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ABSTRACT
Background: Low bioavailability is a standard limita�on in medicinal plants. Fermenta�on has gained 
a�en�on as a method to enhance the therapeu�c poten�al of ac�ve compounds through microbial 
transforma�on. Objec�ve: To demonstrate how fermenta�on improves the efficacy of medicinal plant 
remedies and their relevance to modern and personalized medicine. Materials and Methods: This review 
compiles data from studies using microbial strains, such as Lactobacillus, Bacillus, and Aspergillus, with a 
focus on phytochemical conversions and enhanced bioac�vi�es. This review focused on peer-reviewed 
research ar�cles, experimental reports, and review papers related to the microbial fermenta�on of 
medicinal plants, sourced from scien�fic databases such as PubMed, ScienceDirect, SpringerLink, and 
Google Scholar. Selec�on criteria emphasized studies that examined changes in phytochemical profiles, 
bioavailability, and biological ac�vi�es such as an�oxidant, an�-inflammatory, and an�diabe�c effects 
a�er fermenta�on. Results: Fermenta�on enhances the an�oxidant, an�-inflammatory, and an�diabe�c 
proper�es of compounds by conver�ng them into more ac�ve and bioavailable forms, par�cularly 
aglycones. Conclusion: Fermenta�on presents a promising approach to enhance the efficacy and safety of 
medicinal plants, thereby suppor�ng the development of personalized therapeu�c op�ons.
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In recent years, the applica�on of biotechnology, 
par�cularly microbial fermenta�on, in the pre-
extrac�on treatment of medicinal plants has 
become a crucial strategy to op�mize biological 
efficiency and enhance the u�lity value of these 
plants. Fermenta�on is not only a pre-treatment 
step but also acts as a "biological factory," helping 
to transform the compounds in medicinal plants 
into more easily absorbed forms with enhanced 
biological ac�vity or reduced toxicity. Fer-
menta�on processes can break glycoside bonds, 
hydrolyze polysaccharides, or alter the structure of 
phenolic compounds, thereby improving the an�-
inflammatory, an�oxidant, and other biological 
ac�vi�es of medicinal plants [1].

Biological efficiency is altered through fer-
menta�on, which opens the door to crea�ng 
func�onal food and pharmaceu�cal products. 
Microbial strains, such as Lactobacillus sp., Bacillus 
sub�lis, or Saccharomyces cerevisiae, are involved 
in the transforma�on process, which enhances the 

final product's stability, taste, and bioavailability. 
Some studies have found that polyphenol 
compounds in ginseng, soybeans, turmeric, green 
tea, and other herbs significantly increase 
biological ac�vity and may poten�ally cure chronic 
diseases such as diabetes, cancer, and car-
diovascular disease a�er fermenta�on [2].

The second developing trend is that fermenta�on 
makes personalized medicine solu�ons possible. 
Through tailoring ac�ve ingredients for their 
benefit, this technology can make medicines 
"customized" for specific users - such as the 
elderly, metabolic disease pa�ents, or individuals 
with an out-of-balance gut microbiota [3].

Fermenta�on is also considered a sustainable 
produc�on strategy. This process can u�lise 
agricultural by-products, minimise waste, and 
does not require toxic chemical solvents like 
tradi�onal extrac�on methods. Therefore, it is 
environmentally friendly and aligns with the trend 
of green produc�on and sustainable development 
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in the modern pharmaceu�cal and func�onal food 
industries [1, 3].

2. MATERIALS AND METHODS
2.1. Materials
This review focused on peer-reviewed research 
ar�cles, experimental reports, and review papers 
related to microbial fermenta�on of medicinal 
plants. Relevant publica�ons were selected from 
sc ien�fic databases ,  inc luding PubMed, 
ScienceDirect, SpringerLink, and Google Scholar. 
The materials included studies that u�lized 
microbial strains such as Lactobacillus plantarum, 
Lactobacillus brevis, Bacillus sub�lis, Aspergillus 
oryzae, Rhizopus oryzae, and Saccharomyces 
cerevisiae for the fermenta�on of various 
medicinal herbs, including Scutellaria baicalensis, 
Panax ginseng, Ophiopogon japonicus, Polygonum 
mul�florum, and Camellia sinensis. Selec�on 
criteria emphasized studies that examined 
changes in phytochemical profiles, bioavailability, 
and biological ac�vi�es such as an�oxidant, an�-
inflammatory, and an�diabe�c effects a�er 
fermenta�on.

2.2. Methods
A narra�ve review approach was employed to 
synthesize findings from selected literature. 
Ar�cles were analyzed to extract informa�on on 
fermenta�on processes, including microbial 
s p e c i e s ,  fe r m e nta� o n  co n d i � o n s  ( e . g . , 
temperature, pH, dura�on), and biochemical 
transforma�ons. Special a�en�on was given to 
conver�ng glycosides to aglycones, releasing free 
polyphenols, breaking polysaccharides into 
oligosaccharides, and genera�ng new secondary 
metabolites. Compara�ve data were compiled to 
assess the differences in biological ac�vity 
between pre- and post-fermenta�on samples. 
Furthermore, evidence suppor�ng the applica�on 
of fermenta�on in enhancing extractability and 
suppor�ng personalized therapeu�c strategies 
was priori�zed to align with the study objec�ves.

