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Abstract 

Korean food has garnered global interest, especially after COVID‑19, with a significant increase in demand for K‑Food 
staples like bulgogi, tteokbokki, bibimbap, kimchi, and galbi, as well as related YouTube content. A key ingredi‑
ent that enhances the deliciousness of Korean cuisine is Gochujang. Gochujang, with its unique taste and aroma, 
is an unparalleled fermented spice seasoning, adding spiciness and a special flavor to a variety of dishes. Made 
from ingredients such as Meju, glutinous rice, red pepper powder, malt, and salt, Gochujang has a rich history span‑
ning thousands of years and is celebrated for its spicy and sweet flavor. Gochujang is differentiated by commercial 
and traditional manufacturing methods. Traditional Gochujang is produced through natural fermentation using 
glutinous rice, malt, Meju powder, salt, and red pepper powder. Conversely, commercial production blends tradi‑
tional methods with modern industrial techniques, utilizing pure microbial cultures like Aspergillus oryzae and Bacillus 
subtilis as starters to meet mass production demands. Beyond its culinary uses, Gochujang is recognized globally for its 
nutritional value and health benefits. Fermentation enhances its health functionality by creating new substances 
or converting fermentation metabolites. Notable compounds synthesized during fermentation include capsaicin 
from red pepper powder and non‑glycoside isoflavones from Meju, which are linked to antiobesity, antidiabetic, antia‑
therosclerosis, and anticancer effects. Gochujang also helps restore intestinal microbial balance, promoting gut health. 
This review aims to explore the historical background of Gochujang, its production methods, flavor characteristics, 
nutritional composition, health benefits, and the expansion of culinary research involving Gochujang.
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Introduction of Gochujang and production method
Application of fermentation technique to soybean as food 
stuffs in Korea
Fermented foods are a class of processed foods with 
human history, and when early carbohydrates or protein 
foods are left in their natural state, they are decomposed 
by enzymes produced by numerous types of microorgan-
isms in the air or in themselves to create new products 
and new substances are beneficial or harmful to humans. 
A beneficial change is called fermentation, and harmful 
cases are classified as decay, making food impossible to 
eat.
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Humans have consumed fermented foods for thou-
sands of years. Although they were likely produced ini-
tially as a means of preservation, it would have been 
readily apparent that these foods possessed other desir-
able attributes [1]. Global fermented foods vary depend-
ing on the climate and the products produced. In the 
East, there are many products mainly utilizing grains and 
beans, which are agricultural products, and in the West, 
milk and meat fermented products produced in the live-
stock industry have become common, and this condi-
tion continues even now. In particular, in Eastern Asia, 
including Korea, China, and Japan, fermented products 
using soybeans have been in their diet widely since BC 
[2]. The origin of fermented soybeans was known as the 
Manchurian region, where fermented foods using soy-
beans have long been commonplace. Soybean fermented 
foods are still an important source of protein for these 
people and contribute greatly to maintaining health [3]. 
Korean traditional foods use agricultural products from 
a longstanding heritage of Korean society, and such agri-
cultural products provided by nature have been largely 
used in practical life due to distinctive four seasons. In 
particular, the dietary life was determined based on the 
principle food of rice and then cultures with boiled rice 
(Bab) were already settled in B.C. Also, some side dishes 
were also introduced as the major elements in this die-
tary life. In addition, some subsidiary food materials that 
provide specific flavors to Bab which has no particular 
unique taste were required and then subsidiary foods 
were also developed. By introducing brining methods to 
agricultural raw materials in Korea, it was an occasion 
that the dietary life in Korea was changed to fermenta-
tion-based diets. Various fermented soybean products 
provide taste and flavor to all side dishes.

Introduction of Gochujang (fermented red pepper paste)
Globally, there are more than 5000 species of fermented 
foods, and they differ greatly depending on the region 
and ethnicity of folk [4]. Gochujang is a type of tradi-
tional Korean fermented food, and it basically uses soy-
beans and red pepper as basic ingredients, but it does not 
use only beans such as Ganjang (soy sauce), Deonjang 
(fermented soybean paste) and Cheonggukjang [5]. The 
characteristic of Gochujang is a fermented spice that uses 
beans as the main ingredient, but adds red pepper pow-
der to it to create a unique spicy taste [6]. The basis of 
soybean paste manufacturing is Mejub (fermented soy-
bean brick), which is immersed, boiled, grinded, molded 
into a certain shape (mostly donut type), and then natu-
rally fermented for a considerable period of time, recently 
adjusted temperature and humidity to make Meju. 
Mold and bacteria (mainly Aspergillus and Bacillus) 
are involved in this fermented Meju, and the modified 

Gochujang Meju is different by inoculating selected iso-
late which is superior function to digest soybean protein 
and other ingredients into active compounds to final 
taste.

