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Abstract
Turmeric (Curcuma longa L.) is a plant that has been used for its medicinal 

properties for centuries. It is known to contain a wide range of bioactive com-
pounds, such as curcumin, which has antioxidant and anti-inflammatory prop-
erties. The bioavailability of these compounds, however, can be limited by their 
poor solubility and low absorption rate. Fermentation is a process that can en-
hance the bioavailability and bioactivity of these compounds by breaking down 
complex compounds into simpler compounds. The fermentation of turmeric can 
be achieved using various strains of bacteria or yeast. The most used strains are 
Lactic acid bacteria, such as Lactobacillus acidophilus, Lactobacillus fermentum, and 
Lactobacillus plantarum, and yeast strains such as Saccharomyces cerevisiae. The 
fermentation process involves the addition of the starter culture to the turmer-
ic rhizome powder, followed by incubation under specific conditions, including 
temperature and pH, to promote the growth of the bacteria or yeast. Fermen-
tation of turmeric can result in changes to the bioactive compounds present in 
the rhizome. Studies have shown that fermentation can lead to increased levels 
of curcuminoids, the main bioactive compounds, production of other bioactive 
compounds such as γ-aminobutyric acid (GABA), a neurotransmitter that has 
been linked to various health benefits, including anxiety reduction and improved 
sleep quality. Additionally, fermentation can increase the antioxidant activity of 
turmeric, as measured by its ability to scavenge free radicals. This review delves 
into the fermentation process, emphasizing the use of starter cultures and precise 
conditions to foster microbial growth. It also highlights how fermentation boosts 
curcuminoids and generates beneficial compounds like GABA. Furthermore, it 
underscores the enhancement of turmeric's antioxidant abilities. The review aims 
to unveil fermentation's vital role in maximizing turmeric's therapeutic potential.
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Introduction
Turmeric (C. longa) is a spice that has a long and rich history of use. The 

use of turmeric dates to 2500 BC in ancient India, where it was first used as a 
dye for textiles [1]. Over the centuries, it was gradually introduced into Indi-
an cuisine and traditional medicine. The spice was then spread to other parts 
of the world, including China, Southeast Asia, and the Middle East, where it 
became an important ingredient in food and medicine. In traditional Chinese 
medicine, turmeric is used to treat a variety of health conditions, including pain, 
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meticulously dissects the fermentation process, emphasizing 
the critical role of starter cultures and precise control of incu-
bation conditions, which collectively foster the robust growth 
of selected microbial agents. These changes induce significant 
alterations in the profile of bioactive compounds, prominently 
elevating curcuminoids and yielding novel bioactive substanc-
es like GABA, all of which are examined in-depth. Further-
more, this review highlights the fundamental contribution of 
fermentation in augmenting turmeric's antioxidant capabili-
ties, a pivotal facet in combating free radicals and advancing 
health outcomes. Through this comprehensive exploration, the 
review provides valuable insights into the profound impact 
of fermentation on turmeric, offering a foundation for com-
prehending and harnessing its health-enhancing attributes to 
their fullest potential.

The Nutritional and Bioactive Composi-
tion of Turmeric 

Turmeric contains a variety of constituents, including 
essential oils, polysaccharides, proteins, vitamins, lipids, fi-
bre, and minerals, as shown in table 1. Essential oils are one 
of the primary constituents in turmeric [7]. The major con-
stituents of turmeric essential oil are turmerones, ar-tur-
merone, alpha-phellandrene, and zingiberene. Turmerones 
constitute 30-60% of the oil, ar-turmerone constitutes 12-
35%, alpha-phellandrene constitutes 1.28%, and zingiberene 
constitutes 25-50%. Polysaccharides are another important 
constituent present in turmeric. Curdlan is the major poly-
saccharide present in turmeric, constituting 3-6% of the total 
weight. Starch is also present in significant amounts, com-
prising 30-40% of the total weight. Proteins are present in 
turmeric, and the major proteins present are turmerin and 
curcuminoids-binding protein. Turmerin constitutes 0.16-
0.19% of the total weight, and curcuminoids-binding protein 
constitutes 0.06% [8]. Turmeric is a good source of vitamins, 
including vitamin C, vitamin E, and vitamin K. Vitamin C is 
present in amounts ranging from 5.5-6.5 mg/100 g, vitamin 
E is present in amounts ranging from 2.8-3.0 mg/100 g, and 
vitamin K is present in amounts of 13.3 μg/100 g (Table 1). 
Lipids are also present in turmeric. The major lipids present 
are fatty acids and phytosterols. Fatty acids constitute 5.8% of 
the total weight, and phytosterols constitute 0.29-0.32% of the 
total weight. Fiber is another important constituent present 
in turmeric. The total dietary fiber present in turmeric rang-
es from 21.1-22.7%. This includes both soluble and insoluble 
fiber, with insoluble fiber constituting 8.9-9.6% and soluble 
fiber constituting 11.2-12.1% of the total weight [4]. Turmeric 
is also a good source of minerals. The major minerals present 
in turmeric are potassium (2520-3150 mg/kg), calcium (183.5 
mg/kg), iron (16.3 mg/kg), zinc (18.5 mg/kg), and copper 5.5 
mg/kg [9].

