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Abstract - The objective of this study was to evaluate the probiotic potential of lactic
acid bacteria (LAB) isolated from Minas artisanal cheese produced in Campo das Vertentes,
MG, and to select bacteria for the production of fermented milk. The following strains,
including  Lactiplantibacillus  plantarum  (LPL), Levilactobacillus brevis (LB),
Latilactobacillus curvatus (LC), Laticaseibacillus paracasei (LPR), Lactococcus garvieae
(LG), Lactococcus lactis (LL), Leuconostoc mesenteroides (LMO001), and Leuconostoc
pseudomesenteroides (LPS), were assessed for their tolerance to artificial gastric acid and bile
salts, susceptibility to antimicrobials, and antagonistic properties. Leuc. mesenteroides
(LMOO01) survived the simulation of gastrointestinal barriers, displayed susceptibility to ten of
the 12 antimicrobials tested, and exhibited the ability to inhibit pathogenic microorganisms.
Consequently, it was selected for production of fermented milk, which was submitted to
physicochemical and microbiological analyses for up to 14 days of storage, yielding results in
accordance with current Brazilian legislation. It is recommended that in vivo tests be conducted
to assess the probiotic characteristics of Leuc. mesenteroides LMOO1 for its use in functional
foods.

Index terms: functional foods; fermented milk; Leuconostoc; probiotic

Resumo - O objetivo deste estudo foi avaliar o potencial probidtico de bactérias laticas
(BAL) isoladas de queijo Minas artesanal produzido em Campo das Vertentes, MG, e selecionar
bactérias para producao de leite fermentado. As seguintes cepas, incluindo Lactiplantibacillus
plantarum (LPL), Levilactobacillus brevis (LB), Latilactobacillus curvatus (LC),
Laticaseibacillus paracasei (LPR), Lactococcus garvieae (LG), Lactococcus lactis (LL),
Leuconostoc mesenteroides (LMO001) e Leuconostoc pseudomesenteroides (LPS), foram
avaliados quanto a tolerancia ao acido gastrico artificial e aos sais biliares, suscetibilidade a
antimicrobianos e propriedades antagonicas. Leuc. mesenteroides (LMO0O01) sobreviveu a
simulacdo de barreiras gastrointestinais, apresentou suscetibilidade a dez dos 12
antimicrobianos testados e exibiu capacidade de inibir micro-organismos patogénicos.
Consequentemente, foi selecionado para producéo de leite fermentado, que foi submetido a
andlises fisico-quimicas e microbiolégicas por até 14 dias de armazenamento, obtendo
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resultados de acordo com a legislacdo brasileira vigente. Recomenda-se que sejam realizados
testes in vivo para avaliar as caracteristicas probidticas do Leuc. mesenteroides LM0O01 para seu
uso em alimentos funcionais.

Palavras-chave: alimentos funcionais; leite fermentado; Leuconostoc; probioticos
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Introduction

Given the increasing interest of
the consumers for healthy products, the
demand for functional foods, such as
those containing probiotics is growing.
Probiotics are described as
microorganisms that offer health
benefits to those who consume them
when provided in sufficient quantities
(HILL et al. 2014). Benefits are
attributed to probiotics, such as
enhancing intestinal health, lowering
total cholesterol levels, boosting the
immune system, and reducing oxidative
stress during vigorous physical exercise
(SALOTTI-SOUZA et al. 2019).

For the selection of new probiotic
strains, functional, technological and

safety aspects must be evaluated,

including the lack of pathogenicity of the
strains and resistance to antibiotics
(PARKER et al. 2018).

The majority of microorganisms
with probiotic potential are lactic acid
bacteria (LAB), which can be found in
the microbiota of dairy products,
including artisanal ones. These artisanal
products often have diverse cultures
depending on their regions of origin.
Minas artisanal cheese is one of the most
traditional dairy products sold in Brazil,
produced from raw milk with the
addition of endogenous yeast obtained
from cheese whey, which is rich in
LAB.