3. RESULTS AND DISCUSSION
3.1. Advantages and disadvantages of medicinal 
fermenta�on technology
3.1.1. Microbial fermenta�on as a strategy to 
improve the bioefficacy of medicinal plants
Microbial fermenta�on helps in the transfor-

ma�on of natural substances through the 
enzyma�c ac�vity of microbes. Microbial enzymes 
such as β-glucosidase, esterase, α-amylase, 
cellulase, and protease can hydrolyze complex 
chemical bonds, producing compounds with 
simpler structures that are easier to absorb [1, 3].

3.1.2. Hydrolysis of glycosides into aglycone
Many flavonoid, isoflavonoid, and saponin 
compounds in medicinal herbs exist as glycosides 
containing sugar molecules. Glycosides are o�en 
highly water-soluble but poorly absorbed through 
the intes�ne because intes�nal enzymes are 
ineffec�ve in  c leaving g lycosidic  bonds. 
Fermenta�on with microorganisms that contain β-
glucosidase can convert glycosides into aglycones, 
facilita�ng be�er absorp�on (Table 1). A�er 
fermenta�on, Baicalin in Scutellaria baicalensis is 
converted to baicalein, which has higher 
an�oxidant and an�-inflammatory ac�vi�es [1, 3, 
4]. In addi�on to the hydrolysis of glycosides such 
as baicalin to baicalein, microbial fermenta�on has 
shown a broader poten�al for conver�ng herbal 
cons�tuents into forms with higher bioac�vity and 
bioavailability. Many herbs contain high levels of 
flavonoid glycosides, saponins, and polyphenols, 
which are o�en poorly absorbed in the intes�ne. 
Microbial enzymes, par�cularly β-glucosidases, 
play a crucial role in cleaving the sugar moie�es 
from these compounds, resul�ng in the forma�on 
of aglycones that enhance pharmacological 
ac�vity. For example, in Scutellaria baicalensis, the 
fermenta�on-induced conversion of baicalin to 
baicalein not only improves bioavailability but also 
significantly enhances the an�oxidant and an�-
inflammatory effects due to the free hydroxyl 
groups on the aglycone form [5]. Fermenta�on 
also plays a vital role in enhancing the an�oxidant 
capacity of various herbal extracts. Lac�c acid 
bacteria (such as Lactobacillus plantarum) not only 
catalyze the hydrolysis of glycosides but are also 
capable of genera�ng organic acids and short-
chain fa�y acids on fermenta�on, which produce 
favorable effects on gut health and immune 
regula�on. Similar effects were observed in 
conven�onal Chinese decoc�ons, such as Danggui 
Buxue Tang, where bioac�vity against diabetes 
indicators was enhanced through the use of LAB 
fermenta�on. Methods of hot water extrac�on of 
medicinal plants, combined with fermenta�on, 
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not only aid in the conserva�on and improvement 
of flavor development but also enhance the 
therapeu�c importance. For example, the 
fermenta�on starter "Jiuqu" of Chuanqing people 
includes Gluconobacter japonicus and Rhizopus 
oryzae, which promote the biotransforma�on of 
phytochemicals, which can lead to new bioac�ve 
molecules [2].

Besides flavonoids, saponins are a group of 
glycoside compounds commonly found in 
medicinal herbs, especially in species of the 
Araliaceae family such as Panax ginseng and Panax 
notoginseng. Natural saponins usually exist in the 
form of glycosides, which have large molecular 
weights and are difficult to absorb through the 
diges�ve tract (Tables 1 and 2). However, microbial 
fermenta�on with strains such as Lactobacillus 
brevis, Phellinus linteus, or Aspergillus oryzae can 
catalyze the hydrolysis of glycosidic bonds, 
releasing aglycone forms (e.g., ginsenosides Rg3, 
Rh1, CK), which are more biologically ac�ve and 
more easily absorbed in the human body [1]. Red 
ginseng was fermented with L. brevis, and the 
content of rare ginsenosides, such as Rg3, Rg5, and 
Rk1, increased significantly. These ginsenosides 
not only have more potent an�oxidant and an�-
inflammatory ac�vi�es but also have an�-cancer 
poten�al due to their ability to induce cell death 
(apoptosis) and inhibit cancer cell prolifera�on [1]. 
Addi�onally, ginsenoside CK (compound K), a 
terminal hydrolysis product of most major 
saponins such as Rb1, Rd, and Rc, has been proven 
t o  p o s s e s s  i m m u n o m o d u l a t o r y,  a n � -
inflammatory, and lipid metabolism ac�vity, which 
might be helpful in the treatment of chronic 
diseases such as type 2 diabetes and non-alcoholic 
fa�y liver disease (NAFLD) [5]. The primary process 
of this conversion occurs through the ac�on of the 
β-glucosidase enzyme from microorganisms, 
specifically Lactobacillus (LAB) strains and 
filamentous fungi such as Aspergillus, during 
fermenta�on. The enzymes hydrolyze the sugar 
units in the saponin molecule slowly, thus enabling 
the genera�on of metabolites with increased 
biological ac�vity. This adjustment not only 
enhances the pharmacological ac�on of the 
medicinal herbs but also reduces the toxicity and 
the side effects of compounds associated with 
glycosides [1].

Hence, by combining tradi�onal fermenta�on 

knowledge with cu�ng-edge biotechnological 
strategies, a promising solu�on emerges to 
enhance the efficacy of herbal drugs. Not only do 
these approaches enhance pharmacokine�cs, but 
they also offer novel pathways for bioac�vity, 
paving the way for the development of new 
func�onal foods and func�onal pharmaceu�cals.