Curcuminoids: the major bioactive constituent in turmeric

Curcuminoids are the group of natural polyphenols found 
in turmeric. Turmeric (C. longa L.) contains three main cur-
cuminoids, namely curcumin, demethoxycurcumin, and bisde-
methoxycurcumin, which are the main active components that 
have been studied for their medicinal properties [10]. Curcum-

inflammation, and digestive disorders. It is considered to have 
cooling properties and is used to balance the body's yin and 
yang energies. In recent years, turmeric has gained attention 
from the scientific community due to its potential health ben-
efit. Curcumin, the active ingredient in turmeric, has been 
studied for its anti-inflammatory and antioxidant properties. 
Studies have shown that curcumin may be helpful in treating 
a variety of health conditions, including arthritis, cancer, and 
Alzheimer’s disease [2]. Turmeric is a widely cultivated spice 
that is grown in many parts of the world, with India being the 
largest producer and exporter of turmeric. In 2023, the global 
production of turmeric is expected to be around 1.5 million 
metric tons, with India accounting for more than 80% of the 
total production. The production of turmeric in India has been 
steadily increasing over the years, with the country producing 
over 1.25 million metric tons of turmeric in 2021. The major 
turmeric-producing states in India include Andhra Pradesh, 
Tamil Nadu, Telangana, Maharashtra, and Karnataka. Apart 
from India, other major producers of turmeric include China, 
Bangladesh, and Pakistan. In recent years, turmeric production 
has increased in other parts of the world, including Africa, 
Latin America, and the Caribbean. The demand for turmeric 
is expected to continue to grow, driven by its use in food, med-
icine, and cosmetics. The increasing awareness of the health 
benefits of turmeric, particularly its anti-inflammatory and 
antioxidant properties, is also expected to contribute to the 
growth in demand [3].

Fermentation is a traditional food processing technique 
that has been used for centuries to improve the taste, texture, 
and nutritional quality of food. Fermentation can also lead to 
the production of bioactive compounds that have health-pro-
moting properties. Fermentation can enhance the bioavail-
ability of bioactive compounds by increasing their solubility, 
stability, and bio accessibility. It also increases the diversity and 
abundance of beneficial microorganisms in food. The effect of 
fermentation on bioactive compounds can vary depending on 
the type of food, the fermentation conditions, and the micro-
organisms involved. The concentration of phenolic compounds 
in fermented products can vary depending on the type of fer-
mentation starter used. Fermentation of turmeric is a common 
practice in some cultures, and it has been suggested that this 
process can enhance its bioactivity of bioactive compounds in 
turmeric [4]. Fermentation can increase the concentration of 
curcuminoids, the primary bioactive compounds in turmeric, 
and alter their chemical structure, leading to the production of 
new metabolites with distinct biological activities. Fermenta-
tion can also increase the solubility and bioavailability of cur-
cuminoids, which are poorly absorbed by the body due to their 
low water solubility and rapid metabolism [5]. Fermented 
turmeric extract had higher antioxidant activity and greater 
bioavailability compared to unfermented extract. Fermented 
turmeric extract was more effective at reducing inflammation 
in rats compared to unfermented extract [6]. This review ar-
ticle aims to thoroughly investigate the transformative poten-
tial of fermentation in enhancing the therapeutic properties 
of turmeric (C. longa). By focusing on the optimization of 
bioavailability and bioactivity, it delves into the multifacet-
ed impacts of this traditional food processing technique on 
the bioactive components found within turmeric. The review 



S369

The Impact of the Fermentation Process on Bioactive Compounds in Turmeric: A Review Salve et al.