In Brazil, artisanal cheeses are
produced in various regions and possess

distinct flavor characteristics (FIRMO et
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al. 2023). Considering the availability of
raw materials, cheese production inthe
State of Minas Gerais represents the
culture and history of the local
population. It is the Brazilian federative
unit with the greatest tradition in cheese
manufacturing and a pioneer in the
regulation of sanitary legislation for
artisanal cheeses (CAMARGO et al.
2021; COSTA et al. 2022).

Thus, the present study aimed to
evaluate the in vitro probiotic potential
of LAB isolated from Minas artisanal
cheeses produced in the Campo das
Vertentes region, Minas Gerais, Brazil,
and select LAB with functional food
properties for the elaboration of
fermented milk.

Material and methods
Characterization of lactic acid
bacteria

The study evaluated the in vitro
probiotic potential of eight LAB strains:
Lactiplantibacillus  (Lp.) plantarum
(LPL) (formerly known as Lactobacillus
plantarum),  Levilactobacillus  (Lv.)
brevis (LB) (formerly known as
Lactobacillus brevis), Latilactobacillus
(Lt.) curvatus (LC) (formerly known as
Lactobacillus curvatus),
Lacticaseibacillus (Lc.) paracasei (LPR)
(formerly known as Lactobacillus

paracasei), Lactococcus (Lact.)

garvieae (LG), Lactococcus (Lact.)
lactis  (LL),

mesenteroides

Leuconostoc  (Leuc)
(LMO001) and
Leuconostoc (Leuc)
pseudomesenteroides (LPS). LAB were
isolated from Minas artisanal cheeses
produced in the Campo das Vertentes
region and identified by the Matrix-
Assisted Laser Desorption/lonization -
Time of Flight (MALDI-TOF) mass
spectrometry (SINGHAL et al. 2015).
The bacteria were deposited at the
National System for the Management of
Genetic Heritage and Associated
Traditional Knowledge - SISGEN
(A56D9A9), in compliance with the
legislation in force (Brazilian Federal
Law number 13123 from May 20™,
2015). The isolated LAB were stored at -
20°C in cryotubes with Man, Rogosa and
Sharpe broth (MRS, Merck®, Darmstadt,
Germany) with 20% sterilized glycerol
(v/v) as a cryoprotector.
Tolerances of artificial gastric acid
and bile salts
The in vitro tolerances of LAB to
artificial gastric acid and bile salts were
performed in duplicate, with three
replications, using the adapted
technique, described by Silva et al.
(2013). The LAB were grown in MRS
broth and then centrifuged (13000g for 5
min) to obtain the pellets, which were
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washed with 0.9% saline solution three
times. The pellets were transferred to
tubes containing 1 mL of artificial gastric
acid, consisting of 0.9% saline with pH
2.0 and 3 g/L pepsin and tubes with 0.9%
saline and pH 7.0 (control). The tubes
were incubated at 37°C for 2 h and then
centrifuged (13000g for 5 min) to
remove gastric acid and saline. The
supernatant was discarded, and the
pellets were suspended in MRS broth.
For cell viability analysis, 200 pL/well
of control inoculum and samples treated
with artificial gastric acid were placed in
a 96-well microplate that incubated in a
spectrophotometer (Microplate,
Spectrophotometer System 47
SpectraMax 340 — Molecular Devices,
Sunnyvale, California, USA) at 37°C.
The absorbance was determined by
reading the ODs2onmv €very one hour,
during 24 h. The percentage of growth
inhibition was calculated by the formula
(1-SG/CT) x 100, in which SG and CT
correspond to the area under the growth
curve of the bacterium treated with
artificial gastric acid and the control,
respectively.

