets.2020.00239
https://doi.org/10.3389/fvets.2020.00239
https://doi.org/10.1186/s13568-019-0848-8
https://doi.org/10.1186/s13568-019-0848-8
https://doi.org/10.1038/s41598-022-16786-z
https://doi.org/10.1038/s41598-022-16786-z
https://doi.org/10.3390/ani11061542
https://doi.org/10.3390/ani11061542

70 Reportes cientificos de la FACEN, Enero - Junio 2025, 16(1): 57-73
Aislamiento, cultivo e identificacion Sociedad Venezolana de Microbiologia,
de microorganismos ambientales a 26(1): 1-X.
partir de muestras naturales. Reduca, Parada, R., Beraud, L., Andoro, D., Sosa, F.,

5(5): 79-93. <https://ri.conicet.gov.ar/
handle/11336/17156>.
Moshokoa, M.F., Daramola, M.O., Adeleke,

R., Ndaba, B. & Roopnarain, A. (2024).
Influence of environmental factors on
Enterococcus  faecium for production
of succinic acid in a batch reactor: A
preliminary investigation. Materials Today:
Proceedings, 105: 139-147. <https://doi.
org/10.1016/j.matpr.2023.08.078>.
Murray, B.E. (1990). The life and times of the

Enterococcus.  Clinical ~— Microbiology
Reviews, 3(1): 46-65. <https://doi.

org/10.1128/CMR.3.1.46>.

Muvdi-Nova, C.J., Mora-Garcia, S.A. & Caceres-
Roa, S.A. (2021). Evaluating volume
reduction of clarified acid bovine milk
whey via falling film vacuum evaporation.
Ciencia & Tecnologia Agropecuaria,
22(1): 1-11. <https://doi.org/10.21930/rcta.
vol22 numl_art:1241>.

Ojo-Okunola, A., Claassen-Weitz, S., Mwaikono,
K.S., Gardner-Lubbe, S., Zar, H.J., Nicol,
M.P. & du Toit, E. (2020). The influence
of DNA extraction and lipid removal on
human milk bacterial profiles. Methods
and Protocols, 3(2): 39. <https://doi.
org/10.3390/mps3020039>.

Okonechnikov, K., Golosova, O. & Fursov,
M. (2012). Unipro UGENE: a unified
bioinformatics  toolkit.  Bioinformatics,
28(8): 1166—-1167. <https://doi.org/10.1093/
bioinformatics/bts091>.

Osorio, J., Pachajoa, H. & Hurtado, P. (2017). DNA
concentration and purity of blood samples
stored in Whatman FTA paper between 1 to 3
years. Revista Estomatologia, 21(1): 35-38.
<https://doi.org/10.25100/re.v21i1.5756>.

Padin Gonzalez, C. & Diaz Fernandez, M. (2006).
Efecto de la concentracion inicial del
lactosuero sobre la fermentacion alcoholica
con Kluyveromyces fragilis. Revista de la

Marguet, E. & Vallejo, M. (2017). Actividad

antimicrobiana de bacterias acido lacticas

aisladas de invertebrados marinos de la
costa del Chubut (Patagonia — Argentina).

Bionatura, 2(4): 456-459. <https://doi.

org/10.21931/RB/2017.02.04.8>.

Gonzalez, Y.R. (2020). Aislamiento de

Bacterias Acido Ldcticas obtenidas de

Leches y Queso Paraguay. (Disertacion

de maestria). Encarnacion: Universidad

Nacional de Itaptia. 105 pp. <http:/hdl.

handle.net/20.500.14066/3142>.

Parra Huertas, R.A. (2010). Review. Bacterias
acido lacticas: papel funcional en los
alimentos. Biotecnologia en el Sector
Agropecuario y Agroindustrial, 8: 93—105.