Journal of Food Chemistry & Nanotechnology  |   Volume 9 Supplement 1, 2023

in is the most abundant and most widely studied curcuminoid 
and has been shown to have a wide range of pharmacological 
activities, including antioxidant, anti-inflammatory, antican-
cer, and neuroprotective effects [11]. Curcumin, demethoxy-
curcumin, and bisdemethoxycurcumin are all yellow pigments 
that give turmeric its distinctive colour. As shown in figure 
1, these curcuminoids are structurally similar, but they differ 
in the number of methoxy groups attached to the phenolic 
rings of the molecule. Curcumin has two methoxy groups, 
demethoxycurcumin has one, and bisdemethoxycurcumin has 
none [12]. Curcuminoids have a variety of beneficial effects 
on human health. Curcumin has been extensively studied for 
its anti-inflammatory and antioxidant properties. It has been 
shown to inhibit the production of pro-inflammatory cyto-
kines and enzymes, such as cyclooxygenase-2, lipoxygenase, 
and nitric oxide synthase, which are involved in the inflamma-
tory response. In addition to its anti-inflammatory properties, 
curcumin has been found to have anticancer effects. Studies 
have shown that curcumin can inhibit the growth of cancer 
cells and induce cell death in various types of cancer, includ-
ing breast, lung, and colon cancer [13]. Furthermore, curcumin 
has been found to have neuroprotective effects and may be 
beneficial in the treatment of neurodegenerative diseases, such 
as Alzheimer's and Parkinson's disease. Demethoxycurcum-
in and bisdemethoxycurcumin have also been found to have 
medicinal properties. Demethoxycurcumin has been shown 
to have antioxidant and anti-inflammatory effects, as well as 
anticancer properties. It has been found to inhibit the growth 
of cancer cells and induce cell death in various types of cancer. 
Bisdemethoxycurcumin has been found to have antioxidant 
and anti-inflammatory effects and may also have potential as 
a therapeutic agent for the treatment of various diseases [14].

Fermentation of Turmeric 
Fermentation is a process that involves the use of micro-

organisms to convert the curcuminoids and other compounds 
in turmeric into more bioavailable and potentially beneficial 
forms. The fermentation of turmeric can be done using dif-
ferent microorganisms, such as bacteria or yeast, and can be 
carried out in different ways, including solid-state and sub-
merged fermentation. The optimal conditions for fermen-
tation can be determined through experimentation and can 
vary depending on the desired product. Fermented turmeric 
has been shown to have higher levels of antioxidant activi-
ty, total phenolic content, and bioavailability of curcuminoids 
than unfermented turmeric, making it a promising source of 
functional compounds with potential health benefits. In sol-
id-state fermentation, the microorganisms grow on the surface 
of a solid substrate, such as rice bran or wheat bran, which has 
been inoculated with the microorganisms. The turmeric is add-
ed to the substrate and then left to ferment [15]. Solid-state 
fermentation has been shown to enhance the production of 
curcuminoids, including tetrahydrocurcumin, demethoxycur-
cumin, and bisdemethoxycurcumin, which are believed to con-
tribute to the antioxidant and anti-inflammatory properties of 
fermented turmeric. In submerged fermentation, the turmeric 
is added to a liquid medium that has been inoculated with the 
microorganisms. The fermentation is carried out in a biore-
actor, which provides the ideal conditions for the growth of 
the microorganisms. Submerged fermentation has been shown 
to increase the bioavailability of the curcuminoids in turmeric 
and to enhance the production of ferulic acid, which is another 
compound with antioxidant and anti-inflammatory properties 
[16]. The duration of fermentation can vary depending on the 
microorganisms used, the substrate or medium, and the de-
sired product. The optimal conditions for fermentation include 
factors such as temperature, pH, and oxygen levels. Different 
fermentation conditions have been shown to affect the pro-
duction of curcuminoids and other compounds in turmeric, 
as well as the overall antioxidant activity and total phenolic 
content of the fermented turmeric [17].

Table 1: Nutritional and bioactive composition of turmeric.

Constituent type Constituent Amount (%) Ref.

