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ABSTRACT

Cardiovascular disease (CVD) constitutes a significant health burden in
Indonesia, accounting for approximately one-third of all deaths.
Hypercholesterolemia and dyslipidemia are established primary risk factors for
CVD. This mini-review synthesizes current knowledge on CVD, the
characteristics of probiotic bacteria, and the potential of Indonesian fermented
foods to mitigate CVD risk. Indonesia boasts a rich and diverse array of
traditional fermented foods, including tape, tempeh, dadih, sayur asin,
tempoyak, and growol. Notably, many of these foods harbor diverse probiotic
microorganisms, such as Lactobacillus, Bifidobacterium, Lactococcus,
Streptococcus, Enterococcus, Weissella, Pediococcus, Rhizopus, Penicillium,
and Saccharomyces. Various studies have explored the beneficial effects of
probiotics, with hypocholesterolemic and hypolipidemic effects increasing in
recent years. Consistent consumption of probiotics has demonstrated the
potential to reduce total serum cholesterol, low-density lipoprotein cholesterol,
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liver cholesterol, and triglycerides, while concurrently elevating high-density
lipoprotein cholesterol. The impact of probiotics on lipid profiles is influenced
by many factors, such as the specific probiotic strain, dosage, and the
individual's dietary habits and overall health status. This review highlighted the
promising role of probiotics derived from Indonesian fermented foods as a

s/by-nc/4.0/. complementary strategy in preventing cardiovascular disease.

1. INTRODUCTION

The ongoing process of urbanization and changes in people's lifestyles have significantly
contributed to rising rates of various chronic diseases, especially cardiovascular disease. Globally,
cardiovascular disease remains the leading cause of death. In 2019, it caused more than 17.9
million deaths worldwide, accounting for nearly one-third (32%) of all global deaths (World
Health Organization, 2021). This disease is also the main cause of death and illness in Indonesia.
Similarly, over 30% of all deaths in Indonesia are attributed to CVD, with coronary heart disease
and stroke being the leading causes of death (Ministry of Health, 2017). The impact of CVD
extends beyond suffering, resulting in substantial economic costs and increased healthcare
spending for the country.

Hypercholesterolemia and dyslipidemia are major underlying factors in the development of
CVD. Unhealthy lifestyle choices and dietary habits, such as smoking, lack of physical activity,
and high-fat diets, can contribute to these conditions. Recognizing this public health challenge, the
Indonesian government has launched programs to prevent non-communicable diseases, including
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CVD. For example, the Healthy Community Movement (GERMAS) promotes policies that
support healthy lifestyles and eating habits. In addition to public health initiatives, nutritional
supplements, often classified as functional foods, have gained attention for their potential health
effects on various disease risk factors. Although the relationship between probiotics and
cardiovascular health is still being studied, existing research has identified several promising
pathways and potential benefits, highlighting the need for further research into their therapeutic
and preventive applications.

2. MATERIALS AND METHODS

A bibliometric analysis was performed on Scopus-indexed publications using the search
terms "probiotic” AND ("cardiovascular" OR "cholesterol™) to provide a quantitative overview of
the research landscape supporting this review. This analysis aimed to identify key research trends,
commonly investigated keywords, and the timeline of studies linking probiotics with
cardiovascular health, contextualizing the qualitative synthesis of findings within broader
scientific literature. Insights from the bibliometric analysis, such as dominant research themes and
emerging investigation areas, directly relate to the review's goal of exploring the potential of
Indonesian probiotics in tackling cardiovascular disease. This mini-review summarized findings
from scientific publications focused on isolating probiotics from Indonesian fermented foods. We
also included studies reporting on in vivo probiotic supplementation. The scope of this review
covered discussions on cardiovascular disease, the characteristics and properties of probiotic
bacteria, and the potential role of Indonesian fermented foods in reducing the risk of cardiovascular
disease.

3. RESULTS AND DISCUSSION
3.1. Bibliometric Analysis

Publications concerning the potential of probiotics with hypocholesterolemic and
hypolipidemic effects have increased in recent years (Figure 1A). The most common publications
fall within the area of Agriculture and Biological Sciences (Figure 1B). China has become the
leading country in this research, contributing over 130 documents to the database (Figure 1C).
The researcher affiliated with the Ministry of Education of the People's Republic of China has
been the most productive, publishing the largest number of documents in this field (Figure 1D).
An overview of the top 10 most-cited papers is shown in Table 3.1, highlighting their significant
influence. Notably, the research group led by Prakash has been the most prolific, with more than
seven publications (Figure 1E). Meanwhile, the paper published by Ejtahed et al. in 2011 in the
Journal of Dairy Science has received the highest number of citations, totaling 356 (Table 3.2).
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Figure 1. Scopus database analysis on published papers related to the "*probiotic and
cardiovascular or cholesterol' topic

Table 3.1. The top 10 most cited papers related to the "probiotic and cardiovascular or
cholesterol™ topic from the Scopus database

Title Probiotic Author Source Citation
Effect of probiotic yogurt Lactobacillus (Ejtahed et Journal of Dairy 356
containing Lactobacillus Bifidobacterium al., 2011) Science, 94(7),
acidophilus and Bifidobacterium pp. 3288-3294

lactis on lipid profile in
individuals with type 2 diabetes

mellitus.

Effects of milk products Bifidobacterium (Xiao etal.,  Journal of Dairy 311
fermented by Bifidobacterium 2003) Science, 86(7),

longum on blood lipids in rats pp. 2452-2461

and healthy adult male

volunteers.

Supplementation of Lactobacillus (Park etal.,  PLoS ONE, 8(3), 284
Lactobacillus curvatus KY1032 2013) e59470

in diet-induced obese mice is
associated with gut microbial
changes and reduction in obesity.

Effect of 8-week intake of Lactobacillus (Agerholm-  European Journal 282
probiotic milk products on risk Streptococcus Larsen et al., of Clinical

factors for cardiovascular Enterococcus 2000) Nutrition, 54(4),

diseases. pp. 288-297

Removal of cholesterol by Lactobacillus (Lyeetal., Journal of Dairy 277
lactobacilli via incorporation and 2010) Science, 93(4),
conversion to coprostanol. pp. 1383-1392
Cholesterol-lowering efficacy of Lactobacillus (Jones et al., The British 271
a microencapsulated bile salt 2012) Journal of
hydrolase-active Lactobacillus Nutrition,

reuteri NCIMB 30242 yoghurt 107(10), pp.
formulation in 1505-1513

hypercholesterolaemic adults.
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Title Probiotic Author Source Citation
Probiotic Lactobacillus Lactobacillus (Liuetal., Hepatology, 259
rhamnosus GG prevents liver 2020) 71(6), pp. 2050-
fibrosis through inhibiting 2066

hepatic bile acid synthesis and
enhancing bile acid excretion in

mice.

Functional and probiotic Lactobacillus (Kaushik et PLoS ONE, 259
attributes of an indigenous isolate al., 2009) 4(12), e8099

of Lactobacillus plantarum.

Alleviation of cyclic heat stress Lactobacillus (Sohail etal.,  Poultry Science, 237
in broilers by dietary 2010) 89(9), pp. 1934
supplementation of mannan- 1938

oligosaccharide and
Lactobacillus-based probiotic:
dynamics of cortisol, thyroid
hormones, cholesterol, C-reactive
protein, and humoral immunity.

Effect of probiotic (VSL#3) and Bifidobacterium  (Rajkumar et Mediators of 227
omega-3 on lipid profile, insulin Lactobacillus al., 2014) Inflammation,
sensitivity, inflammatory Streptococcus 2014, 348959

markers, and gut colonization in
overweight adults: a randomized,
controlled trial.

The analysis included 629 articles that met specific criteria: published in English, available
as open access, classified as research articles, and containing the keyword "probiotics.” The
network visualization showcases interconnected keywords from Scopus publications on
"probiotic,” "cardiovascular,” and “cholesterol” (Figure 2A). A prominent red cluster highlights
the impact of probiotics on "cholesterol” and "gut microbiota.” A green cluster emphasizes
"human" studies examining effects on "blood," "glucose,” often using "randomized controlled
trials," supported by frequently used keywords (Table 3.2). Other clusters explore related areas
like "animal models,” "dietary interventions,” "obesity," and "hypertension,” illustrating the
diverse research on probiotics and cardiovascular health. The overlay analysis reveals evolving
research trends (Figure 2B). Ongoing interest in "probiotics” and "cholesterol” is clear. At the
same time, newer terms in the green cluster, such as "randomized controlled trial," "glucose blood
level," and "insulin resistance," indicate a growing focus on human trials and specific metabolic
outcomes related to cardiovascular risk. The density visualization reinforces key research areas
with bright yellow highlighting the most common keywords: "probiotics,” “"cholesterol,” "human,"
"blood,” "controlled study,” and "microbiota” (Figure 2C). This highlights an intense focus on
probiotic effects on cholesterol and cardiovascular health in human studies, often employing
controlled designs and analyzing gut microbiota.
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intestine flora
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Figure 2. Bibliometric analysis related to the "*probiotic and cardiovascular or cholesterol®
topic from the Scopus database. a) visualization analysis, b) overlay analysis, and c) density
analysis.

Table 3.2. The top 10 keywords related to the "probiotic and cardiovascular or
cholesterol™ topic from the Scopus database

Keyword Occurrences Total link strength
Probiotics 629 14727
Cholesterol 276 8406
Human 243 7592
Animals 219 7032
Metabolism 208 6747
Triacylglycerol 172 6480
Cholesterol blood level 153 5762
Intestine flora 163 5709
Low-density lipoprotein cholesterol 118 4706
High-density lipoprotein cholesterol 108 4358
Lactobacillus 115 3587

3.2. What are Probiotics?

Probiotics are defined as live microorganisms that, when taken in sufficient amounts,
provide a health benefit to the host (World Health Organization, 2002). These helpful
microorganisms work through various mechanisms, such as boosting the host's immune system by
producing immunoglobulins and activating cell-mediated immune responses. Additionally,
probiotics have successfully reduced multiple intestinal disorders, including irritable bowel
syndrome, gastric ulcers, lactose intolerance, and antibiotic-associated diarrhea (Liu et al., 2016;
World Health Organization, 2021; Yan et al., 2017). To deliver health benefits effectively, the
World Health Organization (WHO) requires that probiotic strains be able to survive the tough
conditions of human digestion, like gastric juices and bile, and still be able to grow within the
digestive system.
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Probiotic bacteria and yeasts have been extensively studied for their potential health benefits.
These include species from the genus Lactobacillus (L. acidophilus, L. bulgaricus, L. delbrueckii
subsp. bulgaricus, L. casei, L. paracasei, L. fermentum, L. lactis, L. plantarum, L. rhamnosus, L.
gallinarum, L. reuteri, L. amylovorus, L. brevis, L. helveticus, L. johnsonii, L. cellobiosus, L.
crispatus, L. curvatus), Lactococcus (L. lactis), Leuconostoc (L. mesenteroides), Pediococcus (P.
pentosaceus, P. acidilactici), Streptococcus (S. thermophilus, S. salivarius), Bifidobacterium (B.
animalis, B. bifidum, B. longum, B. breve, B. infantis, B. laterosporus, B. thermophilum, B.
essensis), Propionibacterium (P. acidipropionici, P. jensenii, P. thoenii, P. freudenreichii),
Enterococcus (E. faecalis, E. faecium), Bacillus (B. cereus, B. cereus var. toyoi, B. clausii, B.
coagulans, B. subtilis), and the yeasts Saccharomyces cerevisiae and S. boulardii (Brunser &
Gotteland, 2010; Hendrati et al., 2017; Kusharyati et al., 2020; Pavlovi¢ et al., 2012; Rahayu, 2003;
Wang et al., 2021).

