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ABSTRACT

Objective: This study examines the effect of fermented milk containing the probiotic Pediococcus
acidilactici BKO1 on cholesterol and intestinal microbiota.

Materials and Methods: 24 male rats weighing an average of 200 gm each spent 1 week in a
cage adapting to their new environment. They were fed standard feed daily and were allowed to
drink ad libitum. For 3 weeks, rats were divided into four groups (doses of fermented milk): M+
(control), M1 (0.35 ml), M2 (0.70 ml), and M3 (1.05 ml). The analysis includes bodyweight deter-
mination, serum biochemical analysis, and intestine microbiota analysis.

Results: The results indicated that while P. acidilactici BKO1 fermented milk did not affect body
weight or high-density lipoprotein, it did have a beneficial effect on total serum cholesterol and
triglyceride levels. Additionally, treatment of fermented milk with P. acidilactici BKO1 has been
shown to increase the total lactic acid bacteria (LAB) in the intestine, as indicated by changes in
the intestinal villi.

Conclusion: Administering fermented milk (P. acidilactici BKO1, 1.05 ml) can reduce total serum
cholesterol and increase the number of LAB in intestinal villi in experimental animals, so it has the
potential to be a probiotic.
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Introduction
and Bacillus species have been widely known, recognized,

Fermented milk containing lactic acid bacteria (LAB) is  and utilized as probiotics. Potential benefits of probiotics

widely consumed due to its probiotic benefits for health.
The World Health Organization defines probiotics as live
bacteria that promote the host’s health [1]. LAB found
in fermented foods has been shown to have therapeutic
effects on human health, with improvements in hepatic ill-
ness, allergies, hypertension, cancer, blood cholesterol, and
hyperlipidemia [2]. Hypercholesterolemia, known as high
cholesterol, is one of the main factors in atherosclerosis
and other cardiovascular diseases. Probiotic applications
for cholesterol-controlling purposes have become pop-
ular in the past because of their contributions to human
health [3]. Several Lactobacillales, Bifidobacteriales, yeasts,

involve but aren’t limited to, gastrointestinal microbe sta-
bility, pathogen inhibition, immunotherapeutic activity,
hypocholesterolemic action, relief from constipation, aller-
gic rhinitis, lactose intolerance, irritable bowel syndrome,
and colon cancer [4].

Many types of LAB were isolated from various local
foods in Indonesia. For example, dadih, a typical food
from West Sumatra, contains Lactobacillus plantarum
[5], Lactococcus lactis ssp. lactis, Lactococcus lactis ssp.
cremoris, Lactiplantibacillus pentosus, and Pediococcus
pentosaceus [6], Lactobacillus casei subsp. casei R-68
(LCR-68) [7], Lactobacillus brevis, L. lactis subsp. lactis,
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Leuconostoc mesenteroides, L. casei, L. plantarum subsp.
plantarum, Limosilactobacillus fermentum, E. faecium, and
Lacticaseibacillus rhamnosus [8]. Lactiplantibacillus pento-
sus HBUAS53657 is a probiotic isolated from buffalo milk
[9].

In addition, Bekasam, a fermented fish product from
South Sumatra, contains LAB such as L. plantarum T2565,
L. plantarum B765, L. plantarum B1465, L. plantarum
N2352, P pentosaceus B1666, L. pentosus B2555 [10], and
Pediococcus acidilactici BKO1 [11]. Lactobacillus fermen-
tum strain CAU6337 is a lactic acid bacterium found in
tempoyak, a fermented food traditionally prepared from
durian (Durio zibethinus) pulp [12]. Lactobacillus fermen-
tum KF7 was found in virgin coconut oil [13].

The previous research revealed that LAB is essen-
tial in reducing cholesterol for human health. Moon et al.
[14] showed the isolation of P. acidilactici M76 makgeolli.
Makgeolli has an alcohol content of 6%-10%. In addition,
these microorganisms were administered to animals fed
a high-fat meal. In mice fed a high-fat diet, P. acidilactici
M76 decreased lipid accumulation. Furthermore, several
kinds of research state that numerous species of L. plan-
tarum have the same ability to reduce hyper-cholesterol
[15-18]. Moreover, other LAB, like L. fermentum noted a
capacity to decrease high cholesterol [19-21] in-vivo in
male mice [22] and 8-week-old hamsters [3].

