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ABSTRACT: Light is an important factor for cordycepin production in Cordyceps militaris. We investigated the effects of different
light-emitting diode (LED) conditions including various LED wavelengths and their combinations on cordycepin production in
Cordyceps militaris cultivated in submerged culture. The results of our study showed that the combinations of LED wavelengths
were more beneficial than single LED sources for cordycepin production. Among the three tested wavelength combinations, the
greatest effects for cordycepin production were observed for the red:blue light combination at the wavelength ratio of 5:5 or 3:7.
The optimal culture conditions were 19.2278 h/day of illumination time; 9.19497 g/50 mL of glucose content in the media; and
53.112 h of cultivation time. Our model predicted a maximum yield of 2860.01 μg/mL cordycepin. Finally, to verify the
calculated maximum, we performed experiments in the culture media representing the obtained optimum combination and the
cordycepin yield of 2412.5 μg/mL.

KEYWORDS: Cordyceps militaris, Cordycepin, Light-emitting diode, Response surface methodology, Mushroom composition
rdycepin

INTRODUCTION

Cordycepin (3-deoxyadenosine), a nucleoside analog,

is the main bioactive ingredient of Cordyceps and is

known to mediate a variety of pharmacological effects

(Tuli et al., 2014). Many chemically modified cordycepin

derivatives have been reported that have shown various

potential therapeutic effects (Kim et al., 2006; Tuli et

al., 2013; Ahn et al., 2000; Kodama et al., 2000; Guo

et al., 2010; Baik et al., 2012; Tian et al., 2015).

Cordyceps militaris is a valuable nematophagous fungus

described in traditional Chinese medicines as rare and

exotic medicinal fungi. Some Cordyceps species have

long been used for medicinal purposes in China, Japan,

Korea, and other oriental countries because of their

various biological and pharmacological activities which

are generally attributed to the presence of important

bioactive ingredients such as adenosine, cordycepin, and

exopolysaccharides (Kim et al., 2003; Ling et al., 2002;

Ng and Wang, 2005). The fruit bodies of wild C.

militaris are expensive because of host specificity and

rarity in nature; they grow extremely slowly in nature,

their growth is restricted to specific areas, and they are

very small in size (Kim et al., 2003). Therefore,

collecting sufficient quantities for extensive use as a

drug is difficult (Mao et al., 2005). 

Submerged cultures have potential advantages such as

high mycelial production in a compact space and

requirement of a short time with less chances of

contamination. Artificial production of C. militaris in

the bioreactor is essential to meet human needs and to

mitigate the pressure on natural resources of the species.

A successful large-scale production method of C.

militaris by culture is necessary so that fungal strains

can be easily isolated from natural C. militaris and

manufactured in large quantities by submerged culture
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technology (Li et al., 2003; Ling et al., 2002). 

Although the previous studies (Shih et al., 2007; Dong

and Yao, 2005; Cha et al., 2007; Leung et al., 2006;

Yue et alet al., 2013; Tang et al., 2018) all aimed for

high mycelia weight or high bioactive compound

production, none focused on the effects of light on C.

militaris growth and bioactive compound production in

a submerged culture. 

In this study, LED light of different wavelengths and

their combinations were applied during submerged

culture of C. militaris to investigate the effects of LED

light on the mycelial growth and content of cordycepin.

In addition, culturing conditions were optimized,

including LED illuminance, culture period, and glucose

content in medium, by response surface methodology

(RSM) based on Box–Behnken design (BBD) and

desirability function analysis to maximize cordycepin

content.

MATERIALS AND METHODS

Reagents and standards
Potato dextrose agar (PDA) and yeast extract were

purchased from Himedia Laboratories (BD Difco,

Germany). Glucose and cordycepin were obtained from

Sigma-Aldrich Co. (St. Louis, MO). LED lights and

fluorescent lamps were purchased from BISSOL LED

Co., Ltd. (Seoul, South Korea), and an incubator were

purchased from JEIO TECH Co., Ltd. (SI-900R,

Daejeon, South Korea). 

