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A BST R ACT
Fermentation is an ancient preservation method that can improve the nutritional profile of food. This method enhances the 
organoleptic characteristics and shelf life of food. The use of microorganisms has become a pillar of cultural identity and 
technological advancement in food, resulting in highly nutritious foods such as peyeum, brem, terasi, tauco, dadih, tape 
ketan, oncom, and acar. This review study aims to present a comprehensive and in-depth data of the variety of traditional 
fermented foods found across the Indonesian archipelago. This review will systematically explore the practice of food 
fermentation in Indonesia. It will cover the local raw materials used, production methods passed down from generation to 
generation, the role of microbes in improving nutritional quality, and the taxonomic identification of lactic acid bacteria 
and fungi involved in the fermentation process of these traditional foods. In addition, the nutritional content and potential 
health benefits will also be analyzed in this review. Through extensive literature review, this study seeks to summarize 
and synthesize the existing knowledge regarding the richness and uniqueness of Indonesian fermented foods. In the face 
of globalization that threatens culinary diversity, a deep understanding and efforts to preserve traditional fermentation 
practices have become increasingly urgent. Such actions are not only crucial to protect invaluable culinary heritage from 
potential degradation but also plays a vital role as a supporting instrument to meet nutritional needs of the community 
sustainably and potentially empowering local economic growth through the optimal utilization of abundant food resources 
in various regions.
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А ННОТА Ц И Я
Ферментация — метод сохранения пищевых продуктов, используемый с древних времен, может существенно про-
длить срок годности и повысить ценность различных традиционных индонезийских пищевых продуктов с боль-
шим разнообразием вкусов и  культурных традиций, таких как пейеум, брем, тераси, тауко, дадих, кекап манис, 
тапе кетан, онком и акар. Целью данного исследования было предоставление исчерпывающих и глубоких данных 
по разнообразию традиционных ферментированных пищевых продуктов, которые встречаются на всём индоне-
зийском архипелаге. В данной работе детально изучается историческое происхождение, разнообразие использу-
емого местного сырья, стадии производства, которые часто передаются от поколения к поколению, важная роль 
различных типов микроорганизмов в трансформации пищевых продуктов, идентификация и значение молочно-
кислых бактерий и грибов, которые вносят вклад в уникальные характеристики продуктов, а также подчеркиваются 
высокое содержание пищевых веществ и потенциальная польза для здоровья от потребления этих традиционных 
ферментированных продуктов. На основе обзора обширной литературы, в данном исследовании обобщены суще-
ствующие знания об изобилии и уникальности индонезийских ферментированных продуктов. В условиях глобали-
зации, которая угрожает кулинарному разнообразию, глубокое понимание и усилия по сохранению традиционных 
практик приготовления ферментированных пищевых продуктов становятся всё более насущными. Такие действия
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не только критически важны для защиты бесценного кулинарного наследия от угрозы исчезновения, но также иг-
рают важную роль в соответствии потребностям в пищевых веществах, обладая потенциалом поддержки экономи-
ческого роста местных сообществ экологически рациональным образом в результате оптимального использования 
обильных пищевых ресурсов в разных регионах.

ФИНАНСИРОВАНИЕ: Авторы выражают свою благодарность Паджаджаранскому университету за  финансирование этого исследова-
ния в рамках гранта на развитие Внутренней Исследовательской Компетентности Преподавателей Unpad (RKDU) (грант № 4580 / UN6.D / 
PT.00/2025).

1.	 Introduction
Indonesia, as a tropical archipelago with abundant biodiversity. These 

geographical conditions play a crucial role in various local agricultural 
activities. The agricultural sector not only plays a role in supporting na-
tional food security, but also contributes significantly to the economic 
structure, the livelihoods of the community, and national identity  [1]. 
One of the outcomes of Indonesia’s agricultural system is the emergence 
of diverse food processing techniques tailored to the country’s climate 
conditions and local resources. Among these techniques is fermenta-
tion, which functions as a vital food preservation method in cultural and 
economic contexts  [2]. Fermentation has evolved as a  sustainable and 
economical preservation methods that contribute to increased nutrient 
bioavailability, extended food shelf life, and enhanced food safety  [3]. 
Fermentation is a  food preservation solution, especially for areas with 
limited access to refrigeration technology. Microorganism activity, such 
as lactic acid bacteria and mold in foods like tempeh, contributes posi-
tively to food shelf life [4].The diversity of fermented foods in Indonesia 
reflects the cultural and ecological richness of each region. The raw ma-
terials, fermentation techniques, and types of microorganisms used vary 
widely from one area to another [5,6]. Figure 1 illustrates the distribution 
of fermented foods across the Indonesian archipelago, highlighting local 
adaptations to available resources.

Scientifically, fermentation is a  biochemical process involving con-
trolled microbial activity, resulting in changes in food composition 
through enzymatic reactions [7]. This process not only modifies the taste 
and texture of food but also enhances nutritional content and improves 
food safety. One of the primary mechanisms is the production of lactic 
acid by LAB, which lowers the pH and creates an environment unfavor-
able for pathogens [8]. The interaction between various microorganisms, 
such as fungi, bacteria, and yeasts, contributes to the production of com-
plex fermented products with rich nutritional benefits  [9]. Microorgan-
isms involved in Indonesian food fermentation include various bacterial 

species such as Leuconostoc mesenteroides, Lactiplantibacillus plantarum, 
Limosilactobacillus fermentum, and Lacticaseibacillus rhamnosus  [10–12]. 
On the other hand, fungi like Rhizopus oligosporus and Aspergillus oryzae 
play important roles in products such as tempeh and soy sauce [13]. With 
growing global attention on the health benefits of fermented foods, Indo-
nesian fermented products are beginning to gain international recogni-
tion, particularly due to their probiotic content, which supports digestive 
health, immunity, and food system sustainability  [7]. However, system-
atic studies comparing the microbiological composition, fermentation 
dynamics, and functional metabolites of Indonesian fermented foods are 
still lacking, especially in relation to their health-promoting properties 
and safety profiles.

Despite their immense potential, traditional Indonesian fermented 
foods face serious threats from modernization and shifts in consump-
tion patterns  [14]. This creates an urgent need to document, preserve, 
and further study the diversity of local fermentation techniques and the 
associated microbiota. Research on traditional Indonesian fermentation 
microbes, particularly their health benefits, remains relatively limited 
compared to similar studies in other countries [5]. Through this review, 
we aim to systematically explore the richness of Indonesian fermented 
foods by highlighting their historical origins, raw materials, fermenta-
tion techniques, key microorganisms involved, as well as their nutritional 
and health benefits. Additionally, this review seeks to bridge traditional 
knowledge with scientific perspectives, identify research gaps, and pro-
mote the preservation and global recognition of Indonesia’s diverse cu-
linary heritage.

2.	 Objects and methods
This article was compiled using a  descriptive literature review ap-

proach to explore the diversity of Indonesian fermented foods from the 
aspects of preservation, nutritional content, and health benefits. This 
review is based on a  comprehensive literature synthesis conducted on 
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Figure 1. Map of the distribution of Indonesian fermented foods
Рисунок 1. Карта распространения индонезийских ферментированных пищевых продуктов
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leading journal platforms such as Google Scholar, PubMed, ScienceDirect, 
and Scopus. The inclusion criteria for selecting reference sources include:

	� Articles are primary research or review articles that have been indexed.
	� Focus on Indonesian fermented food products or similar foods from 

other countries that are biologically and culturally relevant.
	� Articles containing discussions on preservation mechanisms, 

nutritional value, and potential health benefits.
	� Articles published within the last 10 years (2014–2024) to ensure data 

currency.
Selected articles were descriptively analyzed to identify patterns, 

trends, and scientific contributions to the understanding of the role of 
fermented foods in food systems and public health. The search was not 
limited to studies originating from Indonesia but also included relevant 
international literature that supports and explains the potential of Indo-
nesian fermented foods in a global context.

3.	 Indonesian food fermentation and the manufacturing process

3.1. Tapai Singkong and Peuyeum
Indonesia is a nation known for the cultivation of root crops, such as 

potatoes, taro, sweet potatoes, and cassava [15]. Cassava (Manihot escu‑
lenta) is extensively subjected to fermentation using yeast (Saccharomy‑
ces cerevisiae), resulting in the production of tapai singkong and peuy-
eum. These traditional fermented delicacies have obtained considerable 
popularity after tempeh [16]. Tapai Singkong is available across various 
regions of Indonesia, while peuyeum is a distinctive specialty of Bandung. 
In general, peuyeum serves as a souvenir representing Bandung for tour-
ists and is also a staple in the daily diet of the local community [3].

Tapai singkong and peuyeum are traditional fermented products made 
from cassava with notable similarities, yet distinct production methods 
and textures. Tapai singkong is prepared by peeling, washing, and steam-
ing cassava until partially cooked, followed by inoculation with a small 
amount of yeast and fermentation for approximately 72 hours under 
semi-anaerobic conditions, resulting in a  soft texture  [17]. In contrast, 
peuyeum involves peeling and half-boiling the cassava, then fermenting 
it with a higher yeast concentration under anaerobic conditions for the 
same duration, producing a firmer texture [16,18].

Typically, peuyeum retains the shape of the whole cassava and ex-
hibits a yellowish-white coloration [3], as seen in Figure 2. Furthermore, 
peuyeum can be processed into various derivative products, including co-
lenak (grilled fermented cassava served with coconut sugar sauce), fried 
peuyeum, fermented cassava cakes, and mixed ice desserts, all of which 
are widely consumed across Indonesia [15]. The taste of fermented tapai 
singkong and peuyeum becomes sour due to the metabolic processes of 
yeast and bacteria during fermentation  [19]. During fermentation, glu-
cose is converted into ethanol and carbon dioxide by yeast. Simultane-
ously, bacteria convert some of the alcohol into organic acids such as 
acetic acid, contributing to the sour taste  [20]. The packaging of tapai 
singkong or peuyeum during fermentation can also affect the taste. 
Tapai singkong wrapped in plastic will taste sourer, while tapai singkong 
wrapped in banana leaves will taste sweeter due to the natural properties 
of banana leaves [21]

3.2. Brem
Solid brem is a  traditional fermented product made from glutinous 

rice, originating from Madiun and Wonogiri (Figure 3) [22]. It is produced 
from glutinous rice extract and is characterized by a sweet-sour taste and 
a floury texture, commonly consumed as a snack. Solid brem is available 
in two color variants: solid white and yellowish-white [23]. The fermen-
tation process involves the presence of fungi such as Saccharomycopsis 
fibuligera and Wickerhamomyces anomalus [24].

In addition to the solid form, liquid brem is another traditional fer-
mented glutinous rice product, commonly found in Bali. It remains widely 
known and produced, playing an important cultural role in religious cer-
emonies and traditional medicine [25]. Liquid brem is made by ferment-
ing steamed glutinous rice sprinkled with tape yeast (ragi tape) for five 
days at room temperature (27 °C), producing fermented rice known as 
tape. The tape is then pressed to extract the juice, which is subsequently 
fermented for six months in a sealed container or fermentation tank [26].

3.3. Terasi
Terasi is a fermented food product commonly used as a spice and culi-

nary accompaniment in Indonesia. This condiment has its origins in the 
island of Java and is primarily crafted from a mixture of shrimp and fish, 
typically presented in a paste-like form, as seen in Figure 4. The effective-
ness as a flavor enhancer can be attributed to the substantial glutamate 
content. Across numerous Asian countries, this food is used as a season-
ing agent in cooking, as evidenced by the various regional names and 
utilization. Some of the countries where terasi is consumed and referred 
to by distinct names include Thailand (kapi), Cambodia (Belacan), Malay-
sia (Mamrouc), Brunei (Mamtom), Myanmar (Ngapi), China (Shajiang), and 
Korea (Saewoojeot) [27].

Terasi, or shrimp paste, is produced from fundamental components 
including shrimp (Acetes japonicus), sugar, salt, and water  [28]. The 
preparation includes boiling raw or planktonic prawns in water for ap-
proximately 5 minutes. These boiled shrimps are drained before adding 
15 % salt (comprising 15 grams of salt per 100 grams of shrimp) and the 
fermentation process is executed in two phases. The initial step includes 
fermenting the salted shrimp within a  sealed container for a  period of 
two days at approximately 25 °C. Subsequently, the shrimp paste is blend-
ed using a blender and manually formed into flat balls measuring 8–10 
centimeters in diameter, resembling pasta. To reduce water content, the 
paste is subjected to a drying process in an oven for 4 hours at 50 °C. The 
phase comprises a second round of fermentation, with the paste left to 
ferment for a duration of 1–3 months [29]. Terasi shows a solid, paste-like 
consistency with a coarse texture and a moderately strong aroma [27].

3.4. Tauco (Taoetjo)
Tauco is a traditional Chinese food introduced to Indonesia many cen-

turies ago. This food gained prominence in Cianjur, West Java Province, 
and subsequently spread across the coastal regions  [30]. In Indonesia, 
tauco has been widely used as a culinary spice due to its delightful umami 
or savory flavor. The fundamental ingredient for producing tauco is soy-
bean seeds (Glycine max) (Figure 5). Tauco comes in three distinct forms, 
namely solid, semi-solid, and liquid with varying moisture content. The 
nutritional content of 100 grams of touco is presented in Table 1. These 
soybean seeds are boiled, mashed, blended with wheat flour, and subject-
ed to fermentation. The fermented tauco is immersed in a saltwater solu-
tion and exposed to the sun’s heat for several weeks before developing 
a distinctive aroma [31].

The fermentation process includes the growth of fungi and/or bacteria, 
lasting for a period of 3–6 days, with the assistance of the addition of Asper‑
gillus oryzae or Aspergillus sojae. During this fermentation, various enzymes 
are generated, namely protease, amylase, and lipase  [31]. The proteolytic 
enzymes produced by A. oryzae can hydrolyze soybean proteins into smaller 
peptides and free amino acids. This hydrolysis process is crucial for the de-
velopment of the characteristic umami flavor in tauco, particularly through 
the release of glutamic acid, which provides a savory taste [32, 33]. In addi-
tion to producing proteolytic enzymes, A. oryzae also produces amylolytic 
enzymes that function to hydrolyze soybean starch into simple sugars. This 
hydrolysis process not only enhances the product’s flavor but also increases 
nutrient availability and digestibility of the final product [34].

Figure 2. Peuyeum, a fermented cassava 
from West Java

Рисунок 2. Пейеум — ферментированная 
кассава с Западной Явы

Figure 3. Brem, a traditional fermented 
food originating from Madiun

Рисунок 3. Брем — традиционный 
ферментированный пищевой продукт, 

происходящий из Мадиуна

Figure 4. Terasi as a spice and culinary 
accompaniment in Indonesia

Рисунок 4. Тераси как специя и кулинарное 
дополнение в Индонезии
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3.5. Oncom
Oncom is a  traditional Indonesian fermented food originating from 

West Java  [35]. It is primarily produced using agricultural by-products 
such as tofu dregs, cassava fiber (onggok) and groundnut cake (Figure 6). 
For decades, oncom has served as a valuable source of affordable nutrition 
due to its unique flavor and meat-like texture [36]. Oncom is available in 
two main varieties: red oncom (oncom merah), fermented using Neuros‑
pora sitophila, and black oncom (oncom hitam), fermented with Rhizopus 
microsporus var. oligosporus [37]. The production process involves soaking 
tofu dregs, groundnut cake and cassava fiber (onggok) for 3–4 hours and 
1 hour, respectively. These components are then combined, molded into 
thin layers, and boiled for 1 hour. After cooling, the mixture is inoculated 
with oncom starter culture and placed into bamboo containers lined with 
banana leaves. Fermentation occurs at ambient temperatures (25–30 °C) 
over 36–48 hours  [37]. Nutritional profiles of red and black oncom are 
detailed in Table 1.

