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Abstract. Wulandari E, Yurmiati H, Subroto T, Wismandanu O, Khairani S. 2022. The potential of Lactobacillus buchneri isolated from
spontaneous rabbit meat fermented-bekasam against Salmonella typhimurium by in vivo evaluation. Biodiversitas 23: 2304-2310.
Rabbit meat bekasam is a traditional fermented food and is considered a healthy and functional food due to its nutrient content and
microorganism. Lactic acid bacteria (LAB) was dominant microorganism and Lactobacillus buchneri E3 is one of LAB isolated during
fermentation of the bekasam. L. buchneri E3 has antimicrobial activity against pathogen bacteria. The present study aimed to investigate
in vivo assessment of antimicrobial activity against Salmonella typhimurium using BALB/c mice. Oral administrations of three doses of
L. buchneri E3(108, 10°% and 10'°© CFU/day/mouse) were performed for seven consecutive days. On the 8" day, each animal was
inoculated with a single S. typhimurium, and on the 13t day, the mice were sacrificed for observation. The result showed that oral
administration of L. buchneri E3 significantly increased the total population of LAB, significantly decreased S. typhimurium populations
in the intestines, liver, and spleen, while increasing beneficial bacterial population and maintaining the normal hematology in the mice.
The probiotic also maintained the histological examination of spleen and liver. These suggest that L. buchneri E3 is safe and could be

used as the starter for fermentation products.
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INTRODUCTION

Salmonella is one of the enteropathogenic bacteria that
cause diseases in humans (food-borne diseases) and
imposes serious issues in the community with an
implication on the socio-economic sector (Grace 2015).
Enteropathogenic bacteria are the prevalent infectious
bacteria in some developing countries (Mare et al. 2011).
Salmonella was found especially in animal products due to
poor handling or processing and infected digestive organs.
Treatment of Salmonella can be done with antibiotics or
consuming materials that can inhibit Salmonella activity in
the gastrointestinal tract. These materials have to survive in
the digestive tract. One of the potential ingredients that can
reduce Salmonella activity in the gastrointestinal tract is
probiotics which have antibacterial activity (Steinberg et al.
2014). Probiotics can be obtained from various sources in
nature.

Probiotic is living bacteria that contribute positively to
health. One of the criteria for probiotics is producing
antimicrobial substances that inhibit the growth of enteric
bacterial pathogens (Hill et al. 2014). The species of
Lactobacillus and Bifidobacterium strains are the most

investigated bacterial strains and have proven to have
beneficial probiotics. These bacteria can relieve
gastrointestinal disease by maintaining the balance of
intestinal microflora. The probiotics mechanism to
maintain a balance microbiota population in the host
intestine is through nutrition competition, receptor
competition for epithelial cell attachment, the production of
antimicrobial compounds, and immunity stimulations
(Azad et al. 2018). Lactobacillus buchneri E3 is one of
beneficial LAB isolated from fermented rabbit
meat bekasam with the efficient and potential probiotic
attribute. Bekasam is originally made from fish and is
widely known in Indonesia especially in South Sumatra
and Central Kalimantan. Rabbit meat has a superior quality
of nutrition with high protein, therefor today bekasam is

also made using rabbit meat. L. buchneri E3 has
antibacterial ~ activity  against  pathogen  bacteria
Staphylococcus  aureus, Listeria ~ monocytogenes,

Escherichia coli and Salmonella typhimurium (Wulandari
et al. 2020).

It is necessary to study the safety assessment on L.
buchneri E3 as they are intended to be dietary or food
supplements for human. Thus, this study aimed to
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investigate the ability of as a probiotic to decrease the
number of pathogenic bacteriaS. typhimurium using
experimental BALB/c mice.