Essential oils

Turmerones 30 - 60%

[6, 7]
Ar-turmerone 12 - 35%

Alpha-phellandrene 1.28%
Zingiberene 25 - 50%

Polysaccharides
Curdlan 3 - 6%

[7]
Starch 30 - 40%

Proteins
Turmerin 0.16 - 0.19%

[8]
Curcuminoids-binding protein 0.06%

Vitamins
Vitamin C 5.5 - 6.5 mg/100 g

[9]Vitamin E 2.8 - 3.0 mg/100 g
Vitamin K 13.3 μg/100 g

Lipids
Fatty acids 5.8%

[4]
Phytosterols 0.29 - 0.32%

Fiber
Total dietary fiber 21.1 - 22.7%

[4]Insoluble fiber 8.9 - 9.6%
Soluble fiber 11.2 - 12.1%

Minerals

Potassium 2520 - 3150 mg/kg

[9]
Calcium 183.5 mg/kg

Iron 16.3 mg/kg
Zinc 18.5 mg/kg

Copper 5.5 mg/kg
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The process of producing fermented turmeric powder in-
volves several steps which are represented in figure 1. First, the 
turmeric rhizome is cleaned, boiled, dried, and ground into 
powder. The powder is then inoculated with a strain of bacteria 
or yeast and mixed with a starter culture. The mixture is then 
incubated at a specific temperature to initiate fermentation, 
during which the complex compounds in the turmeric pow-
der are broken down into simpler compounds, resulting in the 
characteristic flavour and aroma of fermented turmeric. After 
fermentation, the powder is dried again to remove any remain-
ing moisture, and then stored in airtight containers away from 
moisture and light to maintain freshness.

Fermentation of turmeric by Lactobacillus plantarum

L. plantarum is a common member of the genus Lacti-
plantibacillus that can be found in a variety of fermented foods 
and anaerobic plant debris. L. plantarum can create antimi-
crobial compounds that aid in their survival in human gastro-
intestinal tracts. Gram-positive and Gram-negative bacteria 
have been significantly impacted by the antibacterial com-
pounds generated [18]. Fermented turmeric was prepared us-
ing L. plantarum showed that fermentation of turmeric with 
L. plantarum for 24 h at 30 °C resulted in a significant increase 
in the levels of curcuminoids. The concentration of curcum-
in increased by 10.6-fold, demethoxycurcumin by 11.4-fold, 
and bisdemethoxycurcumin by 12.6-fold. Fermentation in-
creases the ability of L. plantarum to produce lipase, which 
can hydrolyse the lipids in turmeric and release the essential 
oils. In addition to enhancing the bioavailability of the bioac-
tive compounds, fermentation of turmeric with L. plantarum 
strains has also been reported to improve its antioxidant and 
anti-inflammatory properties [19]. A study by reported that 
fermented turmeric with L. plantarum BCC 9546 had high-
er antioxidant activity and total phenolic content compared 
to unfermented turmeric. Similarly, fermentation of turmeric 
with L. plantarum for 72 h led to a significant reduction in the 
levels of pro-inflammatory cytokines like IL-1β and TNF-α, 
indicating its anti-inflammatory effect [20].

Fermentation of turmeric by L. fermentum

L. fermentum is a Gram-positive bacterium of the Lacto-
bacillus genus. Numerous and effective antimicrobial peptides 
are produced by L. fermentum strains, which can be used as an-
tibiotic substitutes or as food preservatives [21]. Bacteriocins, 
which are ribosomal synthesised peptides produced by both 
Gram-negative and Gram-positive bacteria, are antimicrobial 
peptides that Lactobacillus fermented strains produce. Fermen-
tation of turmeric with L. fermentum for 48 h at 37 °C led to 
a significant increase in the levels of curcuminoids, including 
curcumin, demethoxycurcumin, and bisdemethoxycurcumin. 
The researchers attributed this increase to the ability of L. fer-
mentum CECT to produce esterase, which can hydrolyse the 
ester bonds of the curcuminoids and increase their bioavailabil-
ity. Fermentation for 24 h at 37 °C led to a significant increase 
in the levels of volatile compounds, including ar-turmerone, 
turmerone, and zingiberene and increase their bioavailability 
[22]. It also enhances the antioxidant and anti-inflammatory 
properties of turmeric. The fermented turmeric with L. fer-
mentum NCDC 414 showed higher antioxidant activity and 

total phenolic content compared to unfermented turmeric.