Mycelia preparation
C. militaris was obtained from KCCM (deposit

number: 60304, Seoul, South Korea). Stock cultures

were maintained on PDA plates. Plates were incubated

at 25
o
C for 14 days and stored at 4

o
C for use as

subcultures every two months. C. militaris was initially

grown on PDA medium at 25
o
C, and the mycelium

harvested after 14 days for experiments. 

Submerged culture 
Five mycelial agar disks (5 mm × 5 mm) were

obtained using a sterilized punching machine and were

transferred to 250-mL flasks containing 100 mL of yeast

extract malt extract glucose (YMG) medium (pH, 6.0;

yeast extract, 4 g/L; malt extract, 10 g/L; glucose, 4 g/L),

PDB medium (pH, 5.2; glucose, 20 g/L; potato extract,

4 g/L), and Sabouraud dextrose broth (SDB) medium

(pH, 4.5; glucose, 20 g/L; peptone, 10 g/L) under

laminar flow. 

Different wavelengths of LEDs 
To investigate the effects of different wavelengths of

LEDs on the production of bioactive compounds of C.

militaris, the substrates in the light culture room were

exposed to red light LED (619–626 nm), green light

LED (526–531 nm), and blue light LED (467–472 nm)

for 12 h/day. The control was illuminated by fluorescent

lamps under dark condition or UV-A for 7 h/day, and

all cultivation was performed in five replicates. 

Combination of different ratios of wavelength of
LEDs 

Two combinations of different ratios of wavelengths

of LEDs were applied for 7 h/day. These two types were

(1) a combination of red and green LED at ratios of

3:7, 5:5, and 7:3, (2) a combination of red and blue

LED at ratios of 3:7, 5:5, and 7:3, and (3) a

combination of green and blue LED at ratios of 3:7,

5:5, and 7:3. The control was illuminated by fluorescent

lamps or UV-A for 12 h/day or under dark conditions.

Cultivation was performed in five replicates.

The LED light strips in each section can be changed

with different LEDs of light spectra depending on the

experimental requirement. Before light treatments, each

of light spectral distributions of LEDs were tested to

ensure it was able to maintain the light spectrum as

required when operating in a thermally dynamic

environment. A digitally controlled multi-spectral LED

dimming system was installed on the top of the lamp

board. The LED dimming system allows the user to

adjust the photoperiod and light quantity ratio of

different multi-spectral LEDs based on the required light

spectrum at each stage to reach optimization for

organism growth (Chang et al., 2014).

Illumination time 
To investigate the effects of different illumination times

on the production of cordycepin of C. militaris, the

substrates in the light culture incubator room were

illuminated at a light intensity of 1400 ± 250 lux for 6,

12, and 24 h/day by fluorescent lamps, under dark

conditions, and UV-A was used as a control. Triplicate

samples were exposed to each light treatment for 7 days.

Glucose content in media
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In order to investigate the effect of various amounts of

sugar on the production of bioactive compounds of C.

militaris in the medium, 1.5-15 g of glucose was added

per L to the medium. All incubations were performed

five times and these results were used as data for RSM

analysis.

Afterwards, the media were applied to submerged

culture at 24 °C (100 rpm) and subjected to different

LED light treatments for 7 days.

Determination of mycelia dry weight
Samples collected at various intervals from shake

flasks were centrifuged at 6000×g for 10 min, and the

supernatant was filtered through a pre-weighted

Whatman filter paper No. 2 (Whatman International

Ltd., Maidstone, UK). The centrifuged mycelia were

washed with excess distilled water and collected by

filtration through Whatman filter paper; the dry weight

of the mycelia was measured after freeze drying to a

constant dry weight.

Determination of cordycepin 
One gram of dry mycelia was extracted with 250 mL

of 50% ethanol under ultrasonic cleaner for 60 min. The

supernatant was separated by centrifugation at 18,400×g

for 10 min and then filtered through a 0.45 μm filter.