The bile salt tolerance was performed
similarly to the former test, except that
there was no previous incubation. The
absorbance was determined by reading

the ODs2onm at the same times of the

former analysis and the percentage of
growth inhibition was calculated by the
formula (1-SB/CT) x 100, in which SB
and CT correspond to the area under the
growth curve of the bacterium treated
with bile salts and the control,
respectively. The interpretation of results
was based on the percentage of
inhibition, according to the criterion
proposed by Acurcio et al. (2014).
Samples were considered tolerant when
they showed a percentage of inhibition
lower than 40%, moderately tolerant
from 40 to 80% and sensitive higher than
80%.
Antimicrobial susceptibility

The antimicrobial susceptibility
was performed in duplicate, with three
repetitions, according to the techniques
adapted from Charteris et al. (1998) and
the Clinical and Laboratory Standards
Institute - CLSI (2017). The selected
LAB were activated in MRS broth and
incubated under aerobic conditions at
37°C for 24 h. Subsequently, an aliquot
of 10 pL was inoculated onto plates with
MRS agar, which were incubated under
aerobic conditions at 37°C for 24 h. After
incubation, colonies were transferred to
tubes with 3.5 mL of 0.9% saline until
the turbidity reached 0.5 on the
McFarland scale (108 CFU/mL). Then,

sterile swabs were immersed in the saline
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and the liquid was distributed on the
entire surface of 14 cm diameter Petri
dishes containing MRS agar. Twelve
disks containing antimicrobials (Oxoid®,
Basingstoke, England) were distributed
on the plates: amikacin (30 pg),
ceftazidime (30 pg), ciprofloxacin (5
ug), clindamycin (2 ug),
chloramphenicol (30 ug), erythromycin
(15 pg), gentamicin (10 pg), oxacillin (1
Mg),  penicillin G (10  pg),
sulfa/trimethoprim (25 ug), tetracycline
(30 pg) and vancomycin (30 pg). These
antimicrobials were selected due to their
importance in animal health. The plates
were incubated at 37°C for 48 h. Quality
control of the disks was performed with
Escherichia coli ATCC 25922. The
diameters of the inhibition halos were
measured using a Mitutoyo Digimatic
Caliper® digital caliper (Mitutoyo Sul
Americana Ltda., S&o Paulo, Brazil).
The results were submitted to a
qualitative classification as sensitive,
moderately sensitive or resistant to
antimicrobial drugs, according to the
standard proposed by Charteris et al.
(1998). The cutoff points for oxacillin
were  considered
information reported by the CLSI (2017)

according  to

for Streptococcus pneumoniae, as the
classification for Lactobacillus was not

found in the literature.

In vitro antagonism test

The antagonism test of LAB
against indicator microorganisms was
performed using the spot-on-the-lawn
technique, described by Tagg et al.
(1976), in duplicate with three
replications. The antagonism activity
was verified against pathogenic bacteria
(Staphylococcus aureus ATCC 33591,
Salmonella enterica var. Typhimurium
ATCC 14028, Listeria monocytogenes
ATCC 15313 and Escherichia coli
ATCC 25922) and a LAB from artisanal
cheese produced in the Serra Geral
region (Lactobacillus rhamnosus Q221).
The pathogenic bacteria and the LAB
strain were activated twice in BHI
(Difco®, Detroit, Michigan, USA) and
MRS broths, respectively, which were
incubated at 37°C for 24 h. The LAB
selected as producers of antagonistic
effect were growth twice in MRS broth,
under aerobic conditions, at 37°C for 24
h. Then, 5 pL of each broth were
deposited in the center of Petri dishes
with MRS agar to form the spots. The
plates were incubated at 37°C for 48 h
under aerobiosis, and then 1 mL of
chloroform was added to the plate lids to
eliminate the producing bacteria and
maintain ~ only  the  antagonistic
substances. The plates were kept

inverted inside the laminar flow for 30

5



Mello et al., Revista Brasileira de Higiene e Sanidade Animal (v.18, n. 2) p. 1 — 14 abr — jun (2024)

minutes. To complement the LAB
inactivation, the plates were exposed to
ultraviolet light for 30 minutes.
Subsequently, 3.5 mL of the semi-solid
BHI agar, containing 10 pL of the
aforementioned pathogenic bacteria,
were homogenized and poured onto the
plates containing the spots. The plates
were incubated at 37°C for 48 h, in
aerobiosis. Then, the diameter of
inhibition halos around the spots were
measured with a Mitutoyo Digimatic
Caliper® digital. The results showed a
non-parametric behavior and, therefore,
the Kruskal-Wallis test was used to
compare the means of inhibition halos.
Milk fermentation