MATERIALS AND METHODS

Bacterial preparation

Lactobacillus buchneri E3 was isolated from rabbit
meat bekasam. The isolate was purified and identified
molecularly using 16S rRNA gene sequencing and
BLASTnN analysis. The bacterial suspension was prepared
by growing L. buchneri E3 in the deMan Rogosa Sharpe
(MRS) broth medium and incubating the isolates at 37°C
for 24 hr. Then, the suspensions were centrifuged 8,848 g
for 10 min at 4°C. After the centrifugation, the supernatant
was separated, and the pellet was cleaned three times using
deionized water. The suspension of L. buchneri E3 bacteria
was prepared using sterile saline as the solvent
(Shokryazdan et al. 2016). The Salmonella
typhimurium ATCC 14088 were derived from the Central
Laboratory of Padjadjaran University, Bandung, Indonesia.
The study design was approved by the ethics committee of
Universitas Padjadjaran, Indonesia.

In vivo model with Salmonella typhimurium

The 20 male BALB/c mice aged 6-8 wk and weighed
22-32 g derived from PT Biofarma, Bandung, Indonesia,
were used in present investigation. The mice were
acclimatized for seven days in the experimental cage (three
mice per cage) at 22 £ 2°C, 12 hr day/night cycle). The
standard ratio offered to the mice contained 13% water, 10-
12% protein, 5% fat, 8% fiber, 14% ash, 3% calcium and
0.7% phosphor. The mice were divided into five groups to
examine the effect of probiotics administered as follows:
Group 1 (X1): 0.2 mL of NaCl physiological solution,
(negative control), Group 2 (X2): 0.2 mL of
Bifidobacterium  bifidum  [1x108CFU/mL]  (positive
control), Group 3 (X3): 0.2 mL of L. buchneri E3 [1x10’
CFU/mL], Group 4 (X4): 0.2 mL of L. buchneri E3 [1x108
CFU/mL] and Group 5 (X5): 0.2 mL of L. buchneri E3
[1x10° CFU/mL].

The feed was offered orally according to treatments for
seven days using a method by Mohamed et al. (2010) and
Giles-Gomez et al. (2016). On the 8™ days, the mice were
infected with S. typhimurium (0.2 mL containing 1x10’
CFU/mL dissolved in physiological NaCl). On the 12
days, the blood sample was drawn from the mice to
measure the hematological parameter using a tube pre-
filled with K,-EDTA and analyzed using an automated
hematological analyzer. After the mice were sacrificed, the
intestinal organs, liver, and spleen were removed
aseptically, dissolved in demineralized water up to 5 mL,
and homogenized using a vortex. A serial dilution was
performed on the cell suspension to Xylose-Lysine
Deoxycholate Agar (XLDA) medium and MRS agar
medium to enumeration Salmonella and LAB respectively
and incubated at 37°C for 24 hr.
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Histopathology analysis and scoring

Spleen and liver tissue were processed and histological
preparations were made by staining Hematoxylin Eosin
(HE). Histopathological changes were analyzed by
microscope.

Spleen and liver histopathological preparation were
observed under a microscope with 100X magnification.
The spleen was examined histopathologically scored based
on the presence of hemorrhage and necrosis. The results of
hemorrhage examination were given a score of 0 (normal,
no bleeding), 1 (light/focal bleeding), 2
(moderate/multifocal bleeding), 3 (heavy/diffuse bleeding).
The results of the necrosis examination are 0 (no necrosis),
1 (mild/focal necrosis), 2 (moderate/multifocal necrosis), 3
(severe/diffuse necrosis).

The liver was examined histopathologically scored
based on the presence of congesty, necrosis and
inflammation. The score for congestion was a score of O:
no congestion; score 1. focal congestion (mild); score 2:
multifocal (moderate) congestion; score 3: diffuse
congestion (heavy). The score for inflammation is 0: no
inflammation; score 1: focal inflammation(light); score 2:
multifocal inflammation (moderate); score 3: diffuse
inflammation (severe). Score for necrosis, score 0: no
necrosis; score 1: focal necrosis (mild); score 2: multifocal
(moderate) necrosis; score 3: diffuse necrosis (severe).