3.1.3. Release of free polyphenols
In many medicinal herbs, polyphenols exist in the 
form of protein or polysaccharide bonds, which 
reduces their biological ac�vity. Fermenta�on 
helps break these bonds,  releasing free 
polyphenols and thereby increasing an�oxidant 
capacity, which protects cells (Tables 1 and 2). 
Fermen�ng green tea (Camellia sinensis) with 
Lactobacillus plantarum significantly increased 
the amount of free EGCG [1, 6, 7]. Studies have 
shown that fermenta�on of herbs such as 
Curcuma longa ,  Zingiber  officinale ,  and 
Cymbopogon citratus  can enhance their 
polyphenolic content and free radical scavenging 
capacity. Turmeric kombucha exhibits higher 
an�oxidant ac�vity a�er slow fermenta�on, due 
to the release of free phenolics that are more 
effec�ve in neutralizing free radicals, comparable 
to the ac�vity levels of vitamins C and E [2].

The release of free polyphenols by microbial 
fermenta�on ac�vity enhances an�oxidant 
ac�vity and elevates the bioaccessibility and 
func�onal ac�vity of herbal prepara�ons overall. 
Most polyphenols in medicinal plants are, in their 
natural state, conjugated with sugar groups or 
proteins, or embedded in polysaccharide 
matrices, thereby lowering their reac�vity and 
absorp�on in the gastrointes�nal tract. Microbial 
enzymes such as β-glucosidase, tannase, esterase, 
and cellulase play a key role in hydrolyzing such 
conjuga�ons in the process of fermenta�on, 
making free low-molecular-weight polyphenols 
with higher an�oxidant and an�-inflammatory 
ac�vi�es [1]. Fermenta�on of green tea (Camellia 
sinensis) and Lactobacillus plantarum increased 
epigallocatechin gallate (EGCG) content and its 
stability and radical-scavenging ac�vity. EGCG, the 
primary catechin in green tea, is a highly potent 
an�oxidant but unstable under physiological 
condi�ons. The catabolic pathways are inhibited 
through fermenta�on while the bioac�ve forms 
are stabilized, thereby becoming more powerful in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          



biological systems [5].

Therefore, controlled microbial fermenta�on is a 
significant biotechnological method to achieve the 
full an�oxidant poten�al of bound polyphenols in 
plants. In releasing the compounds from their 
bound form, fermenta�on not only increases their 
ac�vity but also opens up the prospect of having 
more effec�ve herbal drugs and func�onal foods.

3.1.4. Breaking down polysaccharides into 
oligosaccharides
Microbial fermenta�on significantly enhances the 
func�onal proper�es of herbal polysaccharides by 
breaking them down into oligosaccharides with 
lower molecular weights, greater solubility, and 
improved bioac�vity (Tables 1 and 2). These 
enzyma�c transforma�ons-primarily catalyzed by 
cellulase, xylanase, pec�nase, and amylase from 
lac�c acid bacteria and fungi-facilitate the 
cleavage of β-glycosidic bonds in complex plant 
polysaccharides, leading to the release of 
bioac�ve oligosaccharides [8]. A study determined 
the effects of oligosaccharides from Radix 
Ophiopogonis a�er fermenta�on with alcohol and 
ace�c acid (OOV) compared with the unfermented 
form (OOJ). The results showed that OOV had a 
lower molecular  weight,  d ifferent sugar 
composi�on, and more vigorous α-glucosidase 
inhibitory ac�vity. In diabe�c rats, OOV had a 
higher hypoglycemic effect and be�er protec�on 
of pancrea�c islets than OOJ [9].

Similarly, the fermenta�on of Polygonatum 
cyrtonema using Lactobacillus plantarum increased 
the yield of oligosaccharides and monosaccharides, 
while enhancing an�oxidant ac�vity and an�-
diabe�c poten�al [8]. These improvements were 

a�ributed to the microbial degrada�on of inulin-
type polysaccharides and fructooligosaccharides, 
which are known to func�on as potent prebio�cs 
that  selec�vely  s�mulate the growth of 
Bifidobacterium and Lactobacillus in the gut [5]. In 
fermented Scutellaria baicalensis, although the 
focus is o�en on flavonoid aglycones, studies have 
also demonstrated that oligosaccharides generated 
during fermenta�on can synergize with flavonoids 
to enhance their an�oxidant poten�al and improve 
intes�nal absorp�on. These oligosaccharides, due 
to their low degree of polymeriza�on, can resist 
degrada�on in the upper GI tract, reaching the 
colon intact and serving as substrates for beneficial 
gut microbes [5]. Moreover, the conversion of high-
m o l e c u l a r- we i g ht  p o l ys a c c h a r i d e s  i nto 
oligosaccharides contributes to immunomo-
dulatory ac�vity. Specific oligosac-charides 
produced through fermenta�on ac�vate 
macrophages and dendri�c cells more effec�vely 
than their parent polysaccharides, suppor�ng their 
use in func�onal foods that target immunity and 
metabolic disorders [2]. 

3.1.5. Genera�on of new secondary metabolites
Microbial fermenta�on not only improves the 
bioavailability of exis�ng compounds but also has 
the poten�al to generate new secondary 
metabolites through biological transforma�ons 
such as  hydrolys is ,  ox ida�on-reduc�on, 
glycosyla�on, and cycliza�on. These compounds 
o�en exhibit more substan�al or significantly 
different biological ac�vi�es than their original 
precursors, opening up considerable poten�al for 
applica�ons in pharmaceu�cals and func�onal 
foods (Tables 1 and 2).