Fermentation of turmeric by Lactobacillus johnsonii

L. johnsonii is a probiotic bacterium that has been used 
to ferment turmeric, and several studies have investigated the 
effect of this fermentation on the bioactive compounds. Fer-
mentation of turmeric with L. johnsonii for 24 h at 37 °C led 
to an increase in the levels of curcuminoids, including cur-
cumin, demethoxycurcumin, and bisdemethoxycurcumin. This 
increase was due to the ability of L. johnsonii to produce β-glu-
curonidase, which can hydrolyse the glucuronide conjugates 
of the curcuminoids and increase their bioavailability [23]. 
Fermented turmeric showed higher anti-inflammatory activ-
ity, as demonstrated by a significant reduction in the levels of 
pro-inflammatory cytokines like TNF-α and IL-6. This also 
showed higher anticancer activity, as demonstrated by a sig-
nificant reduction in the viability of human colon cancer cells. 
There is growing interest in the use of fermentation to en-
hance the bioactive compounds in turmeric. Fermentation can 
help to increase the bioavailability and functionality of these 
compounds. L. johnsonii is a probiotic bacterium that has been 
used to ferment turmeric, and several studies have investigated 
the effect of this fermentation on the bioactive compounds. 
In comparison to unfermented turmeric, the fermented tur-
meric with L. johnsonii showed higher antioxidant activity. The 
researchers attributed this increase to the ability of L. john-
sonii to produce exopolysaccharides, which can scavenge free 
radicals and increase the antioxidant activity of the fermented 
turmeric [24].

Fermentation of turmeric by Aspergillus oryzae

A. oryzae is a filamentous fungus or mould mostly found 
in East Asian food production (especially in Japanese and 
Chinese), such as soybean fermentation. A. oryzae is used in 
solid-state culture a type of fermentation that takes place in 
a solid rather than a liquid condition. This fungus is necessary 
for the fermentation processes because it can secrete signifi-
cant numbers of different enzymes that break down different 
starch and proteins into sugars and amino acids. As a result, 
it can break down the proteins of different starches into these 
simpler compounds. Fermentation of turmeric with A.oryzae is 
a traditional method of processing turmeric in some countries, 
and it has been shown to have an impact on the bioactive com-
pounds. Several studies have examined the effect of A. oryzae 

Figure 1: Process flow chart for fermentation of turmeric.
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fermentation on the bioactive compounds in turmeric [25]. 
Fermentation of turmeric with A. oryzae for 48 h led to an 
increase in the levels of total phenolic compounds, including 
ferulic acid and vanillic acid. The researchers suggested that 
this increase was due to the hydrolysis of feruloyl glycosides 
by the enzymatic activity of A. oryzae. Fermentation for 96 
h led to an increase in the levels of curcuminoids, including 
curcumin, demethoxycurcumin, and bisdemethoxycurcumin. 
The researchers suggested that this increase was due to the 
enzymatic hydrolysis of the glucuronide conjugates of the 
curcuminoids. In addition to increasing the levels of bioactive 
compounds, it also enhances the antioxidant and anti-inflam-
matory properties of turmeric [26]. Thus, fermented turmeric 
with A. oryzae showed higher antioxidant activity as compared 
to unfermented turmeric. 

Fermentation of turmeric by Trichoderma spp.

Trichoderma species is a fungus commonly found in soil 
and other different environments. They are frequently em-
ployed in the textile and food sectors. Fermentation of tur-
meric with Trichoderma species is a traditional method of 
processing turmeric in some countries. It has been shown 
to have an impact on the bioactive compounds of turmeric. 
Several studies have examined the effect of Trichoderma spp. 
fermentation on the bioactive compounds [4]. Fermentation 
for 48 h led to an increase in the levels of total phenolic com-
pounds, including ferulic acid, caffeic acid, and cinnamic acid, 
this increase was due to the enzymatic activity of Trichoderma 
species. Fermentation of turmeric with Trichoderma for 6 days 
led to an increase in the levels of curcuminoids, including cur-
cumin, demethoxycurcumin, and bisdemethoxycurcumin, this 
increase was due to the activation of curcumin synthase, a key 
enzyme in the curcumin biosynthesis pathway, by the enzy-
matic activity of Trichoderma.