R. oligosporus plays a functional role by producing α-galactosidase, an 
enzyme that degrades gas-producing oligosaccharides in legumes, there-
by reducing the risk of flatulence. Moreover, fungi used in the fermen-
tation of oncom and tempeh have been shown to suppress the growth 
of aflatoxin-producing molds such as Aspergillus flavus  [38]. Fermenta-
tion with R. oligosporus also enhances the protein content of oncom and 
significantly reduces antinutritional compounds such as phytates by 
34–58 %  [39]. In Indonesia, oncom is classified into four quality grades 
based on the raw materials used in production  [40]: 1)  super-class on-
com — the highest quality, often sold in supermarkets or designated for 
export. 2) first-class oncom — slightly lower in quality but still considered 
premium, commonly found in local markets (Figure 6). 3)  second-class 
oncom — a widely consumed variety, typically sold in traditional markets. 
4) third-class oncom — the lowest grade, generally used as an ingredient 
in seasoning blends or cooking spices [39].

3.6. Dadih
Dadih is a traditional yogurt made from buffalo milk, fermented inside 

bamboo containers sealed with plastic or banana leaves, as seen in Fi
gure 7. This time-honored practice has been carried out by the Minangk-
abau people of West Sumatra, for centuries. The resulting fermented 
product is similar to yogurt, featuring a  smooth and glossy texture, 
creamy color, pleasant aroma, and a tangy [40]. Buffalo milk is subjected 
to a  natural fermentation process within bamboo containers at ambi-
ent temperatures of 25–30 °C for approximately 3 days [41,42]. Analysis 
has shown that dadih contains approximately 82.10 % water, 8.08 % fat, 

6.99 % protein, and 5.29 % lactose, as well as 13 essential amino acids, 
3 non-essential amino acids, and 70 IU/gram of vitamin A [43].

Traditional dadih fermentation involves a complex interplay of vari-
ous microorganisms. These microorganisms, thought to originate from 
the inner bamboo surface, covering leaves, and the milk itself [44], play 
a crucial role in the fermentation process. The fermentation of carbohy-
drates, influenced by proteolytic and lipid metabolism, significantly con-
tributes to the development of structure and flavor of dadih. Carbohy-
drate metabolism is inextricably linked to the enzymatic activity of lactic 
acid bacteria can facilitate the conversion of lactose into lactic acid via 
the β-galactosidase pathway and lactic acid fermentation [45].

3.7. Kecap Manis
Soy sauce is a fermented product widely utilized as a flavoring agent. 

A distinctive characteristic of Indonesian soy sauce (Figure 8), differen-
tiating it from those in other countries, is the prevalence of sweet soy 
sauce [46]. Soybeans serve as the primary ingredient in soy sauce produc-
tion and possess a notably high protein content [47].

There are two types of fermentation methods used in the production 
of soy sauce, namely liquid and solid fermentation, also known as moromi 
and koji/tempeh fermentation. Solid fermentation typically takes 3–5 days; 
the outcome is referred to as “koji/tempeh” and “tempeh” when Aspergillus 
sp. and Rhizopus sp. are used as the fermenting agent. Conversely, moromi 
fermentation spans a period of 14–28 days and in this process, the koji/
tempeh is dried before soaking in a 20–30 % saltwater solution.

A. oryzae is a fungal species commonly used in soy sauce fermentation, 
particularly in the production of koji. During koji fermentation, the bio-
chemical transformation facilitated by A. oryzae includes the breakdown of 
complexes such as protein, lipid, and carbohydrate hydrolysis [48]. Various 
essential enzymes are produced by A. oryzae during the fermentation pro-
cess. Starch broken down into simple sugars by amylase enzymes serves as 
an energy source for the fermentation process. The umami flavor produced 
in soy sauce fermentation is generated by amino acids derived from pro-
teins hydrolyzed by protease enzymes [49]. The overall final flavor profile of 
soy sauce is influenced by the micromolecules formed during fermentation.

3.8. Tape Ketan
Tape ketan is a  fermented food made from glutinous or sticky rice, 

subjected to fermentation using S. cerevisiae  [50]. The food product has 
a soft texture with a high moisture content and a sweet taste [51], as seen 
in Figure 9. Moreover, sticky rice tape is a commonly consumed food in 
Indonesia and the traditional method of preparation includes several 

Figure 5. Tauco from Cianjur is available 
for sale in grocery stores

Рисунок 5. Тауко из Чианджур продается 
в бакалейных магазинах

Figure 6. Red oncom is produced using 
groundnut cake

Рисунок 6. Красный онком изготавливается, 
используя арахисовый жмых

Figure 7. Dadih is a traditional yogurt made 
by fermenting buffalo milk inside bamboo 
containers, which are covered with plastic

Рисунок 7. Дадих — традиционный йогурт, 
изготавливаемый путём ферментации молока 

буйволов внутри бамбуковых ёмкостей, 
которые покрываются пластиком

Figure 8. Soy sauce is fermented 
by Aspergillus sp.

Рисунок 8. Соевый соус, ферментированный 
Aspergillus sp.

Figure 9. Black Tape Ketan 
without banana leaf wrapping

Рисунок 9. Чёрный тапе кетан 
без обертывания банановыми листьями
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steps. Sticky rice is cleaned to remove its husk, weighed to about 0.5 kg, 
and steamed for 2 hours using 2 liters of distilled water. After 2 hours, 
the steamed sticky rice is allowed to cool until the temperature reaches 
25 °C. The rice is mixed with yeast and stirred until the content is evenly 
distributed. Subsequently, it is wrapped in banana leaves and left to fer-
ment for 48–72 hours [52].

During tape fermentation, microorganisms metabolize the nutrient 
compounds in glutinous rice. Yeast hydrolyzes starch into simple sugars, 
which are then fermented to produce alcohol and the characteristic aro-
ma of tape [53]. Tape Ketan is served as a dessert, offering a sweet taste 
with sour organoleptic characteristics and having a  moderate alcohol 
content [14]. Tapai ketan contained 0.51–0.67 % alcohol with 0.5–1.5 % 
S. cerevisiae [54]. The nutritional compound content in sticky rice tape is 
shown in Table 1. Black Tape Ketan (sticky rice) contains a high level of 
anthocyanins, which offer health benefits such as reducing the risk of co-
lon cancer. Anthocyanins also possess the capability to inhibit the dam-
age caused by free radicals, including cancer cells [55].

3.9. Acar
Acar pickles are preserved foods made from vegetables or fruits, in-

cluding cucumbers, carrots, chili, and onions, combined with salt and 
vinegar, as seen in Figure 10. Additionally, sugar or other spices can be 
added for seasoning [56]. Acar pickles are a well-known accompaniment 
in Indonesian cuisine, often served with dishes like satay, fried noodles or 
rice, and soto. To prepare this food product, carrots, cucumbers, chili, and 
onions are cut into uniform sizes and placed in a jar. A brine is prepared 
by boiling a mixture of water, vinegar, sugar, and salt. In addition, the hot 
brine is poured into the jar, which is left open for 1 hour. The jar is sealed 
and refrigerated for three days to a week. The longer the marination pe-
riod, the better the taste [57].

4.	 Role of fungi in Indonesian fermented food
Fermentative microorganisms offer a  unique approach to food sta-

bility through physical and biochemical changes in fermented foods [8]. 
One important group of microorganisms involved is fungi. During fer-
mentation, fungi interact with other microorganisms, such as bacteria 
and yeasts, through nutrient competition, the production of antimicro-
bial compounds, and facilitating the growth of specific microbes. This 
complex interaction directly influences the characteristics of the final 
product, particularly in terms of taste and texture  [58]. The activity of 
antimicrobial compounds ensures food safety by preventing spoilage and 
inhibiting the growth of harmful pathogens  [59]. For example, certain 
fungal species produce secondary metabolites, such as organic acids and 
antibiotics, which contribute to the safety and durability of fermented 
products. This role becomes particularly significant in traditional fer-
mentation practices [60].

Beyond their contribution to food preservation, fungi also offer sub-
stantial benefits in food biotechnology through their rich nutritional 
profile. This advantage contributes to cost efficiency in the food industry, 
enabling the production of high-quality foods on a  large scale at lower 
costs [61]. Furthermore, fungi play a role in breaking down complex carbo-
hydrates, proteins, and fats during the fermentation process, thereby im-
proving digestibility and nutrient bioavailability [62]. The fermentation of 
soybeans into tempeh, R. oligosporus not only develops the characteristic 
texture and organoleptic profile, but fermentation also contributes to facil-
itating product bio-enrichment through increased biosynthesis of vitamin 
B, including folic acid, nicotinamide, niacin, pyridoxine, and riboflavin [63]. 
In addition to improving nutritional value, the microorganisms involved 
in fermentation also contribute to the degradation of antinutritional fac-
tors commonly found in food ingredients. This degradation process elimi-
nates the toxic properties of these compounds and enhances food safety, 
making previously fewer consumable substrates safe for consumption [14]. 
This highlights the crucial role of these microorganisms in improving both 
nutrition and food safety. The role of various fungal species in Indonesian 
fermented foods is summarized in Table 1.

5.	 Characterization of Lactic Acid Bacteria: Microbial diversity 
and functional role in health
Lactic acid bacteria are microbes composed of a thick layer of peptido-

glycan, and are therefore classified as gram-positive bacteria. This hetero-
geneous group of microorganisms includes various major genera such as 
Lactobacillus, Pediococcus, Streptococcus, Leuconostoc, and Enterococcus [71]. 
The diversity of LAB encompasses differences in acid tolerance, substrate 
preferences, and the ability to produce bioactive metabolites, enabling them 
to adapt to various fermented food matrices, ranging from dairy products to 
fermented vegetables. Each LAB species possesses specific functional char-
acteristics, such as the production of antimicrobial compounds, enhance-
ment of nutritional value, and contributions to the sensory characteristics 
of fermented products [72]. This variation forms the basis for selecting LAB 
strains for applications in the food and health industries.

Fermented foods containing LAB offer significant health benefits. This 
is due to the presence of probiotics that help maintain gut flora balance, 
as well as bioactive compounds produced during fermentation, which 
have various positive effects on overall health  [73]. The consumption of 
fermented foods can enhance the diversity and functionality of gut micro-
biota. LAB, abundant in foods such as yogurt and kefir, play a crucial role 
in maintaining microbial balance in the gut, thereby supporting digestive 
health [74]. Additionally, LAB are known to alleviate symptoms of gastro-
intestinal disorders, including irritable bowel syndrome (IBS) and diarrhea, 
by normalizing intestinal function and reducing inflammation [75].

Lactic acid bacteria produce exopolysaccharides (EPS), which are meta-
bolic compounds that play a crucial role in human health  [76]. EPS iso-
lated from fermented milk by Lactobacillus helveticus LZ-R‑5 successfully 
identified R‑5-EPS as a heteropolysaccharide with a molecular weight of 
approximately 5.41 × 105 Daltons. R‑5-EPS exhibits potent immunostimu-
latory activity at the cellular level, as evidenced by increased proliferation 
of RAW264.7 macrophage cells, enhanced phagocytic activity, and elevated 
production of acid phosphatase, nitric oxide, and various cytokines  [77]. 
These findings underscore the potential of R‑5-EPS as a  promising im-
munomodulatory agent. In addition to immunomodulatory activity, EPS 
demonstrates antiproliferative effects against various tumor cell types, 
including those derived from the intestine, liver, and breast. The mecha-
nisms involved include the induction of apoptosis, cell cycle arrest, and 
antimutagenic, antioxidant, antiangiogenic, and anti-inflammatory prop-
erties  [78]. At the genetic level, the structure of EPS synthesized by LAB 
is highly diverse, primarily influenced by glycosyltransferase genes that 
determine monosaccharide composition. EPS  synthesis occurs via both 
extracellular pathways and Wzx/Wzy protein-dependent pathways  [79]. 

Table 1. The role of fungi in Indonesian fermented foods
Таблица 1. Роль грибов в индонезийских ферментированных продуктах

Fungi Indonesian fermented food Role References

S. cerevisiae Tapai Singkong, Peuyeum, 
and Tape Ketan

convert sugars into alcohol and carbon dioxide; give 
a characteristic sweet and slightly alcoholic flavor [64]

S. fibuligera and W. anomalus Brem hydrolyze starch into sugars;
produce ethanol and amylase; provides a unique flavor [65]

A. oryzae, A. sojae Tauco (Taoetjo) produce enzymes that break down proteins and carbohydrates, 
resulting in a unique flavor and texture [66,67]

N. sitophila and R. microsporus 
var. oligosporus Oncom break down complex carbohydrates in the soybeans, making 

them more digestible and increasing their protein content [68]

Aspergillus sp. and Rhizopus sp Kecap manis produce enzymes that break down proteins and carbohydrates, 
resulting in a unique flavor and texture [69,70]

Figure 10. Acar, a mixture of cucumber, carrot, chili, onion 
and brine solution

Рисунок 10. Акар — смесь огурцов, моркови, чили, лука и рассола
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The diverse health benefits of EPS are evident from studies on various LAB 
strains. Among 48 strains screened for high EPS production, Lactiplantiba‑
cillus plantarum MY04 exhibited the highest yield (1.15 g/L) [79].

In addition to high EPS production, MY04 shows good resistance to 
harsh digestive conditions, strong antibacterial activity, and high intes-
tinal adhesion capacity. Comprehensive genomic analysis confirms the 
safety of MY04 for human consumption, as it lacks virulence factors and 
antibiotic resistance genes, making it a  promising probiotic candidate 
for the development of functional food products  [80]. EPS produced by 
Limosilactobacillus fermentum NCDC400 (EPS400) has also been shown 
to significantly reduce cholesterol levels. In vitro, EPS400 removes more 
than 90 % of cholesterol from the test medium and reduces cholesterol 
availability under digestive conditions. In vivo studies on hypercholes-
terolemic rats emphasizes that EPS400 administration can optimize lipid 
regulation by effectively lowering cholesterol. These findings demon-
strate the potential of EPS400 as a candidate hypocholesterolemic agent 
in the food and pharmaceutical sectors [81]. Furthermore, EPS produced 
by LAB such as Leuconostoc mesenteroides, commonly found in fermented 
foods, acts as a prebiotic. This EPS is indigestible by the human body but 
serves as a substrate for beneficial gut bacteria. Fermentation of EPS by 
gut microbiota produces short-chain fatty acids (SCFAs), which func-
tion as bioactive molecules involved as metabolic regulators of glucose 
elevation and energy homeostasis stability. Consumption of EPS can 
also modulate gut microbial composition toward a more balanced state, 
thereby supporting overall health. Understanding the critical role of EPS 
produced by LAB provides new insights into the formulation of manage-
ment and therapeutic strategies for diabetes and obesity, diseases fre-
quently associated with lifestyle, through the optimization of functional 
foods  [82]. Research on the role of commensal gut bacteria identifies 
Streptococcus salivarius as a unique bacterium with the potential to pre-
vent obesity caused by excessive sucrose consumption. This bacterium 
produces high levels of EPS from sucrose, and its abundance is signifi-
cantly lower in obese individuals. Additionally, the metabolism of EPS 
into SCFAs is impaired in obesity cases. These findings reveal an impor-
tant mechanism in the interaction between the host and commensal bac-
teria via EPS-SCFA carbohydrate metabolism that affects energy regula-
tion. They also suggest novel therapeutic potentials by targeting specific 
bacteria and EPS metabolites through prebiotics and probiotics for the 
prevention of lifestyle-related diseases [83].