History of Gochujang preparation
The history of soybean-based side dishes in ordinary diet 
is estimated to be B.C., but the old literary basis relies on 
Chinese literature. The records of the first Korean litera-
ture show the queen in the third year of King Sinmun’s 
reign (AD 683) [7]. From this, it is estimated that soy 
sauce was widely distributed to the general public long 
before this period [8]. Soybean-based sauces formed a 
culture of sauces in Southeast Asia, especially Korea, 
China, and Japan, and in these countries, soybean-based 
sauces were used as important condiments for diet and 
still occupy an important position in their table. Unlike 
soy sauce, soybean paste, and Cheonggukjang, which are 
mainly based on beans, Gochujang uses a unique red 
pepper as one of main raw material which is a season-
ing with a strong spicy taste. In order to estimate the his-
tory of Gochujang, we need to look at the date when red 
pepper was introduced into this country. Based on the 
existing literature, there are two main theories about the 
introduction of chili peppers: One claims that chili pep-
pers were brought from Central and South America by 
Columbus in the late fifteenth century and spread to Asia 
via India within just 100 years. Another theory suggests 
that chili peppers were introduced to Korea through 
Japan during the Japanese invasions of Korea in 1592 [9]. 
However, these theories are challenged by the fact that 
the varieties cultivated in Korea are different from those 
in Central and South America and India. The Korean 
chili pepper is the result of evolutionary processes that 
occurred millions of years ago among species, making it 
difficult to determine the exact timeline of these events 
[10, 11]. This confusion is attributed to a lack of proper 
understanding of the characteristics, diversity, and evolu-
tionary processes of chili pepper varieties, as well as their 
culinary and agricultural significance [12]. One scholar 
asserts that chili peppers were already being cultivated 
during the Goguryeo period [13, 14]. Ancient texts do 
mention chili peppers, but there is debate among scholars 
about whether the chili peppers mentioned in historical 
documents are the same as the ones we consume today 
[13, 15]. Advances in life sciences have now made it pos-
sible to analyze the origins and evolutionary processes of 
various chili pepper varieties on Earth. It has been found 
that Korea has two varieties: a mild variety and a slightly 
spicy variety that evolved around 500,000 years ago [12]. 
Further research is needed to determine whether these 
two varieties evolved on the Korean Peninsula or were 
introduced from elsewhere. However, I think the Korean 
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people have a factor that prefers spicy taste. In the myth 
of our people, it is said that Woongnyeo, a bear, ate garlic 
and turned into a woman and gave birth to Dangun, so 
you can find a factor in garlic that likes spicy taste. Before 
peppers became common, Korean food used garlic, green 
onions, zompi (Zanthoxylum piperitum. D.C.), and wild 
chives as ingredients for spicy taste, and these ingredi-
ents were used as seasoning in various dishes, and gar-
lic, green onions, and wild chives are still added together 
when making kimchi. Mixing them like this to harmo-
nize the spicy taste of peppers. Ingredients that make 
spicy taste, such as garlic, have different taste character-
istics that make spicy taste with ingredients other than 
capsaicin, the cause of spicy taste of red peppers. With 
this combination, the wisdom of harmonizing the spicy 
taste was demonstrated. Gochujang has not been in our 
diet longer than other soybean sauces, but as the spicy 
taste craze has been blowing in recent years, Gochujang, 
including Kimchi, has been in the spotlight in the global 
market. Spicy taste is the cause, and research is under-
way to confirm that the molecular structure of capsaicin, 
a spicy ingredient, does change when Gochujang is fer-
mented. There is a significant difference in the taste of 
Gochujang after mixing the raw ingredients at the first 
time and after long-term ripening. In other words, when 
sweet and savory taste are added, the spicy taste is greatly 
modified and refined. Gochujang has now become an 
indispensable spice for Korean dietary culture, but it is 
also a unique sauce enjoyed by people around the world. 
In the meat-oriented Western style, spicy and savory 
Gochujang is a good combination of all ingredients, and 
it is expected to become a spicy sauce that is welcomed at 
the table of the world in the future.

Preparation process of traditional Gochujang Meju
The manufacturing method of Gochujang varies slightly 
depending on the region or the person who manu-
factures it, but the taste and characteristics vary as 
red pepper powder and various ingredients are added 
based on making Gochujang Meju [16]. In particular, 
the taste and flavor vary depending on the grains used 
to give sweetness, that is, rice or barley. Gochujang 
Meju is main ingredient for making Gochujang which 
has all deferent types of microbes and enzyme they 
produced. Meju for preparing Gochujang use soybean 
and grains like as rice or barley. Those carbohydrate 
source induce some microorganisms which produce 
amylase. During fermentation period, the amylase 
covert starch in grains into mono or disaccharide that 
are related to sweet taste of Gochujang. The method 
for making Gochujang Meju is as follows [16, 17]: Soy-
beans are soaked for about 3 h (if soaked for too long, 
it becomes difficult to mash the beans). Rice is soaked 

for about 6 h. Then, after grinding the beans and rice, 
mix them well. The mixture is steamed for more than 
1  h and 30  min using a steamer. After steaming, the 
mixture is molded into donut shapes for fermenta-
tion or usually left in an unmolded state to ferment for 
about 3–4 days. After completely drying in the air, the 
mixture is ground and ready for use. The traditional 
method for making Gochujang, also known as Gochu-
jang, follows a specific production period from the 
middle of the lunar winter solstice to the middle of the 
New Year. If necessary, the production can be extended 
from December to May of the following year. To pre-
vent the paste from becoming sour when soaking time 
is delayed, an increased amount of salt is used.

The raw material mixing ratio for Gochujang consists 
of 25% red pepper powder, 22.2% glutinous rice, 5.5% 
Meju powder, 8% salt, with the remainder being malt 
and water [16]. To create the paste, glutinous rice is 
first soaked in water for 24  h to soften it. After soak-
ing, the rice is drained and ground into a fine texture. 
Simultaneously, malt is soaked in water, using about 5% 
of the total volume of the Gochujang. The ground glu-
tinous rice is then combined with the malt water, and 
this mixture undergoes a saccharification process, simi-
lar to the process used for making sikhye. The sacchar-
ification takes place at a temperature of 55–60  °C for 
approximately 1  h and 30  min. Once saccharification 
is complete, the mixture is heated for about 1  h and 
then allowed to cool. Following this, the remaining raw 
materials are added according to the predetermined 
mixing ratio: red pepper powder, Meju powder, and 
salt. All ingredients are thoroughly mixed to achieve a 
uniform consistency. The well-mixed Gochujang is then 
transferred into an earthenware pot. The Gochujang is 
left to ferment in a sunny location for at least 6 months. 
This prolonged fermentation period allows the flavors 
to develop and deepen, resulting in the rich and com-
plex taste characteristic of traditional gochujang. In 
general, sauces like as Gochujang based on soybean 
need to be aged for at least 1–6  months, depending 
on the case, for a few years to have a subtle taste and 
aroma. In particular, just after mixing all ingredients 
Gochujang has a rough taste that does not match the 
first stage of fermentation, but it becomes character-
istic spice as a complex flavor seasoning as it harmo-
nizes and purifies through the time going. Gochujang 
has a variety of flavors and scents depending on the 
raw material used, and the varieties of microorganisms 
involved is also wide. Gochujang is a unique property 
that has viscosity and can be widely used in the form 
of sauce or in all foods. As consumers’ preference for 
spicy taste has increased in recent years, the use of 
Gochujang is also expanding, and various new products 
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are coming out through various ingredients combina-
tions like as fruits or fishes, and it is solidifying its value 
as a spice favored by people around the world.