Table 1. Transforma�on of bioac�ve compound groups during fermenta�on

Flavonoids 
Hydrolysis of glycosides to aglycones; 

hydroxyla�on/demethyla�on 
Enhanced absorp�on and an�oxidant 

ac�vity 

Compound group Main biotransforma�on Benefits obtained 

Saponins Glycosidic hydrolysis → sapogenins 
Lower cholesterol, an�cancer, and 

an�-inflammatory 

Glycosides 
Enzyma�c cleavage of the glycosidic 

bond (β-glucosidase) 
Release of ac�ve aglycones, increased 

bioavailability 

Polysaccharides 
Hydrolysis by amylase/cellulase → 

oligosaccharides + SCFAs 

Prebio�c effect, gut health 
improvement, and immune 

modula�on 

Alkaloids 
Oxida�on, hydroxyla�on, structural 

transforma�on (e.g., nico�ne → 
nico�nic acid) 

Produc�on of vitamin B3 and other 
bioac�ve deriva�ves 
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A typical example is the fermenta�on of gin-
senoside Rb1, a major saponin in ginseng, by 
Lactobacillus paralimentarius LH4. This bacterial 
strain metabolized Rb1 into intermediates such as 
ginsenoside Rd and F2. Ul�mately, it formed 
compound K, a saponin with outstanding 
biological proper�es, par�cularly in terms of an�-
cancer and an�-inflammatory effects. Compound 
K does not exist in natural ginseng but is formed 
through biotransforma�on, showing the ability to 
generate new secondary metabolites through 
fermenta�on [10]. Fermenta�on of Angelica 
gigan�s radix extract with Aspergillus oryzae not 
only increased the content of decursin and 
decursinol angelate but also produced a new 
compound, decursinol, a reduc�on product of 
decursin with significantly improved an�oxidant 
and an�-inflammatory ac�vi�es [1]. In addi�on, 
during the fermenta�on of Scutellaria baicalensis 
with Lactobacillus brevis, the researchers also 
discovered the forma�on of three new flavonoids 
that had not been reported before. One had a 
flavone glycoside structure with a unique methoxy 
group, sugges�ng that the bacterial enzyme can 
promote rare cycliza�on reac�ons [5].

The above examples demonstrate the significant 
poten�al of microbial fermenta�on in enhancing 
pharmacological proper�es and paving new 
direc�ons in the discovery of natural ac�ve sub-
stances. Iden�fying and op�mizing fermenta�on 
condi�ons to produce new secondary metabolites is 
a promising research direc�on in modern phar-
maceu�cal technology.

3.2. Increasing the use of low-value medicinal 
resources
Fermenta�on has now been developed as a 
biotechnological tool to maximize the medicinal 
value of herbs, although it was previously hindered 
by low ac�vity or inherent toxicity. Many medicinal 

herbs contain valuable cons�tuents in inac�ve 
biological forms, which have poor bioavailability or 
are shielded by toxic materials. Fermenta�on 
using microbes enables such cons�tuents to be 
transformed into ac�ve and safer forms, thereby 
unlocking their therapeu�c value (Tables 1 and 2). 
The majority of medicinal plants have poten�al 
ac�vi�es but are not commonly used due to 
disagreeable taste, low ac�ve ingredient content, 
or natural toxicity. Fermenta�on is used to remove 
or reduce natural toxins (such as alkaloids, tannins, 
and oxalates), transform insoluble materials into 
water-soluble substances, improve sensory 
a�ributes, and reduce strong smells, bi�erness, or 
a�ertastes. This allows for the use of cheap, easily 
cul�vated raw materials, even farm waste, to 
generate worth while also assis�ng in allevia�ng 
pressure on wild resource exploita�on [1, 11].

For example, Polygonum mul�florum, a commonly 
used tradi�onal herb, is known for its hepato-
protec�ve and an�-aging proper�es; however, its 
applica�on is limited due to the presence of 
hepatotoxic anthraquinones, such as emodin. 
Fermenta�on with Aspergillus oryzae has been 
reported to significantly reduce the content of 
toxic anthraquinones while simultaneously 
enhancing an�oxidant ac�vity through the release 
of phenolic compounds and the transforma�on of 
s�lbene glycosides into their more ac�ve aglycone 
forms [2]. Cassia obtusifolia, rich in anthra-
quinones and flavonoid glycosides, shows limited 
bioac�vity in its raw form. However, microbial 
fermenta�on by lac�c acid bacteria improves its 
taste, increases total phenolic and flavonoid 
content, and enhances ac�vi�es such as α-
glucosidase inhibi�on and an�oxidant capacity, 
thus transforming it into a promising an�diabe�c 
and func�onal food candidate [5]. In another case, 
agricultural by-products such as rice bran, o�en 
discarded or underu�lized, have been fermented 

Triterpenoids 
Hydroxyla�on, esterifica�on, 

methyla�on 

Improved solubility, higher 
absorp�on, and more potent an�-

inflammatory effects 

Polypep�des 
Proteoly�c hydrolysis → 

small pep�des 
An�oxidant, an�hypertensive 

bioac�ve pep�des 

Phenolic acids 
Oxida�on, hydroxyla�on, 

decarboxyla�on (ferulic acid → 
vanillin) 

Increased an�oxidant and 
an�microbial poten�al 

Compound group Main biotransforma�on Benefits obtained 
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with Bacillus sub�lis and Lactobacillus plantarum, 
resul�ng in enhanced levels of γ-oryzanol and 
ferulic acid - compounds with well-known an�-
inflammatory and neuroprotec�ve proper�es. 
Fermenta�on also reduces phy�c acid, a known 
an�-nutri�onal factor, increasing the bio-
availability of minerals such as iron and zinc [4]. 