The genera Lactobacillus and Bifidobacterium are the most widely studied and commonly
used probiotics in producing functional foods. Lactobacillus is a Gram-positive bacterium that can
perform both obligate and facultative anaerobic respiration and is a major producer of lactic acid.
These bacteria are often part of the natural microbiota of the digestive tract (Hardiningsih et al.,
1970; Okamoto et al., 2008). Bifidobacterium, another Gram-positive bacterium, is non-spore-
forming, strictly anaerobic, and appears as pleomorphic rods. Notably, Bifidobacterium species
can produce lactic and acetic acids (Hadadji et al., 2005; Kusharyati et al., 2020; Venkatesan et
al., 2012).

Probiotics provide many benefits to the host, including balancing the gut microbiota,
modulating the immune system, and affecting metabolic processes (Fuentes et al., 2016; Hegazy,
2010; Song et al., 2015). Some probiotics can positively influence the symbiotic gut microbiota
by encouraging the growth of helpful bacteria while decreasing harmful microorganisms
(Blaabjerg et al., 2017; Zhou et al., 2015). This competitive edge is partly due to probiotics' ability
to compete with pathogenic bacteria for key nutrients, limiting the growth of the latter. For
example, the metabolism of monosaccharides by various probiotics can inhibit the growth of
Clostridium difficile, an opportunistic pathogen that mainly depends on monosaccharide utilization
(Blaabjerg etal., 2017). Additionally, probiotics use other methods to lower the number of harmful
bacteria in the gastrointestinal tract. These methods include producing and releasing antimicrobial
substances such as organic acids, amino acids, short-chain fatty acids, hydrogen peroxide, and
bacteriocins (Kusharyati et al., 2020; 2025; Zhou et al., 2015). Organic acids, in particular, can
interfere with the internal pH of pathogens, preventing their growth and survival.

Probiotics are also thought to be capable of adhering to the intestinal mucosa and colonizing
the digestive system, which is crucial for their long-lasting beneficial effects. Research has shown
the colonization of Bifidobacteria and Lactobacilli in the human digestive tract, though their
abundance varies (O'Callaghan & van Sinderen, 2016; Sirilun et al., 2015; Vaughan et al., 2005).
Several studies have reported that the concentration of Bifidobacterium cells in feces can reach
10'° cells per gram, with a notably higher presence in infant stool compared to adult samples
(Arboleya et al., 2012; Kusharyati et al., 2020; Sirilun et al., 2015). In contrast, Lactobacillus
populations generally range from 108 to 10° cells per gram of adult stool (Chul-gyu et al., 2006).

The effective colonization of probiotics can lower the number of harmful bacteria in the
digestive system. For example, studies have shown that Lactobacillus plantarum 299 and
Lactobacillus rhamnosus GG effectively prevent enteropathogenic Escherichia coli from
attaching within the gastrointestinal tract (Kazmierczak-Siedlecka et al., 2020; Kekkonen et al.,
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2008). Additionally, Lactobacillus species boost the intestinal barrier by regulating and increasing
the expression of genes related to tight junctions, such as 3-catenin and E-cadherin (Yu et al., 2012,
2015). The intestinal barrier, a single layer of epithelial cells, acts as the main interface, blocking
potentially toxic substances in the intestinal lumen from reaching underlying tissues and the
bloodstream (Vancamelbeke & Vermeire, 2017). Importantly, various Lactobacillus proteins have
been shown to help bacteria stick to the mucosa by acting as surface adhesins and interacting with
complex glycoprotein mixtures secreted by intestinal epithelial cells, which helps exclude
pathogens from the mucus layer (Vancamelbeke & Vermeire, 2017; Yu et al., 2012, 2015).

Dysbiosis, an imbalance in the gut microbiota, can weaken the integrity of the intestinal
barrier, leading to the translocation of lipopolysaccharide (LPS) and other bacterial components
into the bloodstream (Salguero et al., 2019). This systemic leakage of microbial products triggers
an inflammatory response, which is involved in the development of atherosclerosis. Specifically,
LPS can increase monocyte recruitment to the activated endothelium and promote macrophage
foam cell formation by enhancing the uptake of modified LDL and decreasing cholesterol efflux
from these foam cells (Khera et al., 2011; VVancamelbeke & Vermeire, 2017).

3.3. Indonesian Traditional Fermented Foods

Indonesia features a wide range of traditional fermented foods that have been a vital part of
its culinary heritage for generations. Fermentation is an important method of food preservation,
effectively extending the shelf life of perishable items like vegetables, meat, fruits, and fish. This
is especially important in tropical regions, where the high water content and nutritional value of
these foods make them prone to spoilage. Food preservation through fermentation in Indonesia
includes various techniques such as alcoholic fermentation, high-salt fermentation, lactic acid
fermentation, mold fermentation, and combinations of these methods.

Indonesia has a rich tradition of fermented foods, many of which are known as natural
sources of probiotics. Importantly, most traditional fermented foods in Indonesia are made through
spontaneous fermentation, relying on the native microorganisms in the raw ingredients rather than
adding a specific inoculum. Probiotic microorganisms are crucial in fermenting a variety of
Indonesian food products, including staple foods, meat products, snacks, fruits, and juices. Besides
their natural presence in the digestive tract and oral cavity, different probiotic bacteria and yeasts
are found in many Indonesian fermented foods (Table 3.2).

Indonesia has a wide variety of traditional fermented foods, many of which are important
sources of probiotics. The following examples highlight some of these culturally important and
health-beneficial foods:

1. Tempe: A staple Indonesian food, tempeh is produced through the controlled fermentation of
soybeans. The fermentation process, primarily driven by the beneficial mold Rhizopus
oligosporus, produces enzymes that break down complex carbohydrates and proteins within the
soybeans. This not only enhances digestibility but also contributes to the unique texture and
nutritional profile of tempeh.

2. Tape: A popular sweet and slightly alcoholic fermented parboiled rice (or cassava) product
enjoyed throughout Indonesia. The fermentation of rice or cassava involves the synergistic
action of lactic acid bacteria (LAB) and yeasts. These microorganisms convert the starches
present into simple sugars, yielding the characteristic sweetness, and produce lactic acid, which
imparts a subtle sour tang to the tape.

3. Dadih: A traditional Indonesian yogurt-like product made from the fermentation of water
buffalo milk. The fermentation process is carried out by LAB, resulting in the coagulation and
acidification of the milk. Following fermentation, the dadih is traditionally hung in cloth bags
to drain excess whey, producing a thick, tangy yogurt with a distinct regional flavor.
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4. Pickle vegetable “sayur asin”: A traditional Indonesian pickle prepared through the
fermentation of various vegetables in a brine solution. This fermentation process is dominated
by LAB, which contributes to the preservation of the vegetables and imparts a sour and slightly
salty flavor. Pickle vegetable “sayur asin” is a widely enjoyed side dish with a unique taste and
potential probiotic benefits in many Indonesian meals.

Table 3.3. Lists isolated probiotics from various Indonesian fermented traditional foods

Fermented traditional foods Identified probiotics (genus) References
Mangos (Mangifera sp.) Lactobacillus, Enterococcus (Rahayu, 2003)
Kedondong (Spondias
cytherea)
Mandai Cempedak Lactobacillus, Pediococcus (Emmawati et al., 2015; Rahayu,
(Artocarpus champeden) 2003; Siregar et al., 2014)
Mandai Nangka (Artocarpus Lactobacillus, Streptococcus (Rahayu, 2003)
heterophyllus)
Tempoyak durian (Durio Lactobacillus, Streptococcus, (Aisyah et al., 2014; Hasanuddin,
zibethinus) Weisella, Pediococcus, 2010; Rahayu, 2003)
Enterococcus, Rhizopus, Penicillium,
Leuconostoc
Asinan rebung (Bambusa sp.) Lactobacillus (Rahayu, 2003; Wasis et al.,
2019)
Asinan kobis (Brassica Lactobacillus, Pediococcus (Rahayu, 2003)
oleracea)
Bekasam, Gabus fish Lactobacillus, Pediococcus, (Lestari et al., 1970; Rahayu,
(Ophiocephalus striatus) Streptococcus, Leuconostoc 2003)
Peda, Kembung fish Lactobacillus, Streptococcus, (Hasanah, 2014; Rahayu, 2003)
(Rastrelliger neglectus) Pediococcus
Terasi, shrimp, or small fish Lactobacillus, Pediococcus, (Rahayu, 2003; Sumardianto et
Streptococcus, Enterococcus al., 2019)
Gatot (dried, uncooked Lactobacillus, Pediococcus (Rahayu, 2003)
cassava)
Growol (fresh, uncooked Lactobacillus (Puspaningtyas et al., 2019; Putri
cassava) et al., 2012; Rahayu, 2003)
Tape Ketan (cooked, sticky Lactobacillus, Pediococcus, (Rahayu, 2003; Ramona &
rice) Weissella Ariwathi, 2022; Zaenal Mustopa
& Fatimah, 2014)
Tape ubi (cooked cassava) Lactobacillus, Pediococcus, (Hasanah et al., 2019; Rahayu,
Saccharomyces, Bacillus 2003)
Moromi (fermented soybean) Lactobacillus, Pediococcus (Rahayu, 2003)
Tempe (fermented soybean) Lactobacillus, Pediococcus, (Rahayu, 2003; Yudianti et al.,
Weisella, Rhizopus 2020)
Pickle vegetable “sayur asin” Lactobacillus, Pediococcus (Rahayu, 2003; Sulistiani et al.,
(mustard cabbage leaf) 2014)
Kecap (soy sauce) Lactobacillus, Tetragenococcus, (Rahayu, 2003; Sulistyo &
Pediococcus, Saccharomyces Nikkuni, 2005)
Dadih (buffalo milk) Leuconostoc, Lactococcus, (Collado et al., 2007; Nur et al.,
Lactobacillus, Enterococcus 2015; Rahayu, 2003)

Fermented mare's milk

Lactobacillus, Streptococcus (Murti et al., 2021; Rahayu, 2003)
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Fermented traditional foods

Identified probiotics (genus)

References

Dangke (cow/buffalo milk)
Oncom (soybean-based)
Petis (fish/shrimp-based)
Peuyeum (cassava-based)

Lemea (young bamboo/
freshwater fish)

Urutan (traditional
Balinese sausage)

Tauco (fermented yellow
soybean)

Jambal roti, marine catfish
(Arius thalassinus)

Kecap ikan (fish sauce)

Naniura, carp (Cyprinus

carpio) tilapia (Oreochromis

mossambica)
Bakasang (fish’s organs)

Budu, Spanish mackerel
(Scomberomorus sp.) and

leather skin (Chorinemus sp.)

Cincalok (shrimp-based)
Picungan (fish-based)

Rusip, anchovy (Stolephorus

sp.)

Tukai, barracuda-based
(Sphyraena sp.)