Spicy component of red pepper and how to make 
Gochujang
The most distinctive taste of Gochujang comes from the 
spicy taste of red pepper, and these spicy flavors include 
capsaicin as the main ingredient, but other ingredients 
that produce complex taste and flavor. But main ingre-
dient is capsainoid. The main characteristic of the spicy 
taste of peppers is capsainoid, which is a generic term 
for similar compounds. Capsainoid contains capsaicin, 
dihydrocapsaicinm nordihydrocapsaicinm homocapsai-
cin, homodihydrocapsaiein. Among these compounds, 
capsaicin and dihydrocapsaicion account for 90% of the 
total capsaicinoid. The content of capsaicin among vari-
ous varieties of peppers produced in Korea is known to 
be around 0.2–0.4% [18]. The degree of spicy taste var-
ies depending on each ingredient of capsainoid, and the 
content of red pepper also varies as given in Supple-
mentary Table 1 [19]. The primary pungent components 
of red pepper are capsaicin (content 46–77%, pungency 
strength 100), dihydrocapsaicin (content 21–40%, pun-
gency strength 100), and nordihydrocapsaicin (content 
2–12%, pungency strength 57), with capsaicin and dihy-
drocapsaicin having the highest content and pungency, 
while nordihydrocapsaicin has relatively lower content 
and pungency, balancing the overall heat. Traditional 
Gochujang has been made using various ingredients 
and methods depending on the region for generations. 
In contrast, factory-made Gochujang is categorized into 
aged and saccharified types based on fermentation and 
the sequence of adding red pepper powder. The table 
below highlights the differences between traditional 
and factory-made Gochujang (Table 1) [16].

Microorganisms concerned
Gochujang uses various ingredients compared to that of 
Doenjang or Ganjang. The species and genus of micro-
organisms in the traditional Gochujang, which includes 
a large amount of red pepper powders, malts, grains, 
Ganjang, etc. As traditional Gochujang apply natural fer-
mentation condition, so that many different microbes 
could be concerned but the modified Gochujang is pro-
cessed using Koji. In traditional Gochujang, naturally 
occurring molds like Aspergillus oryzae and Bacillus 
species are used to ferment Meju powder. Factory-made 
Gochujang, however, utilizes pure cultured strains of A. 
oryzae, which are inoculated into starchy materials and 
cultivated in controlled facilities. Traditional Gochujang 
incorporates Meju powder, while factory-made versions 
may use a soybean-based Meju similar to that used for 
doenjang, although some companies may use it sparingly 
or not at all. The Meju helps enhance umami through 
amino acids and peptides derived from soybean protein 
breakdown.

The microbial load in Gochujang is about  107 ~  108/g 
and the frequency of presenting the microorganisms 
is determined as Bacillus velegensis > B. amyloliquefa-
ciens > B. subtilis and the Oceanobacillus is also detected 
in addition to the halophilic microorganisms deter-
mined as B. ligueformis > B. subtilis > B. velezensis > B. 
amyloliqueformis [20]. Yeast revealed in Gochujang are 
Zygosaccharomyces and Candida lactis. Also, Z. rouxii 
shows the highest detection rate [21]. Aspergillus is the 
predominant strain, and Penicillium and Rhizopus are 
also detected. These would be usually proliferated on 
the surface of Gochujang instead of inside it. And also 
depending upon company, microbes are quite differ and 
fermentation period as given in Supplementary Table  2 
[22]. As shown in Supplementary Table  2, microbes in 
Gochujang are quite universe during fermentation period 
and by manufacturers. Bacillus species are the dominant 

Table 1 Differences between traditional Gochujang and factory‑made Gochujang

Items Traditional Factory-made Notes

Main ingredient Starch material Glutinous rice 20% 
or more (locally 
sourced)

Use of wheat,
barley, rice
(can be imported)

Traditional red pepper paste: Use of natural 
microorganisms
Factory‑made red pepper paste: use of isolated 
strains as seed

Red pepper powder More than 20% More than 6%
(typically around 10%)

Factory‑made gochujang: used after seed koji 
(strain isolation)

Preservatives Not allowed Possible within the standard range

Fermentation Method Traditional vessel Tank fermentation Traditional gochujang: natural fermentation
Factory‑made gochujang: adjustment of fer‑
mentation conditions

Period Within 6 months Within 15 days

Sterilization Unsterilized Selective sterilization (targeting 
enzymes, yeast, etc.)
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microbes at all stages, but the dominant microbes gradu-
ally change during fermentation. In another case, the 
Lactobacillus group appears and contributes to the sour 
taste of Gochujang thereafter.

Functionality of Gochujang
Gochujang is a fermented Korean soybean and chill paste 
staple in Korean cuisine. Gochujang adds a spicy flavor 
to food and has  various functional characteristics that 
enhance its popularity and adaptability in culinary appli-
cations. It possesses qualities beyond simply enhancing 
flavor, rendering it a significant component of multiple 
culinary practices in Korea. The fermentation process not 
only enhances the flavor but also significantly increases 
the physiological activity of Gochujang compared to 
unfermented Gochujang and plain red pepper powder 
containing capsaicin. Specifically, the health benefits of 
Gochujang are largely attributed to the synergistic effects 
of various fermentation metabolites [23], which differ 
based on the duration of fermentation and subsidiary 
ingredients used during preparation. The metabolites 
formed during fermentation could be transformed or 
newly formed compounds that give Gochujang its dis-
tinctive flavor and taste. For example, metabolites like 
lactic acid and acetic acid impart a tangy flavor to the 
paste, contributing to its overall taste profile. Further, 
capsaicin from red pepper powder acts as an antioxidant 
compound [24], potentially contributing to overall health 
and reducing the risk of chronic diseases [25, 26]. Inter-
estingly, Gochujang serves as a symbiotic food, as it has 
characteristic properties of both probiotics and prebiot-
ics, positively impacting gut health and helping to restore 
balance in microbiomes disrupted by disease. Compara-
tive studies have shown that the physiological activities 
of traditional fermented Gochujang are significantly more 
pronounced than those of both unfermented Gochujang 
and red pepper powder. In line with the observations 
on physiological activities, recent investigations have 
unveiled discrepancies in the health benefits associated 
with traditional fermented Gochujang and commercially 
produced Gochujang, where Gochujang is manufactured 
with distinct techniques [27]. These discrepancies in the 
health benefits are influenced by the fermentation period 
and the ingredients used, as summarized in Table 2. 