LAB also contribute to strengthening the immune response by stimu-
lating antibody production and modulating inflammatory pathways. 
These interactions help the body combat infections and potentially re-
duce the risk of autoimmune diseases [84]. Furthermore, the fermenta-
tion process carried out by LAB enhances the bioavailability of nutrients, 
facilitating the absorption of essential vitamins and minerals. Fermenta-
tion also produces beneficial compounds such as short-chain fatty acids 
(SCFAs), which contribute to metabolic health  [85]. LAB in fermented 
foods interact intricately with the human immune system, offering vari-

ous potential health benefits, including immunoregulation and disease 
prevention [86]. LAB and their fermented products play a role in regula
ting both innate and adaptive immune responses, potentially aiding in 
the management of inflammatory diseases [87]. In addition to maintain-
ing gut microbiota balance, LAB contribute to optimizing digestion, nu-
trient absorption, and immune system function [88]. LAB modulate the 
functions of various immune cell types, including dendritic cells, macro-
phages, and regulatory T cells [89].

Beyond Lactic acid bacteria not only contribute positively to health, but 
the active metabolites produced during fermentation, such as antibacterial 
agents, lactic acid, and antifungal agents, can also improve food safety. In 
some fermentations, acetic acid is also produced, primarily by acetic acid 
bacteria (AAB), which alongside LAB contribute to inhibiting the growth 
of pathogenic microorganisms, preserving freshness, and extending the 
shelf life of food products  [90]. However, like other food products, fer-
mented foods face challenges related to safety. A deep understanding of 
the fermentation process and the microbial activity involved is essential 
to prevent health risks. Maintaining a balance of beneficial microorgan-
isms during fermentation is key to ensuring product safety [75]. Subopti-
mal fermentation conditions, caused by poor hygiene practices or failure 
to control temperature, can hinder the dominance of beneficial microbes 
and lead to contamination by harmful bacteria, fungi, or toxins [91]. If fer-
mentation practices are not properly controlled, there is a risk of patho-
genic bacteria growth, such as Salmonella spp., Escherichia coli, and Listeria 
monocytogenes [92]. Therefore, the implementation of Good Manufacturing 
Practices (GMP) and Hazard Analysis Critical Control Point (HACCP) prin-
ciples is essential in the production of fermented foods.

From a  nutritional perspective, fermentation by LAB, particularly 
from the Lactobacillus genus, can enhance nutrient availability through 
the production of enzymes such as amylase, protease, lipase, and glu-
coamylase. These enzymes act during fermentation to break down com-
plex substrates, facilitating improved nutrient absorption. Additionally, 
Lactobacillus plays a role in breaking down phytic acid, an antinutritional 
compound that inhibits mineral absorption  [73]. Fermented foods con-
taining Lactobacillus and Bifidobacterium strains are known to contain 
various B-complex vitamins essential for body metabolism. LAB strains 
also exhibit metabolic activity that induces sensory changes in fermented 
foods, such as improved taste, aroma, and color, through the breakdown 
of organic compounds in the food matrix [93]. For example, the fermen-
tation of cauliflower using Lactobacillus plantarum has been shown to 
increase protein content by 2.7 %, from 10.4 % to 13.1 % after fermenta-
tion  [94]. Additionally, the fermentation of temu giring rhizomes with 
Lactobacillus bulgaricus demonstrated an increase in phenolic and flavo-
noid compounds, as well as high antioxidant activity, with an IC50 value 
of 3.49 ppm [95]. Overall, the diversity and functional characteristics of 
lactic acid bacteria provide a spectrum of health benefits, making them 
relevant for use as a key component to improve community nutrition and 
disease prevention, as seen at Table 2.

Table 2. The contribution and health benefits of lactic acid bacteria in Indonesian fermented foods
Таблица 2. Роль и польза для здоровья молочнокислых бактерий в индонезийских ферментированных продуктах

Indonesian Fer-
mented Food Lactic Acid Bacteria Contribution and Health Benefits References

Tapai singkong Pediococcus acidilactici and Weissella cibaria P. acidilactici enhances protein and antioxidant content, while 
W. cibaria produces EPS. Both contribute to improved gut health [96–99]

Peuyeum Weissella sp., Lactobacillus sp. and Lc. mesenteroides
These bacteria have the biochemical pathways to produce various 

organic acids, including lactic acid, which contribute to the 
unique flavor and characteristics of peuyeum

[100]

Brem Lactobacillus sp., Leuconostoc sp., Pediococcus sp., and Weissella sp. Contribute to the distinct sweet and sour flavor of brem [101]

Shrimp paste 
(terasi)

Tetragenococcus, Halococcus, Atopostipes, Alkalibacillus, and 
Alkalibacterium, along with Lactiplantibacillus plantarum

These bacteria can break down proteins and lipids, influencing 
the taste and aroma of shrimp paste by generating volatile 

compounds such as amino acids, aldehydes, organic acids, fatty 
acids, amines, and peptides

[100,102]

Tauco Lactobacillus genus Creates a low-pH environment. [103]
Oncom Lacticaseibacillus paracasei and L. plantarum Produce organic and amino acids, contributing to the umami taste [104]

Dadih

Lactococcus sp., Klebsiella, Lactobacillaceae, Bifidobacterium, 
Streptococcus sp., Leuconostoc sp., Limosilactobacillus fermentum, 

L. pentosus, P. pentosaceus, Lactococcus lactis subsp. cremoris, 
L. lactis subsp. lactis, L. plantarum, L. casei, and L. rhamnosus

Generates metabolites which inhibit pathogenic bacteria, thus 
contributing to dadih safety. [41,42,105]

Kecap manis Hansenula sp., Zygosaccharomyces sp., and Lactobacillus sp.
Produce protease enzymes that break down the proteins in 

soybeans into amino acids, resulting in the distinctive umami 
flavor of soy sauce.

[106]

Tape ketan L. mesenteroides, Liquorilactobacillus vini, W. paramesenteroides, 
P. pentosaceus, L. fermentum, and Apilactobacillus kunkeei

Lactic acid bacteria contribute to the production of lactic acid 
through anaerobic glucose fermentation, which gives tape its 

characteristic sour taste
[107,108]

Acar pickles L. plantarum, L. mesenteroides, and L. citreum,

These bacteria can reduce the number of biogenic amines (BA) 
during fermentation. The total count of mesophilic aerobic 

bacteria and yeast-mold colonies in pickle samples containing 
L. plantarum appeared to be significantly reduced

[109,110]
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Overall, the consumption of Indonesian fermented food can contrib-
ute to improved gut health, potentially supporting overall well-being and 
providing a range of health benefits. Integrating a variety of naturally fer-
mented foods into a balanced diet may promote a healthy gut microbiota 
and enhance overall health.

6.	 Nutritional facts
Fermented foods are often rich in a  variety of nutrients, depending 

on the ingredients used and the specific fermentation process. The nu-
tritional composition of fermented foods can vary based on several fac-
tors, including the fermentation method, the raw materials, the duration 
of fermentation, and the specific types of microorganisms involved [59]. 
Additionally, fermentation frequently enhances the nutritional value of 
raw ingredients. The microorganisms involved produce enzymes that 
break down complex compounds into simpler, more easily digestible 
forms [111]. For instance, fermentation can increase the concentrations 
of certain vitamins, such as B vitamins, and improve the bioavailability of 
minerals. It can also reduce the levels of antinutritional factors naturally 
present in some foods, such as phytates in grains and legumes, thereby 
enhancing the absorption of essential nutrients [112]. Furthermore, the 
final nutritional profile of fermented foods is strongly influenced by the 
type of raw material used. Vegetable fermentation typically yields prod-
ucts rich in vitamins and antioxidants, whereas dairy fermentation re-
sults in foods with high protein content  [113,114]. The combination of 

different raw materials and variations in fermentation techniques pro-
duces a diverse range of products, each with unique nutritional charac-
teristics, contributing to the wide array of potential health benefits as-
sociated with fermented food consumption. Common nutrients found in 
fermented foods are summarized in Table 3.

7.	 The influence of fermentation on food shelf life
Fermentation is a  food preservation method that plays a significant 

role in enhancing nutritional quality, extending shelf life, and influenc-
ing food functionality. This process can enhance the flavor and aroma of 
fermented products [121]. However, the shelf life of fermented products 
varies greatly, depending on the product type, packaging method, and 
fermentation conditions. For example, some products have a  relatively 
short shelf life of 2 to 4 days, influenced by the type of packaging and 
fermentation conditions. Packaging with banana leaves can extend the 
shelf life up to 4 days, while fermented foods in plastic packaging only 
lasts about 2–3 days [122]

Differences in shelf life were also observed in shrimp paste (terasi). 
Commercial shrimp paste generally exhibits a  longer shelf life (6–
12 months in sealed packaging and 1–3 months after opening in refriger-
ation) compared to homemade shrimp paste (1–2 weeks in refrigeration). 
Optimal storage and packaging conditions are crucial to extend the shelf 
life of both types of shrimp paste [123]. Other fermented products, such 
as tauco, also undergo changes during storage. Although initial micro-

Table 3. Nutritional information for fermented foods per 100 g
Таблица 3. Информация о пищевой ценности ферментированных пищевых продуктов на 100 г

Fermented foods Nutrients Number References

Tapai Singkong

Energy (Kcal) 169

[115]

Carbohydrate (g) 40.20

Protein (g) 1.40

Fat (g) 0.30

Calcium (mg) 21

Phosphorous (mg) 34

Iron (mg) 0.80

Vitamin C (mg) 9

Brem

Energy (Kcal) 249

[116]

Carbohydrate (g) 58

Protein (g) 3.40

Fat (g) 0.40

Calcium (mg) 198

Phosphorous (mg) 86

Iron (mg) 2

Total carotene (µg) 240

Thiamine (mg) 0.34

Terasi

Protein (%) 64.80

[115]
Fat (%) 3.45

Ash (%) 1.40

Water (%) 25.77

Solid tauco

Carbohydrate (g) 54.7–65.2

[117]

Protein (g) 9.72–11

Fat (%) 6.98–23.4

Ash (%) 10.0–22.8

NaCl (%) 7.18–16.9

Total sugars (%) 11.9–27.0

Total acids (%) 1.24–2.18

Total amino acids (%) 11.4–17.5

Liquid tauco

Carbohydrate (g) 8.47–56.5

[117]

Protein (g) 20.4–30.9

Fat (%) 1.30–18.9

Ash (%) 17.1–73.89

NaCl (%) 10.7–68.4

Total sugars (%) 29.95–44.5

Total acids (%) 1.65–5.36

Total amino acids (%) 14.1–24.6

GABA (ppm) 220.96

Fermented foods Nutrients Number References

Red oncom (oncom 
merah)

Energy (Kcal) 97.70

[118]

Carbohydrate (g) 55.59
Protein (g) 24.16

Fat (%) 16.10
Total sugar (%) 0.80

Total titratable acidity (%) 0.15
Total soluble protein (%) 39.94

pH 4.87
Moisture (%) 80.56

Ash (%) 4.14
GABA (ppm) 136.92

Black oncom 
(oncom hitam)

Carbohydrate (g) 16.55

[118]

Protein (g) 40.60
Fat (%) 40.47

Total sugar (%) 0.17
Total titratable acidity (%) 0.10
Total soluble protein (%) 32.97

pH 5.8
Moisture (%) 52.98

Ash (%) 2.38

Dadih

Water (%) 82.10

[43]
Protein (%) 6.99

Fat (%) 8.08
Lactose (%) 5.29

Vitamin A (IU/g) 70

Kecap manis

Carbohydrate (g) 28.40

[119]

Protein (g) 18.20
Lipid (g) 3.20
Ash (g) 1.50

Glucose (g) 0.39
Lactic acid (g) 1.92

Salt content (g) 17.04
Moisture (g) 48.70

Tape ketan

Energy (Kcal) 166

[120]

Carbohydrate (g) 34.4
Protein (g) 3.8

Fat (%) 1.0
Fiber (g) 0.60
Ash (g) 0.10

Calcium (mg) 8
Phosphorus (mg) 106

Iron (mg) 1.6
Thiamine (mg) 0.40
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biological analysis indicated that the tauco met food safety requirements, 
storage at room temperature for 12 days resulted in an increase in total 
microbial counts, molds, yeasts, and coliforms above permissible limits. 
However, the pH value of the tauco chili sauce tended to remain stable 
throughout the testing period  [124]. The shelf life of kecap manis us-
ing Accelerated Shelf-Life Testing, revealing a shelf life of 127.92 days or 
4.26 months at a temperature of 25 °C [125]. Meanwhile, sterilized black 
glutinous rice tape exhibits a shelf life influenced by storage temperature. 
Higher storage temperatures correlate with shorter shelf lives. At room 
temperature (25 °C), sterilized black glutinous rice tape can last approxi-
mately 1 year and 9 months  [125]. Oncom, another fermented product, 
has a very short shelf life of about 1–2 days at room temperature [126]. 
This indicates that oncom is highly susceptible to spoilage due to physi-
cal, chemical, enzymatic, or microbiological changes. Consequently, the 
shelf life of fermented products varies widely, depending on product type, 
packaging methods, and fermentation conditions. Some products, such 
as cassava tape and oncom, have very short shelf lives, while others, like 
commercial shrimp paste and sterilized black glutinous rice tape, can 
last longer. Therefore, it is crucial to understand the factors affecting the 
shelf life of fermented products to implement proper storage and packag-
ing practices that extend shelf life and maintain product quality.

8.	 Technological advancements to improve fermented food: 
Challenges and future prospects
Technological advancement aims to optimize fermentation processes, 

improve product consistency, diversify product offerings, enhance nutri-
tional qualities and meet consumer demands for high-quality, innovative 
fermented food option. The following are some ways to improve product 
quality.

8.1. Strain selection and genetic engineering
The growth of the global population and the impacts of global warm-

ing necessitate an
increase in food production, storage, and transportation [127]. Modern 

biotechnology, including strain selection and genetic engineering, holds 
significant potential for expanding the scope of fermentation, creating 
novel foods, and enhancing the sustainability of food production  [128]. 
Food fermentation has been practiced since antiquity, initially relying on 
indigenous microbiota and spontaneous fermentation, which later evolved 
into back-slopping and the utilization of starter cultures  [129]. Specific 
strains of beneficial microorganisms, such as lactic acid bacteria and yeast, 
in fermented food can improve desirable flavors and textures, affecting 
sensory characteristics, extend shelf-life, prevent spoilage bacteria, and 
present health benefits [130,131]. With technological advancements, ge-
netic engineering has reached a high level of precision, enabling modifica-
tions to virtually any aspect of the genome. Synthetic biology also offers 
new opportunities in addressing food production challenges [132].