Ronto (shrimp-based)
Semayi
Cabuk

Acar ketimun (cucumber
pickle)

Pliek-U

Chao, tembang fish-based
(Sardinella fimbriata)
Kempong (tofu-based)
Jruek drien

Lactobacillus
Neurospora, Rhizopus, Bacillus
Pediococcus
Saccharomyces, Candida
Lactobacillus

Lactobacillus, Pediococcus
Rhizopus
Staphylococcus, Lactobacillus,
Pediococcus

Bacillus, Lactobacillus

Lactobacillus

Lactobacillus, Micrococcus,

Streptococcus, Bacillus, Pediococcus

Lactobacillus

Lactobacillus, Pediococcus
Lactobacillus

Leuconostoc, Streptococcus,
Lactococcus, Lactobacillus,
Staphylococcus, Pediococcus,
Enterococcus

Micrococcus, Staphylococcus,
Pediococcus, Lactobacillus,
Pseudomonas, Streptococcus,
Bacillus

Pediococcus
Bacillus
Bacillus

Lactobacillus

Lactobacillus, Enterococcus

Lactobacillus, Pediococcus

Rhizopus
Lactobacillus, Bacillus

(Nur et al., 2015)
(Hartanti et al., 2019)
(Pramono et al., 2013)

(Barus & Natalia Wijaya, 2011)

(Okfrianti et al., 2018; Zuidar et
al., 2016)

(Antara et al., 2002)

(Harmayani et al., 2017; Herlina
etal., 2022)

(Hui & Evranuz, 2012;
Karyantina et al., 2020)

(Farida et al., 2019; Hui &
Evranuz, 2012)

(Hui & Evranuz, 2012; Manik et
al., 2019)

(Hui & Evranuz, 2012; ljong &
Ohta, 1996)

(Abbasiliasi et al., 2011; Liasi et
al., 2009)

(Hui & Evranuz, 2012)

(Hui & Evranuz, 2012; Syafitri et

al., 2022)

(Hui & Evranuz, 2012;
Kusmarwati et al., 2014)

(Hui & Evranuz, 2012)

(Khairina et al., 2016)
(Harmayani et al., 2017)
(Harmayani et al., 2017)

(Farida et al., 2019; Surbakti &
Hasanah, 2021)

(Septi, 2019)

(Matti et al., 2021)

(Arfina et al., 2013)
(Yulvizar et al., 2015)
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3.4. Cardiovascular Diseases

The World Health Organization (WHO) projects that cardiovascular disease (CVD) will
continue to be the leading cause of death worldwide by 2030. Notably, heart attacks and strokes
cause more than 80% of all CVD-related deaths, with about one-third of these occurring in adults
under 70 years old (World Health Organization, 2021). Alarmingly, nearly 80% of global CVD
deaths happen in low- and middle-income countries, where the burden of CVD and its risk factors
is growing due to the ongoing epidemiological transition.

Key behavioral risk factors for CVD include unhealthy dietary habits, physical inactivity,
and tobacco and alcohol use (Sabzmakan et al., 2014; World Health Organization, 2021). These
behaviors can cause physiological changes like higher blood glucose levels, increased blood
pressure, dyslipidemia (abnormal blood lipid levels), and the development of overweight and
obesity. Specifically, elevated low-density lipoprotein (LDL) cholesterol mainly contributes to
hypertension, hyperlipidemia, and coronary heart disease (Ogita et al., 2014; Tsukinoki et al.,
2014). Increased LDL cholesterol encourages the formation of atherosclerotic plaques in the
arterial walls.

Atherosclerosis, a chronic inflammatory disease of the blood vessels, is the main cause of
morbidity and mortality related to cardiovascular disease (Kobiyama & Ley, 2018). People with
hypercholesterolemia have a threefold higher risk of experiencing a heart attack compared to those
with normal blood lipid levels. Keeping LDL cholesterol levels below 100 mg/dL is linked to a
lower risk of coronary heart disease (Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults, 2001; National Institutes of Health, 2002). Therefore,
controlling serum LDL cholesterol is an essential step in reducing the risk of various
cardiovascular diseases.

Elevated cholesterol levels are a key factor in the development of atherosclerosis-related
diseases, including peripheral vascular disease and coronary artery disease (Lusis, 2000). Although
cholesterol has essential and generally harmless roles in body functions—such as building cell
membranes and producing steroid hormones and bile salts—keeping serum levels within a healthy
range is crucial for heart health. Cholesterol levels from 100 to 129 mg/dL are considered near
optimal, but the risk of coronary heart disease rises beyond this level. Interestingly, even a 1%
increase in serum cholesterol has been linked to a higher risk of cardiovascular disease. Levels
between 160 and 189 mg/dL are classified as high, and those over 190 mg/dL are considered very
high, greatly increasing the likelihood and progression of coronary heart disease (Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, 2001; National
Institutes of Health, 2002). For people with cardiovascular disease, access to effective medications
like statins, angiotensin-converting enzyme inhibitors, beta-blockers, and aspirin is essential for
managing their health (World Health Organization, 2021).

3.5. Potential Mechanisms of Probiotics in Reducing Cardiovascular Disease Risk

Probiotics are believed to provide their heart-protecting effects through multiple
interconnected mechanisms. One key proposed mechanism is the ability of probiotics to lower
blood pressure (Tsukinoki et al., 2014). Since hypertension is a major risk factor for cardiovascular
disease, the finding that specific probiotic strains can reduce blood pressure in both hypertensive
and normotensive individuals is highly relevant clinically. Another important mechanism being
studied is the capacity of probiotics to reduce systemic inflammation (Salguero et al., 2019).
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Chronic inflammation is increasingly seen as a key factor in the development of
cardiovascular disease, and research has shown that probiotic supplements can lower circulating
markers of inflammation. Additionally, probiotics may positively influence lipid levels by
reducing low-density lipoprotein cholesterol (LDL-C) and raising high-density lipoprotein
cholesterol (HDL-C) (Jeun et al., 2010; Zheng et al., 2013). Certain probiotic strains have also
been demonstrated to decrease total cholesterol and triglyceride levels in the blood, which are
known risk factors for cardiovascular disease.

Several in vitro mechanisms have been suggested to explain how probiotics lower
cholesterol. These include: (1) cholesterol assimilation, where probiotics incorporate cholesterol
into their cell membranes during growth; (2) binding of cholesterol to probiotic cell walls (Kimoto
etal., 2002; Li, 2012; Lin & Chen, 2020; Taranto et al., 2003), preventing its absorption in the gut;
(3) fermentation processes that may lead to the destabilization or coprecipitation of cholesterol
within cholesterol-containing micelles; (4) inhibition of endogenous cholesterol synthesis as a
downstream effect of short-chain fatty acid (SCFA) metabolism (Conterno et al., 2011; Rai et al.,
2017); (5) bile acid deconjugation through the activity of bile salt hydrolase (BSH) enzymes
secreted by Lactobacillus species (Jeun et al., 2010; Liong & Shah, 2005; Schillinger et al., 2005;
Sirilun et al., 2010; Vyas & Ranganathan, 2012; Yusuf et al., 2020), which can lead to reduced
cholesterol absorption and increased cholesterol excretion; (6) coprecipitation of cholesterol with
deconjugated bile acids (Al-Saleh et al., 2006; Grill et al., 2000; Li, 2012); (7) oxidation of
cholesterol by cholesterol oxidase enzymes (Ahire et al., 2012); (8) binding of bile salts to
exopolysaccharides produced by some probiotics (Pigeon et al., 2002); (9) production of various
functional peptides that may influence lipid metabolism (Kim et al., 2008; Madani et al., 2013);
and (10) conversion of cholesterol to the less absorbable sterol, coprostanol (Chiang et al., 2008;
Lye et al., 2009; Ooi & Liong, 2010). Recent in vitro studies suggest that the cholesterol-reducing
effects of probiotics are often mediated by a combination of these processes, primarily involving
cholesterol binding to the cell membrane, cholesterol assimilation during bacterial growth, and
bile salt deconjugation (Liong & Shah, 2005; Lye et al., 2009).
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Table 3.4. Structured overview of in vivo studies on cholesterol reduction by probiotics

Probiotic strains Dose (cell density) Results Subject Diets Intervention period Reference
Reduced by 28.8% LDL, High
L. plantarum CAAS LAB suspension (10°CFU) 21.7% TC serum, and 30.9%  Hamster cholesterol 4 weeks (Maetal., 2019)
18008 .
TC liver (0.4%)
Significantly reduced Wet tape
Lactobacillus Tape ketan containing 1x108  cholesterol, triglyceride, and Rats product at 1.8 7 weeks (Yulianto et al.,
plantarum Dad-13 CFU/g LAB LDL levels. Significantly g per head per 2023)
increased HDL level day
B. longum CBG-C11,
B. lactis CBG-C10, .
B. breve CBG-C2, L. Dried biomass of LAB (10° Reduced 1.2-1.5-fold of total . High .
. 10 cholesterol, 1.32-1.4-fold of Mice cholesterol 8 weeks (Kimetal., 2017)
reuteri CBG-C15 and and 10¥°° CFU)
TG, 1.3-1.5-fold of LDL (1.25%)
L. plantarum CBG-
c21
L. acidophilus LA15, - High
L. plantarum B23 LAB cells (10° CFU) Slgnlflc_?_rglygrr]zd}l{c(:;ed LOL, Mice cholesterol 4 weeks (Zheng et al., 2013)
and L. kefiri D17 ’ (1%)
Reduced 25.5% of total
L. plantarum 9-41 cholesterol, 32.9% of LDL,
and 16% of TG High
LAB suspension (10° CFU) Mice cholesterol 6 weeks (Xie etal., 2011)
Reduced 12.5% of TC, (1%)
L. fermentum M1-16 17.3% of LDL, and 15.7% of
TG
. . S High
L. acidophilus ATCC Dried biomass of LAB (10° Reduced 92% of TC, 35% of .
4356 CFU) LDL. and 51% of TG Mice cho(lleos/zt)erol 4 weeks (Huang et al., 2010)
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Probiotic strains Dose (cell density) Results Subject Diets Intervention period Reference
C Reduced 31% of total serum High
11
L. plantarum MA2 Dried blomés';j);‘ LAB (10 cholesterol, 20% of LDL, and Mice cholesterol 5 weeks (Wang et al., 2009)
31.18% of TG (1%)
Reduced 33% of TC by
L. plantarum 9 living cells, 40% of LCL by . T
KCTC3928 Double-coated LAB (10° CFU) living cells, 20% of LDL by Mice High lipid 4 weeks (Jeun et al., 2010)
dead cells, and 32% of TG
.. . Reduced 7.2 mg/dL of TC . High lipid .
8
L. kefiri DH5 LAB suspension (2x108 CFU) and 3.7 mg/dL of LDL Mice (60% calories) 6 weeks (Kimetal., 2017)
. Reduced 24% of TC and 45% . High lipid
9
L. plantarum K21 LAB suspension (10° CFU) of TG in the liver Mice (40% calories) 8 weeks (Wu et al., 2015)
Significantly reduced TC, TG Hiah livid
L. acidophilus NSI LAB suspension (108 CFU) and LDL, but not Mice (45°/gcal(r))ries) 10 weeks (Song et al., 2015)
significantly to HDL 0
0, 0,
L. plantarum LS/07 Red.llfgdaﬁg /20 4?; E?L?L/o of
Mixed suspension of skim milk : 0 . High lipid .
and LAB (3x10° CFU) Mice (20% lard) 10 weeks (Salaj et al., 2013)
L. plantarum Reduced 8.9% of TC and
Biocenol LP96 38.8% of TG
Bifidobacterium
pseudocatenulatum
SPM 1204, B. LAB suspension (108-10° Reduced 2.7% of TC, 5.9% . High lipid
longum SPM 1205, CFU) of TG, and 9.1% of LDL Mice  40% calories) 5 weeks (Anetal., 2011)
and B. longum SPM
1207
L. acidophilus KBc, . 1 Reduced 51.70%-53.74% of . High (Antara et al.,
L brevis KBa LAB suspension (10t CFU) TC Rabbit cholesterol 4 weeks 2019)
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Probiotic strains Dose (cell density) Results Subject Diets Intervention period Reference
Reduced 37% of LDL, but High (Sindhu &
L. casei NCDC-19 LAB cells (106 CFU) not significantly to HDL and Mice cholesterol 6 weeks
Khetarpaul, 2003)
TG (1%)
Reduced 38% of TC, 40% of (Taranto et al
L. reuteri CRL 1098 LAB suspension (10* CFU) TG, and increased 20% of Mice High lipid A week 1998) "
HDL
. Reduced 7% of TC, 10% of . High (Nguyen et al
L. plantarum PHO4 LAB suspension (10" CFU) ' Mice cholesterol 2 weeks N
TG 2007)
(10%)
B. longum Bb-46 LAB cells (108 CFU) Reduced 50.3% of TC, Rat choT(jsgt:rol 5 weeks (Abd El-Gawad et
-1ong 56.3% of LDL, 51.2% of TG (0.5%) al., 2005)
. . . High lipid and .
L. acidophilus L. acidophilus supplementation g o by 15-33% of TC~ Rats High 4 weeks (Fukushima etal,
on rice bran 1999)
cholesterol
L. acidophilus L1 yoghurt containing L. Reduced by 2-3% of TC Human n/a 4 weeks (Anderson &