Improved intestinal health and bowel function
Gochujang has multiple health benefits, including intes-
tinal health and bowel function. The natural fermenta-
tion process during preparation introduces probiotics, 
fostering a balanced gut microbiota. Ingredients like 
glutinous rice and fermented soybeans provide prebi-
otic fibers, supporting the growth of beneficial bacte-
ria. The bioactive compounds in red peppers may offer 

anti-inflammatory and antioxidant properties, which 
contribute to a healthier gut environment. However, 
recent studies have underscored the significant impact 
of traditional Gochujang on enhancing intestinal health 
and alleviating constipation [31, 32]. The unique spicy 
flavor and color of Gochujang, along with its symbiotic 
properties, have been observed to alter intestinal micro-
flora and improve bowel function in preclinical [31] and 
clinical [32] investigations. Specifically, a preclinical 
study with beneficial bacteria and lower microbial diver-
sity (BMG) and harmful bacteria with higher microbial 
diversity (VMG) was conducted to evaluate the efficacy 
of Gochujang in improving bowel function. Here, Gochu-
jang supplementation in the BMG group effectively 
enhanced intestinal motility and altered the composition 
of intestinal microorganisms by regulating enteric nerv-
ous system (ENS) [31]. Also, it improved the frequency of 
bowel movement and water content in stools via MAPK 
activation and enhanced the c-Kit/SCF signaling path-
way. Notably, the ratio of Bacteroidetes and Firmicutes 
was reduced in both BMG and VMG groups. However, 
Acetatifactor was reduced in BMG, whereas Caproicipro-
ducens and Acutalibacter were reduced in VMG. These 
preclinical findings were corroborated by a recent clini-
cal study [32], which assessed the impact of commercial 
and traditional Gochujang on gastrointestinal move-
ments and intestinal environment in patients with func-
tional constipation. Here, observations strongly indicated 
improved bowel movement frequency and colon transit 
time across all groups supplemented with Gochujang. 
Interestingly, supplementation of Gochujang increased 
fecal butyric acid and reduced calprotectin levels, indi-
cating reduced intestinal inflammation. In support, the 
previous investigations highlighted the role of butyric 
acid and calprotectin [48]. These findings suggest that 
traditional Gochujang, with its rich content of beneficial 
bacteria, can effectively improve constipation by alter-
ing the composition of intestinal microorganisms and 
enhancing gastrointestinal motility. Moreover, observa-
tions highlight the potential of traditional Gochujang in 
addressing clinical concerns related to bowel health and 
intestinal inflammation.

Protective effects of Gochujang against inflammation 
and its role in gut health
Gochujang has been shown to possess several health ben-
efits, as its metabolites and active compounds contribute 
to the prevention of conditions such as obesity, oxidative 
stress, and inflammatory bowel disease (IBD). Gochujang 
has unique health-beneficial properties that compen-
sate for its high salt content. High salt content is often 
linked to inflammation-related problems like atrophic 
gastritis [67]. Interestingly, the salt in Gochujang appears 
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to function differently compared to regular table salt. 
Reports have shown that despite its saltiness, Gochujang 
mitigates colitis symptoms, indicating an anti-inflam-
matory effect distinct from that of salt alone. In animal 
models of DSS-induced colitis, Gochujang administra-
tion effectively suppressed intestinal inflammation. This 
was evident through improvements in the disease activity 
index (DAI), colon weight/length ratio, and colon histo-
morphology [45]. These observations suggest that Gochu-
jang can counteract large intestine inflammation despite 
its high salt concentration. Notably, key inflammation-
related cytokines like TNF-α, IL-1β, and IL-6 were nota-
bly reduced in serum and colonic tissues after Gochujang 
consumption, indicating its potent anti-inflammatory 
properties [45]. These observed effects are attributed 
to the presence of bioactive components in Gochujang, 
particularly genistein and daidzein from fermented soy-
beans (Meju), which are known to reduce inflammatory 
cytokines [68–70]. Further, the relationship between 
gut microbiota and human diseases, including colonic 
inflammation, is gaining global attention [71]. Multi-
ple reports suggest that the potential positive impact of 
Gochujang on gut microbial composition is significant. It 
not only increases the beneficial Akkermansia muciniph-
ila but also decreases Enterococcus faecalis and Staphylo-
coccus sciuri, enhancing intestinal microflora regulation 
[45]. However, these observations contradict the reports 
where high-salt diets are associated with reduced intesti-
nal microbial diversity and exacerbate colitis (72). Addi-
tionally, Gochujang’s influence on the gut microbiota 
extends to maintaining diversity, unlike the same amount 
of salt in other forms. Specifically, Gochujang does not 
significantly increase Bacteroidetes associated with colitis 
risk. However, soy-derived isoflavones such as genistein 
and daidzein positively regulate the gut flora compo-
sition (73). Still, it is essential to note that protective 
effects against inflammation may vary depending on the 
ingredients used and preparation methods. Collectively, 
Gochujang’s role in managing colonic inflammation and 
enhancing gut health is multifaceted, and incorporating 
Gochujang as part of a balanced, anti-inflammatory diet 
potentially beneficial to individuals dealing with inflam-
matory conditions. The presence of unique bioactive 
compounds contributes to its anti-inflammatory proper-
ties and positive impact on gut microbiota.