Data analysis

The bacterial and hematological data were analyzed
using analysis of variance and Duncan multiple range test
(DMRT) was applied to determine the differences among
treatments. Differences were considered significant at
p<0.05. Data obtained from scoring histopathology were
analyzed using the Kruskal-Wallis non-parametric
statistical and the Mann-Whitney test to determine the
differences between treatments. Data are expressed as
means + standard error. All statistical analyses were
performed using SPSS ver. 18.0 for Windows (SPSS Inc.,
Chicago, IL, USA). Differences were considered
significant if p < 0.05. Analysis of variance and duncan test
were used to analyze bacterial and hematological data.
Kruskal-Wallis and Mann-Whitney test were used to
analyze scoring histopathology using SPSS version 18.

RESULTS AND DISCUSSION

Total population of LAB and Salmonella typhimurium
in the intestines

Total lactic acid bacterial population in the intestines
illustrates the total LAB attached to the intestinal mucosa.
The ability of LAB to attach to the intestines is a crucial
prerequisite for probiotics. Salmonella can cause damage to
intestinal microvilli causing impaired absorption of
nutrients and inhibiting growth. Salmonella infection
causes damage to the intestinal microvilli because of the
proteolytic activity (Eng et al. 2015). The attachment of
pathogenic bacteria to intestine results in colonization, cell
damage, disruption of cell regulatory mechanisms, growth
and intracellular reproduction (Lochine et al. 2015).
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Table 1. The effect of probiotic administration on the total intestinal LAB and Salmonella typhimurium

Colon lleum Duodenum

Probiotic LAB Salmonella LAB Salmonella LAB Salmonella
treatments (log CFU/g) typhimurium (log CFU/g) typhimurium (log CFU/g) typhimurium
(log CFU/g) (log CFU/g) (log CFU/g)

X1 3,514 6.64% 3.75¢ 6.812 3.63¢ 6.56%

X2 7.510 3.72¢ 6.75° 5.79¢ 6.18° 4.80°

X3 5.61°¢ 5.63P 6.57P 6.62b 5.72¢ 5.26P

X4 5.76¢ 5.62P 6.26P 6.43b 5.88¢ 4.30°

X5 7.632 3.72¢ 7.892 5.72¢ 7.622 3.71°

Note: ¢ Mean in the same row with different superscripts differ significantly (p < 0.05)

The highest population of L. buchneri E3 showed the
same effect on decreasing Salmonella with the X2
(Bifidobacterium) treatments (Table 1). This condition
shows that L. buchneri E3 was able to pass various barrier
in the digestive tract, including low pH (in the stomach)
and the presence of bile salts in the intestine afterward
reaching colon, ileum and duodenum. This proves that L.
buchneri E3 able to adapt and live in the digestive tract. L.
buchneri E3 produced bacteriocin, buchnericin, that could
inhibit the growth of Salmonella. Bifidobacterium (X2) can
reduce Salmonella translocation and dissemination by
decreasing adhesion and invasion and competing for
nutrients within the intestinal lumen (Aljahdali et al. 2020).

Lactobacillus buchneri E3 is reported to exhibit in vitro
bactericidal activities that inhibit the growth of S. aureus,
L. monocytogenes, E. coli, S. typhimurium (Wulandari et al.
2020). Supplementing probiotics could reduce the number
of Salmonella in the mice because the LAB cells affected
Salmonella by competing to attach to the epithelial cells of
the intestines. Similarly, Vieco-Saiz et al. (2019) report that
lactic acid bacteria can prevent the adhesion of pathogenic
bacteria by reducing colonization and relieving infection.
According to Shah et al. (2021), probiotics can keep the
balance of the colonic microflora through colonization
resistance. Colonization resistance can cause inhibit
colonization by other bacteria, through competition in the
nutrition or attachment site, decrease in pH, and production
of antimicrobial components.