The filtrate was assayed for cordycepin contents. To

measure cordycepin, an HPLC system was equipped

with a Kinetex 5 μm C18 100A column (Phenomenex,

Torrance, CA, USA). The mobile phase was 85% 0.02

M KH2PO4 and 15% methanol; the flow rate was set at

1.2 mL/min. The injection volume was 20 mL. The

eluent was detected using a UV/Visible Detector

(Shimadzu SPA-20A) at 260 nm. Quantification was

based on the UV signal response of each standard using

the external standard method, and a standard calibration

curve was prepared using 10-100 μg/mL of cordycepin.

Experimental design by RSM 
A three-level BBD in RSM was employed in the

present study, and the optimal conditions were

determined through a minimal set of experiments

compared with other designs (Dong et al., 2009). BBD

has been successfully applied to optimize culture

conditions for submerged cultivation of Cordyceps spp.

(Shih et al., 2007; Jian and Li, 2011). BBD was

conducted to optimize cordycepin content (Y1) by C.

militaris. As shown in Table 1, the three factors chosen

for this study were illumination time (h/day, X1),

glucose content in submerged media (g/50 mL, X2), and

cultivation time (hour, X3) with three levels of each

factor: high (coded as +1), middle (coded as 0), and low

(coded as −1). For a three-factor, three-level design, the

experimental trials were given by a set of points at the

midpoint of each edge of a multidimensional cube and

three replication of center points, resulting in a total

number of 17 experiments. The BBD experimental

results were fitted with a second-order polynomial

equation (Eq. (1)) by a multiple regression technique:

Eq. (1)

where Y is the predicted response (cordycepin yield in

this study, mg/l), β0, βi, βii, and βij are constant

coefficients, and xi and xj are the coded independent

variables or factors. The quality of fit of the second-

Y β
0
Σi 1=

4
βixi Σi 1=

4
βi ixi

2
Σi 1=

3
Σi j<

4
βijxixij+ +=

Table 1. Result of three factor, Box–Behnken experimental
design

Run
Independent 

variables (coded)
Independent

 variables (actual)
Cordycepin

content, mg/L
X1 X2 X3 X1 X2 X3 Y1

1 1 0 -1 24 7.5 24 2134.16
2 0 0 0 12 7.5 72 3133.58
3 1 0 1 24 7.5 120 1416.22
4 -1 1 0 0 10 72 192.13
5 0 0 0 12 7.5 72 3224.84
6 0 -1 -1 12 5 24 1851.05
7 -1 0 -1 0 7.5 24 131.29
8 1 -1 0 24 5 72 1996.21
9 -1 0 1 0 7.5 120 121.31

10 0 -1 1 12 5 120 1212.97
11 1 1 0 24 10 72 3154.37
12 0 1 1 12 10 120 2715.24
13 0 0 0 12 7.5 72 3157.76
14 0 0 0 12 7.5 72 3215.66
15 -1 -1 0 0 5 72 97.98
16 0 1 -1 12 10 24 3725.61
17 0 0 0 12 7.5 72 3831.52

Independent variables
Levels

-1 0 1
X1: Illumination time, h/day 0 12 24
X2: Sugar content, g/50 mL 5 7.5 10
X3: Incubate time, h 24 72 120



13 Si-Young Ha, Ji-Young Jung, Jai-Hyun Park, Dong-Hwan Lee, Ji-Won Choi, and Jae-Kyung Yang

order model equation was expressed by the coefficient

of determination R
2
, and its statistical significance was

determined by an F-test. The significance of the

regression coefficients was tested by a t-test. The

computer software used was SAS Design Expert 11.

Statistical analysis
Data are presented as the mean standard deviation (n

= 3). Statistical analyses of the results were performed

at 5% significant level using the Statistical Analysis

System software (SAS institute, Inc., 2000). Differences

between the means of individual groups were assessed

using SAS with Duncan's multiple-range test.