The role of Gochujang in stress management and immune 
activation
Gochujang is a household name in Korean cuisine. Cer-
tain compounds of Gochujang have the potential to 
activate the immune system and facilitate stress manage-
ment. Previously, Capsaicin has been investigated for its 
potential to alleviate stress [60, 61]. It can enhance the 

secretion of endorphins [62], which are considered body’s 
innate hormones responsible for promoting positive 
emotions and reducing stress, consequently promoting 
a feeling of well-being. Furthermore, autonomic nervous 
system (ANS) in humans acts like a sophisticated com-
puter, autonomously regulating various bodily processes. 
It is broadly divided into two components: the sympa-
thetic nervous system, which is active during exercise, 
stress, or fear, and the parasympathetic nervous system, 
more prominent during sleep. These systems work in tan-
dem to maintain homeostasis under normal conditions. 
However, when the ANS malfunctions, it impacts the 
body’s response to external stimuli, often manifesting as 
altered heart rate variability. Clinical assessment of ANS 
health involves observing changes in heart rate, particu-
larly during specific activities like the Valsalva maneuver, 
repetitive deep breathing exercises, and evaluating blood 
pressure variations in different postures. These tests 
are crucial in evaluating parasympathetic function [63]. 
Stress-induced activation of the sympathetic nervous sys-
tem elevates levels of catecholamine, an oxidative stress 
hormone, which has been linked to promoting tumor cell 
growth [64]. In this context, a study observed the effects 
of consuming 35 g of Gochujang pills daily for 12 weeks 
in hyperlipidemic patients [44]. The findings indicated a 
positive impact on ANS function, attributed to the stress-
regulating properties of Gochujang. Specifically, the paste 
was noted to stabilize breathing patterns by reducing the 
heart rate difference during inhalation and exhalation in 
repetitive deep breathing exercises [43]. This significant 
result implies that regular intake of Gochujang could aid 
in stress management and potentially lower the risk of 
coronary artery diseases. It regulates the concentration 
of immune cytokines in spleen cells and enhances the 
activity of natural killer cells, thereby contributing to an 
overall boost in immune function [43]. Moreover, emerg-
ing investigations suggest a strong connection between 
the gut and the brain. A balanced and diverse gut micro-
biota is linked to an enhanced ability to deal with stress 
and improved mental health [65]. Also, bioactive com-
pounds produced during fermentation may contribute 
to immune activation [66]. Collectively, Gochujang and 
its metabolites facilitates immune activation and stress 
management.

Anticancer effect of Gochujang
The efficacy of Gochujang in preventing cancer and 
inhibiting the spread of tumors depends on the 
preparation methods. Anticancer effects are gen-
erally believed to be more potent with increas-
ing fermentation time. Recent investigations have 
highlighted the significant role of fermentation in 
enhancing the anticancer properties of Gochujang 
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[29]. Notably, traditional  Gochujang  fermented for an 
extended period of fermentation and maturation showed 
higher anticancer activities than commercially fermented 
and non-fermented  Gochujang [27–30, 49–51]. The fer-
mentation process, during which wheat utilized in the 
initial stages is gradually substituted with fermented 
wheat utilized in the final stages, is crucial in enhancing 
the Gochujang antimutagenic and anticancer properties. 
This enhancement in anticancer properties is not solely 
attributed to the inherent compounds of Gochujang, such 
as capsaicin, vitamin C, and β-carotene, but also to the 
metabolites produced by microorganisms during fermen-
tation. Further, pre-clinical studies have demonstrated 
that Gochujang, prepared by fermenting for extended 
periods [15–30  days], shows increased efficacy against 
various cancer cell lines, including stomach, colon, lung, 
cervical, and liver cancers [30]. The inhibition of tumor 
metastasis and formation was significantly higher in tra-
ditional Gochujang fermented for six months compared 
to industrially fermented or unfermented variants [51]. It 
is hypothesized that the heightened anticancer effect in 
traditional Gochujang is due to the interaction between 
the fermentation microorganisms and the ingredients of 
Gochujang, including starch substances and fermented 
soybean (Meju) [27, 31]. Therefore, the fermentation 
period and ingredients used to prepare Gochujang are 
crucial in defining its anticancer properties.

Influence of Gochujang on obesity and blood glucose 
levels
Traditionally, Gochujang is believed to have antiobes-
ity and antidiabetic effects. Recent investigations offered 
evidence for these beliefs, shedding light on the substan-
tial health benefits of Gochujang, particularly in manag-
ing obesity, metabolic syndrome, and diabetes. Capsaicin, 
a key component found in red peppers, stimulates the 
spinal cord and promotes the secretion of adrenal hor-
mones [34, 52–54]. These adrenal hormones play a sig-
nificant role in enhancing metabolic activity. Specifically, 
capsaicin in Gochujang aids in the breakdown of glyco-
gen and fat cells stored in the liver for energy. Notably, 
capsaicin’s ability to enhance beta-adrenergic activity in 
brown adipose tissue has been associated with reduced 
body fat [55]. Further, multiple studies suggest that tra-
ditionally produced Gochujang has a greater antiobesity 
and antidiabetic  effects  than commercial and non-fer-
mented Gochujang [52, 56]. Here, activity against obesity 
could be due to the synergistic effect of the non-glycoside 
isoflavones of Meju, the capsaicinoid component of red 
pepper, and metabolites produced during fermenta-
tion [57]. Capsaicin potentially lowered body fat, while 
secondary metabolites of Gochujang may have influ-
enced energy and glucose metabolism. Still, Gochujang’s 

auxiliary components might be crucial to obesity preven-
tion. However, extended investigations are necessary to 
unwind the potential benefits of Gochujang and its aux-
iliary components.