Fermentation of turmeric by Rhizopus oligoporous

R. oligoporous is considered to be a domesticated form of 
R. microsporus. R. oligosporus is a fungus that belongs to the 
class Zygomycetes. R. oligosporus is a common fungus used 
in the fermentation of soy tempeh. Fermentation of turmeric 
with R. oligosporus is a traditional method of processing tur-
meric in some Southeast Asian countries. It has been reported 
to have an impact on the bioactive compounds of turmeric. 
The fermentation of turmeric with R. oligosporus for 72 h led 
to an increase in the levels of curcuminoids, including cur-
cumin, demethoxycurcumin, and bisdemethoxycurcumin. This 
increase was due to the activation of curcumin synthase by the 
enzymatic activity of R. oligosporus. The fermentation of tur-
meric with R. oligosporus for 48 h led to an increase in the lev-
els of total phenolic compounds and flavonoids, this increase 
was due to the production of secondary metabolites during 
the fermentation process. In addition to increasing the levels 
of bioactive compounds, fermentation of turmeric with R. oli-
gosporus has been shown to enhance the antioxidant and anti-
microbial properties of turmeric [4]. This fermented turmeric 
showed higher antioxidant activity and antimicrobial activity 
against several pathogenic bacteria compared to unfermented 
turmeric. 

Fermentation of turmeric by S. cerevisiae

S. cerevisiae, a yeast commonly used in food fermentation, 
is known to have potential to improve the bioactive com-
pounds in turmeric. Several studies have investigated the effect 
of S. cerevisiae fermentation on the bioactive compounds in 
turmeric. In a study, S. cerevisiae was used to ferment turmer-
ic for up to 72 h. The fermentation increased the concentra-
tion of curcumin by up to 6-fold compared to non-fermented 
turmeric. Fermentation also resulted in a significant increase 
in antioxidant activity, which was attributed to the increased 
concentration of curcumin. The enzymatic activities of S. cer-
evisiae contributed to the increase in bioactive compounds in 
turmeric. The Fermentation for 72 h resulted in significant in-
crease in the concentration of curcumin and several phenolic 
compounds including ferulic acid, vanillic acid, and p-couma-
ric acid. The increase in bioactive compounds was attributed to 
the increased activity of enzymes produced during fermenta-
tion, which converted the inactive forms of the bioactive com-
pounds to their active forms [27]. 

Effect of Fermentation on Bioactivity of 
Turmeric 

Fermentation is known to have significant effects on the 
bioactive compounds of various foods. Many studies have 
shown that fermentation can enhance the bioavailability and 
bioactivity of various bioactive compounds, such as polyphe-
nols, flavonoids, carotenoids, and vitamins. Fermentation en-
hances the bioavailability of polyphenols, which provides an-
tioxidant, anti-inflammatory and various other health benefits 
as represented in figure 2. Fermentation with A. oryzae can 
increase the total phenolic content of turmeric, while fermen-
tation with L. fermentum and L. plantarum can increase its an-
tioxidant activity.

Antioxidant activity

The antioxidant activity of turmeric is attributed to its 
high content of polyphenols, particularly curcuminoids, which 
are potent antioxidants that scavenge free radicals and protect 
against oxidative stress. The fermentation of turmeric involves 
the use of microorganisms to convert the curcuminoids and 
other compounds in turmeric into more bioavailable and po-
tentially beneficial forms. The antioxidant activity of fermented 
turmeric was higher than that of unfermented turmeric due to 
the production of tetrahydrocurcumin, demethoxycurcumin 

Figure 2: Therapeutic effects of fermented turmeric powder.

https://en.wikipedia.org/wiki/Domesticated
https://en.wikipedia.org/wiki/Zygomycetes
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and bisdemethoxycurcumin during the fermentation process. 
The fermented turmeric had higher reduced power and scav-
enging ability than unfermented turmeric, which was attribut-
ed to the production of metabolites during the fermentation 
process. Fermentation process results in production of new 
compounds such as ferulic acid. The fermented turmeric had 
higher total phenolic content and antioxidant activity than 
unfermented turmeric due to the production of metabolites 
during the fermentation process [28]. 

Antimicrobial activity

Turmeric (C. longa L.) is a well-known spice and medic-
inal herb used in traditional medicine for its anti-inflamma-
tory and antimicrobial properties [29]. The major bioactive 
compound in turmeric is curcumin, which has been reported 
to have various pharmacological properties, including antioxi-
dant, anti-inflammatory, and antimicrobial activities. Turmeric 
has been reported to exhibit antimicrobial activity against a 
wide range of microorganisms, including bacteria, fungi, vi-
ruses, and parasites. The turmeric extract exhibited antifungal 
activity against several fungal species, including Candida al-
bicans and Aspergillus niger and is a potential source of nat-
ural antifungal agents for the treatment of fungal infections. 
The fermented turmeric showed stronger antimicrobial ac-
tivity against C. albicans, a common fungus responsible for 
various infections, compared to non-fermented turmeric. The 
increased antimicrobial activity of fermented turmeric can be 
attributed to the production of bioactive compounds, such as 
curcuminoids and volatile compounds, during the fermenta-
tion process [30]. Fermentation can increase the content of 
curcuminoids, especially curcumin, which has been reported 
to exhibit potent antimicrobial activity against various patho-
genic bacteria and fungi. Volatile compounds, such as alcohols, 
esters, and ketones, are also produced during fermentation and 
can contribute to the antimicrobial activity of fermented tur-
meric.