acidophilus L1

Gilliland, 1999)

Note: CFU (colony forming units), TC (total cholesterol), TG (triglycerides), HDL (high-density lipoprotein), LDL (low-density lipoprotein).
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3.6. Probiotic Cholesterol Reduction in Animal Studies

Probiotics have been widely used in creating functional foods and beverages because of their
various health benefits. Among lactic acid bacteria (LAB), the genera Lactobacillus and
Bifidobacterium are well-known for their probiotic properties, including Lactobacillus plantarum,
L. reuteri, L. fermentum, L. acidophilus, L. kefiri, Bifidobacterium longum, B. lactis, B. breve, and
B. pseudocatenulatum. This mini-review examines explicitly the potential role of probiotics and
their metabolic products in lowering blood pressure via in vivo cholesterol-lowering mechanisms.
An increasing amount of evidence suggests that probiotics may help prevent the risk of
cardiovascular disease. Numerous studies have investigated the potential benefits of probiotic
consumption on various aspects of cardiovascular health (Table 3.4).

The ability of probiotics to lower cholesterol levels in animal models shows considerable
variability across different cases strains. As summarized in Table 3.2, several in vivo studies have
investigated the impact of specific probiotic strains on cholesterol metabolism. For instance, oral
administration of a Lactobacillus plantarum CAAS 18008 suspension to hamsters for four weeks
resulted in notable reductions of 28.8% in LDL cholesterol, 21.7% in total serum cholesterol (TC),
and 30.9% in liver cholesterol (Ma et al., 2019). Similarly, Kim et al., (2017) reported that a
probiotic mixed culture containing Bifidobacterium longum CBG-C11, B. lactis CBG-C10, B.
breve CBG-C2, Lactobacillus reuteri CBG-C15, and L. plantarum CBG-C21 was effective in
increasing HDL cholesterol levels and decreasing total cholesterol, LDL cholesterol, and
triglyceride (TG) levels in mice.

A study by Zheng et al., (2013) demonstrated that administering Lactobacillus acidophilus
LA15, L. plantarum B23, and L. kefiri D17 to mice on a high-cholesterol diet for four weeks
significantly reduced LDL, TC, and TG levels. Furthermore, the use of double-coated
Lactobacillus plantarum KCTC3928 in mice fed a high-fat diet for four weeks led to a 31%
decrease in serum total cholesterol, a 2% decrease in LDL cholesterol, and a 32% decrease in
triglycerides (Jeun et al., 2010). Several other lactic acid bacteria strains have also been
documented to influence serum lipid profiles in mice, including Lactobacillus kefiri DH5 (Kim et
al., 2017), L. plantarum MA2 (Wang et al., 2009), L. acidophilus ATCC 4356 (Huang et al., 2010),
L. plantarum K21 (Wu et al., 2015), B. pseudocatenulatum SPM 1204, B. longum SPM 1205, and
B. longum SPM 1207 (An et al., 2011).

In another study evaluating the cholesterol-lowering potential of Lactobacillus acidophilus
KBc and Lactobacillus brevis KBa, isolated from wild horses' milk, Antara et al. (2019) orally
administered these strains (at 10** CFU/mL per rabbit daily) to male hypercholesterolemic rabbits
for four weeks. Their findings demonstrated a significant reduction in blood serum cholesterol
levels, ranging from 51.70% to 53.74%. Sindhu and Khetarpaul (2003) investigated the effects of
Lactobacillus casei NCDC-19, derived from a fermented food mixture supplemented with 1%
cholesterol. In this six-week study involving twenty young Swiss mice, the administration of L.
casei NCDC-19 significantly lowered low-density lipoprotein (LDL) cholesterol by 37%.
However, it did not significantly affect high-density lipoprotein (HDL) or triglyceride (TG) levels.

Taranto et al. (1998) reported that administering Lactobacillus reuteri CRL 1098 at a dose
of 10* cells daily to hypercholesterolemic mice for one week caused a significant 38% decrease in
total cholesterol, a 40% reduction in triglycerides, and a 20% increase in HDL cholesterol. Nguyen
et al. (2007) isolated Lactobacillus plantarum PHO4 from infant feces and administered it to
hypercholesterolemic mice (at a dose of 107 CFU/mL per mouse daily) for two weeks. The results
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of this study indicated that L. plantarum PHO4 could reduce total cholesterol by 7% and
triglycerides by 10%.

Other studies have also explored the cholesterol-lowering effects of various lactic acid
bacteria, including Bifidobacterium longum Bb-46 (Abd El-Gawad et al., 2005), Lactobacillus
acidophilus (Fukushima et al., 1999), and L. acidophilus L1 (Anderson & Gilliland, 1999)
identifying them as potential probiotics with this beneficial property. While the evidence gathered
from these animal studies is promising, further research, particularly well-designed human clinical
trials, is warranted to elucidate the potential benefits of probiotics on cardiovascular health.
Nevertheless, the current evidence suggests that incorporating probiotics into a healthy dietary
regimen may represent a simple and effective adjunctive strategy for reducing the risk of
cardiovascular disease.

4. CONCLUSIONS

Probiotics show significant promise in improving cholesterol profiles, consistently reducing
total and LDL cholesterol, liver cholesterol, and triglycerides while boosting HDL. However, their
impact is highly variable, influenced by strain, dosage, and individual factors. For Indonesian
fermented foods, harnessing this potential for cardiovascular health demands a deeper
understanding of the unique strains present and their optimal application within the local dietary
landscape.

5. ACKNOWLEDGMENTS

Thank you to all the researchers who have focused on the exploratory testing of isolating
probiotic candidates from traditional Indonesian fermented foods and their testing in in vitro and
in vivo experiments.

6. REFERENCES

Abbasiliasi, S., Ramanan, R. N., Ibrahim, T. A. T., Mustafa, S., Mohamad, R., Daud, H. H. M., & Ariff, A. B. (2011).
Effect of Medium Composition and Culture Condition on the Production of Bacteriocin-Like Inhibitory
Substances (BLIS) by Lactobacillus Paracasei LAO7, a Strain Isolated from Budu. Biotechnology &
Biotechnological Equipment, 25(4), 2652—-2657. https://doi.org/10.5504/BBEQ.2011.0101

Abd El-Gawad, I. A, El-Sayed, E. M., Hafez, S. A., El-Zeini, H. M., & Saleh, F. A. (2005). The hypocholesterolaemic
effect of milk yoghurt and soy-yoghurt containing bifidobacteria in rats fed on a cholesterol-enriched diet.
International Dairy Journal, 15(1), 37—44. https://doi.org/10.1016/j.idairyj.2004.06.001

Agerholm-Larsen, L., Raben, A., Haulrik, N., Hansen, A., Manders, M., & Astrup, A. (2000). Effect of 8 week intake
of probiotic milk products on risk factors for cardiovascular diseases. European Journal of Clinical Nutrition,
54(4), 288-297. https://doi.org/10.1038/sj.ejcn.1600937

Ahire, J. J., Bhat, A. A., Thakare, J. M., Pawar, P. B., Zope, D. G., Jain, R. M., & Chaudhari, B. L. (2012). Cholesterol
assimilation and biotransformation by Lactobacillus helveticus. Biotechnology Letters, 34(1), 103-107.
https://doi.org/10.1007/s10529-011-0733-2

Aisyah, A., Kusdiyantini, E., & Suprihadi, A. (2014). Isolasi, karakterisasi bakteri asam laktat, dan analisis proksimat
dari pangan fermentasi “tempoyak.” Jurnal Biologi, 3(2), 31-39.

Al-Saleh, A. A., Metwalli, A. A. M., & Abu-Tarboush, H. M. (2006). Bile Salts and Acid Tolerance and Cholesterol
Removal from Media by some Lactic Acid Bacteria and Bifidobacteria. Journal of Saudi Socety for Food and
Nutrition, 1(1), 1-17.

An, H. M., Park, S. Y., Lee, D. K, Kim, J. R., Cha, M. K., Lee, S. W,, Lim, H. T., Kim, K. J., & Ha, N. J. (2011).
Antiobesity and lipid-lowering effects of Bifidobacterium spp. In high fat diet-induced obese rats. Lipids in Health
and Disease, 10(1), 116. https://doi.org/10.1186/1476-511X-10-116

Anderson, J. W., & Gilliland, S. E. (1999). Effect of Fermented Milk (Yogurt) Containing Lactobacillus Acidophilus
L1 on Serum Cholesterol in Hypercholesterolemic Humans. Journal of the American College of Nutrition, 18(1),
43-50. https://doi.org/10.1080/07315724.1999.10718826

20


https://doi.org/10.5504/BBEQ.2011.0101
https://doi.org/10.1016/j.idairyj.2004.06.001
https://doi.org/10.1038/sj.ejcn.1600937
https://doi.org/10.1007/s10529-011-0733-2
https://doi.org/10.1186/1476-511X-10-116
https://doi.org/10.1080/07315724.1999.10718826

Purbosari, Para Mitta et al. (2025) INCOBEST 03(1): 3026-5428

Antara, N. S., Gunam, I. B. W., Kencana, P. K. D., & Utama, I. M. S. (2019). The role of lactic acid bacteria on safety
and quality of fermented foods. 020005. https://doi.org/10.1063/1.5125509

Antara, N. S., Sujaya, I. N., Yokota, A., Asano, K., Aryanta, W. R., & Tomita, F. (2002). Identification and succession
of lactic acid bacteria during fermentation of “urutan”, a Balinese indigenous fermented sausage. World Journal
of Microbiology and Biotechnology, 18(3), 255-262. https://doi.org/10.1023/A:1014976008282

Arboleya, S., Binetti, A., Salazar, N., Fernandez, N., Solis, G., Hernandez-Barranco, A., Margolles, A., los Reyes-
Gavilan, C. G., & Gueimonde, M. (2012). Establishment and development of intestinal microbiota in preterm
neonates. FEMS Microbiology Ecology, 79(3), 763-772. https://doi.org/10.1111/].1574-6941.2011.01261 .x

Arfina, D. K., Kusdiyantini, E., & Rukmi, M. I. (2013). Analisis mikoflora dalam makanan fermentasi tradisional
kempong di Desa Karangpucung Kidul, Linggapura Bumiayu Jawa Tengah. Jurnal Biologi, 2(1), 28-35.