Gochujang, produced with rice yeast, lowered obe-
sity much more than Gochujang made with white yeast 
[58]. Also, Gochujang prepared with giant Baeami rice 
yeast, red pepper powder, and Meju fermented with 
yeast demonstrated a greater antiobesity effect than 
Gochujang made with Tabasco hot sauce [59]. These 
observations suggest the significance of ingredients used 
throughout the preparation of Gochujang in determin-
ing health benefits. The impact of Gochujang extends 
to combating metabolic syndrome, a condition often 
exacerbated by high-fat and high-salt diets. In support, 
HFD-induced obese mice showed that the administra-
tion of traditional fermented Gochujang for 14  weeks 
significantly improved antiobesity effects and metabolic 
syndrome factors [35]. The traditional Gochujang sup-
plemented group exhibited lowered body weight, blood 
leptin, insulin levels, and improved serum and liver lipid 
profiles. Additionally, they showed decreased expression 
of mRNA associated with fat metabolism, an effect not 
observed in the high-salt (SALT) group, indicating the 
unique benefits of Gochujang over mere salt supplemen-
tation. Recent research has shown [37] that traditional 
Gochujang, activates brown adipose tissue (BAT) and 
increases proteins associated with BAT activation under 
normal conditions. It particularly activates BAT and pro-
motes the conversion of white adipose tissue (WAT) to 
a brown fat-like state, significantly enhancing thermo-
genesis (heat production) in cold environments. In con-
trast, high doses of capsaicin (a compound found in chili 
peppers) moderately activate BAT but do not effectively 
convert WAT to brown fat in cold environments. Low 
doses of capsaicin do not affect the browning of WAT 
when exposed to cold and only increase proteins related 
to BAT activation. These findings suggest that the ben-
eficial effects of Gochujang on BAT activation and WAT 
browning are independent of capsaicin. Moreover, a clin-
ical trial involving obese adults demonstrated a reduced 
risk of cardiovascular disease following the consumption 
of 32 g of Gochujang daily for 12 weeks [38]. In addition, 
the consumption regimen reduced abdominal visceral fat 
and the ratio of visceral to subcutaneous fat more effec-
tively than a placebo [38].

Interestingly, supplementation with traditional Gochu-
jang significantly reduced waist circumference, choles-
terol, and triglyceride levels than commercial Gochujang 
in clinical trials [39]. Additionally, a notable reduction in 
visceral fat and an increase in beneficial gut microorgan-
isms was observed with traditional Gochujang supple-
mentation. Furthermore, administration of Gochujang 
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(5% Gochujang powder) improved insulin sensitivity and 
blood glucose tolerance in diabetic animal models show-
ing insulin resistance [41]. Obese adults with mutations 
in the proliferator activator receptor-γ (PPARγ2) gene 
showed improved insulin sensitivity and better regula-
tion of blood glucose levels upon consuming Gochujang 
[40]. Together, Gochujang significantly regulates obesity 
and blood glucose levels, but its efficiency depends on 
the ingredients used during preparation and reparation 
methods.

Antihypertensive, antithrombotic, blood lipid 
improvement effects of Gochujang
The specific investigations associated with Gochujang 
and antihypertensive effects are limited. However, the 
consumption of Gochujang known to inhibit the angio-
tensin-converting enzyme (ACE) involved in regulation 
of blood pressure [42]. In addition, Gochujang intake 
demonstrated improved thrombolysis and inhibited 
platelet aggregation [42, 45]. These observations validate 
the critical role of Gochujang in management of hyper-
tension. Similar to its effect on other functions, tradi-
tionally prepared Gochujang has a greater influence on 
lipid metabolism than non-fermented Gochujang. It is 
believed that capsaicin in Gochujang positively influence 
energy and lipid metabolism by increasing catecholamine 
secretion from the adrenal medulla through activation of 
the sympathetic nervous system (SNS) [60]. Clinically, 
Gochujang intake effectively reduced obesity [61], hyper-
lipidemia [44], and blood TC and LDL-C concentrations. 
Together, the consumption of Gochujang over a long 
period potentially prevents and manages cardiovascular 
diseases.

Role of Gochujang in liver health
Traditional fermented Gochujang, is increasingly recog-
nized for its positive impact on liver inflammation and 
associated intestinal microbiome dysbiosis, especially 
with fatty inflammation. Recently, a study investigated 
the preventative effects of Gochujang on hepatic inflam-
mation and related gut microbiota using a high content of 
beneficial bacteria (HBM) and a diverse group of micro-
organisms (DBM). Here, the study demonstrated that 
Gochujang suppresses fat accumulation, alleviates hyper-
lipidemia, and reduces liver inflammatory parameters by 
inhibiting the JNK/IκB/NF-κB pathway, a critical pathway 
in inflammation and stress responses [33]. Further, the 
imbalance in gut microbiota induced by a high-fat diet is 
closely linked with hepatic inflammation [62]. Interest-
ingly, Gochujang positively influences microbiome dys-
biosis caused by a high-fat diet [33]. Besides, intestinal 
microbiome dysbiosis potentially leads to abnormal fat 
accumulation, increasing lipopolysaccharide (LPS), and 

inflammatory cytokines, which in turn cause liver inflam-
mation. However, study observations indicated reduced 
LPS production and favorably adjusted the Bacteroidetes-
to-Firmicutes ratio. Together, the study suggested that 
the changes in the intestinal microorganisms brought 
by Gochujang consumption correlate significantly with 
the improvement in liver inflammation [33]. In addition, 
these results suggest that the salt content in Gochujang 
does not detract from its anti-inflammatory effects.