The total Salmonella typhimurium bacterial population
in the liver and spleen

The liver is a vital organ in the body that plays an
important role in the body's metabolism, filtering and
processing toxic materials and then removing them from
the body. Liver function and health are usually due to
metabolism conditions, toxic substances, microbial
infection, and circulatory and neoplasm disturbance
(Robinson et al. 2016). The spleen is the largest lymphatic
organ in the body. Lymphocytes destroy pathogens and
macrophages ingesting and digesting cells (Lewis et al.
2019). One of the functions of spleen is to produce white
blood cells and contributes to the body’s immune system.
Infection by Salmonella occurs in the digestive tract and
then spreads to the liver and spleen. Accordingly, this study
investigated the effect of probiotic and bioactive peptides
in the liver and spleen to illustrate the infection process in

the mice that indicated a competition rendered by the
supplemented probiotic.

Mice offered with 10° CFU/mL of L. buchneri E3 were
significantly lower than all L. buchneri E3 treatments in
liver and spleen, as well as the positive and negative
control (Table 2). It shows that L. buchneri E3 can survive
and thrive in the digestive tracts therefore S. typhimurium is
reduced from the intestinal cells because L. buchneri E3
produces antimicrobial substances. According to Monika et
al. (2021), probiotics produce antimicrobial compounds
such as organic acid and bacteriocin. Administration of L.
buchneri E3 reduces the infection in the liver and spleen
and stimulates the immune system. L. buchneri E3 can be
recommended for consumption and for competing (and
eventually inhibiting) the growth of S. typhimurium. It was
in line with Giles-Gomez et al. (2016) that L.
mesenteroides P45 could reduce S. enterica serovar
typhimurium in BALB/c liver and spleen.

Haematological profile of mice

Haematological parameter is associated with the blood
and blood-forming organs. Hematological parameters that
include hematocrit, hemoglobin, total erythrocyte and
leucocyte are feasible indicators of toxicity and possess a
wide range of potential application to observes the
environmental condition. Furthermore, hematological
examination is a method to detect the health status that
might be overlooked during the physical examination but
apparently affects the fitness of the animals (Akin-
Osanaiye et al. 2015).

Table 2. Total Salmonella typhimurium population in the liver
and spleen

Probiotic _Saln]onel_la _ Sa_Imon_eIIa_
treatments typhimurium in liver typhimurium in
(log CFU/g) spleen (log CFU/g)
X1 4.612 4.602
X3 451> 3.48°
X4 3.97¢ 3.48°
X2 3.90¢ 3.90°
x5 3.64¢ 3.54¢

Note: #¢ Mean in the same row with different superscripts
differ significantly (p < 0.05)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vieco-Saiz%20N%5BAuthor%5D&cauthor=true&cauthor_uid=30804896
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Table 3. The hematological profile of mice receiving probiotic treatment

Treat Erytrcyt Leucosit Hemaoglobin Trombocyte Hematocyte Limphocyte Monocyte Neutrophil Eisinophil
ments  (109mmd3)  (103uL) (g/dL) (103/L) (%) (%) (%) (%) (%)
X1 7.03 9.05% 13.632 358.872 36.412 70.320 2.202 25.752 3.50%
X2 7.252 7.25b 13.572 338.222 36.212 77.002 2.072 26.182 3.082
X3 7.28% 8.852 13.252 345.312 36.122 70.540 2.152 26.322 3.532
X4 7.352 7.25b 13.502 335.567 36.322 73.972 2.282 26.602 3.472
X5 7478 7.00° 13.552 324.452 35.872 75.22? 2402 26.752 3.06%

Note: ¢ Mean in the same row with different superscripts differ significantly (p < 0.05)

Figure 1. Histopathology of mice spleen (X1) present multifocal
bleeding (red arrow), multifocal necrosis (black arrow) (HE,100x)

Figure 3. Histopathology of mice spleen (X3) present local
bleeding (red arrow), local necrosis (black arrow) (HE,100x)

The total erythrocyte value were no significant
differences among the treatments (Tabel 3). All treatments
showed normal value of erythrocyte (normal range 6.93
x108/mm3-10.09 x 10%/mm?3). Erythrocytes are the most
abundant type of blood cell and carry oxygen throughout
body tissues of vertebrae. The contributing factors to the total
erythrocyte include age, sex, physical activity, nutrition intake,
blood volume, and environmental condition.