Pérez, J., Rocha, E., Uzcategui, D., Aranguren,
Y. & Machado, E. (2015). Aislamiento,
seleccion y caracterizacion de cepas del
género Lactobacillus aisladas de liquido
ruminal vacuno en la zona Sur del Lago,
Venezuela.  Revista  Colombiana  de
Ciencia Animal, 7(2): 165. <https://doi.
org/10.24188/recia.v7.n2.2015.259>.

Policani, M., Ayala, C., Alvarez, S., Parra, Y.,
Ulke, G., Fernandez, D. & Lopez, T. (2024).
Ensayo de inhibiciéon en medio liquido
con placa multipocillo de bacterias acido
lacticas aisladas de leche cruda y queso
Paraguay contra Listeria monocytogenes.
Reportes  Cientificos de la FACEN,
15(1): 50-56. <https://doi.org/10.18004/
rcfacen.2024.15.1.050>.

Qadis, A.Q.,Goya, S., Ikuta, K., Yatsu, M., Kimura,
A., Nakanishi, S. & Sato, S. (2014). Effects
of a bacteria-based probiotic on ruminal
pH, volatile fatty acids and bacterial flora
of Holstein calves. Journal of Veterinary
Medical Science, 76(6): 877-885. <https://
doi.org/10.1292/jvins.14-0028>.

Quille Quille, L., Luque Vilca, O.M., Pilar, F. &
Ordofiez, A. (2021). Potencialidades del

Parra

Mauricio Molinas-Vera et al.


https://ri.conicet.gov.ar/handle/11336/17156
https://ri.conicet.gov.ar/handle/11336/17156
https://doi.org/10.1016/j.matpr.2023.08.078
https://doi.org/10.1016/j.matpr.2023.08.078
https://doi.org/10.1128/CMR.3.1.46
https://doi.org/10.1128/CMR.3.1.46
https://doi.org/10.21930/rcta.vol22_num1_art:1241
https://doi.org/10.21930/rcta.vol22_num1_art:1241
https://doi.org/10.3390/mps3020039
https://doi.org/10.3390/mps3020039
https://doi.org/10.1093/bioinformatics/bts091
https://doi.org/10.1093/bioinformatics/bts091
https://doi.org/10.25100/re.v21i1.5756
https://doi.org/10.21931/RB/2017.02.04.8
https://doi.org/10.21931/RB/2017.02.04.8
http://hdl.handle.net/20.500.14066/3142
http://hdl.handle.net/20.500.14066/3142
https://doi.org/10.24188/recia.v7.n2.2015.259
https://doi.org/10.24188/recia.v7.n2.2015.259
https://doi.org/10.18004/rcfacen.2024.15.1.050
https://doi.org/10.18004/rcfacen.2024.15.1.050
https://doi.org/10.1292/jvms.14-0028
https://doi.org/10.1292/jvms.14-0028

Reportes cientificos de la FACEN, Enero - Junio 2025, 16(1):

lactosuero generado por la industria quesera
y su valorizacion. Revista Cientifica I+D
Aswan Science, 2021(2): 4. <https://doi.
org/10.51892/rcidas.v1i2.10>.

Ramirez Lozano, R.G. (2017). Principios de
nutricion de rumiantes. Bloomington:
Palibrio. 186 pp.

Ramirez Navas, J.S. (2012). Aprovechamiento
industrial de  lactosuero = mediante
procesos fermentativos.  Publicaciones
e Investigacion, 6: 69-83. <https:/doi.
0rg/10.22490/25394088.1100>.

Ramirez Navas, J.S. (2013). Uso de la fermentacion
para el aprovechamiento del lactosuero.
Tecnologia Lactea Latinoamericana, 77:
52-61.

Ringe, E. & Gatesoupe, F.-J. (1998). Lactic acid
bacteria in fish: a review. Aquaculture,
160(3-4): 177-203. <https://doi.
org/10.1016/S0044-8486(97)00299-8>.

Robles, C., Uzal, F. & Olaechea, F. (2023). Guia
de muestreo en ovinos y caprinos. Bahia
Blanca: Instituto Nacional de Tecnologia
Agraria. 31 pp.