These conversions enhance the drug's ac�on in the 
end product and improve organolep�c proper�es, 
such as flavor and texture, making them more 
acceptable for human use. Furthermore, 
fermenta�on reduces the reliance on wild plants 
by making feasible the u�liza�on of extensive, 
inexpensive, or wasteful material resources from 
agriculture and forestry, thus maintaining 
biodiversity conserva�on and sustainable 
resource use [1, 8].

Overall, microbial fermenta�on represents a 
sustainable, cost-effec�ve approach to valorize 
low-value medicinal resources, transforming them 
into high-value therapeu�c agents with reduced 
toxicity and improved bioavailability.

3.3. Fermented medicinal herbs will help extract 
more effec�vely
The fermenta�on process of medicinal herbs by 
microorganisms can break down the cell walls of 
plants, facilita�ng the extrac�on of substances 
more quickly and efficiently, while also increasing 
the solubility of these substances in water, a 
par�cularly favorable solvent (Tables 1 and 2). In 

addi�on, some strains of microorganisms can also 
produce selec�ve hydroly�c enzymes, thereby 
suppor�ng the extrac�on of target molecules 
without extrac�ng addi�onal impuri�es, which is 
suitable for producing ac�ve essences [1, 12]. 

Microbial fermenta�on enhances biological 
ac�vity and improves the efficiency of extrac�ng 
beneficial compounds from medicinal herbs. One 
of the primary mechanisms is the decomposi�on 
of plant cell walls by hydroly�c enzymes produced 
by microorganisms such as cellulase, hemi-
cellulase, pec�nase, or β-glucosidase. As a result, 
the structure of plant �ssue is broken down, 
allowing the ac�ve ingredients inside to escape 
and dissolve more readily in friendly solvents such 
as water, thereby reducing the need to use toxic 
organic solvents. For example, during the 
fermenta�on of Scutellaria baicalensis with 
Lactobacillus brevis, the content of baicalein 
(aglycone) increased significantly because the 
enzyme β-glucuronidase broke the glycosidic 
bond, making the compound more soluble and 
more ac�ve [4]. Most flavonoids exist in the form 
of glycosides that are insoluble and difficult to 
absorb. Fermenta�on helps to remove the sugar 
part and release the highly ac�ve aglycone. 
Fermenta�on of Scutellaria baicalensis increases 
the extrac�on capacity of baicalein, and at the 
same �me, the extrac�on is more selec�ve and has 
fewer impuri�es than that from unfermented 
medicinal herbs [4].

Lactobacillus 
plantarum 

Produces β-glucosidase; gut 
fermenta�on Flavonoid glycosides → aglycones 

Microbial strain Condi�ons/ Enzymes produced Compounds transformed 

Bifidobacterium 
bifidum 

Secretes enzymes for flavonoid 
metabolism 

Flavonoids → aglycones, phenolic acids 

Enterococcus spp. Hydrolyzes phenolic compounds 
Complex phenolics → 
simple phenolic acids 

Aspergillus niger 
Produces amylase, cellulase, β-

glucosidase 
Glycosides, polysaccharides → 

aglycones, oligosaccharides 

Saccharomyces 
cerevisiae 

Alcoholic fermenta�on; glycoside 
hydrolysis Release of aglycones, organic acids 

Bacillus sub�lis/ 
B. pumilus 

Produces protease, amylase 
Proteins → pep�des; starch → 

maltose, glucose 

Pseudomonas spp. Catechol dioxygenase Phenolic acids → catechol, pyruvate 

Rhizopus spp. Esterase, hydroxylase ac�vity 
Triterpenoids → 

hydroxylated/esterified deriva�ves 

Streptomyces spp. β-glucosidase, cellulase, protease 
Glycosides → aglycones; proteins → 

pep�des 

Table 2. Microbial strains and fermenta�on condi�ons
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Tannins and alkaloids are also ac�ve groups that 
are o�en poorly soluble in water, causing a strong 
astringent and bi�er taste. Fermenta�on can 
par�ally hydrolyze the polymer structure of 
tannins, helping to release easily soluble 
deriva�ves while reducing astringency, making 
extrac�on more manageable, and increasing 
sensory value. Fermenta�on of Radix Ophio-
pogonis with ace�c acid helps to produce 
oligosaccharides with higher biological ac�vity 
and be�er solubility [8].

In summary, fermenta�on is an effec�ve biological 
tool for enhancing the extrac�on efficiency of 
medicinal herbs and improving the solubility and 
selec�vity of target compounds during the 
extrac�on process, while reducing solvent usage 
and aligning with the current trend of "green" 
extrac�on.

