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Abstract: We aimed to increase the ginsenosides present in fermented red ginseng and enhance cordycepin production 
by Cordyceps militaris using solid-state fermentation. After 50 days of fermentation, red ginseng solid-state fermented 
with C. militaris demonstrated considerably higher contents of Rb3  (9.16%), Rd  (513.93%), Rg2  (63.12%), Rg3  (20R; 
112.53%), and Rg3  (20S; 101.17%) than untreated red ginseng. As  the fermentation time increased, the production 
of cordycepin gradually increased, yielding approximately 34.8 mg kg–1 of cordycepin after 50 days of  fermentation. 
In conclusion, red ginseng fermented by C. militaris could be used as natural herbal medicine or dietary supplement 
with several health-beneficial effects.
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The therapeutic potential of  red ginseng (steamed 
and dried root of  Panax ginseng  C.A.  Meyer, fam-
ily Araliaceae) has been extensively investigated (Park 
et al. 2012), and ginsenosides, the active components 
present in red ginseng, are involved in the modulation 
of  multiple physiological activities (Leung and Wong 
2010). Ginsenosides are triterpene saponins, and most 
are composed of  a  dammarane skeleton (17  carbons 
in  a  four-ring structure) with various sugar moieties, 
such as glucose, xylose, rhamnose, and arabinose, at-
tached to the C-3 and C-20 positions (Leung and Wong 
2010). To date, more than 30 ginsenosides have been 
identified and largely classified into two categories: 
i)  20(S)-protopanaxadiol (such as  Rb1, Rb2, Rb3, Rc, 
Rd, Rg3, Rh2, and Rs1) and ii) 20(S)-protopanaxatriol 
(such as  Re, Rf, Rg1, Rg2, and Rh1) (Matsuura et  al. 
1984; De  Smet 2002; Leung and Wong 2010). Red 
ginseng has a  unique saponin profile, with emerging 

ginsenosides Ra1, Ra2, Ra3, Rf2, Rg4, Rg5, Rg6, Rk1, 
Rs1, and Rs2 possibly resulting from heat transforma-
tion and deglycosylation of  naturally occurring gin-
senosides (Kasai et  al. 1983; Kwon et  al. 2001; Leung 
and Wong 2010).

The fermentation of medicinal herbs improves their 
pharmacological efficacy and/or increases the absorp-
tion rates in the body. Reportedly, fermented red gin-
seng has enhanced functionality, increased amounts 
of  physiologically active substances, and an  increased 
absorption rate in the body as reported by various mi-
croorganisms, Bifidobacterium  H-1 (Bae et  al. 2004), 
Bifidodoterium (Trinh et al. 2007), Lactobacillus planta-
rum M1 (Kim et al. 2010), and red-koji (Kim et al. 2013).

Cordyceps militaris is a useful source of bio-metabo-
lites for herbal medicines, with extensive data support-
ing its health-beneficial activities since ancient times. 
Notably, the active principles of  C.  militaris possess 
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antioxidant, anti-inflammatory, anti-microbial, immu-
nomodulatory, anticancer, hypolipidemic, hypoglyce-
mic, anti-diabetic, anti-fatigue, hepatoprotective, and 
neuroprotective activities (Das et al. 2010).

Cordycepin (3-deoxyadenosine), an  active ingredi-
ent of C. militaris (Cunningham et al. 1950), is a class 
of compounds exhibiting significant therapeutic poten-
tial, including anticancer, antitumor, anti-inflammatory, 
antioxidant, insecticidal, antiviral, and antimicrobial 
activities (Tuli et al. 2013; Qin et al. 2019).

Reportedly, C. militaris has enhanced the functionality 
and increased the amount of physiologically active sub-
stances in several raw herbal and food materials, includ-
ing Undaria pinnatifida (Kim et  al. 2015), buckwheat, 
embryo rice (Huang et al. 2017), and rice (Xu et al. 2019).

Solid-state fermentation consists of microbial growth 
and product formation on solid particles in the absence 
(or near absence) of water; however, the substrate con-
tains sufficient moisture to  allow microbial growth 
and metabolism (Pandey 2003). Notably, solid-state 
fermentation offers numerous advantages over sub-
merged fermentation, such as a simpler technique and 
lower cost. However, several problems may be encoun-
tered in  terms of  controlling parameters such as  pH, 
temperature, aeration, oxygen transfer, and moisture. 
In addition, regulating the environment within the bio-
reactors can be  difficult to  achieve, particularly tem-
perature and moisture (Couto and Sanromán 2006; 
Sadh et al. 2018).

It has been reported that fermentation of red ginseng 
extract with C. militaris can be achieved via a liquid fer-
mentation process (Bae et al. 2011); however, evidence 
supporting this process is  lacking. Therefore, in  this 
study, we  aimed to  increase the ginsenosides present 
in  fermented red ginseng, along with the cordyce-
pin production of C. militaris, by utilising solid-state 
fermentation.