To evaluate the fermentative
capacity of the pre-selected LAB, it was
inoculated in a 10 mL tube containing
10% heat-treated reconstituted skimmed
milk. The tubes were then incubated at
37°C until clotting. The fermented milk
with the selected LAB was prepared
using skimmed milk powder (Molico,
Nestlé®, Aracatuba, Sdo Paulo, Brazil)
from three different batches, consisting
of three repetitions. The skimmed milk
powder used was reconstituted at 10% in
distilled water and was subjected to heat
treatment at 110°C for 10 min.
Subsequently, the evaluation of the

microbiological  quality of  the

reconstituted milks was carried out in
order to ensure the efficiency of the heat
treatment. For this, counts of aerobic
mesophilic microorganisms (CFU/mL),
molds and yeasts, coliforms at 30/35°C
and at 45°C (MPN/mL), Staphylococcus
spp. and search of Salmonella spp.
(APHA, 1992) were carried out. Each

container had 100 mL of fermented milk,
which were destined for
physicochemical analyses and LAB
counts (IDF, 1997) at 1, 7 and 14 days of
storage at 8-10°C. To evaluate the
physicochemical quality of the
fermented  milks, the following
determinations were carried out in
triplicate: titratable acidity , pH using a
digital pH meter (Gehaka PG1800, Séo
Paulo, Brazil) and contents of moisture
by the drying oven method (Gehaka
G4023D, Sao Paulo, Brazil) and balance
(Shimadzu AY?220, Séo Paulo, Brazil),
proteins by the Micro-Kjedahl method
and fat by the Gerber method
(OFFICIAL METHODS OF
ANALYSIS, 2019).
Statistical analyses

Graphpad Prism 7.0 software
(Graphpad Software, San
Diego,California, USA) was used for
statistical analyses. All the results were

submitted to the analysis of normality by
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the Shapiro-Wilk test and variance by the
Two-way ANOVA test. The comparison
between the medians of the bacterial
antagonism was performed using the
Kruskall-Wallis test, since it was
considered as non-parametric, while the
means of the physical-chemical
parameters were compared by the Tukey
test, since they were parametric. All the
comparisons were performed with a
significance level of 5%.

Results and Discussion

A total of 25% (2/8) of the LAB
were tolerant, 62.5% (5/8) moderately
tolerant and only one (12.5%) sensitive
to artificial gastric acid (Tabel 1). The
percentages of inhibition of gastric acid
varied from 27.70% (Lt. curvatus) to
81.96% (Lact. lactis). The percentage
values of inhibition to artificial gastric
acid presented by the studied LAB were
satisfactory, since only Lact. garvieae
showed sensitivity.

Tolerance to acidic environments
shown by Lactobacilli occurs by the
maintenance  of intracellular  pH
homeostasis, cell membrane
functionality and the upregulation of
stress-response proteins (GUAN & LIU
2020).

Regarding resistance to bile salts,
all LAB (100%) were tolerant (Table 1),

with inhibition values ranging from -

10.47% (Lv. brevis) to 34.22% (Lt.
curvatus). Bile salts can eliminate
microorganisms by detergent action on
the plasma membrane. However,
Lactobacilli may adopt survival
strategies, such as the presence of a bile
salts hydrolase enzyme (BSH), which
deconjugate bile salts and prevents their
detergent action (VINDEROLA &
REINHEIMER 2003). In addition, these
microorganisms can carry out the active
efflux of bile and changes in the
architecture and composition of cell
membranes.