Yadav et al. [19] revealed that L. fermentum MTCC 5898
has probiotic potential, which is consumed to resolve
hyper-cholesterol. Furthermore, several researchers con-
firmed that various L. plantarum was the probiotic can-
didate with decreasing cholesterol activity via bile acid
deconjugation modulatory [15,16]. Moreover, high-cho-
lesterol diet mice supported by L. plantarum TAR4 signifi-
cantly reduced total serum cholesterol. Recently, Daliri et
al. [23] explored P, acidilactici SDL 1402, P. acidilactici SDL
1405, Weissella cibaria SCCB2306, and L. rhamnosus JDFM6
isolated from Korean soya beans as a probiotic candidate
to prevent hypercholesterolemia. This research objec-
tive was to investigate in vivo the influence of fermented
milk (P, acidilactici BK01) isolated from fermented fish
(Bekasam) on Wistar mice via cholesterol and microbiota.

Materials and Methods
Ethical approval

All experimental protocols were approved by the Health
Research Ethics Committee of Andalas University Padang
(No. 009/laiketik/KEPKFKEPUNAND).

Animal maintenance

Through 1 week, 24 male Wistar mice weighed approxi-
mately 200 gm on average and were acclimated to their
environment in cages with access to standard food and
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water. Mice were cared for in a room with a temperature of
20°C-22°C, a humidity of 60%-70%, dark lighting at night,
and sunlight during the day. Mice were kept in cages and
then divided into four groups (doses of fermented milk):
Group M+ (control), Group M1 (0.35 ml), Group M2 (0.70
ml), and Group M3 (1.05 ml). All the mice were treated
with normal feed-supported fat from egg yolks for 3 weeks.

Fermented milk preparation

Pasteurized goat milk was heated to 65°C-67°C for 30 min
before reaching 37°C. The P. acidilactici BKO1 (1.27 x 10°
CFU/ml). The starter culture was added at a concentration
of up to 5%, and it was incubated at 37°C for 12 h. The fer-
mented milk of P. acidilactici BKO1 was kept [24].

Serum biochemical analysis

Samples of blood were taken from the orbital venous
plexus of the mice after anesthesia was administered.
Blood serum was separated using a 4,000-rpm centri-
fuge at 4°C for 20 min (EBA-20) and stored at —20°C until
further analyses. Cholesterol analyses were determined
using commercial assay kits (Greiner Diagnostic GmbH,
Bahlingen, Germany) [25].

Microflora analysis in the intestine

Small intestines were taken from mice dissected after 4
weeks of a fermented milk diet and 0.85% NaCl. Prepare a
1 ml sample and dissolve itin 9 ml of de Man Rogosa Sharpe
(MRS) Broth (Merck TM, Germany) in a test tube. Use buff-
ered peptone water (Merck™, Germany) and vortex until
homogenous for aerobic microorganisms. Then, successive
dilutions were carried out. The samples were planted in a
Petri dish containing MRS Agar (Merck™, Germany) using
the spread method for lactic acid before being flattened
with an alcohol-soaked and burned hockey stick. Then,
using an anaerobic container, make the inoculum, incubate
at 37°C for 48 h, and label each Petri dish. After 48 h, the
Quebec Colony Counter measured the expanding colony.

Small intestine preparations

The tissue was placed on a tissue cassette, then soaked in
70% alcohol for one night. After that, the ileal tissue was
dehydrated with graded alcohol and purified in paraf-
fin. Paraffin blocks were cut 4-4 um wide and pasted on
slides. Then deparaffinized with xylol solution for 3 min
and dehydrated with alcohol. After that, it was processed
with hematoxylin-eosin staining [26]. Histopathological
changes were observed using a light microscope with 100x
dilatation.

Statistical analysis

Statistical Package for the Social Sciences was used to
analyze the data, and Duncan’s multiple range test found

Melia et al. / J. Adv. Vet. Anim. Res., 10(1): 64—71, March 2023 65



statistically significant differences in the group. A signifi-
cance level of p-value 0.05 was used.