Rojas, A.M., Montafo, L.P. & Bastidas, M.J.
(2016). Produccion de 4acido lactico
a partir del lactosuero utilizando
Lactobacillus delbrueckii subsp. bulgaricus
y Streptococcus thermophilus. Revista
Colombiana de Quimica, 44(3): 5-10.
<https://doi.org/10.15446/rev.colomb.
quim.v44n3.55604>.

Sanchez, L. & Tromps, J. (2014). Caracterizacion
in vitro de bacterias acido lacticas con
potencial probiodtico. Revista Salud Animal,
36(2): 1-X.

Sanchez Ortiz, A.C., Luna Gonzalez, A., Campa
Coérdova, A. 1., Escamilla Montes, R.,
Flores Miranda, M. del C. & Mazon
Suastegui, J. M. (2015). Isolation and
characterization of potential probiotic
bacteria from pustulose ark (A4nadara
tuberculosa) suitable for shrimp farming.
Latin  American Journal of Aquatic
Research, 43(1): 123-136. <https://doi.

57-73 71

org/10.3856/vol43-issuel -fulltext-11>.

Sandoval-Espinola, W.J., Chinn, M. & Bruno-
Barcena, JM. (2015). Inoculum
optimization of Clostridium beijerinckii for
reproducible growth. FEMS Microbiology
Letters, 362(19): fnv164. <https:/doi.
org/10.1093/femsle/fnv164>.

Saval, S. (2012). Aprovechamiento de residuos
agroindustriales: pasado, presente y futuro.
Biotecnologia, 16(2): 1-X.

Servicio Nacional de Calidad y Salud Animal
(SENACSA). (2024). Avances de valores

certificados ~ sanitarios emitidos para
exportacion de carnes, menudencias,
productos y  subproductos. Asuncion:

Servicio Nacional de Calidad y Salud
Animal. [Consulted: 1.vii.2025].
<https://senacsa.gov.py/servicios/
servicios-tecnicos/estadisticas/informes-
mensuales/>.

Serrat Diaz, M. & Méndez Hernandez, A.A. (2015).
Construccion y validacion experimental de
un biorreactor artesanal tipo tanque agitado
para fermentaciones sumergidas a escala de
laboratorio. Tecnologia Quimica, 35: 362—
375.

Settachaimongkon, S., van Valenberg, H.J.F.,
Gazi, 1., Nout, M.J.R., van Hooijdonk,
T.CM., Zwietering, M. H. & Smid,
E.J. (2016). Influence of Lactobacillus
plantarum WCFS1 on post-acidification,
metabolite formation and survival of starter
bacteria in set-yoghurt. Food Microbiology,
59:  14-22.  <https://doi.org/10.1016/.
fm.2016.04.008>.

Smalley, A.J., Jahrling, P. & Van Demark, P.J.
(1968). Molar growth yields as evidence for
oxidative phosphorylation in Streptococcus
faecalis  strain  10C1.  Journal  of
Bacteriology, 96(5): 1595-1600. <https://
doi.org/10.1128/jb.96.5.1595-1600.1968>.

Smidkova, J. & Cizek, A. (2017). The effect of
Enterococcus faecium M74 feed additive
on the extended-spectrum beta-lactamases/
AmpC-positive Escherichia coli faecal