RESULTS AND DISCUSSION

Effect of various media on mycelia dry weight and
production of cordycepin

It has been reported that acidic pH and suitable media

components are suitable for mycelial growth and

production of metabolites for many kinds of

ascomycetes and basidiomycetes, including Cordyceps

sp. (Liu et al., 2011; Leung et al., 2006). The effects of

submerged media on the mycelium dry weight and

cordycepin content of C. militaris are shown in Fig. 1.

It can be seen that the maximum mycelial dry weight

production for YMG (pH 6), PDB (pH 5.2), and SDB

(pH 4.5) media was 6.19 g/L, 11.97 g/L, and 6.53 g/L

obtained on 7 days, respectively. PDB medium is the

most commonly used medium for mushroom mycelial

culture (Imtiaj and Lee, 2007; Souilem et al., 2017).

Extracellular cordycepin production by C. militaris

began slowly after the start of cell growth and reached

the maximum of 0.10 μg/mL, 73.88 μg/mL, and 89.87

μg/mL in YMG, PDB, and SDB media, respectively.

The SDB medium included a higher glucose content and

lower pH than others. These results suggest that

mycelial growth might be due to the high consumption

of carbon sources. To the best of our knowledge, the

effects of the types of media (YMG, PDB, and SDB) on

cordycepin production in the liquid medium of C.

militaris as described in this study are reported for the

first in the literature, although the effects of dissolved

oxygen (DO), carbon sources, and carbon/nitrogen on

cordycepin production in submerged cultivation of C.

militaris have been reported previously. 

This study also confirmed that the cordycepin content

was changed according to the medium. It should be

noted that a direct comparison of metabolite production

of various Cordyceps strains from various studies in the

literature was difficult because the nutrient components

and the culture conditions used were not exactly the

same. We selected SDB medium with the highest

cordycepin content of C. militaris and proceeded to the

next experiments.

Effect of LEDs on mycelia dry weight and
cordycepin content

LEDs with different wavelengths were applied on C.

militaris in a submerged culture to observe mycelial dry

weight (Fig. 2-A). According to our data, green light

gave the best growth rate of 55.3 mg/mL. Red and blue

lights, however, led to lower mycelial dry weights of

10.9 mg/mL and 17.6 mg/mL, respectively, which were

very close to the results under dark conditions. When

compared with the effects of light on other mushrooms

during solid-state cultivation, our study revealed trends

similar to previous studies (Cheng et al., 2012; Wu et

al., 2013). Cheng et al. (2012) reported that green light

enhanced the growth of Aspergillus ficuum and blue

Fig. 1. The effects of various media on the mycelia dry
weight and cordycepin content by C. militaris in submerged
culture. A: mycelia dry weight; B: cordycepin content; YMG:
Yeast extract Malt extract Glucose; PDB: Potato Dextrose
Broth; SDB: Sabouraud Dextrose Broth. Each value is
expressed as mean ± SE (n = 5). Different letters on the top
of the line represent statistically significant at 5% probability
level.
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light inhibited fungal growth in a solid-state culture. Wu

et al. (2013) reported that green light promoted mycelial

growth of Pleurotus eryngii in a solid-state culture,

whereas blue light slowed the growth rate down.

Because various light sources can affect mycelial growth

and metabolite production in submerged cultivation of

C. militaris, to better understand the effects of light,

several experiments were carried out on a submerged

culture illuminated with LED.

The effects of LED light on the production of

cordycepin content by C. militaris in submerged

cultivation are shown in Fig. 2-B. Compared with LED

light (green, blue), the control conditions (dark

condition, fluorescent light, UV-A) led to relatively

lower cordycepin content. This is consistent with what

was previously suggested that most C. militaris strains

prefer LED light for their growth in submerged cultures.