Barus, T., & Natalia Wijaya, L. (2011). Mikrobiota Dominan dan Perannya dalam Cita Rasa Tape Singkong. Biota :
Jurnal llmiah llmu-llmu Hayati, 354-561. https://doi.org/10.24002/biota.v16i2.119

Blaabjerg, S., Artzi, D., & Aabenhus, R. (2017). Probiotics for the Prevention of Antibiotic-Associated Diarrhea in
Outpatients—A Systematic Review and Meta-Analysis. Antibiotics, 6(4), 21.
https://doi.org/10.3390/antibiotics6040021

Brunser, O., & Gotteland, M. (2010). Probiotics and Prebiotics in Human Health. In Bioactive Foods in Promoting
Health (pp. 73-93). Elsevier. https://doi.org/10.1016/B978-0-12-374938-3.00006-2

Chiang, Y.-R., Ismail, W., Heintz, D., Schaeffer, C., Van Dorsselaer, A., & Fuchs, G. (2008). Study of Anoxic and
Oxic Cholesterol Metabolism by Sterolibacterium denitrificans. Journal of Bacteriology, 190(3), 905-914.
https://doi.org/10.1128/JB.01525-07

Chul-gyu, H., Cho, J., Lee, C., Chai, Y., Ha, Y., & Shin, S. (2006). Cholesterol lowering effect of Lactobacillus
plantarum isolated from feces. Journal of Microbiology and Biotechnology, 16(8), 1201-1209.

Collado, M. C., Surono, I. S., Meriluoto, J., & Salminen, S. (2007). Potential Probiotic Characteristics of Lactobacillus
and Enterococcus Strains Isolated from Traditional Dadih Fermented Milk against Pathogen Intestinal
Colonization. Journal of Food Protection, 70(3), 700—705. https://doi.org/10.4315/0362-028X-70.3.700

Conterno, L., Fava, F., Viola, R., & Tuohy, K. M. (2011). Obesity and the gut microbiota: Does up-regulating colonic
fermentation protect against obesity and metabolic disease? Genes & Nutrition, 6(3), 241-260.
https://doi.org/10.1007/s12263-011-0230-1

Ejtahed, H. S., Mohtadi-Nia, J., Homayouni-Rad, A., Niafar, M., Asghari-Jafarabadi, M., Mofid, V., & Akbarian-
Moghari, A. (2011). Effect of probiotic yogurt containing Lactobacillus acidophilus and Bifidobacterium lactis on
lipid profile in individuals with type 2 diabetes mellitus. Journal of Dairy Science, 94(7), 3288-3294.
https://doi.org/10.3168/jds.2010-4128

Emmawati, A., Laksmi, B. S., Nuraida, L., & Syah, D. (2015). Characterization of Lactic Acid Bacteria Isolates from
Mandai Function as Probiotic. Jurnal Agritech, 35(02), 146. https://doi.org/10.22146/agritech.9400

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. (2001). Executive
Summary of The Third Report of The National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel I11). JAMA, 285(19),
2486-2497. https://doi.org/10.1001/jama.285.19.2486

Farida, E., Jenie, B. S. L., Nuraida, L., & Giriwono, P. E. (2019). Aktivitas antioksidan dan penghambatan a-
glukosidase oleh ekstrak etanol bakteri asam laktat indigenus. Jurnal Teknologi Dan Industri Pangan, 30(1), 56—
63. https://doi.org/10.6066/jtip.2019.30.1.56

Fuentes, M. C., Lajo, T., Carrién, J. M., & Cufié, J. (2016). A randomized clinical trial evaluating a proprietary mixture
of Lactobacillus plantarum strains for lowering cholesterol1l. Mediterranean Journal of Nutrition and Metabolism,
9(2), 125-135. https://doi.org/10.3233/MNM-160065

Fukushima, M., Yamada, A., Endo, T., & Nakano, M. (1999). Effects of a mixture of organisms, Lactobacillus
acidophilus or Streptococcus faecalis on 66-desaturase activity in the livers of rats fed a fat- and cholesterol-
enriched diet. Nutrition, 15(5), 373-378. https://doi.org/10.1016/S0899-9007(99)00030-1

Grill, J. P., Cayuela, C., Antoine, J. M., & Schneider, F. (2000). Effects of Lactobacillus amylovorus and
Bifidobacterium  breve on cholesterol. Letters in  Applied Microbiology, 31(2), 154-156.
https://doi.org/10.1046/j.1365-2672.2000.00792.x

Hadadji, M., Benama, R., Saidi, N., Henni, E., & Mebrouk, K. (2005). Identification of cultivable bifidobacterium
species isolated from breast-fed infants feces in West-Algeria. African Journal of Biotechnology, 4(5), 422-430.

Hardiningsih, R., Napitupulu, R. N. R., & Yulinery, T. (1970). Isolation and resistance test of several isolates of
Lactobacillus in low pH. Biodiversitas Journal of Biological Diversity, 7(1).
https://doi.org/10.13057/biodiv/d070105

Harmayani, E., Santoso, U., & Gardjito, M. (with Gadjah Mada University Press). (2017). Makanan tradisional
Indonesia (Cetakan kedua). Gadjah Mada University Press.

Hartanti, A. T., Hanggopertiwi, A., & Gunawan, A. W. (2019). Identifikasi Rhizopuspada Oncom Hitam dari Berbagai
Daerah di Indonesia. Jurnal Mikologi Indonesia, 3(2), 75-83.

Hasanah, U. (2014). Identifikasi bakteri asam laktat pada jeroan peda ikan kembung (Rastrelliger sp.) sebagai agen
probiotik. Jurnal Saintika, 14(1), 64-75.

21


https://doi.org/10.1063/1.5125509
https://doi.org/10.1023/A:1014976008282
https://doi.org/10.1111/j.1574-6941.2011.01261.x
https://doi.org/10.24002/biota.v16i2.119
https://doi.org/10.3390/antibiotics6040021
https://doi.org/10.1016/B978-0-12-374938-3.00006-2
https://doi.org/10.1128/JB.01525-07
https://doi.org/10.4315/0362-028X-70.3.700
https://doi.org/10.1007/s12263-011-0230-1
https://doi.org/10.3168/jds.2010-4128
https://doi.org/10.22146/agritech.9400
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.6066/jtip.2019.30.1.56
https://doi.org/10.3233/MNM-160065
https://doi.org/10.1016/S0899-9007(99)00030-1
https://doi.org/10.1046/j.1365-2672.2000.00792.x
https://doi.org/10.13057/biodiv/d070105

Purbosari, Para Mitta et al. (2025) INCOBEST 03(1): 3026-5428

Hasanah, U., Ratihwulan, H., & Nuraida, L. (2019). Sensory Profiles and Lactic Acid Bacteria Density of Tape Ketan
and Tape Singkong in Bogor. agriTECH, 38(3), 265. https://doi.org/10.22146/agritech.30935

Hasanuddin, H. (2010). Mikroflora pada tempoyak. agriTECH, 30(4), 218-222.

Hegazy, S. K. (2010). Effect of probiotics on pro-inflammatory cytokines and NF-kB activation in ulcerative colitis.
World Journal of Gastroenterology, 16(33), 4145. https://doi.org/10.3748/wjg.v16.i33.4145

Hendrati, P. M., Kusharyati, D. F., Ryandini, D., & Oedjijono, O. (2017). Characterization of Bifidobacteria from
infant feces with different mode of birth at Purwokerto, Indonesia. Biodiversitas Journal of Biological Diversity,
18(3), 1265-1269. https://doi.org/10.13057/biodiv/d180352

Herlina, V. T., Lioe, H. N., Kusumaningrum, H. D., & Adawiyah, D. R. (2022). Nutritional composition of tauco as
Indonesian fermented soybean paste. Journal of Ethnic Foods, 9(1), 44. https://doi.org/10.1186/s42779-022-
00159-y

Huang, Y., Wang, J., Cheng, Y., & Zheng, Y. (2010). The hypocholesterolaemic effects of Lactobacillus acidophilus
American Type Culture Collection 4356 in rats are mediated by the down-regulation of Niemann-Pick C1-Like 1.
British Journal of Nutrition, 104(6), 807-812. https://doi.org/10.1017/S0007114510001285

Hui, Y. H., & Evranuz, E. O. (2012). Handbook of animal-based fermented food and beverage technology (Vol. 1).
CRC Press.

ljong, F. G., & Ohta, Y. (1996). Physicochemical and Microbiological Changes Associated with Bakasang
Processing—A Traditional Indonesian Fermented Fish Sauce. Journal of the Science of Food and Agriculture,
71(1), 69-74. https://doi.org/10.1002/(SICI)1097-0010(199605)71

Jeun, J., Kim, S., Cho, S.-Y., Jun, H., Park, H.-J., Seo, J.-G., Chung, M.-J., & Lee, S.-J. (2010). Hypocholesterolemic
effects of Lactobacillus plantarum KCTC3928 by increased bile acid excretion in C57BL/6 mice. Nutrition, 26(3),
321-330. https://doi.org/10.1016/j.nut.2009.04.011

Jones, M. L., Martoni, C. J., Parent, M., & Prakash, S. (2012). Cholesterol-lowering efficacy of a microencapsulated
bile salt hydrolase-active Lactobacillus reuteri NCIMB 30242 yoghurt formulation in hypercholesterolaemic
adults. British Journal of Nutrition, 107(10), 1505-1513. https://doi.org/10.1017/S0007114511004703

Karyantina, M., Anggrahini, S., Utami, T., & Rahayu, E. S. (2020). Moderate Halophilic Lactic Acid Bacteria from
Jambal roti: A Traditional Fermented Fish of Central Java, Indonesia. Journal of Aquatic Food Product
Technology, 29(10), 990-1000. https://doi.org/10.1080/10498850.2020.1827112

Kaushik, J. K., Kumar, A, Duary, R. K., Mohanty, A. K., Grover, S., & Batish, V. K. (2009). Functional and Probiotic
Attributes of an Indigenous Isolate of Lactobacillus plantarum. PLoS ONE, 4(12), e8099.
https://doi.org/10.1371/journal.pone.0008099

Kazmierczak-Siedlecka, K., Daca, A., Folwarski, M., Witkowski, J. M., Bryl, E., & Makarewicz, W. (2020). The role
of Lactobacillus plantarum 299v in supporting treatment of selected diseases. Central-European Journal of
Immunology, 45(4), 488—493. https://doi.org/10.5114/ceji.2020.101515