The total leukocyte in the experimental mice offered
with probiotics increases, especially in the positive control
X2, X4 and X5. It is perceived that the probiotics function
as the immunomodulator (immunostimulants) that could
increase body immune system (Azad et al. 2018). The
probiotic bacteria are attached to the intestinal surface to
increase the protection of the host’s digestive tracts.
Additionally, probiotics can protect the host from the

Figure 2. Histopathology of mice spleen (X2) present multifocal
bleeding (red arrow), local necrosis (black arrow) (HE,100x)

Figure 4. Histopathology of mice spleen (X4) present local
bleeding (red arrow), local necrosis (black arrow) (HE,100x)

colonization of pathogenic bacteria with different
mechanisms (La Fata et al. 2018). Increase in leukocytes is
caused by leukocytes active against infection in the body.
Existence infection will stimulate the release of hormones
adrenals that affect the increase in circulating leukocytes.
Leukocytes have two functions destroying the attacking
agent with phagocytosis and producing antibodies
(Nicholson 2016). The normal level of leukocytes in mice
is 2x10%-10x10%uL, total leukocyte that exceeds the
normal threshold indicates infection. The increased number
of leukocytes in mice offered with probiotics is because the
probiotics serve as an immunomodulator (immunostimulant)
that could improve body immune (Azad et al. 2018).
Probiotics could stimulate the activation of epithelial cells and
lymphocyte functions, thus improving the protection capacity
of the mucosa defense system (La Fata et al. 2018).
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The hemoglobin levels of mice across treatments are
not significantly different and still within the normal range,
12.6-15.6g/dL. Blood transports oxygen and carries carbon
dioxide from the heart to the lungs, transfers nutrition
across body, and maintains body immune. Blood also contributes
to the process of physiological setting and diagnosing
disease or pathology in an animal (Raabe et al. 2011).

Hematocrit is the ratio between the total erythrocyte to
blood plasm. The normal hematocrit value of mice is 35%-
52% (Raabe et al. 2011). All treatments in this study
showed non-significantly different total hematocrit across
treatments. Lymphocyte titers of L. buchneri (X3 and X4)
treatment were significantly higher than negative control
(X1), this was in line with Mikulic et al. (2017) that
probiotic can increase lymphocyte secretion of antibodies
and produce foreign IgA. The total monocyte and
eosinophile are not significantly different across
treatments. Monocyte exhibits phagocytosis function and
impairs foreign objects or dead tissues by using the foreign
particles to improve body immune, like macrophage when
responding to antigen (Hirayama et al. 2019). Eosinophils
control and decrease the occurrence of hypersensitivity,
respond to disease or allergy, and detox harmful substances or
toxins generated by parasite or bacteria (Ramirez et al. 2018).

Histopathological examination

The result showed moderate bleeding in the group of
X1 mice that were not treated with probiotics was
statistically significantly different from the other treatments
(there were moderate and normal bleeding) (Table 4,
Figure 1-5).

Observations showed that bleeding (hemorrhage)
occurred in all treatments without probiotics showing the
most severe bleeding, while the percentage of spleen cell
necrosis of mice with probiotic treatment was significantly
lower than mice that were not treated with probiotics. This
may be caused by the spleen itself is an organ that
functions to filter blood and is function removing
unnecessary materials from the blood such as damaged red
blood cells, besides the spleen is an organ that plays a role
in mobilizing blood when physiological activity increases.