3.4. Basis for developing new genera�on pharma-
ceu�cal products
In addi�on to crea�ng tradi�onal products, such as 
previous extrac�on technologies, fermenta�on 
can also produce synbio�c products, which 
combine probio�cs (beneficial microorganisms) 
with prebio�cs (fermented medicinal substrates). 
Fermented products can exhibit vigorous ac�vity, 
have fast-ac�ng effects, and are generally low in 
toxicity. They are suitable for individuals with poor 
health and those who are easily irritated, such as 
older adults and children. The combina�on of 
medic ina l  fermenta�on technology  and 
pharmaceu�cal extrac�on has opened up a new 
direc�on in developing new-genera�on medicinal 
prepara�ons, especially products that are both 
probio�c (beneficial microorganisms) and 
prebio�c (fermented biological substrates 
advantageous to the intes�nal microflora). The 
fermenta�on process chemically transforms the 
ingredients in medicinal herbs, accumula�ng 
beneficial organisms, especially strains of 
Lactobacillus, Bifidobacterium, and Bacillus 
sub�lis. These microorganisms support diges�on 
and contribute to immune regula�on, drug 
metabolism in the intes�ne, and increased 

absorp�on of ac�ve ingredients [3, 4, 7, 13]. 

A typical example is the product from the 
fermenta�on process of Ophiopogon japonicus 
roots - a tradi�onal medicinal herb; when 
fermented with ace�c acid, it creates oligosac-
charides with apparent biological ac�vity and is 
also an ideal substrate for probio�cs to grow in the 
intes�ne [8]. These products func�on as prebio�cs, 
regulate blood sugar levels, and enhance 
pancrea�c func�on in experimental animals. Red 
ginseng fermenta�on with Lactobaci l lus 
paralimentarius has shown the ability to produce 
compound K, a saponin deriva�ve with more 
vigorous ac�vity and easier absorp�on, and this 
enzyme-rich fermenta�on medium can be used as 
a “living biological pla�orm” for combined 
probio�c prepara�ons [10]. 

In addi�on, the development of “bioconversion 
pla�orm” technology - a bioconversion pla�orm 
that combines extrac�on and fermenta�on - 
enables the crea�on of highly effec�ve, fast-ac�ng 
prepara�ons that can be produced in various 
forms, including powders, soluble granules, or 
fermented drinks. These products are especially 
suitable for the elderly, children, people with weak 
diges�ve systems, or those undergoing treatment 
for chronic diseases because of their safety and 
tolerability [5].

3.5. Poten�al in personalised medicine
With the development of precision medicine and 
gut microbiology, fermented medicinal products 
can play a key role in personalised treatment, such 
as selec�ng the right probio�c strain for the 
pa�ent's body, crea�ng products compa�ble with 
the specific gut microbiota for each individual, and 
suppor�ng the recovery of disturbed microbiota 
(due to an�bio�cs, stress, diet) [1, 14]. For 
example, pa�ents with metabolic disorders can 
use soybean products fermented with Bacillus 
sub�lis to increase endogenous insulin and 
improve glycemic response [15].

In addi�on to selec�ng the right strain of 
microorganisms for the pa�ent's body, medicinal 
fermenta�on technology also lays the groundwork 

Cunninghamella spp. Hydroxylase Ursolic acid → 3β-hydroxy-ursolic acid 

Phanerochaete 
chrysosporium 

Produces laccase, peroxidase 
Phenolic acids → vanillin, quinones, 

other aroma�c compounds 
 

Microbial strain Condi�ons/ Enzymes produced Compounds transformed 
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for the development of personalized medical 
products through its ability to interact with the 
intes�nal microflora characteris�c of each 
individual. Many studies have demonstrated that 
the composi�on of the intes�nal microflora 
significantly influences the pharmacological 
effects of natural compounds, par�cularly 
polyphenols, saponins, and alkaloid groups found 
in tradi�onal medicinal herbs, which o�en exhibit 
low bioavailability. The fermenta�on process with 
probio�c bacteria such as Lactobacillus, Bacillus 
sub�lis, or Bifidobacterium not only helps to 
convert these compounds into a more easily 
absorbed form but also creates new metabolites 
with more vigorous ac�vity, suitable for the 
absorp�on and metabolism characteris�cs of each 
user's body [10].

Fermen�ng soybeans with Bacillus sub�lis can 
help convert isoflavone glycosides into aglycone 
forms (such as daidzein and genistein), which 
significantly improves glycemic response in people 
with metabolic syndrome or type 2 diabetes, 
thanks to its ability to affect both endogenous 
insulin secre�on and peripheral insulin sensi�vity. 
This opens the way for the development of 
personalized probio�cs - where treatment 
regimens are based not only on pathology but also 
on gut microbiota pa�erns and individual 
metabolic responses [15]. Furthermore, products 
combining fermented medicinal herbs and 
probio�cs can also be designed as synbio�cs 
(containing both live probio�cs and a prebio�c 
base of fermented medicinal herbs). They provide 
both ac�ve compounds and help restructure the 
intes�nal microflora, which is especially beneficial 
for individuals with sensi�ve diges�ve systems or 
disorders resul�ng from an�bio�c use, stress, or 
unhealthy diets [14]. From this founda�on, 
scien�sts an�cipate that in the future, fermented 
medicinal products will be designed specifically 
based on individual microbiome profiling and 
gene�c data, thereby contribu�ng significantly to 
the development of personalized therapy for each 
pa�ent [14].