Isolation, characterization, and scale-up of native bacteria from the cattle ruminal microbiome


https://doi.org/10.51892/rcidas.v1i2.10
https://doi.org/10.51892/rcidas.v1i2.10
https://doi.org/10.22490/25394088.1100
https://doi.org/10.22490/25394088.1100
https://doi.org/10.1016/S0044-8486(97)00299-8
https://doi.org/10.1016/S0044-8486(97)00299-8
https://doi.org/10.15446/rev.colomb.quim.v44n3.55604
https://doi.org/10.15446/rev.colomb.quim.v44n3.55604
https://doi.org/10.3856/vol43-issue1-fulltext-11
https://doi.org/10.3856/vol43-issue1-fulltext-11
https://doi.org/10.1093/femsle/fnv164
https://doi.org/10.1093/femsle/fnv164
https://senacsa.gov.py/servicios/servicios-tecnicos/estadisticas/informes-mensuales/
https://senacsa.gov.py/servicios/servicios-tecnicos/estadisticas/informes-mensuales/
https://senacsa.gov.py/servicios/servicios-tecnicos/estadisticas/informes-mensuales/
https://doi.org/10.1016/j.fm.2016.04.008
https://doi.org/10.1016/j.fm.2016.04.008
https://doi.org/10.1128/jb.96.5.1595-1600.1968
https://doi.org/10.1128/jb.96.5.1595-1600.1968

72 Reportes cientificos de la FACEN, Enero - Junio 2025, 16(1):

counts in pre-weaned dairy calves. Acta
Veterinaria Brno, 86(4): 333-338. <https://
doi.org/10.2754/avb201786040333>.

Strizler, N.P. & Rabotnikof, C.M. (2019). Nutricion
y alimentacion de rumiantes en la Region
Semiarida Central argentina. In Hernandez,
G. (Ed.). Nutricion y alimentacion de
rumiantes en la Region Semiarida Central
argentina. Santa  Rosa:  Universidad
Nacional de La Pampa. 350 pp.

Suharsono, H., Suardana, I.W. & Pinatih, K.J.P.
(2023). Bacteriocin potency test of lactic
acid bacteria (LAB) isolated from rumen
of Bali cattle against low pH and bile
salt. Bali Medical Journal, 12(1): 1142—

1146. <https://doi.org/10.15562/bmj.
v12i1.4305>.
Torres Rodelo, M.R. (2018). Evaluacion

tecnologica del proceso de obtencion de
biomasa de microorganismos probioticos en
medio de cultivo formulado con suero lacteo
suplementado. (Trabajo de grado). Bogota:
Universidad Nacional de Colombia. 113
pp. <https://repositorio.unal.edu.co/handle/
unal/69569>.

Velazquez-Lopez, A., Covatzin-Jirdn, D., Toledo-
Meza, M.D. & Vela-Gutiérrez, G. (2018).
Bebida fermentada elaborada con bacterias
acido lacticas aisladas del pozol tradicional
chiapaneco. CienciaUAT, 13(1): 165-165.
<https://doi.org/10.29059/cienciauat.
v13il.871>.

57-73

Villanueva, R.A.M. & Chen, Z.J. (2019). ggplot2:
Elegant Graphics for Data Analysis (2nd
ed.).  Measurement:  Interdisciplinary
Research and Perspectives, 17(3): 160-
167. <https://doi.org/10.1080/15366367.20
19.1565254>.

Yousten, A.A., Johnson, JL. & Salin, M.
(1975). Oxygen metabolism of catalase-
negative and catalase-positive strains
of Lactobacillus plantarum. Journal of
Bacteriology, 123(1): 242-247. <https://
doi.org/10.1128/jb.123.1.242-247.1975>.

Yupangui Asanza, S.M., Moran Castillo, J.D.,
Silverio Calderén, C.E., Manzanares
Loaiza, S.G., Flores Acosta, AR. &
Zuiiiga-Moreno, L.E. (2024). Identificacion
de Bacterias Gram positivas en muestras de
leche cruda, obtenida por ordefio manual.
Revista Alfa, 8(22): 69-83. <https://doi.
org/10.33996/revistaalfa.v8i22.249>.

Zhang, 7., Schwartz, S., Wagner, L. & Miller, W.
(2000). A Greedy Algorithm for Aligning
DNA Sequences. Journal of Computational
Biology, 7(1-2): 203-214. <https://doi.
0rg/10.1089/10665270050081478>.