Genetic modification techniques in beneficial microorganisms are be-
ing explored to enhance certain microbial strains used in fermentation. 
Strain improvement is typically reached by random mutagenesis, pro-
cess optimization, control, increasing the yield, titer and cost-effective-
ness  [133]. This can potentially improve fermentation efficiency, resis-
tance to environmental stressors, and production of specific compounds 
that contribute to the quality or nutritional value of the final product. Ad-
ditionally, Indonesia has established regulations governing the hygiene 
and safety of genetic engineering product, as outlined in the Government 
Regulation of the Republic of Indonesia Number 21 of the Year 2005 and 
Regulation of the Badan Pengawas Obat dan Makanan (BPOM) Number 6 
of the Year 2018. These regulations pertain to the control of genetically 
modified food products [134,135].

Additionally, there are constraints in applying genetic modifications to 
food systems  [136]. Further challenges arise in handling non-model mi-
croorganisms, including the development of suitable molecular genetic 
tools [137]. Beyond the potential benefits, there are risks associated with 
the use of genetically modified microorganisms in food fermentation. The 
consumption of genetically engineered foods may lead to the development 
of antibiotic-resistant diseases. Another risk is the potential transfer of an-
tibiotic and chemotherapy resistance genes into the body through fermen-
tation products, potentially leading to multidrug-resistant strains that are 
difficult to treat [75]. Modern biotechnology offers significant opportuni-
ties to enhance food production and sustainability through fermentation. 
However, challenges such as technical constraints in handling non-model 
microorganisms and risks associated with genetically modified microor-
ganisms need to be addressed to ensure the safety and sustainability of ap-
plication of these technologies in food production. The Indonesian culture 
context, which is not yet familiar with genetically modified microorgan-
isms, will pose a new challenge for Indonesia in the future.

8.2.	Fermentation control systems and bioreactors
Advanced fermentation equipment and techniques allow for precise 

control of temperature, humidity, pH levels, and oxygen exposure dur-
ing fermentation  [138]. This control ensures the optimal condition for 
microbial growth and metabolic activities, assessing the progress of fer-
mentation, resulting in more predictable, consistent, and higher-quality 
fermented products. Bioreactors provide controlled environments for 
fermentation on a  larger scale. These systems help maintain optimal 
condition, leading to efficient and standardized production of fermented 
foods. Several factors affecting the bioreactor involve temperature and 
pH control, agitation and aeration, nutrient concentration, air pressure, 
contamination, size and design of bioreactor [139].

At an industrial scale, maintaining consistent heat and humidity levels 
presents a significant challenge due to the large volume of substrate in-
volved. In solid-state fermentation (SSF), which relies on filamentous fun-
gi, the delicate hyphae are highly susceptible to damage from mechanical 
agitation, posing a major constraint [140]. Therefore, maintaining optimal 
process conditions is crucial to achieving the desired yield and titer, re-
gardless of the bioreactor configuration, the biocatalysts used, or potential 
process disruptions [141]. Ongoing research and innovation in biorefinery 
technology and product diversification play a vital role in unlocking the 
full potential of fermentation by-products. These advancements are also 
key to realizing the vision of a sustainable and circular bioeconomy [142]. 
One of the latest innovations in this field is the development of single-use 
bioreactors. These bioreactors are made from high-quality plastic mate-
rials such as low-density polyethylene, polypropylene, or polycarbonate. 
The use of single-use bioreactors eliminates the need for cleaning and 
sterilization between cultivation batches, reducing the risk of contamina-
tion while also simplifying validation processes and regulatory compli-
ance [143]. Challenges in fermentation and bioreactor control include the 
difficulty of maintaining optimal conditions at an industrial scale and the 
vulnerability of fungal hyphae in SSF. Innovations such as single-use bio-
reactors provide solutions to minimize contamination risks and stream-
line processes. Further research and development in biorefinery technol-
ogy and product diversification are essential to maximizing the potential 
of fermentation in achieving a sustainable bioeconomy.

8.3.	Omics technologies
Harnessing synthetic biology for designing microorganisms with cus-

tomized functions and traits enables the creation of novel fermented prod-
ucts. Genomics, transcriptomics, proteomics and metabolomics provide 
a comprehensive understanding of the microbial communities involved in 
fermentation processes. These technologies enable the identification and 
optimization of key microorganisms, genes, and metabolic pathway. The 
complexity of biological systems presents significant challenges in the ap-
plication of omics technologies to fermented fruits and vegetables [144]. 
The vast amount of data generated by multi-omics technologies requires 
robust bioinformatics infrastructure and expertise [145]. Additionally, un-
derstanding the intricate and dynamic changes within microbial commu-
nities during spontaneous fermentation remains a major challenge [146]. 
The lack of comprehensive omics data repositories and universal databases 
further affects the accuracy of predictive models [144]. Nevertheless, the 
multi-omics approach provides in-depth insights into the dynamic micro-
bial shifts occurring throughout food fermentation, surpassing single-cell 
omics analyses. This approach enables the exploration of the entire mi-
crobial community involved and facilitates the regulation of microbiota 
changes at each fermentation stage  [145]. Omics technologies also play 
a crucial role in optimizing fermentation processes and improving product 
quality. For instance, multi-omics tools can be employed to evaluate the 
impact of various ingredients on fermentation dynamics and the resulting 
end products [129]. Despite the challenges associated with biological sys-
tem complexity and the need for advanced bioinformatics infrastructure, 
multi-omics approaches hold great potential for understanding and op-
timizing food fermentation processes. These technologies offer profound 
insights into microbial changes and the key factors influencing the quality 
of fermented products. Therefore, continued research and development in 
this field are expected to enhance fermentation efficiency and improve the 
quality of fermented food products.

8.4.	Improved packaging and storage
Innovations in packaging materials and techniques help maintain the 

quality and extend the shelf life of fermented foods by protecting them 
from oxygen, light, moisture, and microbial contamination. The storage 
duration and temperature can impact the bacterial survival. Therefore, 
enhancing packaging and storage conditions, considering environmental 
temperature, light exposure, oxygen levels, is crucial to significantly re-
duce the loss of viable bacteria [147].
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Food safety threats and microbial spoilage risks are persistent chal-
lenges faced by the food industry. Storage duration and temperature sig-
nificantly influence bacterial survival  [148]. Environmental temperature 
manipulation can help mitigate the loss of viable bacteria. Another key 
strategy for enhancing microbial viability in food involves minimizing oxy-
gen exposure through packaging modifications, incorporating antioxidant 
compounds, or controlling environmental light exposure  [149]. Higher 
temperatures (37 °C) lead to the most significant reduction in microbial 
populations, while lower temperatures (–20 °C and 4 °C) are more effec-
tive in preserving microbial viability. Vacuum packaging primarily affects 
moisture retention, with vacuum-sealed packaging being superior in main-
taining product moisture content. The optimal storage conditions for fer-
mented products involve non-vacuum packaging and storage at freezing or 
refrigeration temperatures for no longer than three months [147]. The life 
cycle of fermented food packaging comprises several key phases, each with 
unique environmental considerations, including raw material extraction, 
manufacturing, distribution, consumer use, and end-of-life management, 
which encompasses byproducts and waste disposal. Sustainable practices, 
such as utilizing recyclable or compostable materials, optimizing packag-
ing design, and minimizing energy consumption during manufacturing, 
are essential to reducing environmental impact and aligning with consum-
er preferences for eco-friendly options [150].

Maintaining optimal humidity levels is crucial for the quality and safe-
ty of fermented dairy products. Active packaging systems regulate hu-
midity by either absorbing excess moisture or releasing it as needed. This 
humidity control helps prevent product deterioration, such as clumping 
caused by moisture or the growth of undesirable microorganisms [151]. 
Antimicrobial coatings integrated into the packaging materials provide 
an additional layer of protection against harmful microbes. Naturally de-
rived antimicrobial compounds, such as those extracted from edible plant 
sources like anise, have been evaluated for their technical and economic 
feasibility in industrial-scale applications  [152,153]. These coatings 
gradually release antimicrobial agents, inhibiting the growth of spoilage 
bacteria and pathogens that may compromise product quality and safety. 
This technology not only extends shelf life but also enhances the overall 
safety and quality of the product.

8.5.	Fermentation in novel substrates
The substrate type, fermentation time and sugar type were the prima-

ry factors contributing to the significant increase in the content of bio-
active compounds, which exhibit beneficial antioxidant properties. Re-
searchers are exploring the use of alternative raw materials or substrates 
for fermentation to create new types of fermented foods. This includes 
exploring fermentation in plant-based products, grains, and unconven-
tional sources to cater to diverse dietary preferences and meet specific 
nutritional needs [154].

Emerging fermentation techniques have attracted significant atten-
tion from researchers and the food industry due to their potential to in-
tegrate traditional foods into modern diets and to enable the fermenta-
tion of unconventional substrates and food by-products. Inoculation of 
Lacticaseibacillus rhamnosus on date palm substrate facilitates increased 
bioavailability of phenolic compounds  [155]. The combination of non-
traditional substrates with specific microbial strains can result in novel 
fermented foods with enhanced nutritional profiles and improved or-
ganoleptic properties  [127]. The development of these new fermented 
products aims to promote better nutrition, sustainability, and health 

benefits [156]. Innovations in this field include the utilization of agricul-
tural by-products, biomass fermentation for protein production, the use 
of fruit seeds such as rambutan seeds, non-dairy substrates, and various 
plant parts such as roots and tubers [157].

8.6.	Scale-up of traditional process
The enlargement of microbial processes is usually carried out with 

a  commercial objective, particularly to deliver product advantages to 
consumers and to generate a financial profit for investors. Technologies 
and strategies for scaling up small-batch artisanal fermentation to larger 
production levels are being developed. Indonesian fermented foods are 
still predominantly produced by Micro, Small, and Medium Enterprises. 
This allows traditional fermented foods to be produced on a commercial 
scale while maintaining their unique characteristics. However, translat-
ing laboratory-scale advancements to large-scale production can pose 
challenges, including maintaining consistent condition and dealing with 
increased complexities [158].

Traditional fermented foods are significant sources of protein, vita-
mins, minerals, and other essential nutrients [159]. However, the limited 
application of modern biotechnology has hindered clinical exploration 
of their gut-modulating health functions [160]. Among the most under-
explored categories of traditional foods are those originating from Af-
rican and Asian countries, despite published data indicating their high 
nutritional value  [161]. The modernization and commercialization of 
these products will ultimately determine their success as mainstream 
commodities in global markets. Key priorities will include ensuring safe-
ty, meeting hygiene standards, and preserving product-specific charac-
teristics [162,163]. To commercialize traditional fermentation processes, 
industry stakeholders must address challenges related to safety and 
product consistency. Additional barriers include ethical and regulatory 
considerations, difficulties in applying research findings due to the high 
costs of effective methodologies, the expense of analyzing and interpret-
ing high-dimensional data, and the issue of low reproducibility [164,165]. 
To bring precision-fermented products to market, companies must also 
navigate a complex and diverse regulatory landscape, including frame-
works established by the FDA and EFSA in the United States and Europe, 
as well as national standards such as Indonesia’s SNI [166,167].

9.	 Conclusion
This review elucidates the pivotal role of fermentation in preserving 

Indonesia’s culinary heritage through traditional foods like tempeh, peu-
yeum, and kecap manis. Examining their origins, production methods, 
and the involvement of microorganisms, especially lactic acid bacteria, 
highlights their unique flavors and considerable nutritional benefits. The 
diverse production processes, raw material choices, and regional influ-
ences contribute to the distinct tastes in these fermented foods, enrich-
ing Indonesia’s culinary landscape and revealing cultural nuances. Amid 
globalization, safeguarding these traditional fermentation methods is 
crucial to maintain culinary authenticity and cultural heritage. Preserv-
ing these practices not only protects them from extinction but also sus-
tains cultural identity, fulfills nutritional needs, bolsters local economies, 
and promotes indigenous food resources for economic growth. Therefore, 
this study emphasizes the importance of cherishing Indonesia’s diverse 
fermented foods. This not only preserves culinary traditions but also fos-
ters cultural sustainability, celebrates culinary diversity, and supports 
overall well-being in the food industry’s broader context.

REFERENCES
1.	 Yunindanova, M. B. (2022). Preparing for Indonesian Agricultural Transforma-

tion in The Society Era 5.0. Agrosains Jurnal Penelitian Agronomi, 24(1), 32–36. 
https://doi.org/10.20961/agsjpa.v24i1.59741

2.	 Nuraida, L. (2015). A  review: Health promoting lactic acid bacteria in tradition-
al Indonesian fermented foods. Food Science and Human Wellness, 4(2), 47–55. 
https://doi.org/10.1016/j.fshw.2015.06.001

3.	 Agustina, I. H. (2020). Touristic and cultural perspectives on traditional food: Peu‑
yeum Bandung. International Journal of Innovation, Creativity and Change, 14(12), 
809–828.

4.	 Adriani, Alang, H., Fatima, S., Ismarti, Pratiwi, E. R., Arifuddin, W. et al. (2023). 
Keamanan Pangan. CV Selembar Karya Pustaka, 2023. (In Indonesian)

5.	 Fatmawati, E. (2021). Strategies to grow a  proud attitude towards Indonesian 
cultural diversity. Linguistics and Culture Review, 5(S1), 810–820. https://doi.
org/10.21744/lingcure.v5nS1.1465

6.	 Wijaya, S. (2019). Indonesian food culture mapping: A  starter contribution to 
promote Indonesian culinary tourism. Journal of Ethnic Foods, 6(1), Article  9. 
https://doi.org/10.1186/s42779-019-0009-3

7.	 Dimidi, E., Cox, S. R., Rossi, M., Whelan, K. (2019). Fermented foods: Definitions and 
characteristics, impact on the gut microbiota and effects on gastrointestinal health 
and disease. Nutrients, 11(8), Article 1806. https://doi.org/10.3390/nu11081806

8.	 Sharma, R., Garg, P., Kumar, P., Bhatia, S. K., Kulshrestha, S. (2020). Microbial fer-
mentation and its role in quality improvement of fermented foods. Fermentation, 
6(4), Article 106. https://doi.org/10.3390/fermentation6040106

9.	 Liu, A., Xu, R., Zhang, S., Wang, Y., Hu, B., Ao, X. et al. (2022). Antifungal mechanisms 
and application of lactic acid bacteria in bakery products: A review. Frontiers in Mi‑
crobiology, 13, Article 924398. https://doi.org/10.3389/fmicb.2022.924398

10.	Haryani, Y., Halid, N. A., Guat, G. S., Nor-Khaizura, M. A. R., Hatta, A., Sabri, S. 
et al. (2023). Characterization, molecular identification, and antimicrobial activ-
ity of lactic acid bacteria isolated from selected fermented foods and beverages in 
Malaysia. FEMS Microbiology Letters, 370, Article fnad023. https://doi.org/10.1093/
femsle/fnad023

11.	Miranti, M., Iwahashi, H., Syaputri, Y. (2022). Antimicrobial activity of Latilacto-
bacillus sakei isolated from virgin coconut oil under pH and temperature stress. 
Korean Journal of Food Preservation, 29(6), 852–860. https://doi.org/10.11002/
kjfp.2022.29.6.852

12.	Suwannaphan, S. (2021). Isolation, identification and potential probiotic charac-
terization of lactic acid bacteria from Thai traditional fermented food. AIMS Micro‑
biology, 7(4), 431–446. https://doi.org/10.3934/microbiol.2021026

13.	Pandit, A., Darshane, P., Dixit, M. (2024). Role of fungi in revolutionizing the food 
sector. Indian Journal of Nutrition, 11(1), Article 290.