MATERIAL AND METHODS

Material. The  red ginseng and C.  militaris (strain 
No. KCCM 60304) used in this study were purchased 
from Chungok Korean Ginseng (Geumsan-Gun, Chun-
gcheongnam-Do, Korea) and the Korean Agricultural 
Culture Collection (Wanju-gun, Jeollabuk-do, Korea), 
respectively. Baeksul white sugar was purchased from 
CJ Cheil Jedang Corp. (Seoul, Korea) and unpolished 
brown rice powder was purchased from the Munsan 
local market (Jinju, Gyeongsangnam-do, Korea).

Preparation of red ginseng fermented by C. mili-
taris mycelia. To prepare the seed culture, C. milita-

ris (1% of  inoculum) was cultured in potato dextrose 
broth (PDB) (25  g  L–1; VentechBio  Co.,  Ltd., Eum-
seong, Chungcheongbuk-do, Korea) at  24  ±  1  °C for 
168  h using an  incubator (VS-1203P1; Vision Scien-
tific Co., Ltd., Daejeon-si, Korea).

Solid-state fermentation of red ginseng by C. mili-
taris. After immersing 1 kg of red ginseng in 100 °C water 
for 30 s, the red ginseng was dried to ensure a 25% mois-
ture content (hot air dryer OF-21; Jeio Tech  Co.,  Ltd., 
Daejeon, Korea). After mixing the sugar and brown rice 
powder as a carbon source in a 2 : 8 ratio, this mixture 
[5% (w/w) of red ginseng] was coated onto the red gin-
seng. The coated red ginseng was sterilised at 121 °C and 
1.1  kg  cm–2 for 30  min (DA-AC-80 autoclave; Donga 
Science, Siheung-si, Korea) and then cooled to  25  °C 
at a rate of 7 °C min–1 (HB-402 clean bench; Han Baek 
Scientific, Bucheon, Korea). The cooled red ginseng was 
incubated at 25 °C (VS-1203P1 incubator; Vision Scien-
tific Co., Ltd., Daejeon-si, Korea). After 2 days, the Cordy-
ceps mycelia (C. militaris) were inoculated on the surface 
of the red ginseng in an amount equivalent to 5% of the 
weight of red ginseng and solid-state fermentation was 
performed at 24  °C for 50 days (VS-1203P1 incubator; 
Vision Scientific Co., Ltd., Daejeon-si, Korea).

Determination of ginsenoside content. The sapo-
nin content was measured by pulverising the prepared 
red ginseng using a grinder (HMF-3250S; Hanil Elec-
tric Co., Ltd., Seoul, Korea), followed by hot water ex-
traction for 4 h using an autoclave (DA-AC-80; Donga 
Science, Siheung-si, Korea) at 100 ± 5°C, filtration us-
ing a 110 nm filter (No. 2; Advantec Toyo Kaisha, Ltd., 
Tokyo, Japan), vacuum concentration using a vacuum 
evaporator (RE-2000E; Dooyoug HI-TECH, Seoul, Ko-
rea), and lyophilised powder preparation using a freeze 
dryer (Lyovapor  L200; BÜCHI Labortechnik  AG, 
Flawil, Switzerland) and a vibrating body (GY-200; 
Guan Yeu Machinery Factory, Chang-Hua Hsien, Tai-
wan) with a  60-mesh according to  the methods pro-
vided by  the Health Functional Food Code (KFDA 
2012) and Lim et al. (2019). In this study, the ginseno-
side standards used were ginsenoside Rb1, Rb2, Rb3, 
Rc, Rd, Re, Rg1, Rg2, Rg3 (20R), and Rg3 (20S) (Ambo 
Institute, Daejeon-si, Korea).

Determination of the cordycepin content. The cordy- 
-cepin content was measured by  pulverising the pre-
pared red ginseng, followed by hot water extraction, fil-
tration, vacuum concentration, and lyophilised powder 
preparation according to the slightly modified method 
reported by Wang et al. (2016). The standard cordycepin 
(C3394) was purchased from Sigma-Aldrich  Co.,  Ltd. 
(St. Louis, Missouri, US).
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RESULTS AND DISCUSSION