Ziadi, M., M’Hir, S., Aydi, A. & Hamdi, M. (2020).
Bioreactor Scale-Up and Kinetic Modeling
of Lactic Acid and Biomass Production by
Enterococcus faecalis SLT13 during Batch
Culture on Hydrolyzed Cheese Whey.
Journal of Chemistry, 2020: 1-9. <https://
doi.org/10.1155/2020/1236784>.

Mauricio Molinas-Vera et al.


https://doi.org/10.2754/avb201786040333
https://doi.org/10.2754/avb201786040333
https://doi.org/10.15562/bmj.v12i1.4305
https://doi.org/10.15562/bmj.v12i1.4305
https://repositorio.unal.edu.co/handle/unal/69569
https://repositorio.unal.edu.co/handle/unal/69569
https://doi.org/10.29059/cienciauat.v13i1.871
https://doi.org/10.29059/cienciauat.v13i1.871
https://doi.org/10.1080/15366367.2019.1565254
https://doi.org/10.1080/15366367.2019.1565254
https://doi.org/10.1128/jb.123.1.242-247.1975
https://doi.org/10.1128/jb.123.1.242-247.1975
https://doi.org/10.33996/revistaalfa.v8i22.249
https://doi.org/10.33996/revistaalfa.v8i22.249
https://doi.org/10.1089/10665270050081478
https://doi.org/10.1089/10665270050081478
https://doi.org/10.1155/2020/1236784
https://doi.org/10.1155/2020/1236784

Reportes cientificos de la FACEN, Enero - Junio 2025, 16(1): 57-73 73

Appendices

Supplementary Table 1. Analysis of variance (ANOVA) for the effect of pH, temperature, and their
interaction on the growth rate (h™) of bacterial isolates CR2 and CR3.

Bacterial isolate Growth rate [h-1]
F.V. SS FD MS F p-value
Model 11.88 15 0.79 34.14 <0.0001
pH 7.35 3 2.45 105.62 <0.0001
CR2 [Temperature 3.6 3 1.2 51.77 <0.0001
pH*Temperature 0.93 9 0.1 4.43 0.0001
[Error 2.6 112 0.02
Total 14.48 127
F.V. SS FD MS F p-value
Model 6.15 15 0.41 24.6 <0.0001
pH 4.89 3 1.63 97.66 <0.0001
CR3 Temperature 0.92 3 0.31 18.45 <0.0001
pH*Temperature 0.35 9 0.04 223 0.0207
[Error 1.87 112 0.02
Total 8.02 127

Supplementary Table 2. Analysis of variance (ANOVA) for the effect of culture medium on the growth
rate (h™') and doubling time (h) of bacterial isolates CR2 and CR3.

B;f)tlz’;a' Growth rate [h-1] Dobling time [h]
E.V. SS | FD | MS F | p-value EV. SS | FD | MS F | p-value
Model 1.13 3 0.38 | 83.91 | <0.0001 [Model 2.38 3 0.79 1109.47] <0.0001
CR2  |Culture medium | 1.13 3 0.38 | 83.91 | <0.0001 [Culture medium | 2.38 3 0.79 [109.47] <0.0001
Error 0.13 | 28 [0.0045 [Error 02 | 28 |0.01
Total 1.25] 31 Total 258 31
F.V. SS | FD | MS F | p-value | FEW. SS | FD | MS F | p-value
Model 1.33 ] 3 | 0.44 110.69 | 0.0001 [Model 6.15| 15 | 0.41 | 24.6 | <0.0001
CR3 |Culture medium| 1.33 | 3 0.44 1 10.69 | 0.0001 [Culture medium| 4.89 | 3 1.63 | 97.66 | <0.0001
Error 1.16 | 28 | 0.04 Error 092 | 3 ]0.31 |18.45]<0.0001
Total 249 | 31 Total 035 9 |0.04| 23 | 0.0207

Isolation, characterization, and scale-up of native bacteria from the cattle ruminal microbiome