147

Сьяпутри Ю. и др.  |  ПИЩЕВЫЕ СИСТЕМЫ  |  Том 9 № 1  |  2026  |  С.  138–150

14.	Tamang, J. P., Shin, D. -H., Jung, S. -J., Chae, S. -W. (2016). Functional properties 
of microorganisms in fermented foods. Frontiers in Microbiology, 7, Article  578. 
https://doi.org/10.3389/fmicb.2016.00578

15.	 Cempaka, L. (2021). Peuyeum: Fermented cassava from Bandung, West Java, Indone-
sia. Journal of Ethnic Foods, 8(1), Article 3. https://doi.org/10.1186/s42779-021-00079-3

16.	Barus, T., Ufi, A. N., Tan, W. A., Ekowati, A. L., Yulandi, A. (2022). Bacterial com-
munity profiles in Tapai Singkong: A traditional Indonesian fermented food from 
Cassava Tubers. Microbiology Indonesia, 16(2), 1–7.

17.	 Hidayah, N., Basirun, B. (2021). The effect of packaging type to organoleptic prop-
erties of Cassava Tape Nutriology Jurnal: Pangan, Gizi, Kesehatan, 2(1), 101–105. 
https://doi.org/10.30812/nutriology.v2i1.1244

18.	Maryam, S., Damiati, Wiratini. (2024). Pemberdayaan masyarakat desa Panji Anom 
melalui pengolahan ubi kayu (Manihot esculenta) menjadi peuyeum. Jurnal Ino‑
vasi Hasil Pengabdian Masyarakat, 9, 1142–1149.  [Maryam, S., Damiati, Wiratini. 
(2024). Community empowerment of Panji Anom village through cassava process-
ing (Manihot esculenta) into peuyeum. Jurnal Inovasi Hasil Pengabdian Masyarakat, 
9, 1142–1149. (In Indonesian)]

19.	 Devi, M., Wibowotomo, B., Ummu, N., Hidayati, L., Martiningtyas, A., Ariffin, H. F. 
(October 22, 2022). Effect of fermentation time on nutrient content and organoleptic qual‑
ity of corn (Zea mays L.) Tapai as superfood. Proceedings of the 4th Annual Conference 
of Engineering and Implementation on Vocational Education, ACEIVE 2022. Medan, 
North Sumatra, Indonesia, 2023. https://doi.org/10.4108/eai.20-10-2022.2328833

20.	SB, D. H., Inayah, I., Puspaningtyas, D. E., Sari, P. M., Kusuma, N. H. (2023). Diver‑
sity of traditional fermented foods: Sucrose and reducing sugar analysis of various 
fermented-cassava. RSF Conference Proceeding Series: Medical and Health Sci-
ences, 2(1), 24–32. https://doi.org/10.31098/cpmhs.v2i1.627

21.	Sulistyawati, S., Ulfah, M. (2024). Characteristics of tape with different packaging 
materials: A review. Proceeding International Seminar on Science and Technology, 
3, 69–76. https://doi.org/10.33830/isst.v3i1.2325

22.	 Setyowati., Adi, R.K. (September 11, 2019). Marketing strategy of Brem in Wonogiri Re‑
gency. IOP Conference Series: Earth and Environmental Science. The 5th International 
Seminar on Agribusiness 2019 “Agricultural Innovation for Sustainable Farming Sys-
tem” Semarang, Indonesia. 2019. https://doi.org/10.1088/1755-1315/518/1/012068

23.	Soemarie, Y. B., Milanda, T., Barliana, M. I. (2021). Fermented foods as probiot-
ics: A review. Journal of Advanced Pharmaceutical Technology and Research, 12(4), 
335–339. https://doi.org/10.4103/japtr.japtr_116_21

24.	Lenka, A. B., Astuti, R. I., Listiyowati, S. (2021). Yeasts isolated from traditional 
brem bali show stress tolerance phenotype against fermentation-related stresses. 
Makara Journal of Science, 25(1), Article 7. https://doi.org/10.7454/mss.v25i1.1209

25.	 Bryan, B., Duniaji, A. S., Wisaniyasa, N. W. (2021). Effect of comparison between 
white glutinous rice (Oryza sativa glutinosa) and purple sweet potato (Ipomoea bata‑
tas L.) on the characteristics of Brem beverages. Jurnal Ilmu dan Teknologi Pangan, 
10(3), 525–535. https://doi.org/10.24843/itepa.2021.v10.i03.p19 (In Indonesian)

26.	Udin, J., Nurlaelah, I., Priyanto, A. (2020). Pengaruh kadar konsentrasi Saccharomyces 
cereviciae terhadap sifat organoleptik dan sifat kimia (alkohol dan gula) pada Brem 
Cair Ipomea batatas L. Edubiologica: Jurnal Penelitian Ilmu dan Pendidikan Biologi, 8(1), 
25–34. [Udin, J., Nurlaelah, I., Priyanto, A. (2020). The effect of Saccharomyces cerevici‑
ae concentration on organoleptic and chemical properties (alcohol and sugar) in liquid 
Brem Ipomea batatas L. Edubiologica: Jurnal Penelitian Ilmu dan Pendidikan Biologi, 8(1), 
25–34. (In Indonesian)] https://doi.org/10.25134/edubiologica.v8i1.2982

27.	 Prihanto, A. A., Muyasyaroh, H. (2021). The Indonesian fermented food product 
terasi: History and potential bioactivities. Systematic Reviews in Pharmacy, 12(2), 
378–384. https://doi.org/10.31838/srp.2021.2.52

28.	Wulandari, F. C., Sari, H. N. A., Desrianty, N. A., Prihanto, A. A. (August 27–28, 
2019). Effect of salt, sugar and water addition on consumer preferences of terasi. 
IOP Conference Series: Earth and Environmental Science, Volume 493, Interna-
tional Conference on Sustainable Aquatic Resources, Malang, Indonesia, 2020. 
https://doi.org/10.1088/1755-1315/493/1/012040

29.	Surya, R., Nugroho, D., Kamal, N., Tedjakusuma, F. (2023). Effects of fermentation 
time on chemical, microbiological, antioxidant, and organoleptic properties of In-
donesian traditional shrimp paste, terasi. International Journal of Gastronomy and 
Food Science, 31, Article 100643. https://doi.org/10.1016/j.ijgfs.2022.100643

30.	Herlina, V. T., Setiarto, R. H. B. (2024). Terasi, exploring the Indonesian eth-
nic fermented shrimp paste. Journal of Ethnic Foods, 11(1), Article 7. https://doi.
org/10.1186/s42779-024-00222‑w

31.	Daulay, R.A., Jannah, R., Yolanda, S.D., Karina, S.T., Annisa, G., Pulungan, N. A. 
(2023). Percobaan fermentasi kacang kedelai (Glycine max (L.) Merril) sebagai 
Tauco dengan berbagai jenis tepung di Medan. Jurnal Pendidikan dan Konseling, 
5(1), 2244–2251. [Daulay, R.A., Jannah, R., Yolanda, S.D., Karina, S.T., Annisa, G., 
Pulungan, N. A. (2023). Soybean fermentation experiment (Glycine max (L.) Mer-
ril) as Tauco with various types of flour in Medan. Jurnal Pendidikan dan Konseling, 
5(1), 2244–2251. (In Indonesian)] https://doi.org/10.31004/jpdk.v5i1.11302

32.	 Oktavia, A., Zainal, Djalal, M., Hidayat, S. H., Azkiyah, M. (October 25–26, 2023). Ex‑
ploring the utilization of fungi in Indonesian traditional foods: A review. BIO Web of Con-
ferences, Volume 96, The 2nd Unhas International Conference on Agricultural Tech-
nology (UICAT 2023), Indonesia, 2024. http://doi.org/10.1051/bioconf/20249601025

33.	Rousta, N., Hellwig, C., Wainaina, S., Lukitawesa, L., Agnihotri, S., Rousta, K. et al. 
(2021). Filamentous fungus Aspergillus oryzae for food: From submerged cultiva-
tion to fungal burgers and their sensory evaluation — A pilot study. Foods, 10(11), 
Article 2774. https://doi.org/10.3390/foods10112774

34.	Sun, Z., Wu, Y., Long, S., Feng, S., Jia, X., Hu, Y. et al. (2024). Aspergillus oryzae as 
a cell factory: Research and applications in industrial production. Journal of Fungi, 
10(4), Article 248. https://doi.org/10.3390/jof10040248

35.	Sadh, P. K., Chawla, P., Duhan, J. S. (2018). Fermentation approach on phenolic, 
antioxidants and functional properties of peanut press cake. Food Bioscience, 22, 
113–120. https://doi.org/10.1016/j.fbio.2018.01.011

36.	Wijaya, C. H., Nuraida, L., Nuramalia, D. R., Hardanti, S., Świąder, K. (2024). On-
com: A nutritive functional fermented food made from food process solid residue. 
Applied Sciences, 14(22), Article 10702. https://doi.org/10.3390/app142210702

37.	 Mawardi, Sarjani, T. M., Fadilah. (2019). Pelatihan pemanfaatan limbah ampas 
tahu sebagai produk pangan layak konsumsi di desa Meurandeh Dayah. Jurnal Il‑
miah Pengabdian Kepada Masyarakat, 1(1), 40–44. [Mawardi, Sarjani, T. M., Fadilah. 

(2019). Training on utilization of tofu waste as a  food product suitable for con-
sumption in Meurandeh Dayah village. Jurnal Ilmiah Pengabdian Kepada Masyara‑
kat, 1(1), 40–44. (In Indonesian)]

38.	Mulyani, S., Wisma, R. W. (2016). Analisis proksimat dan sifat organoleptik “On-
com merah alternatif” dan “Oncom hitam alternatif”. Jurnal Kimia dan Pendidi‑
kan Kimia, 1(1), 41–51. [Mulyani, S., Wisma, R. W. (2016). Proximate analysis and 
organoleptic properties of “Alternative red Oncom” and “Alternative black On-
com”. Jurnal Kimia dan Pendidikan Kimia, 1(1), 41–51. (In Indonesian)] https://doi.
org/10.20961/jkpk.v1i1.39428

39.	Rohimah, A., Setiawan, B., Roosita, K., Palupi, E. (2021). The effects of soaking 
treatments and fermentation process on nutritional and aflatoxin contents of fer-
mented peanut cake (Black oncom). Polish Journal of Natural Sciences, 36(1), 59–78. 
https://doi.org/10.31648/pjns.7306

40.	Arnold, M., Rajagukguk, Y. V., Gramza-Michałowska, A. (2021). Characterization 
of Dadih: Traditional fermented buffalo milk of Minangkabau. Beverages, 7(3), Ar-
ticle 60. https://doi.org/10.3390/beverages7030060

41.	Venema, K., Surono, I. S. (2019). Microbiota composition of Dadih — a traditional 
fermented buffalo milk of West Sumatra. Letters in Applied Microbiology, 68(3), 
234–240. https://doi.org/10.1111/lam.13107

42.	Wirawati, C. U., Sudarwanto, M. B., Lukman, D. W., Wientarsih, I., Srihanto, E. A. 
(2019). Diversity of lactic acid bacteria in dadih produced by either back-slopping or 
spontaneous fermentation from two different regions of West Sumatra, Indonesia. 
Veterinary World, 12(6), 823–829. https://doi.org/10.14202/vetworld.2019.823-829

43.	 Harahap, F. C., Ginting, N., Hamdan, H., DaulaY, A. H., Hasnudi, H. (2018). Uji nutrisi 
dadih susu kerbau dan susu kambing dengan menggunakan bambu ampel (Bambusa 
vulgaris) dan bambu gombong (Gigantochloa verticilata). Talent Conference Series: 
Agriculture and Natural Resources, 1(2), 186–191. [Harahap, F. C., Ginting, N., Ham-
dan, H., DaulaY, A. H., Hasnudi, H. (2018). Nutritional value test of cottage cheese 
from buffalo and goat milk using ampel bamboo (Bambusa vulgaris) and gombong 
bamboo (Gigantochloa verticilata). Talent Conference Series: Agriculture and Natural 
Resources, 1(2), 186–191. (In Indonesian)] http://doi.org/10.32734/anr.v1i2.234

44.	Pinem, S., Damayanti, E. (2021). Kualitas dadih susu sapi dan susu kambing dengan 
fermenter tabung bambu. Jurnal Jeumpa, 7(1), 371–378. [Pinem, S., Damayanti, E. 
(2021). High-quality cottage cheese made from cow’s and goat’s milk with bam-
boo tube fermenter. Jurnal Jeumpa, 7(1), 371–378. (In  Indonesian)] https://doi.
org/10.33059/jj.v7i1.3813

45.	Fatdillah, H., Febrianti, F., Sari, D.R. (2023). Pengaruh fermentasi spontan dan 
back-slopping terhadap kualitas dadih bedasarkan total bakteri asam laktat, pH 
dan total titratable acidity. Jurnal Riset Rumpun Ilmu Hewani, 2(2), 69–81. [Fatdil-
lah, H., Febrianti, F., Sari, D.R. (2023). The effect of spontaneous fermentation and 
reverse pressing on the quality of cottage cheese based on the total number of lac-
tic acid bacteria, pH and total titratable acidity. Jurnal Riset Rumpun Ilmu Hewani, 
2(2), 69–81. (In Indonesian)] https://doi.org/10.55606/jurrih.v2i2.2670

46.	Meutia, Y. R. (2016). Standardization of soy sauce sweet product as product spe-
cialty of Indonesia. Jurnal Standarisasi, 17(2), 147–156. http://doi.org/10.31153/
js.v17i2.314 (In Indonesian)

47.	 Santosa, B., Ismawati, I., Dewi, J. R. (2018). Caracterization of soy sauce produced 
various beans types on physica and chemical properties. Jurnal Pertanian Cemara, 
15(1), 40–47. https://doi.org/10.24929/fp.v15i1.644 (In Indonesian)

48.	Lusihanne, C.B., Andriana, M., Mareta Kurnia Sari, F.M.K. (2023). The biochemistry 
and physical changes in koji fermentation by aspergillus oryzae in sweet soy sauce 
making. Tropical Microbiome Journal, 1(1), 35–46. (In Indonesian)

49.	 Ito, K., Matsuyama, A. (2021). Koji molds for Japanese soy sauce brewing: Character-
istics and key enzymes. Journal of Fungi, 7(8), Article 658. https://doi.org/10.3390/
jof7080658

50.	 Gres, M. R. (2023). Fermentasi Tapai Ketan Hitam (Oryza sativa Linn var glutinosa). 
Jurnal Multidisipliner Bharasumba, 2(03), 175–179. [Gres, M. R. (2023). Fermentation 
of black glutinous rice tapai (Oryza sativa Linn. var. glutinosa). Jurnal Multidisip
liner Bharasumba, 2(03), 175–179. (In Indonesian)] https://doi.org/10.62668/bhara-
sumba.v2i03.707

51.	Khazalina, T. (2020). Saccharomyces cerevisiae in making halal products based on 
conventional biotechnology and genetic engineering. Jurnal Halal Product and Re‑
search, 3(2), 88–94. https://doi.org/10.20473/jhpr.vol.3‑issue.2.88-94

52.	Supartiningsih, S., Maimunah, S., Silalahi, Y. C. E. (2020). Amino acid levels en-
hancement test in black glutinous tape with pineapple juice addition using vis-
ible ray spectrophotometry method. Jurnal Farmanesia, 7(1), 37–44. https://doi.
org/10.51544/jf.v7i1.2764 (In Indonesian)