Results and Discussion
Weight

The administration of P. acidilactici BKO1 fermented milk
to mice at doses up to 1.05 ml (M3) had no significant (p
> 0.05) effect on the body weight of rats after 3 weeks as
compared to the Control (M+) group (Table 1). The fer-
mented milk in this study contained about 85% water,
3.5% protein, and 3.6% fat [24]. The content of nutrients in
this fermented milk did not cause weight gain in mice after
3 weeks. Giving fermented milk P. acidilactici BKO1 with
a dose of 1.05 ml can reduce total serum cholesterol and
increase the number of bacteria in intestinal villi in animal
models, so it has the potential to be a probiotic drink.
Yang et al. [3] showed a similar pattern and declared
that L. fermentum ZJU IDS06 and L. plantarum ZY08 did
not support weight gain. On the contrary, Wang et al. [20]
proved Lactobacillus was potent for losing weight after 9
weeks. Furthermore, Lactobacillus as a probiotic reduces
obesity in mice on a high-fat diet through fat accumula-
tion, lipid metabolism, and adjusted leptin and adiponec-
tin content. In addition, Chen et al. [28] explained that
Lactobacillus decreases weight gain acceleration, trans-
forms body fat, and lessens lever tissue weight and TG
level. Recently, [18] stated that L. plantarum S9 decreased
extra weight gain in mice after week 8, and L. fermentum
and L. rhamnosus prevented weight gain after 30 days [21].

Total serum cholesterol

Table 2 shows that P acidilactici BKO1 fermented milk
significantly reduced total serum cholesterol. Total serum
cholesterol levels in fermented milk were not different
from 1.05 ml (M3) in control (M). After 3 weeks of giving
fermented milk, total serum cholesterol decreased by 30%.
It's the same with [17], where the high-cholesterol diet
mice supported by L. plantarum TAR4 significantly reduced
total serum cholesterol (29.55%) [25]. Pediococcus pento-
saceus strain KID7 (3 x 108 CFU/ml) and [27], L. plantarum
9-41-A, and L. fermentum M1-16 administered to mice on
a high-cholesterol diet can lower total serum cholesterol.
Furthermore, Yang et al. [3] stated that supplementing the

L. fermentum ZJUIDS06 diet decreased total cholesterol in
hamsters for 8 weeks.

Molinero et al. [29] explained that the various microbi-
ota in the intestine has metabolism activities that reduce
cholesterol, but even the actual mechanism of reducing
cholesterol still needs to be explained. However, the micro-
biota can absorb some cholesterol to prevent intestine cap-
tivity. Supporting an enzyme that converts cholesterol to
unabsorbable koprosterol, which is then excreted directly,
reduces cholesterol reabsorption associated with bile acid,
which changes the pH of the intestine to digestive and fat
immersion, including cholesterol. Furthermore, Baccouri et
al. [30] explained that the peptidoglycan cell wall of probi-
otic bacteria binds the cholesterol even to dead bacteria to
decrease the levels. Moreover, Shehata et al. [31] describe
the cholesterol-binding mechanism related to exopoly-
saccharide activity in the media and the gut. In addition,
Palaniyandi et al. [22] enlighted the effect of hypercho-
lesterolemia from L. fermentum MJM60397 related to bile
acid deconjugation activity that led to decreasing bile acid
absorption and increasing bile acid on feces, which makes
the L. fermentum MJM60397 capable of being developed
into a potential anti-hypercholesterol serum.

High-density lipoprotein (HDL) cholesterol

Table 3 reveals that P, acidilactici BKO1 fermented milk did
not affect HDL cholesterol (p > 0.05). The results from this
research corroborate those reported previously [32,33].
During administration, there was no change in HDL levels
in high-cholesterol-fed mice or L. plantarum. Similarly, L.
plantarum 9-41-A or L. fermentum M1-16 didn’t affect HDL
in high-cholesterol-fed rats [27]. Jang et al. [34] also stated
that the administration of P, acidilactici FS2 in mice did not
cause changes in HDL. Lacticaseibacillus rhamnosus FM9
and L. fermentum Y57 reduce HDL [21] L. fermentum
ZJUIDSO06 did not affect the HDL level of the gold hamster

[3]-
Triglycerides (TG)

Table 4 shows that P. acidilactici BKO1 fermented milk
reduced TG levelsin mice (p <0.05). Compared with Control
(M+), M2 and M3 fermented milk doses after the third
week reduced TG by 78.9% and 56%, respectively. Like
what Xie et al. [27] found, giving mice a high-cholesterol

Table 1. Effect of fermented milk P. acidilactici BKO1 addition to bodyweight.