During the solid-state fermentation process, the 
growth of C. militaris mycelia increased. After 50 days 
of fermentation, approximately 95% of the red ginseng 
surface was covered by C. militaris mycelia (Figure 1). 
In the untreated red ginseng, the contents of Rb1, Rb2, 
Rb3, Rc, Rd, Re, Rg1, Rg2, Rg3 (20R), and Rg3 (20S) were 
7.448, 1.915, 0.284, 3.916, 0.567, 1.753, 3.599, 0.610, 
0.399, and 0.257 mg g–1, respectively (Table 1). The total 
ginsenoside content was 20.748 mg g–1. In red ginseng 
solid-state fermented with C.  militaris, the contents 
of Rb1, Rb2, Rb3, Rc, Rd, Re, Rg1, Rg2, Rg3 (20R), and 
Rg3 (20S) were 2.996, 1.713, 0.310, 2.934, 3.481, 1.312, 
2.255, 0.995, 0.848, and 0.517 mg g–1, respectively (Ta-
ble 1). The total ginsenoside content was 17.361 mg g–1. 
The red ginseng solid-state fermented with C. militaris 
demonstrated considerably higher contents of Rb3, Rd, 
Rg2, Rg3 (20R), and Rg3 (20S) than the untreated red 
ginseng (9.16, 513.93, 63.12, 112.53, and 101.17%, re-
spectively). The higher content of these specific ginsen-
osides, including Rb3, Rd, Rg2, Rg3(20R), and Rg3(20S), 
is known to afford beneficial effects on the human body 
as follows: Rb3 has hypoglycemic, antidepressant-like, 
and protective properties against cell injury and oxida-
tive stress (Cui et al. 2012; Oh et al. 2016; Meng et al. 
2017; Wang et al. 2018); Rd has neuroprotective effects 
and attenuates oxidative damage (Yokozawa et al. 2004; 
Ye et al. 2009); Rg2 has protective effects against neu-
rotoxicity, ultraviolet B (UV-B)-induced DNA damage, 
and memory impairment (Li et al. 2007; Zhang et al. 
2008; Ha et al. 2010); Rg3(20R) and Rg3(20S) enhance 
human intestinal bacteria activities and possess anti-
cancer and anti-obesity effects (Bae et al. 2002; Hwang 
et al. 2009; Sun et al. 2017). It could be postulated that 
the Cordyceps mycelium induced a change in the gin-
senoside  content through the bioconversion of  the 
ginsenoside components while growing on the surface 

of the red ginseng, which contains the ginsenosides. Al-
though a liquid fermentation process rather than solid-
-phase fermentation, the ginsenoside content of  red 
ginseng extract was 13 786.5 μg mL–1 according to Bae 
et  al. (2011), whereas red ginseng extract fermented 
by C. militaris showed high levels of total ginsenosides 
(17 501.6 μg mL–1). Among various ginsenosides, lev-
els of Rg1 and Rb1, fermented with C. militaris, were 
higher (2 981.4 μg mL–1) than the content in red gin-
seng extract (2 774.1 μg mL–1).

After 10, 20, 30, and 40 days of fermentation, the con-
tent of cordycepin in red ginseng solid-state fermented 
with C. militaris was 1.8, 10.7, 25.3, and 31.1 mg kg–1, 
respectively. As shown in Figure 2, 0 days of fermenta-
tion produced no cordycepin; however, as the fermen-
tation  time increased, the production of  cordycepin 
gradually increased, yielding approximately 34.8 mg kg–1 
of cordycepin at 50 days of fermentation (Figure 2).

Red ginseng contains several components with vari-
ous physiological activities (Park et al. 2012). Secondary 
fermentation has been evaluated using specific strains 
to  enhance the specific components or  physiologi-
cal activities of  red ginseng. According to  the results 
of Bae et al. (2004), when red ginseng is fermented for 
5 days with Bifidobacterium H-1, its main components 
are compound K  (CK)  >  ginsenoside  Rg3  ≥  ginsen-
oside  Rh2. Notably, while the orally administered 
red ginseng extract fails to  protect against ischemia-
-reperfusion brain injury, fermented red ginseng pro-
vides significant protection (Trinh et  al. 2007). Red 
ginseng powder (RGP) fermented by  Lactobacillus 
plantarum M1 possesses a higher total content of gin-
senosides (142.4 mg g–1) than the control (121.8 mg g–1) 
(Kim et  al. 2010). Particularly, the ginsenosides Rg3, 
Rg5, Rk1, CK, Rh1, and Rg2 are present in  the fer-
mented RGP to a greater extent (65.5 mg g–1) than the 
control (32.7 mg g–1). In everted intestinal sacs of rats, 
red ginseng displayed a  higher transportation level 

Figure 1. Solid-state fermented red ginseng after (A) 0, (B) 10, (C) 25, (D) 40, and (E) 50 day-fermentation by Cordy-
ceps militaris

Solid-state fermentation was performed at 24 °C

(A) (B) (C) (D) (E)
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(10.3  mg  of  polyphenols  g–1  sac) than non-fermented 
red ginseng (6.67 mg of polyphenols g–1 sac) after 1 h. 
Additionally, Kim et al. (2013) reported that the allevia-
tion of  obesity-mediated metabolic disorders in  mice 
-fed a high-fat diet by red ginseng is enhanced by red-
koji fermentation.