According to Abriouel et al.
(2017), resistance to antimicrobials that
inhibit nucleic acid synthesis, such as
trimethoprim and sulfonamides, has
been reported as an intrinsic
characteristic of LAB. According to the
results, only Leuc. pseudomesenteroides
showed resistance to this compound. The
results found for sulfa/trimethoprim
differ from those reported in the
literature.

The four Lactobacilli analyzed
were resistant to amikacin,
ciprofloxacin, oxacycline, vancomycin
and gentamicin. Amikacin resistance is
generally intrinsic, meaning there is less
likelihood of transfer to the pathogenic
microbiota. Likewise, oxacycline and

vancomycin are antimicrobials described
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as providing intrinsic resistance to
Lactobacilli (MAY-TORRUCO et al.
2020; SALOTTI-SOUZA et. al. 2019;
VALENTE et al. 2019). As for

ciprofloxacin, there is evidence that

Lactobacilli present intrinsic resistance
to this drug, due to characteristics related
to the structure of the cell wall,
membrane permeability and efflux
mechanisms (ABRIOUEL et al. 2015).

Table 1. Inhibition percentages and classification regarding the level of tolerance to
artificial gastric acid (pH 2.0) and bile salts of LAB strains isolated from Minas artisanal
cheese produced in the region of Campo das Vertentes, Minas Gerais state, Brazil.

Inhibition percentage (%)

LAB Artificial gastric acid Bile salts
(pH =2.0) (0.3% Oxagall)

Lp. plantarum 69.77 (MT) 4.71(T)
Lv. brevis 60.62 (MT) -10.47 (T)
Lt. curvatus 27.70 (T) 34.22 (T)
Lc. paracasei 68.88 (MT) 22.87 (T)
Lact. garvieae 81.96 (S) 7.04 (T)
Lact. lactis 71.68 (MT) 5.70 (T)
Leuc. mesenteroides 29.91 (T) 28.50 (T)
Leuc. pseudomesenteroides 74.85 (MT) 18.66 (T)

Legend: Tolerant— T (<40%), moderately tolerant — (40-80%) and sensitive — S (>80%),
according to the classification proposed by Acurcio et al. (2014).

Of the eight LAB tested, two
strains showed resistance to only two
antimicrobials: Lact, lactis resistant to
amikacin and ciprofloxacin, and Leuc.
mesenteroides resistant to amikacin and

gentamine.

Lp. plantarum, Lv. brevis, Lc.
paracasei, Leuc. mesenteroides and
Leuc. pseudomesenteroides were able to
form inhibition halos against the four
pathogenic  strains  (Staphylococcus

aureus ATCC 33591, Listeria
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monocytogenes ATCC 15313,
Escherichia coli ATCC 25922 and
Salmonella enterica var. Typhimurium
ATCC 14028) and the LAB strain
(Lactobacillus rhamnosus Q221). All the
studied LAB were able of forming
inhibition halos against Staphylococcus
aureus, Listeria monocytogenes and
Escherichia coli. These results are
important because these bacteria are
often associated with public health
problems due to the occurrence of
foodborne diseases.

However, Lact. garvieae, Lact.
lactis and Lt. curvatus did not inhibit
Salmonella Typhimurium ATCC 14028.
Mahmoudi et al. (2021) demonstrated
inhibitory activity of Lt. curvatus
KMJC3 against several pathogens,
including that pathogen. According to
Haraguchi et al. (2019), the antagonistic
activity of Lact. lactis against S.
Typhimurium varied according to the
strains, and several of them showed
antagonistic effect against the pathogen.
Until the present study was carried out,
no data were found in the literature
regarding the inhibitory activity of Lact.
garvieae against S. Typhimurium.

The inhibition  of  other
microorganisms by LAB is related to the

production of lactic acid by the

fermentation of carbohydrates carried
out by these bacteria, which contributes
to their survival in cheese and other dairy
products. However, these
microorganisms are also capable of
producing other compounds with
inhibitory activity, such as bacteriocins
and H202 (VOIDAROU et al. 2020).