The probiotic and prebiotic functions of Gochujang
As interest in health increases, research and commer-
cialization of probiotics, prebiotics, and synbiotics are 
actively progressing. Probiotics primarily maintain gut 
health by inhibiting harmful bacteria and promoting 
beneficial ones, preventing conditions like diarrhea and 
constipation. They also offer health benefits such as anti-
diabetic, antiobesity, anti-inflammatory, anticancer, and 
antiallergy effects [63]. Prebiotics, non-digestible food 
ingredients, selectively ferment to alter gut microbiota 
composition and activity, producing short-chain fatty 
acids (SCFAs) like lactic acid, butyric acid, and propi-
onic acid [64]. These SCFAs can circulate throughout the 
body, impacting various organs and tissues [65]. Synbiot-
ics combine probiotics and prebiotics, where the prebi-
otics selectively promote the growth of the probiotics 
within the same product. Traditional Gochujang offers 
significant health benefits due to its synbiotic properties, 
combining prebiotics and probiotics that enhance gut 
health. The carbohydrates in glutinous rice break down 
into simple sugars during fermentation, feeding benefi-
cial gut bacteria. Meju powder, rich in oligosaccharides 
like raffinose and stachyose, promotes the growth of 
these bacteria and aids in protein breakdown into pep-
tides and amino acids, improving nutrient absorption and 
gut health. Capsaicin in chili peppers has anti-inflamma-
tory properties and positively influences gut microbiota, 
contributing to a healthier digestive system. The fermen-
tation process of Gochujang promotes the growth of vari-
ous probiotics like lactic acid bacteria (LAB) and molds. 
Lactobacillus spp., commonly found in fermented foods, 
play a crucial role in maintaining gut health by produc-
ing lactic acid, which lowers gut pH and inhibits harmful 
bacteria. These bacteria also aid digestion and strengthen 
the immune system [45]. Bifidobacterium species fur-
ther enhance digestive health and immunity by breaking 
down complex carbohydrates and fibers into beneficial 
SCFAs that support gut health. The synbiotic properties 
of Gochujang stem from its rich blend of prebiotic ingre-
dients and probiotic microorganisms, which enhance gut 
health. The carbohydrates from glutinous rice and oligo-
saccharides from fermented soybeans serve as food for 
beneficial bacteria. Meanwhile, the fermentation process 
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of Gochujang promotes the growth of probiotics like Lac-
tobacillus and Bifidobacterium. This combination fosters 
a healthy gut microbiome, improves nutrient absorption, 
reduces inflammation, and strengthens the immune sys-
tem, making Gochujang not only a flavorful addition to 
meals but also a functional food with significant health 
benefits.

Type of cuisine using Gochujang
Gochujang is a unique fermented spice seasoning that is 
unprecedented in the world and can be used in a variety 
of foods to impart spicy taste and special flavor. Gochu-
jang, with its unique taste and aroma, is one of the key 
ingredients that differentiates Korean cuisine and makes 
it more delicious. Korean food has captivated many, 
including foreigners. Post-COVID-19, there has been 
a significant rise in YouTube content and demand for 
K-Food like bulgogi, tteokbokki, kimchi, and galbi [66]. 
Gochujnag is a type of sauce and has similar physical 
properties and appearance to mayonnaise and ketchup, 
but its color, taste, and aroma are quite different, and in 
particular, the umami taste created during the fermen-
tation process of Gochujang based on soybean. Popular 
K-Foods using gochujang sauce include bibimbap, tteok-
bokki, dakdoritang, dakgalbi, bulgogi, maeuntang, and 
ssam dishes (Fig.  1). The global popularity of K-Food, 
driven by its health benefits and social media exposure, 
has particularly boosted consumption of dishes like 
bibimbap. While bibimbap’s health benefits are known, 
tteokbokki’s are still being explored. Representative 
Korean cuisine and cooking methods using Gochujang 
are as follows.

Bibimbap
It is a representative Korean cuisine. Bibimbap is made 
by mixing well-boiled rice (Bab) with a variety of spices 
and vegetables, including Gochujang, adding cooked 
meat (mainly beef ), eggs, sesame oil, and sesame seeds, 
then mixing them evenly and rub by spoon [67]. The 
combination can vary depending on preference taste, but 
Gochujang is an essential seasoning.

Several studies have shown bibimbap’s health ben-
efits, including improved immunity in animal experi-
ments compared to a hamburger diet. In humans, those 
at risk of metabolic diseases who consumed a Korean 
diet including bibimbap and kimbap showed lower blood 
glucose and insulin levels, and significantly reduced post-
meal triglycerides compared to those on a Western diet 
[68]. The differences were more pronounced in at-risk 
individuals, suggesting bibimbap as a recommended meal 
for both healthy individuals and those at risk of metabolic 
diseases. Recent studies on five types of bibimbap with 
various vegetables show significant health benefits [69]. 

Sanchae bibimbap increased B, T, and TH lymphocytes, 
IFN-γ secretion, and erythrocyte agglutination. For sys-
temic anaphylaxis, mushroom bulgogi and Jeonju bibim-
bap reduced mortality rates by 50% and 25%, respectively, 
and extended survival time. Sanchae bibimbap inhibited 
footpad swelling by over 50%, indicating strong antialler-
gic effects. These findings highlight bibimbap’s potential 
in boosting immunity and reducing allergic reactions.

Tteokbokki
Tteokbokki, made with sauces based on traditional 
Korean Gochujang, uses rice or wheat starch as the main 
ingredient for its rice cakes [70]. Garaetteok (thick noo-
dles made from rice) and various seasonings, including 
Gochujang, are mixed together, boiled over mild heat, 
and various seasonings can be added as needed. It is a 
unique delicacy cuisine in Korea. Known for its simple 
preparation, it is accessible to all age groups and sup-
ports increased rice consumption and the globalization 
of Korean cuisine. The growing interest and demand for 
tteokbokki have led to diverse products based on ingre-
dients, sauces, shapes, and cooking methods. Concur-
rently, consumer purchases of tteokbokki sauces and 
various Korean sauces and dressings are rising, meeting 
the demand for convenient meals.

Dakdoritang
Dakdoritang, also known as spicy chicken stew, is a tradi-
tional Korean dish featuring chicken pieces braised with 
vegetables in a spicy sauce. The key ingredients include 
chicken pieces, potatoes, carrots, and onions, all sim-
mered in a sauce made from Gochujang (Korean red 
chili paste), pepper powder, soy sauce, garlic, and ginger. 
This dish is known for its rich, bold flavors and is often 
enjoyed as a hearty, warming meal. The spicy and slightly 
sweet sauce is absorbed by the tender chicken and veg-
etables, making it a favorite in Korean cuisine.

Dakgalbi
Dakgalbi is a popular Korean dish consisting of spicy stir-
fried chicken marinated in a sauce made from Gochu-
jang, garlic, soy sauce, and various spices. The chicken 
is usually combined with vegetables such as cabbage, 
sweet potatoes, carrots, and onions, along with rice cakes 
(tteok) and sometimes cheese. It’s cooked on a large, flat 
griddle or pan and often enjoyed communally, directly 
from the cooking vessel. Dakgalbi is known for its bold, 
savory, and spicy flavors, making it a favorite in Korean 
cuisine.