Anti-inflammatory activity

Inflammation is a complex physiological response to tissue 
injury, infection, or other stimuli that can result in pain, swell-
ing, redness, and heat. Chronic inflammation has been impli-
cated in the pathogenesis of various diseases, including cancer, 
cardiovascular diseases, and neurodegenerative diseases. Tur-
meric has been traditionally used in Ayurvedic and Chinese 
medicine for its anti-inflammatory properties. Curcumin, the 
main bioactive component of turmeric, has been extensively 
studied for its anti-inflammatory activity. Curcumin modu-
lates the activity of various enzymes, transcription factors, and 
signalling pathways that are involved in the inflammatory re-
sponse [31]. Curcumin inhibits the activation of nuclear fac-
tor-kappa B (NF-κB), a key transcription factor that regulates 
the expression of pro-inflammatory cytokines, chemokines, 
and adhesion molecules. Curcumin also inhibits the activity 
of cyclooxygenase-2, an enzyme that is involved in the synthe-
sis of prostaglandins, which are mediators of inflammation. In 
addition to curcumin, other bioactive components of turmeric, 
such as turmerones and polysaccharides, have also been found 
to exhibit anti-inflammatory properties. Turmerones, which 
are found in the essential oil of turmeric, have been shown 
to inhibit the production of pro-inflammatory cytokines and 

chemokines in vitro. Polysaccharides from turmeric have also 
been found to exhibit anti-inflammatory activity by modulat-
ing the activity of immune cells and inhibiting the production 
of pro-inflammatory cytokines [32].

Fermented turmeric exhibited greater anti-inflammatory 
activity than non-fermented turmeric in human monocytes. 
The increased anti-inflammatory activity of fermented tur-
meric has been attributed to the production of metabolites 
during fermentation. The fermentation process has been found 
to increase the bioavailability of curcumin and enhance its an-
ti-inflammatory activity. The concentration of curcumin in 
fermented turmeric was more than three times higher than 
that in non-fermented turmeric. The fermentation process also 
increases the production of metabolites such as phenolic acids, 
which have been found to possess anti-inflammatory prop-
erties [4]. The synergistic effect of fermented turmeric and 
other natural compounds such as ginger, garlic, and green tea 
has been investigated in several studies, and has been found 
to have greater anti-inflammatory and anti-cancer activity 
than individual compounds alone. The fermented turmeric 
had a stronger inhibitory effect on inflammation in rats than 
non-fermented turmeric. Fermented turmeric was found to 
inhibit the production of pro-inflammatory cytokines and 
chemokines in rats, which are known to play a key role in the 
development of inflammatory diseases.

Antiallergic activity

Turmeric has been found to possess potent antiallergic 
properties, which have been attributed to its active ingredient 
curcumin. Curcumin has been shown to inhibit the activation 
of mast cells, which are responsible for the release of hista-
mine and other mediators that cause allergic symptoms [33]. 
Curcumin has been found to inhibit the production of IgE, 
an antibody that plays a key role in allergic reactions. The cur-
cumin was able to inhibit the release of histamine and other 
inflammatory mediators from mast cells in rats. The curcumin 
was able to inhibit the production of IgE in human peripheral 
blood mononuclear cells. The curcumin was effective in reduc-
ing the severity of symptoms in patients with allergic rhinitis. 
The curcumin was able to improve lung function and reduce 
the incidence of asthma attacks in patients with asthma. The 
fermented turmeric had a stronger inhibitory effect on allergic 
reactions in mice than non-fermented turmeric. Fermented 
turmeric was found to inhibit the production of IgE, an an-
tibody that plays a key role in allergic reactions, and the acti-
vation of mast cells, which are responsible for the release of 
histamine and other mediators that cause allergic symptoms. 
The fermented turmeric exhibited greater anti-allergic activity 
than non-fermented turmeric in human mast cells. Fermented 
turmeric was found to inhibit the expression of inflammato-
ry genes and the release of histamine and other mediators in 
human mast cells, which play a key role in the development 
of allergic reactions. The increased anti-allergic activity of fer-
mented turmeric has been attributed to the production of me-
tabolites during fermentation. The concentration of curcumin 
in fermented turmeric was more than three times higher than 
that in non-fermented turmeric [34]. It increases the produc-
tion of metabolites such as phenolic acids, which have been 
found to possess anti-allergic properties. The synergistic effect 
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of fermented turmeric and other natural compounds such as 
ginger, garlic, and green tea has been investigated in several 
studies, and has been found to have greater anti-allergic activ-
ity than individual compounds alone.