The studied LAB also did not
inhibit Lactobacillus rhamnosus Q221.
This suggests that LAB could act in
harmony in the production of fermented
milks and in the development of flavor,
without self-inhibition.

The pre-selected BAL, according
to the promising results in the in vitro
evaluation of the probiotic potential, was
the strain Leuc. mesenteroides. The
results were satisfactory in all in vitro
tests, in addition to Leuc. mesenteroides
fermented the milk after 24 hours.

All analyzes for microbiological
control after heat treatment of the three
batches of reconstituted skimmed milk
powder showed low counts (below the
detection  threshold) of  aerobic
mesophilic ~ microorganisms,  total
coliforms at 35°C and coliforms at 45°C,
Staphylococcus spp., molds and yeasts
and absence of Salmonella spp. Thus, all
reconstituted skimmed milk powder met

the requirements established by the
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Brazilian legislation (BRAZIL 2007).
Fermented milks showed high
moisture values, 91.83% (Time 1),
91.81% (Time 2) and 91.98% (Time 14).
The percentage results of the
protein contents of the fermented milks
at all storage times did not show
significant interaction with the days of
storage under refrigeration at 8-10°C
(p>0.05) and, therefore, did not vary
significantly. At 1 and 7 days of storage,
the fermented milks did not reach the
reference values proposed by Brazilian
legislation of at least 29 g of
(BRAZIL, 2007).

However, after 14 days of storage, the

protein/100g

fermented milk had a protein content of
3.33%, adapting to the proposed
standards. In all fermented milks the
percent of fat was 0% during all the
storage time. This result was expected,
since the powdered milk used in the
elaboration of the products was
skimmed.

The ftitratable  acidity in
fermented milk met the standards
established by Brazilian legislation for
fermented milk at all storage times, time
1: 1.08 + 0.07; time 7: 1.16 = 0.04 and
time 14: 1.04 £ 0.14, remaining between

the established values of 0.6 to 2.0 g of
lactic acid/100g (BRAZIL, 2007). The
pH values remained at 4.77 (Time 1),
470 (Time 7) and 4.76 (Time 14).
Viegas et al. (2010) also found no
difference in the decrease in pH between
different fermented milks added with
probiotic microorganisms during 40
days of storage (p>0.05) and the pH
variations were not able to interfere with
the viability of the potential probiotics.
Likewise, the decrease in pH observed in
fermented milks did not compromise the
viability of Leuc. mesenteroides, as no
significant difference was observed in
total LAB counts during the entire
storage period (Figure 1).

The  inoculum  of  Leuc.
mesenteroides LMO001 wused in the
preparation of fermented milks had
1.3x10° CFU/mL. Mean counts of Leuc.
mesenteroides was always higher than
108 CFU/mL. The LAB maintained their
viability up to 14 days of storage,
reaching the minimum count of 10°
CFU/mL during the entire shelf life. No
significant difference (p>0.05) was
observed between the mean values of

three replicates.
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log UFCimL

LAB count

A =

Storage days

Figure 1. Means counts (log CFU/mL), from three replicates of Leuc. mesenteroides

LMOO01 at 1, 7 and 14 days of storage of fermented milk under refrigeration at 8-10°C.

Conclusion

LAB isolated from Minas
artisanal cheeses produced in the Campo
das Vertentes region, MG, presented
promising results in the evaluation of
probiotic potential in vitro, suggesting
that these microorganisms can resist the
natural challenges of the gastrointestinal
tract. Among the screened bacteria,
Leuc. mesenteroides showed probiotic
potential and was capable of ferment
milk. The fermented milk made with
LAB indigenous Minas artisanal cheese
from the region of Campo das Vertentes,
MG, met the standards required by
legislation and Leuc. msesenteroides
LMO0O01 remained viable for up to 14
days in fermented milk stored at a
temperature from 8 to 10°C. It is

suggested to carry out in vivo tests to

certify the probiotic characteristics of
Leuc. mesenteroides LMOQO1 to be used
in the preparation of functional foods.
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