Maeuntang
Maeuntang is a traditional Korean spicy fish stew known 
for its bold and flavorful broth. It typically features a 
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variety of fresh fish, such as cod, pollock, or sea bass, 
cooked with vegetables like radish, napa cabbage, and 
bean sprouts. The broth is seasoned with Gochujang, 
pepper powder, garlic, and soy sauce, creating a rich and 
spicy flavor. Maeuntang is often garnished with green 
onions, mushrooms, and tofu, and is commonly enjoyed 

with rice. It’s a popular dish in Korean cuisine, especially 
during colder months.

Je-yuk Bokkeum
Je-yuk Bokkeum is a popular Korean dish made from 
thinly sliced pork stir-fried in a spicy sauce. The sauce 

Fig. 1 Dishes made with Gochujang
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typically includes Gochujang, soy sauce, garlic, ginger, 
sugar, and sesame oil. Vegetables such as onions, car-
rots, and bell peppers are often added to the dish. Je-yuk 
Bokkeum is known for its bold, spicy, and slightly sweet 
flavors. It is usually served with steamed rice and various 
side dishes (banchan), making it a hearty and flavorful 
meal.

Bulgogi
Bulgogi is a Korean dish featuring thinly sliced pork(beef ) 
marinated in a sauce made from Gochujang, soy sauce, 
sugar, garlic, and sesame oil. The pork(beef ) is typically 
stir-fried with vegetables like onions, carrots, and bell 
peppers. This dish combines savory, sweet, and spicy 
flavors, creating a deliciously balanced taste. Gochujang 
bulgogi is often served with rice, making it a popular and 
satisfying meal in Korean cuisine.

Ssam
Ssam [66] is a traditional Korean dish where leafy vegeta-
bles, typically lettuce or perilla leaves, are used to wrap 
various fillings. The fillings often include grilled meats 
such as bulgogi (marinated beef ) or pork, rice, kimchi, 
and condiments like ssamjang (a thick, spicy paste made 
from Doenjang and Gochujang). The wrap is folded into 
a bite-sized bundle and eaten whole. Ssam is popular 
for its customizable nature and the combination of fla-
vors and textures, making it a staple in Korean barbecue 
meals. Ssamjang is a sauce used for wrapping vegetables 
(ssam). It is a mixture of Doenjang (soybean paste) and 

Gochujang (red chili paste). Factory-made ssamjang com-
bines sweeteners, garlic, salt, flour, and sesame oil, while 
traditional ssamjang blends doenjang or makjang with 
Gochujang, garlic, ginger, pepper, and sesame oil.

Chojang and Wasabi sauce
Chojang (Gochujang) mixed with vinegar, chopped gar-
lic, sugar, and other seasonings [16]. This spicy yet sweet 
and sour sauce is usually served with sliced raw fish, but 
it is also used in spicy noodle dishes and vegetable salads. 
Wasabi sauce is a creamy condiment made from wasabi 
root, providing a sharp, pungent heat. It is commonly 
used to enhance the flavor of sushi, sashimi, and seafood 
dishes, adding a spicy kick. The sauce is also popular in 
dressings, dips, and as a flavoring for various Japanese 
and fusion dishes. The characteristics and differences 
between Chojang and Wasabi sauce are compared and 
presented in Table 3. Chojang and Wasabi sauce are dis-
tinct in their origins, ingredients, flavors, textures, and 
culinary applications, offering unique tastes and experi-
ences in Korean and Japanese cuisines, respectively.

Conclusion
Traditional fermented foods are historically associated 
with the seasons, geographical locations, and locally pro-
duced ingredients of particular regions. While numerous 
fermented foods exist worldwide, only a few are tradi-
tionally known for their health benefits. Gochujang, a 
traditional Korean fermented food primarily made from 
soybeans, exhibits a complex and distinctive microbial 

Table 3 Comparison of Chojang and Wasabi Sauce

Characteristic Chojang Wasabi Sauce

Image

Origin Korea Japan

Main ingredients Gochujang (red chili paste), vinegar, sugar, garlic Wasabi root, sometimes with horseradish, vinegar, and mustard

Flavor profile (Spicy) Capsaicin
(Spicy, sweet, tangy)

Sinigrin
(Sharp, pungent, quick heat)

Texture Thick, paste‑like Smooth, creamy

Common uses Dipping sauce for raw fish, vegetables, bibimbap Accompaniment to sushi, sashimi, seafood, dressings

Making method Depending on preference and method
It is made by mixing main ingredients with auxiliary 
ingredients

Fresh wasabi rhizome is grated to form a paste, or horserad‑
ish is ground and mixed with mustard powder and other 
ingredients
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profile. These microbial changes often positively influ-
ence well-being. In addition to its nutritious value, 
Gochujang offers a harmonious blend of spicy, sweet, 
and salty flavors, embodying both probiotic and prebi-
otic properties. Thus, Gochujang can be considered a 
symbiotic food, combining the characteristics of pro-
biotics and prebiotics. Research has increasingly shown 
that Gochujang provides a range of health benefits, pri-
marily due to its ability to modify gut microbiota com-
position and address microbiome dysbiosis related to 
diseases. Comprehensive investigations and comparative 
studies have demonstrated that the physiological activi-
ties of traditionally prepared Gochujang greatly exceed 
those of unfermented Gochujang and red pepper powder. 
However, there are inconsistencies in health functions 
between traditionally fermented Gochujang and com-
mercially manufactured Gochujang, attributable to differ-
ences in fermentation periods and the compounds used 
in their preparation. To strengthen the identified health 
benefits, future research must delve deeper into the func-
tionality of Gochujang. Further scientific investigations 
by the global community can enhance understanding and 
appreciation of traditional foods like Gochujang, along 
with their culinary applications. Modern science and 
technology should be utilized to disseminate information 
and experiences regarding the benefits of traditional cui-
sine more effectively. Preserving the cultural heritage of 
Gochujang is our responsibility, ensuring its legacy and 
benefits are passed down to future generations.
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