Antidiabetic activity

The active ingredient in turmeric, curcumin, has been 
shown to improve insulin sensitivity, reduce blood glucose 
levels, and inhibit inflammation associated with diabetes. The 
curcumin was able to improve insulin sensitivity in mice fed 
a high-fat diet and able to reduce blood glucose levels in rats 
with streptozotocin-induced diabetes [35]. The curcumin was 
effective in improving insulin sensitivity and reducing blood 
glucose levels in patients with type 2 diabetes. The fermented 
turmeric is more effective than non-fermented turmeric in re-
ducing blood glucose levels and improving insulin sensitivity 
in the diabetic rats and able to improve insulin sensitivity and 
reduce inflammation associated with insulin resistance more 
effectively than non-fermented turmeric. The increased bio-
availability and potency of curcumin in fermented turmeric 
may have contributed to the enhanced antidiabetic effects.

Anti-obese activity

The active ingredient in turmeric, curcumin, has been 
shown to inhibit the growth and differentiation of fat cells, 
reduce inflammation associated with obesity, and improve 
insulin sensitivity. Several studies have investigated the an-
ti-obesity effects of curcumin The fermented turmeric extract 
was able to reduce body weight gain and fat accumulation in 
mice fed a high-fat diet and able to reduce body weight, body 
fat, and inflammation in rats fed a high-fat diet [36]. The cur-
cumin was able to suppress the growth and differentiation of 
fat cells in mice fed a high-fat diet, resulting in a reduction in 
body weight gain and fat accumulation and able to reduce in-
flammation associated with obesity in rats fed a high-fat diet.  
In addition to its direct effects on fat cells and inflammation, 
turmeric has been found to possess other properties that may 
be beneficial for the prevention and treatment of obesity. Cur-
cumin has also been found to possess anti-cancer properties, 
which may be important for the prevention and treatment of 
cancers associated with obesity. A combination of curcumin 
and piperine, a compound found in black pepper, was able to 
reduce body weight, body mass index, and waist circumfer-
ence in overweight individuals. Fermentation increases the 
bioavailability and activity of curcumin, the active ingredient 
in turmeric that is responsible for its anti-obesity properties. It 
also increases the antioxidant and anti-inflammatory proper-
ties of turmeric, which may help to reduce oxidative stress and 
inflammation associated with obesity [37].

Conclusion
Fermentation of turmeric has indeed demonstrated its 

ability to significantly impact the bioactive compounds within 
this crucial spice, particularly the enhancement of curcumin, 
its primary medicinal component. A wealth of research indi-
cates that fermentation leads to the amplification of turmeric's 
antioxidant, anti-inflammatory, and antimicrobial properties, 

rendering it a compelling candidate as a functional food with 
substantial health benefits. Looking ahead, future research and 
applications of turmeric fermentation hold exciting prospects. 
Firstly, optimizing the conditions for fermentation, including 
the selection of specific microorganisms, fine-tuning fermen-
tation time, temperature, and refining processing methods, 
will be crucial. These parameters can be tailored to achieve 
precise outcomes, whether for food production, pharmaceu-
ticals, or other applications, ensuring consistency and efficacy. 
In the food and pharmaceutical industries, the fermentation of 
turmeric opens doors to novel product development, each with 
its own unique health-promoting properties. This innovation 
could potentially yield a broader range of functional foods, di-
etary supplements, and pharmaceutical formulations, meeting 
the increasing demand for natural, plant-based remedies and 
supplements. As scientific understanding of turmeric fermen-
tation deepens, it holds the promise of enriching our choices 
for health-enhancing products, impacting a diverse array of 
applications, and ultimately improving human well-being. Fu-
ture research is expected to play a pivotal role in harnessing the 
full potential of fermented turmeric, driving innovation and 
the development of health-promoting products.
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