53.	Wahyuningsih, E. A., Irmanda, L., Wisnu, Y., Aji, K., Hidayat, R., Anindita, N. S. 
(2023). Pengaruh lama fermentasi, penambahan ragi dan konsentrasi gula pada tape 
ketan. Prosiding Seminar Nasional Penelitian dan Pengabdian Kepada Masyarakat 
LPPM Universitas ’Aisyiyah Yogyakarta, 2023.  [Wahyuningsih, E. A., Irmanda, L., 
Wisnu, Y., Aji, K., Hidayat, R., Anindita, N. S. (2023). Effect of fermentation time, 
yeast addition and sugar concentration on sticky rice tape. Proceedings of the Na-
tional Seminar on research and Community Service of LPPM Universitas ’Aisyiyah 
Yogyakarta, 2023. (In Indonesian)]

54.	Berlian, Z., Aini, F., Ulandari, R. (2016). Uji kadar alkohol pada tapai ketan pu-
tih dan singkong melalui fermentasi dengan dosis ragi yang berbeda. Jurnal Biota, 
2(1), 106–111. [Berlian, Z., Aini, F., Ulandari, R. (2016). Evaluation of the alcohol 
content of white sticky rice and cassava through fermentation with different yeast 
doses. Jurnal Biota, 2(1), 106–111. (In Indonesian)]

55.	 Sunarya, S.R., Wardani, S. W., Mulyo, G. P. E. (2021). Efektivitas pemberian snack bar 
tape ketan hitam terhadap frekuensi defekasi pada remaja putri. Jurnal Riset Kesehatan 
Poltekkes Depkes Bandung, 13(1), 283–293. [Sunarya, S.R., Wardani, S. W., Mulyo, G. P. E. 
(2021). The effectiveness of black sticky rice snack bar tape against the frequency of 
defecation in adolescent girls. Jurnal Riset Kesehatan Poltekkes Depkes Bandung, 13(1), 
283–293. (In Indonesian)] https://doi.org/10.34011/juriskesbdg.v13i1.1908

56.	Anggraeni, L., Lubis, N., Junaedi, E. C. (2021). Review: Effect of salt concentra-
tion on fermented vegetable products. Jurnal Sains dan Kesehatan, 3(6), 891–899. 
(In Indonesian) https://doi.org/10.25026/jsk.v3i6.459

57.	 Najmah, N. (2024). Produk Fermentasi Probiotik Acar Timun (Pickled Cucum-
ber) Dengan Penambahan Sari lemon Sebagai Pangan Fungsional. Jurnal Nor‑
malita,12(2), 143–152. [Najmah, N. (2024). Probiotic fermented pickled cucumber 



148

Syaputri Y. et al.  |  FOOD SYSTEMS  |  Volume 9 № 1  |  2026  |  pp. 138–150

products with the addition of lemon juice as a  functional food. Jurnal Normali‑
ta,12(2), 143–152. (In Indonesian)]

58.	Polo, Q. (2023). Importance of filamentous fungi in regulation of food fermenta-
tion. Journal of Food Microbiology, Safety and Hygiene, 8(5), Article 236. https://doi.
org/10.35248/2476-2059.23.8.236

59.	Voidarou, C., Antoniadou, M., Rozos, G., Tzora, A., Skoufos, I., Varzakas, T. et al. 
(2021). Fermentative foods: Microbiology, biochemistry, potential human health 
benefits and public health issues. Foods, 10(1), Article 69. https://doi.org/10.3390/
foods10010069

60.	Son, S. Y., Lee, S., Singh, D., Lee, N.-R., Lee, D.-Y., Lee, C. H. (2018). Comprehensive 
secondary metabolite profiling toward delineating the solid and submerged-state 
fermentation of Aspergillus oryzae KCCM 12698. Frontiers in Microbiology, 9, Ar-
ticle 1076. https://doi.org/10.3389/fmicb.2018.01076

61.	Pouris, J., Kolyva, F., Bratakou, S., Vogiatzi, C. A., Chaniotis, D., Beloukas, A. (2024). 
The role of fungi in food production and processing. Applied Sciences, 14(12), Ar-
ticle 5046. https://doi.org/10.3390/app14125046

62.	Lübeck, M., Lübeck, P. S. (2022). Fungal cell factories for efficient and sustain-
able production of proteins and peptides. Microorganisms, 10(4), Article  753. 
https://doi.org/10.3390/microorganisms10040753

63.	Astuti, M. (2015). Health benefits of tempe. Chapter in a book: Health benefits of 
fermented foods and beverages. CRC Press, 2015.

64.	Bruner, J., Fox, G. (2020). Novel non-cerevisiae Saccharomyces yeast species used 
in beer and alcoholic beverage fermentations. Fermentation, 6(4), Article  116. 
https://doi.org/10.3390/fermentation6040116

65.	Methner, Y., Magalhães, F., Raihofer, L., Zarnkow, M., Jacob, F., Hutzler, M. (2022). 
Beer fermentation performance and sugar uptake of Saccharomycopsis fibuligera — 
A novel option for low-alcohol beer. Frontiers in Microbiology, 13, Article 1011155. 
https://doi.org/10.3389/fmicb.2022.1011155

66.	Pauzi, R. Y., Astuti, D. I. (2025). Exploring microbial succession in Indonesian fer-
mented soybean paste (Tauco) through culture-dependent approach. Microbiology 
and Biotechnology Letters, 53(1), 57–67. https://doi.org/10.48022/mbl.2411.11002

67.	 Mojsov, K. D. (2016). Aspergillus enzymes for food industries. Chapter in a book: 
New and Future Developments in Microbial Biotechnology and Bioengineering. 
Elsevier, 2016. https://doi.org/10.1016/B978-0-444-63505-1.00033-6

68.	Wijaya, C. H., Nuraida, L., Nuramalia, D. R., Hardanti, S., Świąder, K. (2024). On-
com: A nutritive functional fermented food made from food process solid residue. 
Applied Sciences, 14(22), Article 10702. https://doi.org/10.3390/app142210702

69.	Humairoh, D. (2017). Identifikasi kapang pada kecap kedelai manis produksi lokal 
kediri dengan metode pengenceran. Jurnal Sains dan Teknologi, 6(1), 11–20. [Hu-
mairoh, D. (2017). Determination of mold in locally produced sweet kediri soy 
sauce by dilution method. Jurnal Sains dan Teknologi, 6(1), 11–20. (In Indonesian)] 
https://doi.org/10.23887/jstundiksha.v6i1.9389

70.	Vellozo-Echevarría, T., Barrett, K., Vuillemin, M., Meyer, A. S. (2024). Mini-review: 
The distinct carbohydrate active enzyme secretome of Rhizopus spp. represents 
fitness for mycelium remodeling and solid-state plant food fermentation. ACS 
Omega, 9(32), 34185–34195. https://doi.org/10.1021/acsomega.4c04378

71.	Wuyts, S., Wittouck, S., De Boeck, I., Allonsius, C. N., Pasolli, E., Segata, N. et al. 
(2017). Large-scale phylogenomics of the Lactobacillus casei group highlights taxo-
nomic inconsistencies and reveals novel clade-associated features. mSystems, 2(4), 
Article e00061–17. https://doi.org/10.1128/msystems.00061-17

72.	Rodríguez, L. G. R., Mohamed, F., Bleckwedel, J., Medina, R., De Vuyst, L., Hebert, E. 
M. et al. (2019). Diversity and functional properties of lactic acid bacteria isolated 
from wild fruits and flowers present in northern Argentina. Frontiers in Microbiol‑
ogy, 10, Article 1091. https://doi.org/10.3389/fmicb.2019.01091

73.	Mathur, H., Beresford, T. P., Cotter, P. D. (2020). Health benefits of lactic acid bac-
teria (LAB) fermentates. Nutrients, 12(6), Article 1679. https://doi.org/10.3390/
nu12061679

74.	Castellone, V., Bancalari, E., Rubert, J., Gatti, M., Neviani, E., Bottari, B. (2021). 
Eating fermented: Health benefits of LAB-fermented foods. Foods, 10(11), Ar
ticle 2639. https://doi.org/10.3390/foods10112639

75.	Skowron, K., Budzyńska, A., Grudlewska-Buda, K., Wiktorczyk-Kapischke, N., 
Andrzejewska, M., Wałecka-Zacharska, E. et al. (2022). Two faces of fermented 
foods — The benefits and threats of its consumption. Frontiers in Microbiology, 13, 
Article 845166. https://doi.org/10.3389/fmicb.2022.845166

76.	Deepak, V., Ramachandran, S., Balahmar, R. M., Pandian, S. R. K., Sivasubrama-
niam, S. D., Nellaiah, H. et al. (2016). In vitro evaluation of anticancer properties 
of exopolysaccharides from Lactobacillus acidophilus in colon cancer cell lines. In 
Vitro Cellular and Developmental Biology  — Animal, 52(2), 163–173. https://doi.
org/10.1007/s11626-015-9970-3

77.	 You, X., Li, Z., Ma, K., Zhang, C., Chen, X., Wang, G. et al. (2020). Structural char-
acterization and immunomodulatory activity of an exopolysaccharide produced 
by Lactobacillus helveticus LZ-R‑5. Carbohydrate Polymers, 235, Article  115977. 
https://doi.org/10.1016/j.carbpol.2020.115977

78.	Wu, J., Zhang, Y., Ye, L., Wang, C. (2021). The anti-cancer effects and mechanisms 
of lactic acid bacteria exopolysaccharides in vitro: A review. Carbohydrate Polymers, 
253, Article 117308. https://doi.org/10.1016/j.carbpol.2020.117308

79.	Zhang, J., Xiao, Y., Wang, H., Zhang, H., Chen, W., Lu, W. (2023). Lactic acid bacteria-
derived exopolysaccharide: Formation, immunomodulatory ability, health effects, 
and structure-function relationship. Microbiological Research, 274, Article 127432. 
https://doi.org/10.1016/j.micres.2023.127432

80.	Lu, J., Mao, Y., Ma, T., Liu, X., Cheng, X., Bai, Y. et al. (2023). Screening and genome 
analysis of lactic acid bacteria with high exopolysaccharide production and good 
probiotic properties. Food Bioscience, 56, Article 103211. https://doi.org/10.1016/j.
fbio.2023.103211

81.	Gawande, K., Kolhekar, M., Kumari, M., Kapila, S., Sharma, P., Ali, S. A. et al. (2021). 
Lactic acid bacteria based purified exopolysaccharide showed viscofying and hy-
percholesterolemic capabilites. Food Hydrocolloids for Health, 1, Article  100042. 
https://doi.org/10.1016/j.fhfh.2021.100042

82.	Miyamoto, J., Shimizu, H., Hisa, K., Matsuzaki, C., Inuki, S., Ando, Y. et al. (2023). 
Host metabolic benefits of prebiotic exopolysaccharides produced by Leuconostoc 
mesenteroides. Gut Microbes, 15(1), Article 2161271. https://doi.org/10.1080/19490
976.2022.2161271

83.	 Shimizu, H., Miyamoto, J., Hisa, K., Ohue-Kitano, R., Takada, H., Yamano, M. 
et al. (2025). Sucrose-preferring gut microbes prevent host obesity by produc-
ing exopolysaccharides. Nature Communications, 16(1), Article 1145. http://doi.
org/10.1038/s41467-025-56470-0

84.	 Vera-Santander, V. E., Hernández-Figueroa, R. H., Jiménez-Munguía, M. T., Mani-
López, E., López-Malo, A. (2023). Health benefits of consuming foods with bac-
terial probiotics, postbiotics, and their metabolites: A  review. Molecules, 28(3), 
Article 1230. https://doi.org/10.3390/molecules28031230

85.	 Marco, M. L., Heeney, D., Binda, S., Cifelli, C. J., Cotter, P. D., Foligné, B. et al. 
(2017). Health benefits of fermented foods: Microbiota and beyond. Current Opin‑
ion in Biotechnology, 44, 94–102. https://doi.org/10.1016/j.copbio.2016.11.010

86.	 Ahmad, R., Oli, A. N., Etando, A., Sharma, P., Sinha, S., Chowdhury, K. et al. (2023). 
Lactic acid bacteria fermented foods: Impact on immune system and conse-
quences over type 2 diabetes mellitus. Journal of Applied Pharmaceutical Sciences, 
13(6), 18–56. https://doi.org/10.7324/JAPS.2023.142387

87.	 Zhu, H., Guo, L., Yu, D., Du, X. (2022). New insights into immunomodulatory 
properties of lactic acid bacteria fermented herbal medicines. Frontiers in Micro‑
biology, 13, Article 1073922. https://doi.org/10.3389/fmicb.2022.1073922

88.	 Anumudu, C. (2023). Role of lactic acid bacteria in the production of ferment-
ed foods. Journal of Food Microbiology, Safety and Hygiene, 8(12), Article  227. 
https://doi.org/10.35248/2476-2059.23.8.227

89.	 Moon, A., Sun, Y., Wang, Y., Huang, J., Zafar Khan, M. U., Qiu, H. -J. (2022). Lactic 
acid bacteria as mucosal immunity enhancers and antivirals through Oral Delivery. 
Applied Microbiology, 2(4), 837–854. https://doi.org/10.3390/applmicrobiol2040064

90.	 Forstova, V., Belkova, B., Riddellova, K., Vaclavik, L., Prihoda, J., Hajslova, J. (2014). 
Acrylamide formation in traditional Czech leavened wheat-rye breads and wheat 
rolls. Food Control, 38, 221–226. https://doi.org/10.1016/j.foodcont.2013.10.022

91.	 Anyogu, A., Olukorede, A., Anumudu, C., Onyeaka, H., Areo, E., Adewale, O. et al. 
(2021). Microorganisms and food safety risks associated with indigenous ferment-
ed foods from Africa. Food Control, 129, Article 108227. https://doi.org/10.1016/j.
foodcont.2021.108227

92.	 Antunes, P., Novais, C., Peixe, L. (2019). Food-to-humans bacterial transmis-
sion. Chapter in a  book: Microbial Transmission. John Wiley and Sons, 2019. 
https://doi.org/10.1128/9781555819743.ch9

93.	 Christianah, O. I. (2024). The role of lactic acid bacteria in food processing, nutri-
tion and human health. International Journal of Current Microbiology and Applied 
Sciences, 13(10), 288–296. https://doi.org/10.20546/ijcmas.2024.1310.033

94.	 Aeni, N. (2023). Analisis kadar Protein pada fermentasi kembang kol (Brassica 
oleracea L. var. capitata) dengan menggunakan bakteri Lactobacillus Plantarum. 
Cokroaminoto Journal of Chemical Science, 5(2), 39–41. [Aeni, N. (2023). Analysis 
of protein content in fermented cauliflower (Brassica oleracea L. var. capitata) us-
ing Lactobacillus Plantarum bacteria. Cokroaminoto Journal of Chemical Science, 
5(2), 39–41. (In Indonesian)]

95.	 Yustin, L., Wijayanti, E. (2018). Aktivitas antioksidan sari rimpang temu gir-
ing (Curcuma heyneana) terfermentasi Lactobacillus bulgaricus. JC-T (Journal 
Cis-Trans): Jurnal Kimia dan Terapan, 2(1), 1–5. [Yustin, L., Wijayanti, E. (2018). 
Antioxidant activity of fermented pollen of the rhizome of turmeric (Curcuma 
heyneana) Lactobacillus bulgaricus. JC-T (Journal Cis-Trans): Jurnal Kimia dan 
Terapan, 2(1), 1–5. (In Indonesian)] http://doi.org/10.17977/um026v2i12018p001