The highest cordycepin production rate (1026.9 μg/mL)

was obtained when blue light was used. The effect of

LED light on the production of cordycepin in a

submerged culture has rarely been studied, although a

previous report has indicated that blue light is a good

LED source for cordycepin production from a strain of

C. militaris under solid-state cultivation.

Influence of light illumination time on mycelial dry
weight and cordycepin contents

Fig. 3 shows the amount of C. militaris mycelial dry

weight and cordycepin content produced under various

light illumination times when grown under LED blue

light. The highest production of mycelia was seen under

the 12 h/day light conditions with 17.6 mg/mL dry

weight produced, which was significantly different from

the 0 h/day (6.5 mg/mL), followed by 6 (10.7 mg/mL)

and 24 (10.5 mg/mL) h/day (Fig. 3-A). Fig. 3-B shows

the levels of cordycepin content seen in C. militaris

grown under various illumination times by LED blue

light. The highest contents of cordycepin were seen

under 6 h/day (1397.5 μg/mL) of illumination time,

whereas 0 h/day (92.3 μg/mL) of illumination time

resulted in the lowest concentration of cordycepin. There

was a significant difference in the concentrations of

Fig. 2. Effect of LEDs on mycelia dry weight and cordycepin
content in submerged culture of C. militaris. A: mycelia dry
weight; B: cordycepin content. C. militaris was grown using
submerged culture in SDB media under 12h/day different
wavelength LEDs for 5 days (for mycelia dry weight; A) or 2
days (for cordycepin content; B). Each value is expressed as
mean ± SE (n=5). Different letters on the top of the bars
represent statistically significant at 5% probability level. 

Fig. 3. Effect of light time on mycelia dry weight and
cordycepin content in submerged culture of C. militaris. A:
mycelia dry weight; B: cordycepin content. C. militaris was
grown using submerged culture in SDB media under blue
LED for 5 days (for mycelia dry weight; A) or 2 days (for
cordycepin content; B). Each value is expressed as mean ±
SE (n=5). Different letters on the top of the bars represent
statistically significant at 5% probability level.
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cordycepin produced between 0 (dark condition) and 24

h/day of illumination time.

Effects of LEDs combination on the mycelia dry
weight and cordycepin content

Fig. 4-A shows the amount of C. militaris mycelial

dry weight produced under different LED wavelengths

and LED wavelength combinations. Under different

LED wavelengths, the highest amount of mycelia was

seen under a combination of red and green light, which

corresponded to production rates of 13.9 mg/mL and

13.7 mg/mL, respectively, although this was significantly

lower from the conditions of green light (55.3 mg/mL).

Fig. 4-B shows the concentrations of cordycepin under

different LED wavelength combinations. Fig. 2 shows

the contents of cordycepin of C. militaris under different

LED wavelengths. The highest content of cordycepin

content was seen under blue light, followed by green

light, UV-A, and fluorescent light. It was apparent that

the production of cordycepin content had an optimal

LED wavelength, but none was optimized under LED

wavelength combination. Thus, it was necessary to

achieve an optimal LED wavelength combination for the

production of both mycelial dry weight and cordycepin

content of C. militaris. The highest content of

cordycepin was seen under the red:blue light conditions

at 1641.5 μg/mL, which was significantly different from

the results with red:green (340.8 mg/mL) and green:blue

light conditions (130.1 mg/mL). 

Fig. 5 and Fig. 6 show the contents of cordycepin

under different illumination times and a combination of

different red:blue LEDs, respectively. The highest

specific productivity of cordycepin was seen under the

12 h/day light condition and a combination of 5 red and

5 blue LED. According to the results of specific

productivity of cordycepin content suggest that the red

and blue LED wavelength combination was appropriate

for the production of cordycepin by C. militaris. The

results are shown in Fig. 7, and the cordycepin content

of C. militaris in submerged cultured medium containing

5 g of sugar per 50 mL of medium was 1679.47 μg/mL.