Group
Weeks
M+ M1 M2 M3
1 196.50 £ 13.48 194.00 + 8.45 215.00 + 16.27 204.50 £ 12.40
2 201.75+15.8 198.75+9.5 220.00 £ 15.25 219.00 £9.83
3 196.00 * 14.63° 189.00 £ 7.75 212.00+9.93 232.25 +55.85
2No significat difference (p > 0.05).
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Table 2. The effect of fermented milk P. acidilactici BKO1 addition to total serum cholesterol.

Group
Weeks
M+ M1 M2 M3
1 56.00 + 4.55° 46.00 + 7.39% 48.00+ 11.22 41.25+11%
2 81.25 + 14.03%* 74.50 £ 2.08%¢ 69.25 + 13.07% 77.25 £20.71%¢
3 70.00 * 6.68%¢ 63.50 + 13.233% 61.25 + 13.233% 48.50 + 6.45%

abed Significant differences (p < 0.05) are represented by different letters within the same column.

Table 3. Effect of fermented milk P. acidilactici BKO1 addition to HDL cholesterol.

Group
Weeks
M+ M1 M2 M3
1 35+4.16° 35.75 + 4,922 32 +2.45% 29 +4.97®
2 46.5 + 7.55% 59.5 +12.12% 31.75+ 12.09% 40.5 +10.34®
3 44 +11.28*® 45.75 £ 10.72° 39+5.23° 34+4.32°
ab-Significant differences (p < 0.05) are represented by different letters within the same column.
Table 4. The effect of fermented milk P. acidilactici BKO1 addition to TGs.
Group
Weeks
M+ M1 M2 M3
1 125.5+8.742 144.25 +17.11° 104.25 + 6.13%* 146.75 + 22.91%*¢
2 156 + 14.99%¢ 171.25 +41.882d 165.75 + 43.69« 117.75 + 30.85%<
3 96.75 + 15.78b< 85.75 + 13.94% 72.5 +20.47¢% 56.75 + 11¢

abedefSignificant differences (p < 0.05) are represented by different letters within the same column.

diet plus L. plantarum 9-41-A and L. fermentum M1-16 may
lower their TGs. In the same way, Zhong et al. [35] showed
that the Lactobacillus casei could lower TG in mice that
consumed a large amount of cholesterol. Furthermore,
L. plantarum reduces TG in a high-cholesterol-fed mouse
diet [32,33]. Furthermore, Jang et al. [34] also stated that
administering P. acidilactici FS2 in mice can reduce TG in
the blood. Lim et al. [17] revealed that high-cholesterol
diet mice supplemented by L. plantarum TAR4 showed
significantly decreased TG serum (45.31%). Yang et al. [3]
exposed decreasing TG serum to the hamster for 8 weeks
after supplementing L. fermentum ZJUIDSO06.

According to Yamaoka et al. [36], decreasing TGs is a
possible mechanism. It falls into bile acid-binding that
returns to the liver through the enterohepatic cycle and
promotes cholesterol to bile acid conversion. Reducing TGs
inhibits the synthesis of fatty acids in the liver by enhanc-
ing the creation of short-chain fatty acids. According to
Cavallini et al. [37], the fatty acid-forming enzyme acetyl
CoA carboxylase can be inhibited by LAB. This enzyme
will decrease the synthesis of fatty acids and automatically
drop TG levels. Harisa et al. [38] propose that probiotics’
hypotriglyceridemic impact is related to lipase activity,
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decreased intestine lipid absorption, enhanced lipid catab-
olism, and/or antioxidant activity. Lipoprotein lipase reg-
ulates TG metabolism and plasma levels. Furthermore, the
decrease in TGs is also associated with the metabolic path-
ways of the digestive microbiota in producing choline [39].
When cholin is converted into lecithin, it excretes low-den-
sity lipoprotein and prevents it from accumulating in the
liver [40], so it can reduce TGs.

Several factors have a significant impact on the effect
that probiotic supplements have on propyl lipids, including
differences in the duration of probiotic administration, the
strain of probiotics, dosage, and the characteristics of the
research subjects. It can be concluded that probiotics can
increase lipid metabolism by lowering total TGs. However,
further research is necessary to determine the efficacy of
probiotics for lowering propyl cholesterol and other lipids.