96.	 Chan, S., Jantama, K., Prasitpuriprecha, C., Wansutha, S., Phosriran, C., Yue-
nyaow, L. et al. (2024). Harnessing fermented soymilk production by a  newly 
isolated pediococcus acidilactici F3 to enhance antioxidant level with high anti-
microbial activity against food-borne pathogens during co-culture. Foods, 13(13), 
Article 2150. https://doi.org/10.3390/foods13132150

97.	 Fessard, A., Remize, F. (2017). Why are Weissella spp. not used as commercial 
starter cultures for food fermentation? Fermentation, 3(3), Article 38. https://doi.
org/10.3390/fermentation3030038

98.	 Sari, N., Zainal, Tahir, M. M. (25 June, 2020). Isolation and identification lactic acid bac‑
teria of honey-enriched functional beverage from cassava (manihot esculenta) tapai from 
Sinjai regency. IOP Conference Series: Earth and Environmental Science, Volume 575, 
The 2nd International Conference of Interdisciplinary Research on Green Environ-
mental Approach for Sustainable Development Gedung Pasca Sarjana, Indonesia. IOP 
Publishing Ltd, 2020. https://doi.org/10.1088/1755-1315/575/1/012016

99.	 Suharto, S., Agustini, T. W., Amalia, U. (2024). Effect of Pediococcus acidilac-
tici bioaugmentation on the quality improvement of milkfish (Chanos chanos) 
Bekasam. Food Research, 8(2), 361–370. https://doi.org/10.26656/fr.2017.8(2).483

100.	 Priadi, G., Setiyoningrum, F., Afiati, F., Irzaldi, R., Lisdiyanti, P. (2020). Studi in 
vitro bakteri asam laktat kandidat probiotik dari makanan fermentasi Indonesia. 
Jurnal Teknologi Dan Industri Pangan, 31(1), 21–28. [Priadi, G., Setiyoningrum, F., 
Afiati, F., Irzaldi, R., Lisdiyanti, P. (2020). In vitro evaluation of probiotic candi-
date bacteria from Indonesian food. Jurnal Teknologi Dan Industri Pangan, 31(1), 
21–28. (In Indonesian)] https://doi.org/10.6066/jtip.2020.31.1.21

101.	 Mishra, S., Mithul Aravind, S., Charpe, P., Ajlouni, S., Ranadheera, C. S., Chak-
karavarthi, S. (2022). Traditional rice-based fermented products: Insight into 
their probiotic diversity and probable health benefits. Food Bioscience, 50, Ar-
ticle 102082. https://doi.org/10.1016/j.fbio.2022.102082

102.	 Helmi, H., Astuti, D. I., Putri, S. P., Sato, A., Laviña, W. A., Fukusaki, E. et al. 
(2022). Dynamic changes in the bacterial community and metabolic profile dur-
ing fermentation of low-salt shrimp paste (terasi). Metabolites, 12(2), Article 118. 
https://doi.org/10.3390/metabo12020118

103.	 Larasati, N. (2017). Studi Aktivitas Antioksidan dan Karakteristik Fisiko Kimia 
Tauco yang Beredar di Kota Malang, Jawa Timur. Jurnal Pangan Dan Agroindustri, 
5(2), 85–95. [Larasati, N. (2017). Study of antioxidant activity and physicochemi-
cal characteristics of tauco circulating in Malang City, East Java. Jurnal Pangan 
Dan Agroindustri, 5(2), 85–95. (In Indonesian)]

104.	 Magdalena, S., Talia, A., Yogiara, Y. (2023). Identification of lactic acid bacte-
ria profiles from red Oncom, an Indonesian traditional mixed fermented tofu 
waste and peanut press cake. Research Journal of Biotechnology, 18(4), 84–89. 
https://doi.org/10.25303/1804rjbt084089

105.	 Setiarto, R. H. B., Anshory, L., Wardana, A. A. (May 3–5, 2023). Nutritional and 
microbiological characteristics of Dadih and their application to the food industry: 
A review. IOP Conference Series: Earth and Environmental Science, International 



149

Сьяпутри Ю. и др.  |  ПИЩЕВЫЕ СИСТЕМЫ  |  Том 9 № 1  |  2026  |  С.  138–150

Collaborative Conference of Modern Agricultural Technologies 2023 (ICCMAT‑2023). 
Erbil, Iraq, 2023. https://doi.org/10.1088/1755-1315/1252/1/012153

106.	 Chong, S. Y., Ilham, Z., Samsudin, N. I. P., Soumaya, S., Wan-Mohtar, W. A. A. Q. I. 
(2023). Microbial consortia and up-to-date technologies in global soy sauce pro-
duction: A review. International Food Research Journal, 30(1), 1–24. https://doi.
org/10.47836/ifrj.30.1.01

107.	 Hasanah, U., Ratihwulan, H., Nuraida, L. (2019). Sensory profiles and lactic acid bac-
teria density of Tape Ketan and Tape Singkong in Bogor. AgriTECH, 38(3), 265–272.

108.	 Sulistiani, Hidayat, I. (2020). Identifikasi molekuler Bakteri Asam Laktat dari 
Tempe dan Tape Berdasarkan Sekuen Gen 16S rRNA. Majalah Ilmiah Biologi Bios‑
fera: A  Scientific Journal, 37(2), 69–77.  [Sulistiani, Hidayat, I. (2020). Molecular 
identification of lactic acid bacteria from Tempe and Tape based on 16S rRNA 
gene sequence. Majalah Ilmiah Biologi Biosfera: A Scientific Journal, 37(2), 69–77. 
(In Indonesian)] https://doi.org/10.20884/1.mib.2020.37.2.1149

109.	 Alan, Y. (2019). Culture fermentation of Lactobacillus in traditional pickled gher-
kins: Microbial development, chemical, biogenic amine and metabolite analysis. 
Journal of Food Science and Technology, 56(8), 3930–3939. https://doi.org/10.1007/
s13197-019-03866-8

110.	 Behera, S. S., El Sheikha, A. F., Hammami, R., Kumar, A. (2020). Traditionally 
fermented pickles: How the microbial diversity associated with their nutritional 
and health benefits? Journal of Functional Foods, 70, Article 103971. https://doi.
org/10.1016/j.jff.2020.103971

111.	 Yeboah, P. J., Ibrahim, S. A., Krastanov, A. (2023). A review of fermentation and 
the nutritional requirements for effective growth media for lactic acid bacteria. 
Food Science and Applied Biotechnology, 6(2), 215–240. https://doi.org/10.30721/
fsab2023.v6.i2.269

112.	 Knez, E., Kadac-Czapska, K., Grembecka, M. (2023). Effect of fermentation on the 
nutritional quality of the selected vegetables and legumes and their health ef-
fects. Life, 13(3), Article 655. https://doi.org/10.3390/life13030655

113.	 Fang, K., Liu, C., Olatunji, O. J., Suttihkana, I., Ashaolu, T. J. (2025). Perspectives 
on production factors, health benefits, safety, and prospects of African fermented 
cereals and vegetables: A review. International Journal of Food Science and Tech‑
nology, 60(1), Article vvae051. https://doi.org/10.1093/ijfood/vvae051

114.	 Fernández, M., Hudson, J. A., Korpela, R., de los Reyes-Gavilán, C. G. (2015). Impact on 
human health of microorganisms present in fermented dairy products: An overview. 
Biomed Research International, 2015, 1–13. https://doi.org/10.1155/2015/412714

115.	 Nabilah, G., Priatini, W., Tsaniah, I. (2022). Modified non-gluten tape muffin 
made with mocaf and breadfruit flour. Journal of Gastronomy and Tourism, 9(2), 
91–98. https://doi.org/10.17509/gastur.v9i2.52377

116.	 Suseno, Y. D., Wibowo, E. (2018). Peningkatan produktivitas produksi brem se-
bagai upaya untuk mengangkat potensi kabupaten wonogiri. Jurnal Pengabdian 
Pada Masyarakat, 2(2), 107–113. [Suseno, Y. D., Wibowo, E. (2018). Increased brem 
production productivity as part of wonogiri regency capacity building efforts. 
Jurnal Pengabdian Pada Masyarakat, 2(2), 107–113. (In Indonesian)] https://doi.
org/10.36587/wasananyata.v2i2.364

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

118.	 Andayani, S. N., Lioe, H. N., Wijaya, C. H., Ogawa, M. (2020). Umami fractions 
obtained from water-soluble extracts of red oncom and black oncom-Indonesian 
fermented soybean and peanut products. Journal of Food Science, 85(3), 657–665. 
https://doi.org/10.1111/1750-3841.14942

119.	 Asanuma, K., Wang, Z., Miyazaki, T., Yuan, C., Yamashita, T. (2024). Develop-
ment and characterization of Japanese soy sauce-like fermented seasoning with 
various ingredients. Food Bioscience, 59, Article 104198. https://doi.org/10.1016/j.
fbio.2024.104198

120.	 Hariyanto, A. P., Sulandari, L., Romadhoni, I. F., Widagdo, A.K. (2024). Sifat organo-
leptik Madumongso tape ubi ungu dengan perbedaan proporsi tape ketan hitam dan 
tape ketan putih. Jurnal Pendidikan dan Pengajaran Tata Boga, 2(4), 12–22. [Hariyan-
to, A. P., Sulandari, L., Romadhoni, I. F., Widagdo, A.K. (2024). Organoleptic proper-
ties of purple Madumonso sweet potato ribbon with different ratio of black adhesive 
rice ribbon and white adhesive rice ribbon. Jurnal Pendidikan dan Pengajaran Tata 
Boga, 2(4), 12–22. (In Indonesian)] https://doi.org/10.55606/jubpi.v2i4.3238

121.	 Park, S., Ji, Y., Park, H., Lee, K., Park, H., Beck, B. R. et al. (2016). Evaluation of 
functional properties of lactobacilli isolated from Korean white kimchi. Food 
Control, 69, 5–12. https://doi.org/10.1016/j.foodcont.2016.04.037

122.	 Husain, M. F., Chusnah, M., Hartati, D. A. S. (2024). Effect of yeast concentra-
tion (Saccharomyces cerevisiae) on organoleptic characteristics of cassava tape 
local varieties.AGARICUS: Advances Agriculture Science and Farming, 4(1), 10–13. 
https://doi.org/10.32764/agaricus.v4i1.4944

123.	 Nur Cahyo, M. F., Hastuti, S., Maflahah, I. (2016). Penentuan umur simpan terasi 
instan dalam kemasan. Agrointek Jurnal Teknologi Industri Pertanian, 10(1), 55–
61. [Nur Cahyo, M. F., Hastuti, S., Maflahah, I. (2016). Determination of shelf life 
of instant shrimp paste in packaging. Agrointek Jurnal Teknologi Industri Pertani‑
an, 10(1), 55–61. (In Indonesian)] https://doi.org/10.21107/agrointek.v10i1.2026

124.	 Sukotjo, S., Saragih, R., Javier, R. M. (2019). Umur simpan sambal tauco pada 
suhu penyimpanan berbeda. Technopex, 2019, 216–221. [Sukotjo, S., Saragih, R., 
Javier, R. M. (2019). Shelf life of sambal tauco at different storage temperatures. 
Technopex,2019, 216–221. (In Indonesian)]

125.	 Yuwono, S. S., Liyundzira, F. N., Wulandari, E. S. (2023). The shelf-life prediction 
of sweet soy sauce using ASLT method with Arrhenius model. Jurnal Pangan dan 
Agroindustri, 11(4), 196–206. https://doi.org/10.21776/ub.jpa.2023.011.04.4

126.	 Haryati, Estiasih, T., Heppy, F., Ahmadi, K. (2015). Pendugaan umur simpan 
menggunakan metode accelerated shelf-life testing (ASLT) dengan pendekatan 
arrhenius pada produk tape ketan hitam khas mojokerto hasil sterilisasi. Jurnal 
Pangan dan Agroindustri, 3(1), 156–165. [Haryati, Estiasih, T., Heppy, F., Ah-
madi, K. (2015). Shelf-life prediction of sterilized mojokerto’s fermented black 
glutinous rice using accelerated shelf-life testing (ASLT) method by arrhenius 
equation approach. Jurnal Pangan dan Agroindustri, 3(1), 156–165. (In  Indo
nesian)]

127.	 Alsuhendra, A., Ridawati, R. (2019). Pengaruh perlakuan awal terhadap karakter-
istik kimia, mikrobiologi, dan organoleptik tepung oncom merah. Sebatik, 23(2), 

505–512. [Alsuhendra, A., Ridawati, R. (2019). Effect of pretreatment on chemi-
cal, microbiological, and organoleptic characteristics of red oncom flour. Sebatik, 
23(2), 505–512. (In Indonesian)] https://doi.org/10.46984/sebatik.v23i2.806

128.	 Teng, T. S., Chin, Y. L., Chai, K. F., Chen, W. N. (2021). Fermentation for fu-
ture food systems. EMBO Reports, 22(5), Article  EMBR202152680. https://doi.
org/10.15252/embr.202152680

129.	 Sawant, S. S., Park, H. Y., Sim, E. Y., Kim, H. S., Choi, H. S. (2025). Microbial 
fermentation in food: Impact on functional properties and nutritional en-
hancement — A review of recent developments. Fermentation, 11(1), Article 15. 
https://doi.org/10.3390/fermentation11010015

130.	 Mannaa, M., Han, G., Seo, Y. S., Park, I. (2021). Evolution of food fermentation 
processes and the use of multi-omics in deciphering the roles of the microbiota. 
Foods, 10(11), Article 2861. https://doi.org/10.3390/foods10112861

131.	 Carrau, F., Gaggero, C., Aguilar, P. S. (2015). Yeast diversity and native vigor 
for flavor phenotypes. Trends in Biotechnology, 33(3), 148–154. https://doi.
org/10.1016/j.tibtech.2014.12.009

132.	 Syaputri, Y., Iwahashi, H. (2020). Characteristics of heterologous plantaricin from 
Lactobacillus plantarum. Reviews in Agricultural Science, 8, 124–137. https://doi.
org/10.7831/ras.8.0_124

133.	 Rojas, M. P. G., Martinez, O. M. M. (2023). Whey protein fermentation with Asper‑
gillus niger: Source of antioxidant peptides. Chapter in a book: Aspergillus and 
Aspergillosis — Advances in Genomics, Drug Development, Diagnosis and Treat-
ment. IntechOpen, 2023. https://doi.org/10.5772/intechopen.111895

134.	 Luo, H., Yang, R., Zhao, Y., Wang, Z., Liu, Z., Huang, M. et al. (2018). Recent ad-
vances and strategies in process and strain engineering for the production of 
butyric acid by microbial fermentation. Bioresource Technology, 253, 343–354. 
https://doi.org/10.1016/j.biortech.2018.01.007

135.	 BADAN POM RI. (2018). Peraturan Badan Pengawas Obat dan Makanan Nomor 
6 Tahun 2018 Tentang Pengawasan Pangan Produk Rekayasa Genetik. [POM RI 
AGENCY. (2018). Food and Drug Supervisory Agency Regulation Number 6 of 2018 
concerning food supervision of genetically modified products (In  Indonesian)] 
Retrieved from https://standarpangan.pom.go.id/dokumen/peraturan/2018/0._
salinan_PerBPOM_6_Tahun_2018_tentang_PRG__join.pdf Accessed July 19, 2025.