Kekkonen, R.-A., Sysi-Aho, M., Seppanen-Laakso, T., Julkunen, 1., Vapaatalo, H., Oresic, M., & Korpela, R. (2008).
Effect of probiotic Lactobacillus rhamnosus GG intervention on global serum lipidomic profiles in healthy adults.
World Journal of Gastroenterology, 14(20), 3188-3194. https://doi.org/10.3748/wjg.14.3188

Khairina, R., Fitrial, Y., Satrio, H., & Rahmi, N. (2016). Physical, Chemical, and Microbiological Properties of
“Ronto” a Traditional Fermented Shrimp from South Borneo, Indonesia. Aquatic Procedia, 7, 214-220.
https://doi.org/10.1016/j.agpro.2016.07.029

Khera, A. V., Cuchel, M., de la Llera-Moya, M., Rodrigues, A., Burke, M. F., Jafri, K., French, B. C., Phillips, J. A.,
Mucksavage, M. L., Wilensky, R. L., Mohler, E. R., Rothblat, G. H., & Rader, D. J. (2011). Cholesterol Efflux
Capacity, High-Density Lipoprotein Function, and Atherosclerosis. New England Journal of Medicine, 364(2),
127-135. https://doi.org/10.1056/NEJM0al001689

Kim, D.-H., Jeong, D., Kang, I.-B., Kim, H., Song, K.-Y., & Seo, K.-H. (2017). Dual function of Lactobacillus kefiri
DHS5 in preventing high-fat-diet-induced obesity: Direct reduction of cholesterol and upregulation of PPAR-a in
adipose tissue. Molecular Nutrition & Food Research, 61(11), 1700252. https://doi.org/10.1002/mnfr.201700252

Kim, Y., Whang, J. Y., Whang, K. Y., Oh, S., & Kim, S. H. (2008). Characterization of the Cholesterol-Reducing
Activity in a Cell-Free Supernatant of Lactobacillus acidophilus ATCC 43121. Bioscience, Biotechnology, and
Biochemistry, 72(6), 1483-1490. https://doi.org/10.1271/bbb.70802

Kimoto, H., Ohmomo, S., & Okamoto, T. (2002). Cholesterol Removal from Media by Lactococci. Journal of Dairy
Science, 85(12), 3182-3188. https://doi.org/10.3168/jds.S0022-0302(02)74406-8

Kobiyama, K., & Ley, K. (2018). Atherosclerosis: A Chronic Inflammatory Disease With an Autoimmune
Component. Circulation Research, 123(10), 1118-1120. https://doi.org/10.1161/CIRCRESAHA.118.313816

Kusharyati, D. F., Atmaja, N., Tifani, O. Y. H., & Rovik, A. (2024). Bifidobacterium sp. Bb2E, a probiotic from infant
stool, exerts robust antioxidant and antimicrobial activities in vitro. Malaysian Journal of Microbiology, 20(7),
755-763. https://doi.org/10.21161/mjm.220036

Kusharyati, D. F., Hendro Pramono, Dini Ryandini, Tsani Abu Manshur, Meilany Ariati Dewi, Khusnul Khatimah,
& Rovik, A. (2020). Bifidobacterium from infant stool: The diversity and potential screening. Biodiversitas Journal
of Biological Diversity, 21(6). https://doi.org/10.13057/biodiv/d210623

22


https://doi.org/10.22146/agritech.30935
https://doi.org/10.3748/wjg.v16.i33.4145
https://doi.org/10.13057/biodiv/d180352
https://doi.org/10.1186/s42779-022-00159-y
https://doi.org/10.1186/s42779-022-00159-y
https://doi.org/10.1017/S0007114510001285
https://doi.org/10.1002/(SICI)1097-0010(199605)71
https://doi.org/10.1016/j.nut.2009.04.011
https://doi.org/10.1017/S0007114511004703
https://doi.org/10.1080/10498850.2020.1827112
https://doi.org/10.1371/journal.pone.0008099
https://doi.org/10.5114/ceji.2020.101515
https://doi.org/10.3748/wjg.14.3188
https://doi.org/10.1016/j.aqpro.2016.07.029
https://doi.org/10.1056/NEJMoa1001689
https://doi.org/10.1002/mnfr.201700252
https://doi.org/10.1271/bbb.70802
https://doi.org/10.3168/jds.S0022-0302(02)74406-8
https://doi.org/10.1161/CIRCRESAHA.118.313816
https://doi.org/10.21161/mjm.220036
https://doi.org/10.13057/biodiv/d210623

Purbosari, Para Mitta et al. (2025) INCOBEST 03(1): 3026-5428

Kusharyati, D., Rovik, A., Ryandini, D., & Pramono, H. (2020). Bifidobacterium longum, a Predominant
Bifidobacterium in Early-life Infant Potentially Used as Probiotic. Biosaintifika: Journal of Biology & Biology
Education, 12(3), 378-383. https://doi.org/10.15294/biosaintifika.v12i3.25895

Kusmarwati, A., Arief, F. R., & Haryati, S. (2014). Eksplorasi Bakteriosin dari Bakteri Asam Laktat Asal Rusip
Bangka dan Kalimantan. Jurnal Pascapanen Dan Bioteknologi Kelautan Dan Perikanan, 9(1), 29.
https://doi.org/10.15578/jpbkp.v9i1.97

Lestari, S., Rinto, R., & Huriyah, S. B. (1970). Peningkatan Sifat Fungsional Bekasam Menggunakan Starter
Lactobacillus  acidophilus.  Jurnal ~ Pengolahan  Hasil  Perikanan  Indonesia, 21(1), 179-187.
https://doi.org/10.17844/jphpi.v21i1.21596

Li, G. (2012). Intestinal Probiotics: Interactions with Bile Salts and Reduction of Cholesterol. Procedia Environmental
Sciences, 12, 1180-1186. https://doi.org/10.1016/j.proenv.2012.01.405

Liasi, S. A., Azmi, T. I, Hassan, M. D., Shuhaimi, M., Rosfarizan, M., & Ariff, A. B. (2009). Antimicrobial activity
and antibiotic sensitivity of three isolates of lactic acid bacteria from fermented fish product, Budu. Malaysian
Journal of Microbiology. https://doi.org/10.21161/mjm.15008

Lin, M.-Yn., & Chen, T.-W. (2020). Reduction of Cholesterol by Lactobacillus acidophilus in Culture Broth. Journal
of Food and Drug Analysis, 8(2). https://doi.org/10.38212/2224-6614.2840

Liong, M. T., & Shah, N. P. (2005). Optimization of Cholesterol Removal by Probiotics in the Presence of Prebiotics
by Using a Response Surface Method. Applied and Environmental Microbiology, 71(4), 1745-1753.
https://doi.org/10.1128/AEM.71.4.1745-1753.2005

Liu, Y., Chen, K., Li, F., Gu, Z., Liu, Q., He, L., Shao, T., Song, Q., Zhu, F., Zhang, L., Jiang, M., Zhou, Y., Barve,
S., Zhang, X., McClain, C. J., & Feng, W. (2020). Probiotic Lactobacillus rhamnosus GG Prevents Liver Fibrosis
Through Inhibiting Hepatic Bile Acid Synthesis and Enhancing Bile Acid Excretion in Mice. Hepatology, 71(6),
2050-2066. https://doi.org/10.1002/hep.30975

Liu, Z., Roy, N. C,, Guo, Y., Jia, H., Ryan, L., Samuelsson, L., Thomas, A., Plowman, J., Clerens, S., Day, L., &
Young, W. (2016). Human Breast Milk and Infant Formulas Differentially Modify the Intestinal Microbiota in
Human Infants and Host Physiology in Rats. The Journal of Nutrition, 146(2), 191-199.
https://doi.org/10.3945/jn.115.223552

Lusis, A. J. (2000). Atherosclerosis. Nature, 407(6801), 233-241. https://doi.org/10.1038/35025203

Lye, H.-S., Kuan, C.-Y., Ewe, J.-A., Fung, W.-Y., & Liong, M.-T. (2009). The Improvement of Hypertension by
Probiotics: Effects on Cholesterol, Diabetes, Renin, and Phytoestrogens. International Journal of Molecular
Sciences, 10(9), 3755-3775. https://doi.org/10.3390/ijms10093755

Lye, H.-S., Rusul, G., & Liong, M.-T. (2010). Removal of cholesterol by lactobacilli via incorporation and conversion
to coprostanol. Journal of Dairy Science, 93(4), 1383-1392. https://doi.org/10.3168/jds.2009-2574

Ma, C., Zhang, S., Lu, J., Zhang, C., Pang, X., & Lv, J. (2019). Screening for Cholesterol-Lowering Probiotics from
Lactic Acid Bacteria Isolated from Corn Silage Based on Three Hypothesized Pathways. International Journal of
Molecular Sciences, 20(9), 2073. https://doi.org/10.3390/ijms20092073

Madani, G., Mirlohi, M., Yahay, M., & Hassanzadeh, A. (2013). How much in vitro cholesterol reducing activity of
lactobacilli predicts their in vivo cholesterol function? International Journal of Preventive Medicine, 4(4), 404—
413.

Manik, M., Kaban, J., Silalahi, J., & Ginting, M. (2019). Proximate and Amino Acid Composition of DengkeNaniura
Prepared from Carp (Cyprinuscarpio) of Lake Toba Indonesia. Journal of Physics: Conference Series, 1232(1),
012013. https://doi.org/10.1088/1742-6596/1232/1/012013

Matti, A., Utami, T., Hidayat, C., & Rahayu, E. S. (2021). Fermentasi Chao lkan Tembang (Sardinella gibbosa)
Menggunakan Bakteri Asam Laktat Proteolitik. agriTECH, 41(1), 34. https://doi.org/10.22146/agritech.56155

Ministry of Health, I. (2017). Penyakit Jantung Penyebab Kematian Tertinggi, Kemenkes Ingatkan CERDIK.
https://www.kemkes.go.id/

Murti, R. W., Sumardianto, S., & Purnamayati, L. (2021). Pengaruh Perbedaan Konsentrasi Garam terhadap Asam
Glutamat Terasi Udang Rebon (Acetes sp.): The Effect of Differences of Salt Concentration on Glutamic Acid of
Rebon Shrimp (Acetes sp.) Paste. Jurnal Pengolahan Hasil Perikanan Indonesia, 24(1), 50-59.
https://doi.org/10.17844/jphpi.v24i1.33201

National Institutes of Health. (2002). National Cholesterol Education Program, Panel I11, Final report. (Annual Report
02-5215). National Heart, Lung, and Blood Institute.