In addi�on, the extrac�on of compounds a�er 
fermenta�on is also more effec�ve because this 
process helps break down the plant cell wall, 
increasing the solubility of ac�ve ingredients in 
friendly solvents such as water while reducing 
toxicity and impuri�es, which is very important for 

products for the elderly, children, or people with 
chronic diseases. From there, fermenta�on 
technology not only helps op�mize treatment 
effec�veness but also personalizes the method of 
use, making it suitable for each pa�ent, thereby 
contribu�ng to the development of precision 
medicine based on individual microorganisms and 
specific body physiology.

3.6. Challenges and prospects of medicinal 
fermenta�on technology before extrac�on
Although fermenta�on technology shows 
significant poten�al in enhancing the therapeu�c 
efficacy of medicinal plants, several challenges 
remain that limit its broader applica�on. One 
major challenge is biosafety control. While 
beneficial microbial strains such as Lactobacillus 
and Bifidobacterium are widely used, certain 
fungi, par�cularly Aspergillus species, may 
produce secondary metabolites, including 
mycotoxins, if fermenta�on condi�ons such as pH, 
temperature, and aera�on are not strictly 
controlled [1, 14]. This highlights the necessity of 
rigorous quality assurance protocols to prevent 
contamina�on and ensure the safety of fermented 
medicinal products.

Another cri�cal challenge is batch-to-batch 
consistency. The phytochemical composi�on of 
medicinal plants is highly variable, depending on 
factors such as geographical origin, harvest 
season, and storage condi�ons. This variability can 
be further amplified during fermenta�on, leading 
to inconsistencies in the concentra�on of ac�ve 
metabolites and final biological ac�vi�es [5, 15]. 
Ensuring reproducible phytochemical profiles 
requires careful strain selec�on, standardized 
processing of raw materials, and strict monitoring 
of fermenta�on parameters.

Process op�miza�on is also a limi�ng factor. Slight 
varia�ons in fermenta�on �me, microbial 
inoculum, or  substrate prepara�on may 
significantly alter enzyma�c ac�vity and the yield 
of  ac�ve compounds.  For  instance,  the 
fermenta�on of green tea with Lactobacillus 
plantarum demonstrated enhanced an�oxidant 
ac�vity only under precise pH and temperature 
condi�ons [15]. Scaling up such �ghtly controlled 
laboratory condi�ons to industr ia l - level 
produc�on while maintaining product quality 
remains a significant challenge.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          



[1] A. Hussain, S. Bose, J.-H. Wang, M. K. Yadav, G. 
B. Mahajan, and H. Kim, “Fermenta�on, a feasible 
strategy for enhancing bioac�vity of herbal 
medicines,” Food Research Interna�onal, vol. 81, 
pp. 1-16, 2016.

[2] J. N. T. Peria and P. Pujia�, “Asian Fermented 
Herbal Drinks: Tradi�onal Prac�ces, Health 
Benefits, and Microbial Cultures,” Florea: Jurnal 
Biologi dan Pembelajarannya, vol. 11, no. 1, pp. 
59-65, 2024.

[3] V. Joshi, “Phyto-nutrients, nutraceu�cal, 
fermented foods and tradi�onal medicine in 
human health: Issues, concerns and strategies,” 
Nov. Tech. Nutr. Food Sci, vol. 1, pp. 1-9, 2018.

[4] F.  Guo et al. ,  “Research progress on 
pharmacological proper�es and applica�on of 
probio�cs in the fermenta�on of Scutellaria 
baicalensis Georgi,” Front Nutr, vol. 11, p. 
1407182, 2024.

[5] H. Nguyen Thai, J. Van Camp, G. Smagghe, and 
K. Raes, “Improved release and metabolism of 
flavonoids by steered fermenta�on processes: a 
review,” Int J Mol Sci, vol. 15, no. 11, pp. 19369-
19388, 2014.

[ 6 ]  N .  M a k h a m r u e a n g ,  A .  R a i w a ,  J . 
Jiaranaikulwanitch, E. Kaewarsar, W. Butrungrod, 
and S. Sirilun, “Beneficial bio-extract of Camellia 
s inensis var.  assamica fermented with a 
combina�on of probio�cs as a poten�al ingredient 
for skin care,” Cosme�cs, vol. 10, no. 3, p. 85, 2023.

[7] W. Sun and M. H. Shahrajabian, “Therapeu�c 
poten�al of phenolic compounds in medicinal 
plants Natural health products for human health,” 
Molecules, vol. 28, no. 4, p. 1845, 2023.

[8] H. Zhu, L. Guo, D. Yu, and X. Du, “New insights 
into immunomodulatory proper�es of lac�c acid 
bacteria fermented herbal medicines,” Front 
Microbiol, vol. 13, p. 1073922, 2022.

REFERENCES

Despite these obstacles, the prospects of 
medicinal fermenta�on technology remain highly 
promising. Fermenta�on aligns with sustainable 
development goals by reducing reliance on organic 
solvents and allowing the valoriza�on of low-value 
plant materials [2, 11]. Moreover, its role in 
genera�ng novel secondary metabolites such as 
compound K from ginsenosides or decursinol from 
Angelica highlights its poten�al in the discovery of 
new therapeu�c agents [1, 10]. In addi�on, the 
integra�on of fermenta�on into personalized 
medicine, through tailoring probio�cs and 
biotransforma�on pathways to individual 
microbiome profiles, opens new opportuni�es for 
precision healthcare [14].

In summary, while biosafety risks, consistency 
issues, and process op�miza�on represent 
ongoing challenges, advances in microbial 
biotechnology and quality control strategies are 
likely to overcome these barriers. This will 
facilitate the development of safe, effec�ve, and 
standardized fermented medicinal products, 
thereby ensuring their future role as a cornerstone 
in modern phytopharmaceu�cals.