136.	 Pemerintah Republik Indonesia. (2005). Peraturan Pemerintah Nomor 21 Ta-
hun 2005 tentang Keamanan Hayati Produk Rekayasa Genetik. [Government of 
the Republic of Indonesia. (2005). Government Regulation Number 21 of 2005 
concerning the Biosafety of Genetically Engineered Products. (In  Indonesian)] 
Retrieved from https://peraturan.bpk.go.id/Details/49379/pp-no‑21‑tahun‑2005 
Accessed July 19, 2025.

137.	 Day, L., Altermann, E., Chanyi, R., Hicks, T., Knowles, S., Mullaney, J. et al. (2022). 
Fermentation for future food systems-What are the opportunities for New Zea-
land? AgResearch, 2022. Retrieved from https://www.agresearch.co.nz/assets/
Uploads/Fermentation-for-future-food-systems.pdf Accessed July 19, 2025.

138.	 Yan, Q., Fong, S. S. (2017). Challenges and advances for genetic engineering of 
non-model bacteria and uses in consolidated bioprocessing. Frontiers in Micro
biology, 8, Article 2060. https://doi.org/10.3389/fmicb.2017.02060

139.	 De Vuyst, L., Comasio, A., Kerrebroeck, S. V. (2023). Sourdough production: Fer-
mentation strategies, microbial ecology, and use of non-flour ingredients. Critical 
Reviews in Food Science and Nutrition, 63(15), 2447–2479. https://doi.org/10.1080/
10408398.2021.1976100

140.	 Arora, S., Rani, R., Ghosh, S. (2018). Bioreactors in solid state fermentation tech-
nology: Design, applications and engineering aspects. Journal of Biotechnology, 
269, 16–34. https://doi.org/10.1016/j.jbiotec.2018.01.010

141.	 Palladino, F., Marcelino, P. R. F., Schlogl, A. E., José, Á. H. M., Rodrigues, R. de C. L. B., 
Fabrino, D. L. et al. (2024). Bioreactors: Applications and innovations for a sus-
tainable and healthy future — A critical review. Applied Sciences, 14(20), Artic
le 9346. https://doi.org/10.3390/app14209346

142.	 Mitra, S., Murthy, G. S. (2022). Bioreactor control systems in the biopharmaceuti-
cal industry: A critical perspective. Systems Microbiology and Biomanufacturing, 
2(1), 91–112. https://doi.org/10.1007/s43393-021-00048-6

143.	 Sarkale, P. S., Ghewari, P.G., Sarkale, P.S. (2024). Emerging trends in fermenta-
tion technology: Implications for food security and environmental sustainability. 
Naturalista Campano, 28(1), 252–260.

144.	 Pollard, D., Kistler, C. (2017). Disposable bioreactors. Chapter in a book: Current 
Developments in Biotechnology and Bioengineering. Elsevier, 2017. https://doi.
org/10.1016/B978-0-444-63663-8.00012-4

145.	 Li, Y., He, W., Liu, S., Hu, X., He, Y., Song, X. et al. (2024). Innovative omics strate-
gies in fermented fruits and vegetables: Unveiling nutritional profiles, microbial 
diversity, and future prospects. Comprehensive Reviews in Food Science and Food 
Safety, 23(6), Article e70030. https://doi.org/10.1111/1541-4337.70030

146.	 Shi, H., An, F., Lin, H., Li, M., Wu, J., Wu, R. (2022). Advances in fermented foods 
revealed by multi-omics: A  new direction toward precisely clarifying the roles 
of microorganisms. Frontiers in Microbiology, 13, Article  1044820. https://doi.
org/10.3389/fmicb.2022.1044820

147.	 Chen, W. (2022). Demystification of fermented foods by omics technologies. 
Current Opinion in Food Science, 46, Article  100845. https://doi.org/10.1016/j.
cofs.2022.100845

148.	 Cabello-Olmo, M., Oneca, M., Torre, P., Díaz, J. V., Encio, I. J., Barajas, M. et al. 
(2020). Influence of storage temperature and packaging on bacteria and yeast 
viability in a  plant-based fermented food. Foods, 9(3), Article  302. https://doi.
org/10.3390/foods9030302

149.	 Yang, E., Fan, L., Yan, J., Jiang, Y., Doucette, C., Fillmore, S. et al. (2018). Influence 
of culture media, pH and temperature on growth and bacteriocin production of 
bacteriocinogenic lactic acid bacteria. AMB Express, 8(1), Article 10. https://doi.
org/10.1186/s13568-018-0536-0

150.	 Tripathi, M. K., Giri, S. K. (2014). Probiotic functional foods: Survival of pro-
biotics during processing and storage. Journal of Functional Foods, 9, 225–241. 
https://doi.org/10.1016/j.jff.2014.04.030

151.	 Kakadellis, S., Harris, Z. M. (2020). Don’t scrap the waste: The need for broad-
er system boundaries in bioplastic food packaging life-cycle assessment  — 
A critical review. Journal of Cleaner Production, 274, Article 122831. https://doi.
org/10.1016/j.jclepro.2020.122831



150

Syaputri Y. et al.  |  FOOD SYSTEMS  |  Volume 9 № 1  |  2026  |  pp. 138–150

152.	 Drago, E., Campardelli, R., Pettinato, M., Perego, P. (2020). Innovations in smart 
packaging concepts for food: An extensive review. Foods, 9(11), Article  1628. 
https://doi.org/10.3390/foods9111628

153.	 Bontzolis, C., Plioni, I., Dimitrellou, D., Boura, K., Kanellaki, M., Nigam, P. S. et al. 
(2022). Isolation of antimicrobial compounds from aniseed and techno-economic 
feasibility report for industrial-scale application. International Journal of Food 
Science and Technology, 57(8), 5155–5163. https://doi.org/10.1111/ijfs.15824

154.	 Manzoor, A., Khan, S., Dar, A. H., Pandey, V. K., Shams, R., Ahmad, S. et al. (2023). 
Recent insights into green antimicrobial packaging towards food safety rein-
forcement: A  review. Journal of Food Safety, 43(4), Article  e13046. https://doi.
org/10.1111/jfs.13046

155.	 Bortolomedi, B. M., Paglarini, C. S., Brod, F. C. A. (2022). Bioactive compounds in 
kombucha: A review of substrate effect and fermentation conditions. Food Chem‑
istry, 385, Article 132719. https://doi.org/10.1016/j.foodchem.2022.132719

156.	 Chennupati, R. K. (2022). Novel perspectives in food fermentation. Journal of 
Food & Industrial Microbiology, 8(1), Article 236.

157.	 Gänzle, M. G., Monnin, L., Zheng, J., Zhang, L., Coton, M., Sicard, D. et al. (2024). 
Starter culture development and innovation for novel fermented foods. Annual 
Review of Food Science and Technology, 15(1), 211–239. https://doi.org/10.1146/
annurev-food‑072023-034207

158.	 Siddiqui, S. A., Erol, Z., Rugji, J., Taşçı, F., Kahraman, H. A., Toppi, V. et al. 
(2023) An overview of fermentation in the food industry — looking back from 
a new perspective. Bioresources and Bioprocessing, 10(1), Article 85. https://doi.
org/10.1186/s40643-023-00702‑y

159.	 Crater, J. S., Lievense, J. C. (2018). Scale-up of industrial microbial processes. FEMS 
Microbiology Letters, 365(13), Article fny138. https://doi.org/10.1093/femsle/fny138

160.	 Okeke, E. S., Ita, R. E., Egong, E. J., Udofia, L. E., Mgbechidinma, C. L., Akan, O. D. 
(2021). Metaproteomics insights into fermented fish and vegetable products 
and associated microbes. Food Chemistry: Molecular Sciences, 3, Article 100045. 
https://doi.org/10.1016/j.fochms.2021.100045

161.	 Obafemi, Y. D., Oranusi, S. U., Ajanaku, K. O., Akinduti, P. A., Leech, J., Cotter, P. D. 
(2022). African fermented foods: Overview, emerging benefits, and novel ap-
proaches to microbiome profiling. Npj Science of Food, 6(1), Article 15. https://doi.
org/10.1038/s41538-022-00130‑w

162.	 Tamang, J. P., Cotter, P. D., Endo, A., Han, N. S., Kort, R., Liu, S. Q. et al. (2020). 
Fermented foods in a global age: East meets west. Comprehensive Reviews in Food 
Science and Food Safety, 19, 184–217. https://doi.org/10.1111/1541-4337.12520

163.	 De Filippis, F., Parente, E., Ercolini, D. (2018). Recent past, present, and future of 
the food microbiome. Annual Review of Food Science and Technology, 9(1), 589–
608. https://doi.org/10.1146/annurev-food‑030117-012312

164.	 Oguntoyinbo, F. A. (2014). Safety challenges associated with traditional foods of 
West Africa. Food Reviews International, 30(4), 338–358. https://doi.org/10.1080/
87559129.2014.940086

165.	 Galimberti, A., Bruno, A., Agostinetto, G., Casiraghi, M., Guzzetti, L., Labra, M. 
(2021). Fermented food products in the era of globalization: Tradition meets bio-
technology innovations. Current Opinion in Biotechnology, 70, 36–41. https://doi.
org/10.1016/j.copbio.2020.10.006

166.	 Ramos-Lopez, O., Martinez, J. A., Milagro, F. I. (2022). Holistic integration of 
omics tools for precision nutrition in health and disease. Nutrients, 14(19), Ar-
ticle 4074. https://doi.org/10.3390/nu14194074

167.	 Chilton, S. N., Burton, J. P., Reid, G. (2015). Inclusion of fermented foods in food guides 
around the world. Nutrients, 7(1), 390–404. https://doi.org/10.3390/nu7010390

AUTНOR INFORMATION СВЕДЕНИЯ ОБ АВТОРАХ

Affiliation Принадлежность к организации

Yolani Syaputri, Assistant Professor, Department of Biology, Faculty of Math-
ematics and Natural Sciences, University Padjadjaran Jatinangor 45363, West 
Java, Indonesia
E-mail: yolani.syaputri@unpad.ac.id
ORCID: https://orcid.org/0000‑0002‑1593‑6093
* corresponding author

Сьяпутри Ю.  — учёный-преподаватель, кафедра биологии, факультет 
математики и естественных наук, Университет Паджаджаран
Джатинангор, 45363, Западная Ява, Индонезия
E-mail: yolani.syaputri@unpad.ac.id
ORCID: https://orcid.org/0000‑0002‑1593‑6093
* автор для контактов

Anisa M. Bariz, Student, Department of Biology, Faculty of Mathematics and 
Natural Sciences, University Padjadjaran,
Jatinangor 45363, West Java, Indonesia
E-mail: anisa20007@mail.unpad.ac.id
ORCID: https://orcid.org/0009‑0000‑3813‑3245

Бариз А. Н. — студент, кафедра биологии, факультет математики и есте-
ственных наук, Университет Паджаджаран
Джатинангор, 45363, Западная Ява, Индонезия
E-mail: anisa20007@mail.unpad.ac.id
ORCID: https://orcid.org/0009‑0000‑3813‑3245

Rita Kusmiati, Assistant Lecturer, Department of Biology, Faculty of Math-
ematics and Natural Sciences, University Padjadjaran
45363, West Java, Indonesia
E-mail: rita22001@mail.unpad.ac.id
ORCID: https://orcid.org/0009‑0007‑5107‑2222

Кусмиати Р. — ассистент преподавателя, кафедра биологии, факультет 
математики и естественных наук, Университет Паджаджаран
Джатинангор, 45363, Западная Ява, Индонезия
E-mail: rita22001@mail.unpad.ac.id
ORCID: https://orcid.org/0009‑0007‑5107‑2222

Indri Wulandari, Assistant Professor, Department of Biology, Faculty of Math-
ematics and Natural Sciences, University Padjadjaran Jatinangor 45363, West 
Java, Indonesia
E-mail: indri.wulandari@unpad.ac.id
ORCID: https://orcid.org/0000‑0002‑2486‑1716

Вуландари И.  — учёный-преподаватель, кафедра биологии, факультет 
математики и естественных наук, Университет Паджаджаран
Джатинангор, 45363, Западная Ява, Индонезия
E-mail: indri.wulandari@unpad.ac.id
ORCID: https://orcid.org/0000‑0002‑2486‑1716

Sri Rejeki Rahayu, Assistant Professor, Department of Biology, Faculty of 
Mathematics and Natural Sciences, University Padjadjaran Jatinangor 45363, 
West Java, Indonesia
E-mail: sri.rejeki@unpad.ac.id

Рахаю С. Р. — учёный-преподаватель, кафедра биологии, факультет ма-
тематики и естественных наук, Университет Паджаджаран
Джатинангор, 45363, Западная Ява, Индонезия
E-mail: sri.rejeki@unpad.ac.id

Ratu Safitri, MS., Professor, Department of Biology, Faculty of Mathematics 
and Natural Sciences, University Padjadjaran
Jatinangor 45363, West Java, Indonesia
E-mail: ratu.safitri@unpad.ac.id
ORCID: https://orcid.org/0000‑0002‑0640‑1273

Сафитри Р. — MS., Профессор кафедра биологии, факультет математики 
и естественных наук, Университет Паджаджаран
Джатинангор, 45363, Западная Ява, Индонезия
E-mail: ratu.safitri@unpad.ac.id
ORCID: https://orcid.org/0000‑0002‑0640‑1273

Hitoshi Iwahashi, Professor, Laboratory of Microbiology, Faculty of Dentistry, 
Meikai University
Chiba 279–8550, Japan
E-mail: hitoshiiwahashi@gmail.com
ORCID: https://orcid.org/0000‑0003‑1100‑5977

Ивахаси Х. — профессор, Лаборатория микробиологии, стоматологиче-
ский факультет, Университет Мейкай
Тиба 279–8550, Япония
E-mail: hitoshiiwahashi@gmail.com
ORCID: https://orcid.org/0000‑0003‑1100‑5977

Contribution Критерии авторства

Authors equally relevant to the writing of the manuscript, 
and equally responsible for plagiarism.

Yolani Syaputri — Conceptualization, Data Curation, Writing —  
Original Draft, Writing — Review & Editing, Visualization, Supervision,  

and Funding Acquisition;
Anisa Mariah Bariz — Investigation, Writing — Original Draft, Writing — 

Review & Editing and Visualization;
Rita Kusmiati — Validation, Investigation, Writing — Original Draft,  

Review & Editing;
Indri Wulandari — Reviewed and edited the manuscript;

Sri Rejeki Rahayu — Reviewed and edited the manuscript;
Ratu Safitri — Reviewed and edited the manuscript;

Hitoshi Iwahashi — Validation and Writing — Review and Editing.

Авторы в равных долях имеют отношение к написанию рукописи 
и одинаково несут ответственность за плагиат.

Йолани Сьяпутри — Автор первоначального проекта, разработка 
концепции, авторский надзор и редактирование;

Аниса Мария Бариз — Автор первоначального проекта 
и редактирование;

Рита Кусмиати — Автор первоначального проекта, разработка 
концепции и редактирование;

Индри Вуландари — Просмотрел и отредактировал рукопись;
Шри Реджеки Рахаю — Просмотрел и отредактировал рукопись;

Рату Сафитри — Просмотрел и отредактировал рукопись;
Хитоши Ивахаси — Проверка и написание — Просмотр 

и редактирование.

Conflict of interest Конфликт интересов

The authors declare no conflict of interest. Авторы заявляют об отсутствии конфликта интересов.