Nguyen, T. D. T., Kang, J. H., & Lee, M. S. (2007). Characterization of Lactobacillus plantarum PH04, a potential
probiotic bacterium with cholesterol-lowering effects. International Journal of Food Microbiology, 113(3), 358—
361. https://doi.org/10.1016/j.ijfoodmicro.2006.08.015

Nur, F., Hafsan, H., & Wahdiniar, A. (2015). Isolasi Bakteri Asam Laktat Berpotensi Probiotik Pada Dangke,
Makanan Tradisional dari Susu Kerbau di Curio Kabupaten Enrekang. Biogenesis: Jurnal llmiah Biologi, 3(1),
60-65. https://doi.org/10.24252/bio.v3i1.568

O’Callaghan, A., & van Sinderen, D. (2016). Bifidobacteria and Their Role as Members of the Human Gut Microbiota.
Frontiers in Microbiology, 7. https://doi.org/10.3389/fmicb.2016.00925

23


https://doi.org/10.15578/jpbkp.v9i1.97
https://doi.org/10.17844/jphpi.v21i1.21596
https://doi.org/10.1016/j.proenv.2012.01.405
https://doi.org/10.21161/mjm.15008
https://doi.org/10.38212/2224-6614.2840
https://doi.org/10.1128/AEM.71.4.1745-1753.2005
https://doi.org/10.1002/hep.30975
https://doi.org/10.3945/jn.115.223552
https://doi.org/10.1038/35025203
https://doi.org/10.3390/ijms10093755
https://doi.org/10.3168/jds.2009-2574
https://doi.org/10.3390/ijms20092073
https://doi.org/10.1088/1742-6596/1232/1/012013
https://doi.org/10.22146/agritech.56155
https://www.kemkes.go.id/
https://doi.org/10.17844/jphpi.v24i1.33201
https://doi.org/10.1016/j.ijfoodmicro.2006.08.015
https://doi.org/10.24252/bio.v3i1.568
https://doi.org/10.3389/fmicb.2016.00925

Purbosari, Para Mitta et al. (2025) INCOBEST 03(1): 3026-5428

Ogita, M., Miyauchi, K., Miyazaki, T., Naito, R., Konishi, H., Tsuboi, S., Dohi, T., Kasai, T., Yokoyama, T., Okazaki,
S., Kurata, T., & Daida, H. (2014). Low high-density lipoprotein cholesterol is a residual risk factor associated
with long-term clinical outcomes in diabetic patients with stable coronary artery disease who achieve optimal
control of low-density lipoprotein cholesterol. Heart and Vessels, 29(1), 35-41. https://doi.org/10.1007/s00380-
013-0330-5

Okamoto, M., Benno, Y., Leung, K.-P., & Maeda, N. (2008). Bifidobacterium tsurumiense sp. Nov., from hamster
dental plaque. International Journal of Systematic and Evolution Microbiology, 58(1), 144-148.
https://doi.org/10.1099/ijs.0.65296-0

Okfrianti, Y., Darwis, D., & Pravita, A. (2018). Bakteri Asam Laktat Lactobacillus Plantarum C410LI dan
Lactobacillus Rossiae LS6 yang Diisolasi dari Lemea Rejang terhadap Suhu, pH dan Garam Empedu Berpotensi
sebagai Prebiotik. Jurnal 1lmu Dan Teknologi Kesehatan, 6(1), 49-58. https://doi.org/10.32668/jitek.v6i1.108

Ooi, L.-G., & Liong, M.-T. (2010). Cholesterol-Lowering Effects of Probiotics and Prebiotics: A Review of in Vivo
and in Vitro Findings. International Journal of Molecular Sciences, 11(6), 2499-2522.
https://doi.org/10.3390/ijms11062499

Park, D.-Y., Ahn, Y.-T., Park, S.-H., Huh, C.-S., Yoo, S.-R., Yu, R, Sung, M.-K., McGregor, R. A., & Choi, M.-S.
(2013). Supplementation of Lactobacillus curvatus HY7601 and Lactobacillus plantarum KY1032 in Diet-Induced
Obese Mice Is Associated with Gut Microbial Changes and Reduction in Obesity. PLoS ONE, 8(3), €59470.
https://doi.org/10.1371/journal.pone.0059470

Pavlovi¢, N., Stankov, K., & Mikov, M. (2012). Probiotics—Interactions with Bile Acids and Impact on Cholesterol
Metabolism. Applied Biochemistry and Biotechnology, 168(7), 1880-1895. https://doi.org/10.1007/s12010-012-
9904-4

Pigeon, R. M., Cuesta, E. P., & Gilliland, S. E. (2002). Binding of Free Bile Acids by Cells of Yogurt Starter Culture
Bacteria. Journal of Dairy Science, 85(11), 2705-2710. https://doi.org/10.3168/jds.S0022-0302(02)74357-9

Pramono, H., Murwantoko Murwantoko, & Triyanto. (2013). Identifikasi Molekuler Bakteri Asam Laktat Penghasil
Bakteriosin pada Terasi, Peda dan Petis sebagai Bahan Pengawet Produk Olahan Ikan.
https://doi.org/10.13140/2.1.3810.1284

Puspaningtyas, D. E., Sari, P. M., Kusuma, N. H., & Helsius SB, D. (2019). Analisis potensi prebiotik growol: Kajian
berdasarkan perubahan karbohidrat pangan. Glzl INDONESIA, 42(2), 83.
https://doi.org/10.36457/gizind0.v42i2.390

Putri, W. D. R., Haryadi, H., Marseno, D. W., & Cahyanto, M. N. (2012). Isolasi dan karakterisasi bakteri asam laktat
amilolitik selama fermentasi growol, makanan tradisional Indonesia. Jurnal Teknologi Pertanian, 13(1), 52—-60.

Rahayu, E. S. (2003). Lactic Acid Bacteria in fermented foods of Indonesia. agriTECH, 23(2), 75-84.

Rai, A. K., Sanjukta, S., & Jeyaram, K. (2017). Production of angiotensin | converting enzyme inhibitory (ACE-I)
peptides during milk fermentation and their role in reducing hypertension. Critical Reviews in Food Science and
Nutrition, 57(13), 2789-2800. https://doi.org/10.1080/10408398.2015.1068736

Rajkumar, H., Mahmood, N., Kumar, M., Varikuti, S. R., Challa, H. R., & Myakala, S. P. (2014). Effect of Probiotic
(VSL#3) and Omega-3 on Lipid Profile, Insulin Sensitivity, Inflammatory Markers, and Gut Colonization in
Overweight Adults: A Randomized, Controlled Trial. Mediators of Inflammation, 2014, 1-8.
https://doi.org/10.1155/2014/348959

Ramona, Y., & Ariwathi, N. L. P. (2022). Yeast Probiotics with Potential to Assimilate Cholesterol in Vitro.
BIOTROPIA, 29(3). https://doi.org/10.11598/bth.2022.29.3.1768

Sabzmakan, L., Morowatisharifabad, M. A., Mohammadi, E., Mazloomy-Mahmoodabad, S. S., Rabiei, K., Naseri,
M. H., Shakibazadeh, E., & Mirzaei, M. (2014). Behavioral determinants of cardiovascular diseases risk factors:
A qualitative directed content analysis. ARY A Atherosclerosis, 10(2), 71-81.

Salaj, R., Stofilova, J., Soltesova, A., Hertelyova, Z., Hijova, E., Bertkova, L., Strojny, L., Kruzliak, P., & Bomba, A.
(2013). The Effects of Two Lactobacillus plantarum Strains on Rat Lipid Metabolism Receiving a High Fat Diet.
The Scientific World Journal, 2013, 1-7. https://doi.org/10.1155/2013/135142

Salguero, M., Al-Obaide, M., Singh, R., Siepmann, T., & Vasylyeva, T. (2019). Dysbiosis of Gram-negative gut
microbiota and the associated serum lipopolysaccharide exacerbates inflammation in type 2 diabetic patients with
chronic kidney disease. Experimental and Therapeutic Medicine. https://doi.org/10.3892/etm.2019.7943

Schillinger, U., Guigas, C., & Heinrich Holzapfel, W. (2005). In vitro adherence and other properties of lactobacilli
used in probiotic yoghurt-like products. International Dairy Journal, 15(12), 1289-1297.
https://doi.org/10.1016/j.idairyj.2004.12.008

Septi, B. P. (2019). Aplikasi Mendeteksi Probiotik Dari Bakteri Asam Laktat Pada Pliek U Menggunakan Tsukamoto.
Jurnal Riset Komputer, 6(1), 70-78. https://doi.org/10.30865/JURIKOM.V611.1300

Sindhu, S. C., & Khetarpaul, N. (2003). Effect of feeding probiotic fermented indigenous food mixture on serum
cholesterol levels in mice. Nutrition Research, 23(8), 1071-1080. https://doi.org/10.1016/S0271-5317(03)00087-
3

Siregar, E., Kusdiyantini, E., & Rukmi, M. I. (2014). Isolasi dan karakterisasi bakteri asam laktat pada pangan
fermentasi “mandai.” Jurnal Biologi, 3(2), 40—48.

24


https://doi.org/10.1007/s00380-013-0330-5
https://doi.org/10.1007/s00380-013-0330-5
https://doi.org/10.1099/ijs.0.65296-0
https://doi.org/10.32668/jitek.v6i1.108
https://doi.org/10.3390/ijms11062499
https://doi.org/10.1371/journal.pone.0059470
https://doi.org/10.1007/s12010-012-9904-4
https://doi.org/10.1007/s12010-012-9904-4
https://doi.org/10.3168/jds.S0022-0302(02)74357-9
https://doi.org/10.13140/2.1.3810.1284
https://doi.org/10.36457/gizindo.v42i2.390
https://doi.org/10.1080/10408398.2015.1068736
https://doi.org/10.1155/2014/348959
https://doi.org/10.11598/btb.2022.29.3.1768
https://doi.org/10.1155/2013/135142
https://doi.org/10.3892/etm.2019.7943
https://doi.org/10.1016/j.idairyj.2004.12.008
https://doi.org/10.30865/JURIKOM.V6I1.1300
https://doi.org/10.1016/S0271-5317(03)00087-3
https://doi.org/10.1016/S0271-5317(03)00087-3

Purbosari, Para Mitta et al. (2025) INCOBEST 03(1): 3026-5428

Sirilun, S., Chaiyasut, C., Kantachote, D., & Luxananil, P. (2010). Characterisation of non human origin probiotic
Lactobacillus plantarum with cholesterol-lowering property. African Journal of Microbiology Research, 4(10),
994-1000.

Sirilun, S., Takahashi, H., Boonyaritichaikij, S., Chaiyasut, C., Lertruangpanya, P., Koga, Y., & Mikami, K. (2015).
Impact of maternal bifidobacteria and the mode of delivery on Bifidobacterium microbiota in infants. Beneficial
Microbes, 6(6), 767—774. https://doi.org/10.3920/BM2014.0124

Sohail, M. U., ljaz, A., Yousaf, M. S., Ashraf, K., Zaneb, H., Aleem, M., & Rehman, H. (2010). Alleviation of cyclic
heat stress in broilers by dietary supplementation of mannan-oligosaccharide and Lactobacillus-based probiotic:
Dynamics of cortisol, thyroid hormones, cholesterol, C-reactive protein, and humoral immunity. Poultry Science,
89(9), 1934-1938. https://doi.org/10.3382/ps.2010-00751

Song, M., Park, S., Lee, H., Min, B., Jung, S., Park, S., Kim, E., & Oh, S. (2015). Effect of Lactobacillus acidophilus
NS1 on plasma cholesterol levels in diet-induced obese mice. Journal of Dairy Science, 98(3), 1492-1501.
https://doi.org/10.3168/jds.2014-8586

Sulistiani, Abinawanto, A., Sukara, E., Salamah, A., Dinoto, A., & Mangunwardoyo, W. (2014). Identification of
lactic acid bacteria in sayur asin from Central Java (Indonesia) based on 16S rDNA sequence. International Food
Research Journal, 21(2), 527-532.

Sulistyo, J., & Nikkuni, S. (2005). Pengembangan Ragi Kecap Khas Indonesia Dengan Biakan Murni. Berita Biologi,
7(6), 295-300. https://doi.org/10.14203/beritabiologi.v7i6.863

Sumardianto, S., Wijayanti, |., & Swastawati, F. (2019). Karakteristik fisikokimia dan mikrobiologi terasi udang rebon
dengan variasi konsentrasi gula merah. Jurnal Pengolahan Hasil Perikanan Indonesia, 22(2), 287—298.