Figure 6. Histopathology of mice heart X1 present multifocal
congestion (blue arrow), multifocal necrosis (red arrow) and
multifocal inflammation (yellow arrow) (HE,100x)
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These findings were in line with Shokryazdan (2016) that
there was no inflammatory or cellular changes were
observed in the spleen of the treated rat with L. buchneri
and L. fermentum. The spleen is an organ of defense
against infection with foreign particles that enter through
the blood (Bronte and Pittet 2013). Infection with foreign
particles that enter the blood can lead to sepsis to necrosis.
This bleeding can also be caused by trauma to the mice
used, causing bleeding in the spleen.

Table 4. The histopathological of spleen BALB/c mice receiving
probiotic treatment

Sampel Hemorrhage Necrosis
X1 2.60+0.552 2.40£0.892
X2 1.80+0.45° 1.00+0.55°
X3 1.00£0.71¢ 0.80+0.45>
X4 1.00+0.71°¢ 0.80+0.45b
X5 0.60+0.554 0.60+0.55°

@d Mean in the same row with different superscripts differ
significantly (p < 0.05)

Figure 5. Histopathology of mice spleen (X5) present local
bleeding and local necrosis (black arrow) (HE,100x)

Figure 7. Histopathology of mice heart (X2) present multifocal
congestion (blue arrow) (HE,100x)
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Figure 8. Histopathology of mice heart (X3) present focal
congestion (blue arrow) and focal inflammation (yellow arrow)
(HE,100x)

Figure 10. Histopathology of mice heart (X5) present no
congestion, no necrosis and no inflammation (HE,100x)

Table 5. The Histopathological of liver BALB/c mice receiving
probiotic treatment

Sampel Congesti Necrosis Inflammation
X1 2.60£0.552 2.40+0.892 2.20+0.452
X2 1.80+0.45° 0.40£0.55P 0.80+0.45¢
X3 1.00£0.71° 0.80+0.45° 1.20£0.45°
X4 1.00£0.71° 0.80+0.45b 1.80+0.45°
X5 0.40£0.55¢ 0.40+0.55P 0.40+0.55°¢

Note: ¢ Different superscripts in the same row represent
significant differences (p < 0.05)

The results of observations with a microscope on the
liver of mice showed that there were variations in the
histopathological changes of mice. Based on the
observations, it was found that there was moderate
(multifocal) congestion in  mice without probiotic
treatment, whereas in the probiotic treatment there was
mild congestion, while the highest concentration of
probiotics was not found in the X5 treatment (Table 5,

Figure 9. Histopathology of mice heart (X4) present focal
congestion (blue arrow) and focal inflammation (yellow arrow)
(HE,100x)

Figure 6-10). Congestion is a lesion that describes
circulatory disturbances and can also be an indicator of
network repair. Congestion is the accumulation of blood in
the veins due to slowed or even stopped blood flow. Causes
of congestion include presence of obstruction and stenosis
(Hilscher and Sanchez 2016).

Moderate (multifocal) necrosis was shown in mice
without probiotic treatment, whereas in probiotic treatment
there was no necrosis. Necrosis is a cell death process that
occurs in living organisms caused by pathological
conditions. Necrosis cell death is caused by acute and
irreversible cell damage and cells cannot carry out
metabolism, which is caused by the presence of toxins that
enter along with the blood flow to the organs (Arcy 2019).
Microscopically in necrotic cells, cell boundaries become
unclear or disappear. Moderate inflammation was shown in
mice without probiotic treatment, while in probiotic
treatment there was mild inflammation and the highest
concentration of L. buchneri E3 (X5) did not show any
inflammation. Inflammation is the body's attempt to
inactivate or destroy invading organisms, eliminate
irritants, and prepare steps to repair tissue structure and
function disorders caused by invading organisms (Chen et
al. 2017).
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