C. militaris, a medicinal and edible mushroom, has 
been used as herbal medicine (Das et al. 2010). Addi-
tionally, this strain has been used to alter the quantity 
of raw material constituents, as well as to improve the 
related physiological activities. Reportedly, the free 
radical scavenging activity of the U. pinnatifida extract 

fermented with C.  militaris mycelia using solid cul-
ture extracts is higher than that of C. militaris mycelia 
or  U.  pinnatifida alone. In  the U.  pinnatifida extract 
fermented with C. militaris, the 2,2-diphenylpicrylhy-
drazyl (DPPH), alkyl, and hydroxyl radical scavenging 
activities significantly increased (P  <  0.05) up  to  35, 
10, and 16 times, respectively (Kim et al. 2015). Huang 
et  al. (2017) reported that UV-B light-irradiated sam-
ples of  buckwheat and embryo rice fermented with 
C.  militaris showed a  significant increase in  the vita-
min D2 content when compared with fresh embryo rice 
fermented by  C.  militaris. Furthermore, in  the irradi-
ated dry samples fermented using C. militaris, the ad-
enosine, cordycepin, and polysaccharide contents were 
higher than in  the irradiated fresh samples fermented 
by C. militaris. Samples fermented by C. militaris had 
lower effective concentration (EC)50 values and higher 
content of antioxidants than the unfermented samples. 
Xu et al. (2019) have studied the increase in C. milita-
ris polysaccharide production and the antioxidant ac-
tivities of  fermented rice by  solid-state fermentation. 
Under optimised conditions, the maximal C. militaris 
polysaccharide content and free radical scavenging ra-
tio are 68.3 mg g–1 dry substrate and 98.9%, respectively.

However, evidence supporting the potential of  red 
ginseng fermented with C. militaris is lacking in a solid 
phase fermentation. Therefore, in this study, we aimed 
to increase the ginsenosides present in fermented red 
ginseng and the cordycepin production of C. militaris 
using solid-state fermentation. Solid-state fermenta-
tion refers to  a  method of  fermenting that involves 
growing a microorganism on a solid substrate contain-
ing a certain amount of water. Unlike liquid fermenta-
tion, solid-state fermentation enables the convenient 
extraction and purification of the target compound(s) 
from the fermented products (Shuler et  al. 2017). 
In  this study, the production of  several ginsenosides 
in fermented red ginseng and the cordycepin produc-
tion of  C.  militaris was demonstrated through  solid-
-state fermentation (Table  1 and Figure  2). In  this 
solid-state fermentation, the fermentation process was 
stopped when the moisture content was less than 12%; 
additionally, when the moisture content was 80–85% 
or  more, free water appeared and inhibited the fer-
mentation (data not shown). Additionally, red ginseng 
fermented by C. militaris, which carries out the solid-
-state fermentation, does not use water unlike liquid 
fermentation and thus has several process advantages, 
including a  simplified fermentation process and con-
venient separation and purification. Moreover, the rate 
of production of the target ginsenosides and cordyce-
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Figure 2. Increase in cordycepin content in solid-state 
fermented red ginseng with Cordyceps militaris during 
a 50-day fermentation

Table 1. Changes in ginsenoside contents in red ginseng 
solid-state fermented with Cordyceps militaris after 
a 50-day fermentation

Ginsenosides
Red 

ginseng 
(mg g–1)

Fermented 
red ginseng 

(mg g–1)

Rate 
of change 

(%)

Rb1 7.448 2.996 –59.77
Rb2 1.915 1.713 –10.55
Rb3 0.284 0.310  9.16
Rc 3.916 2.934 –25.08
Rd 0.567 3.481 513.93
Re 1.753 1.312 –25.16
Rg1 3.599 2.255 –37.34
Rg2 0.610 0.995 63.12
Rg3(20S) 0.399 0.848 112.53
Rg3(20R) 0.257 0.517 101.17

Total 
ginsenosides 20.748 17.361 –16.33
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pin was high. To the best of our knowledge, this is the 
first study demonstrating the development of a solid-
-state fermentation process to  increase the ginsen-
osides present in fermented red ginseng, as well as the 
cordycepin production by C. militaris.

To confirm the bioactive effects of  red ginseng fer-
mented by C. militaris, it  is necessary to evaluate the 
potential synergistic effects of ginsenosides and cordy-
cepin on specific bioactivities in future investigations.

CONCLUSION

In conclusion, red ginseng fermented by  C.  militaris 
may be used as natural herbal medicine or dietary sup-
plement with various beneficial effects on human health.
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