Surbakti, F., & Hasanah, U. (2021). Identifikasi dan karakterisasi bakteri asam laktat pada acar ketimun (Cucumis
sativus L.) sebagai agensi probiotik. Jurnal Teknologi Pangan Dan Kesehatan (The Journal of Food Technology
and Health), 1(1), 31-37. https://doi.org/10.36441/jtepakes.v1i1.182

Syafitri, Y., Kusumaningrum, H. D., & Dewanti-Hariyadi, R. (2022). Identification of microflora and lactic acid
bacteria in pado, a fermented fish product prepared with dried Pangium edule seed and grated coconut. Food
Science and Technology, 42, e19921. https://doi.org/10.1590/fst.19921

Taranto, M. P., Fernandez Murga, M. L., Lorca, G., & Valdez, G. F. (2003). Bile salts and cholesterol induce changes
in the lipid cell membrane of Lactobacillus reuteri. Journal of Applied Microbiology, 95(1), 86-91.
https://doi.org/10.1046/j.1365-2672.2003.01962.x

Taranto, M. P., Medici, M., Perdigon, G., Ruiz Holgado, A. P., & Valdez, G. F. (1998). Evidence for
Hypocholesterolemic Effect of Lactobacillus reuteri in Hypercholesterolemic Mice. Journal of Dairy Science,
81(9), 2336-2340. https://doi.org/10.3168/jds.S0022-0302(98)70123-7

Tsukinoki, R., Okamura, T., Watanabe, M., Kokubo, Y., Higashiyama, A., Nishimura, K., Takegami, M., Murakami,
Y., Okayama, A., & Miyamoto, Y. (2014). Blood pressure, low-density lipoprotein cholesterol, and incidences of
coronary artery disease and ischemic stroke in Japanese: The Suita study. American Journal of Hypertension,
27(11), 1362-1369. https://doi.org/10.1093/ajh/hpu059

Vancamelbeke, M., & Vermeire, S. (2017). The intestinal barrier: A fundamental role in health and disease. Expert
Review of Gastroenterology & Hepatology, 11(9), 821-834. https://doi.org/10.1080/17474124.2017.1343143

Vaughan, E. E., Heilig, H. G. H. J., Ben-Amor, K., & de Vos, W. M. (2005). Diversity, vitality and activities of
intestinal lactic acid bacteria and bifidobacteria assessed by molecular approaches. FEMS Microbiology Reviews,
29(3), 477-490. https://doi.org/10.1016/j.fmrre.2005.04.009

Venkatesan, S., Kirithika, M., Roselin, I., Ganesan, R., & Muthuchelian, K. (2012). Comparative invitro and invivo
study of three probiotic organisms, Bifidobacterium sp., Lactobacillus sp., S. cerevisiae and analyzing its
improvement with the supplementation of prebiotics. International Journal of Plant and Animal Environmental
Science, 2(2), 94-106.

Vyas, U., & Ranganathan, N. (2012). Probiotics, Prebiotics, and Synbiotics: Gut and Beyond. Gastroenterology
Research and Practice, 2012, 1-16. https://doi.org/10.1155/2012/872716

Wang, Y., Wu, J., Lv, M., Shao, Z., Hungwe, M., Wang, J., Bai, X., Xie, J., Wang, Y., & Geng, W. (2021). Metabolism
Characteristics of Lactic Acid Bacteria and the Expanding Applications in Food Industry. Frontiers in
Bioengineering and Biotechnology, 9, 612285. https://doi.org/10.3389/fbioe.2021.612285

Wang, Y., Xu, N., Xi, A., Ahmed, Z., Zhang, B., & Bai, X. (2009). Effects of Lactobacillus plantarum MAZ2 isolated
from Tibet kefir on lipid metabolism and intestinal microflora of rats fed on high-cholesterol diet. Applied
Microbiology and Biotechnology, 84(2), 341-347. https://doi.org/10.1007/s00253-009-2012-x

Wasis, N. O., Semadi Antara, N., & Wayan Gunam, I. B. (2019). Studi Viabilitas Isolat Bakteri Asam Laktat yang
Diisolasi dari Asinan Rebung Bambu Tabah Terhadap Ph Rendah dan Garam Empedu. Jurnal Rekayasa Dan
Manajemen Agroindustri, 7(1), 1. https://doi.org/10.24843/JRMA.2019.v07.i01.p01

World Health Organization. (2002). Guidelines for the evaluation of probiotics in Food [Annual Report]. FAO/WHO
Working Group, London.

World Health Organization. (2021). Cardiovascular diseases (cvd). https://www.who.int/news-room/fact-
sheets/detail/cardiovascular-diseases-(cvds)

25


https://doi.org/10.3920/BM2014.0124
https://doi.org/10.3382/ps.2010-00751
https://doi.org/10.3168/jds.2014-8586
https://doi.org/10.14203/beritabiologi.v7i6.863
https://doi.org/10.36441/jtepakes.v1i1.182
https://doi.org/10.1590/fst.19921
https://doi.org/10.1046/j.1365-2672.2003.01962.x
https://doi.org/10.3168/jds.S0022-0302(98)70123-7
https://doi.org/10.1093/ajh/hpu059
https://doi.org/10.1080/17474124.2017.1343143
https://doi.org/10.1016/j.fmrre.2005.04.009
https://doi.org/10.1155/2012/872716
https://doi.org/10.3389/fbioe.2021.612285
https://doi.org/10.1007/s00253-009-2012-x
https://doi.org/10.24843/JRMA.2019.v07.i01.p01
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)

Purbosari, Para Mitta et al. (2025) INCOBEST 03(1): 3026-5428

Wu, C.-C., Weng, W.-L., Lai, W.-L., Tsai, H.-P., Liu, W.-H., Lee, M.-H., & Tsai, Y.-C. (2015). Effect of Lactobacillus
plantarum Strain K21 on High-Fat Diet-Fed Obese Mice. Evidence-Based Complementary and Alternative
Medicine, 2015, 1-9. https://doi.org/10.1155/2015/391767

Xiao, J. Z., Kondo, S., Takahashi, N., Miyaji, K., Oshida, K., Hiramatsu, A., Iwatsuki, K., Kokubo, S., & Hosono, A.
(2003). Effects of Milk Products Fermented by Bifidobacterium longum on Blood Lipids in Rats and Healthy
Adult Male Volunteers. Journal of Dairy Science, 86(7), 2452-2461. https://doi.org/10.3168/jds.S0022-
0302(03)73839-9

Xie, N., Cui, Y., Yin, Y.-N., Zhao, X., Yang, J.-W., Wang, Z.-G., Fu, N., Tang, Y., Wang, X.-H., Liu, X.-W., Wang,
C.-L., & Lu, F.-G. (2011). Effects of two Lactobacillus strains on lipid metabolism and intestinal microflora in
rats fed a high-cholesterol diet. BMC Complementary and Alternative Medicine, 11(1), 53.
https://doi.org/10.1186/1472-6882-11-53

Yan, S., Zhao, G., Liu, X., Zhao, J., Zhang, H., & Chen, W. (2017). Production of exopolysaccharide by
Bifidobacterium longum isolated from elderly and infant feces and analysis of priming glycosyltransferase genes.
RSC Advances, 7(50), 31736-31744. https://doi.org/10.1039/C7RA03925E

Yu, Q., Wang, Z., & Yang, Q. (2012). Lactobacillus amylophilus D14 protects tight junction from enteropathogenic
bacteria damage in Caco-2 cells. Journal of Dairy Science, 95(10), 5580-5587. https://doi.org/10.3168/jds.2012-
5540

Yu, Q., Yuan, L., Deng, J., & Yang, Q. (2015). Lactobacillus protects the integrity of intestinal epithelial barrier
damaged by pathogenic bacteria. Frontiers in Cellular and Infection Microbiology, 5, 26.
https://doi.org/10.3389/fcimb.2015.00026

Yudianti, N. F., Yanti, R., Cahyanto, M. N., Rahayu, E. S., & Utami, T. (2020). Isolation and Characterization of
Lactic Acid Bacteria from Legume Soaking Water of Tempeh Productions. Digital Press Life Sciences, 2, 00003.
https://doi.org/10.29037/digitalpress.22328

Yulianto, W. A., Wulandari, W., & Pujimulyani, D. (2023). Probiotic potential of the Indonesian local variety of
fermented parboiled rice(tape) improved the metabolic syndrome of diabetic rats. Food Research, 7(2), 96-106.
https://doi.org/10.26656/fr.2017.7(2).845

Yulvizar, C., Ismail, Y. S., & Moulana, R. (2015). Karakterisasi Bakteri Asam Laktat Indegenous Dari Jruek Drien,
Provinsi  Aceh.  Jurnal  Teknologi Dan Industri Pertanian Indonesia,  7(1), 31-34.
https://doi.org/10.17969/jtipi.v7i1.2831

Yusuf, D., Nuraida, L., Dewanti-Hariyadi, R., & Hunaefi, D. (2020). In Vitro Characterization of Lactic Acid Bacteria
from Indonesian Kefir Grains as Probiotics with Cholesterol-Lowering Effect. Journal of Microbiology and
Biotechnology, 30(5), 726—732. https://doi.org/10.4014/jmb.1910.10028

Zaenal Mustopa, A., & Fatimah, F. (2014). Diversity of Lactic Acid Bacteria Isolated from Indonesian Traditional
Fermented Foods. Microbiology Indonesia, 8(2), 48-57. https://doi.org/10.5454/mi.8.2.2

Zheng, Y., Lu, Y., Wang, J., Yang, L., Pan, C., & Huang, Y. (2013). Probiotic Properties of Lactobacillus Strains
Isolated from Tibetan Kefir Grains. PLoS ONE, 8(7), €69868. https://doi.org/10.1371/journal.pone.0069868

Zhou, Z., Gong, S., Li, X.-M,, Yang, Y., Guan, R., Zhou, S., Yao, S., Xie, Y., Ou, Z., Zhao, J., & Liu, Z. (2015).
Expression of Helicobacter pylori urease B on the surface of Bacillus subtilis spores. Journal of Medical
Microbiology, 64(1), 104-110. https://doi.org/10.1099/jmm.0.076430-0

Zuidar, A., Rizal, S., & Widyastuti, K. (2016). The Effect of Fish Types and Salt Concentration on Fermented Fish
Fattening. Inovasi Pembangunan: Jurnal Kelitbangan, 4(2), 181-194.

26


https://doi.org/10.1155/2015/391767
https://doi.org/10.3168/jds.S0022-0302(03)73839-9
https://doi.org/10.3168/jds.S0022-0302(03)73839-9
https://doi.org/10.1186/1472-6882-11-53
https://doi.org/10.1039/C7RA03925E
https://doi.org/10.3389/fcimb.2015.00026
https://doi.org/10.29037/digitalpress.22328
https://doi.org/10.26656/fr.2017.7(2).845
https://doi.org/10.17969/jtipi.v7i1.2831
https://doi.org/10.4014/jmb.1910.10028
https://doi.org/10.5454/mi.8.2.2
https://doi.org/10.1371/journal.pone.0069868
https://doi.org/10.1099/jmm.0.076430-0