4. CONCLUSION
Before extrac�on, fermenta�on is considered a 
sophis�cated and hopeful biotechnological 

method for medicinal material research. Instead of 
conduc�ng extrac�on directly, as is commonly 
prac�ced, the ini�al step is fermenta�on, which 
allows the microorganisms, par�cularly bacteria 
and yeasts, to transform the natural components 
available in the plant materials into more 
absorbable or bioac�ve forms. This method not 
only improves the u�lity of ac�ve cons�tuents to a 
considerable degree but also can generate novel 
deriva�ves with higher poten�al. Inducing the 
fermenta�on process before extrac�on enables 
the reconstruc�on of the medicinal compound's 
chemical makeup in a differen�al manner, which 
enhances therapeu�c ac�on and reduces the risk 
of side effects or toxicity. These products also 
possess superior biocompa�bility and are less 
harmful when applied by human beings. This 
strategy represents a significant step forward in 
integra�ng tradi�onal medical wisdom, based on 
centuries of medicinal plant use, with modern 
scien�fic techniques, including microbiology, 
analy�cal biochemistry, and pharmacokine�cs. 
Integra�ng fermenta�on technology into 
phytopharmaceu�cal research and development 
(R&D) opens new avenues for evidence-based, 
individualized therapies and facilitates the 
development of sustainable, eco-friendly medical 
solu�ons.

167

Hong Bang Interna�onal University Journal of Science ISSN: 2615 - 9686 

Hong Bang Interna�onal University Journal of Science - Vol.9 - 12/2025: 159-168

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          



[9] W.-L. Lin, W.-W. Su, X.-Y. Cai, L.-K. Luo, P.-B. Li, 
and Y.-G. Wang, “Fermenta�on effects of 
oligosaccharides of Radix Ophiopogonis on 
alloxan-induced diabetes in mice,” Int J Biol 
Macromol, vol. 49, no. 2, pp. 194-200, 2011.

[10] L.-H. Quan, Y.-J. Kim, G. H. Li, K.-T. Choi, and D.-
C. Yang, “Microbial transforma�on of ginsenoside 
R b 1  t o  c o m p o u n d  K  b y  L a c t o b a c i l l u s 
paralimentarius,” World J Microbiol Biotechnol, 
vol. 29, pp. 1001-1007, 2013.

[11] A. M. Abdelshafy, A. K. Rashwan, and A. I. 
Osman, “Poten�al food applica�ons and biological 
ac�vi�es of fermented quinoa: A review,” Trends 
Food Sci Technol, vol. 144, p. 104339, 2024.

[12] Q.-W. Zhang, L.-G. Lin, and W.-C. Ye, 

“Techniques for extrac�on and isola�on of natural 
products: A comprehensive review,” Chin Med, vol. 
13, pp. 1-26, 2018.

[13] K. Pandey, S. Naik, and B. Vakil, “Probio�cs, 
prebio�cs and synbio�cs-a review,” J Food Sci 
Technol, vol. 52, no. 12, pp. 7577-7587, 2015.

[14] A. Abel�no et al., “Unraveling the gut 
microbiota: implica�ons for precision nutri�on 
and personalized medicine,” Nutrients, vol. 16, no. 
22, p. 3806, 2024.

[15] R. Araki et al., “Gamma-polyglutamic acid-rich 
na�o suppresses postprandial blood glucose 
response in the early phase a�er meals: a 
randomized crossover study,” Nutrients, vol. 12, 
no. 8, p. 2374, 2020.

Tiềm năng của công nghệ lên men cho quá trình chiết 
xuất dược liệu

Nguyễn Thị Mai Hương, Bùi Thanh Phong

TÓM TẮT 
Tổng quan: Một số thuốc thảo dược truyền thống có hoạt �nh thấp. Quá trình lên men như một giải pháp 
nhằm tăng hiệu quả điều trị thông qua sự chuyển hóa các chất có hoạt �nh mạnh bởi vi sinh vật. Mục �êu: 
Làm rõ cách thức mà quá trình lên men giúp cải thiện hiệu lực điều trị của dược liệu và vai trò của nó trong y 
học hiện đại và cá thể hóa. Phương pháp: Tổng hợp các nghiên cứu về lên men vi sinh sử dụng các chủng 
như Lactobacillus, Bacillus và Aspergillus, tập trung vào quá trình chuyển hóa các hợp chất thực vật và tăng 
hoạt �nh sinh học. Bài nghiên cứu này tập trung vào các bài báo nghiên cứu và các bài báo đánh giá liên 
quan đến quá trình lên men vi sinh của cây thuốc từ các cơ sở dữ liệu khoa học như PubMed, ScienceDirect, 
SpringerLink và Google Scholar. Kết quả: Lên men giúp tăng các hoạt �nh như chống oxy hóa, kháng viêm 
và chống �ểu đường nhờ biến đổi các hợp chất thành dạng dễ hấp thu và có hoạt �nh mạnh hơn, đặc biệt là 
aglycone. Kết luận: Lên men là hướng đi �ềm năng để nâng cao giá trị dược liệu, mang lại lựa chọn điều trị 
hiệu quả và an toàn hơn, phù hợp với từng cá nhân.

Từ khóa: dược liệu, lên men, hoạt �nh sinh học, hóa thực vật, công nghệ sinh học
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