LAB in the small intestine

Pediococcus acidilactici BKO1 fermented milk significantly
(p < 0.05) increased total LAB in the small intestine after
week 3 compared to the control (M+) (Fig. 1). Giving 1.05
ml (M3) resulted in a 36.78% increase in the total LAB
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Figure 1. Pediococcus acidilactici BK01’s effect on small intestine LAB.
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Figure 2. (A) Group M+, (B) Group M1, (C) Group M2, and (D) Group M3. Intestines of control
mice had normal intestinal villi and normal intestinal mucosa. There was no damage to the
intestinal villi. At the M1 doses, the thickness of the intestinal mucosa treated with probiotics
had thickened, and the villi height and crypt depth were also seen.

compared to the control group. It showed that LAB could
survive and multiply in the intestine. According to Saarela
et al. [41], one of the factors for selecting potential probi-
otic strains is the bacteria’s capacity to cling to epithelial
cell surfaces. Probiotic strain adhesion on mucosal sur-
faces is one of the essential probiotic features since it is
frequently recognized as a requirement for colonizing the
human gastrointestinal tract. Melia et al. [24] determined
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that P. acidilactici BKO1 was a potential probiotic due to
its resistance to acidic conditions, bile salts, and ability to
suppress pathogenic bacteria. Like the study of Salaj et al.
[42], L. plantarum LS/07 and Biocenol LP96 increased LAB
numbers in the caecum relative to the control. Zafar et al.
[21] showed recolonization of gut microbiota in the intes-
tine or colon. Re-colonization of L. fermentum FM6 and L.

68



rhamnosus Y59 for 2.55 x 107 CFU/gm had a maximum
gain on the colon.

Small intestine histology

Figure 2 showed that the intestines of control (M+) mice
had normal intestinal villi and normal intestinal mucosa.
There was no damage to the intestinal villi. Furthermore,
at the M1 doses, the thickness of the intestinal mucosa
treated with probiotics had thickened, and the villi height
and crypt depth were also seen. Following research con-
ducted by Wresdiyati et al. [43], L. plantarum had a bet-
ter effect on the thickness of the ileal mucosa. In addition,
Smith et al. [44] reported that the administration of L.
fermentum BR11 in mice could increase intestinal mucus
thickness.

Furthermore, probiotics could induce short-chain fatty
acids. The increase in short-chain fatty acids stimulates the
proliferation of epithelial cells. The longer the treatment
with probiotics, the thicker the intestinal mucosa and the
more intestinal villi there are. Probiotics contribute to the
wellness and protection of the host’s intestinal mucosa
in several ways. For example, as seen in the M2 and M3
treatments, they attach epithelial cells to the surface of the
host’s gastrointestinal system. Microbial adhesion to epi-
thelial cells is regarded as one of the most implemented
solutions for probiotic strain selection criteria. Palaniyandi
etal. [22] explained that Caco-2 cells were used as a model
to explain the adherence of putative probiotics to intestinal
epithelial cells. L. fermentum MJM60397 exhibited greater
adherence to the Caco-2 cell monolayer than LGG in this
research. Lactobacillus strains bind to specific cell surface
receptors, explaining their high adherence.

However, in this study, a fermented milk P, cidilactici
BKO1 supplement for 3 weeks only reduced total cho-
lesterol and TGs and increased LAB total in the intestine
mucosa. Yet affected by HDL. In addition, it is necessary
to explore further the possibility of increasing the dose or
extending the duration of application (Fig. 2). Small intes-
tine staining results with 100x dilatation. (M+). normal
villous and crypts, and normal mucosa. (M1) crypts were
dilated, intestinal mucosa was thickened, and intestinal
villi length was increased. (M1). Thickening of the mucosa
and increased intestinal villi length (M3). Intestinal villi
were well-developed and filled the intestinal lumen.

Conclusion

To sum up, this study revealed P acidilactici BKO1 fer-
mented milk had no effect on body weight or HDL. However,
it has a beneficial effect on total serum cholesterol and TG
levels. Additionally, treatment of fermented milk P acidi-
lactici BKO1 has been shown to increase the total amount
of LAB in the intestine, as indicated by changes in the intes-
tinal villi.
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List of abbreviations

LAB, Lactic acid bacteria; MRS, de Man Rogosa Sharpe;
HDL, High-Density Lipoprotein; TG, Triglycerides.
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