Fig. 4. Effect of LEDs combination on mycelia dry weight
and cordycepin content in submerged culture of C. militaris.
C. militaris was grown using submerged culture in SDB
media under 12h/day different LEDs combination for 5 days
(for mycelia dry weight; A) or 2 days (for cordycepin
content; B). Each value is expressed as mean ± SE (n=5).
Different letters on the top of the bars represent statistically
significant at 5% probability level.

Fig. 5. Effect of Red:blue light time on cordycepin content in
submerged culture of C. militaris. C. militaris was grown
using submerged culture in SDB under Red:blue (5:5) LED
combination for 2 days. Each value is expressed as mean ±
SE (n=5). Different letters on the top of the bars represent
statistically significant at 5% probability level.

Fig. 6. Effect of LEDs combination rate on cordycepin
content in submerged culture of C. militaris. C. militaris was
grown using submerged culture in SDB under 12h/day
Red:blue LED combination for 2 days. Each value is
expressed as mean ± SE (n=5). Different letters on the top of
the bars represent statistically significant at 5% probability
level.
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From these results, it was confirmed that the sugar

content of the medium affects cordycepin content of C.

militaris. The results obtained were used to derive

optimal conditions for maximum cordycepin content

from C. militaris using RSM.

Optimization of cordycepin production by RSM
(BBD)

It was reported that the complexities and uncertainties

associated with the mushroom mycelial cultivation

usually arise from lack of knowledge regarding the

sophisticated interactions among various factors. Our

preliminary data indicated that several major variables

affect the performance of the culture in terms of

cordycepin production; they are LED illumination time,

sugar content in media, and cultivation time of shake-

flask and static culture. 

The matrix corresponding to the BBD is shown in

Fig. 8, together with the observed experimental data. 

Second-order model equation (Eq. (2)):

Cordycepin content, mg/L=

3312.67 + 1019.78X1 + 578.64X2− 297.05X3

+ 266.00X1X2 − 176.99X1X3− 93.07X2X3− 1688.99X1

2

− 263.51X2

2
− 672.94X3

2

This fit of the model was checked by the coefficient

of determination R
2
, which was calculated to be 0.984,

indicating that 98.4% of the variability in the response

Fig. 7. Effect of glucose content for cordycepin content in
submerged culture of C. militaris. C. militaris was grown
using submerged culture in SDB under 12h/day 5 red : 5
blue LED combination for 2 days. Each value is expressed as
mean ± SE (n=5). Different letters on the top of the bars
represent statistically significant at 5% probability level.

Fig. 8. Regression analysis of the Box–Behnken design experiments.
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could be explained by the model. The F values for the

overall regression are significant at the upper 5% level,

which further supported that the second-order model is

adequate for approximating the response surface of the

experimental design. After transforming Eq. (2) to its

canonical form, the optimum condition was found to be

the following: illumination time 19.2278 h/day; glucose

content in media, 9.19497 g/50mL; and cultivation time,

53.112 hours (Fig. 8). The model predicted a maximum

response of 2860.01 μg/mL cordycepin yield.

Verification of the calculated maximum was done with

experiments that were performed in the culture media

representing the optimum combination found, and the

cordycepin yield of 2412.5 μg/mL (average of three

repeats) was obtained. 

Although the measured value did not justify the value

predicted by the response model, it is significantly

higher than that the predicted value and increased from

82.3 to 1641.5 μg/mL, obtained by the one-factor-at-a-

time method described above. Cordycepin was first

extracted from C. militaris and then found to be present

in C. sinensis and C. kyushuensis. Although cordycepin

can be synthesized chemically, such a route is

cumbersome and requires complicated separation that

leads to a low yield and the use of a large volume of

harmful organic solvents. Submerged cultivation of

Cordyceps is seen as a promising alternative to chemical

synthesis and solid cultivation for cordycepin

production. Our research also proved that C. militaris

contains high amounts of cordycepin. Until recently,

very low levels of cordycepin have been produced in

mycelium and culture broth during submerged

cultivation of Cordyceps sp.; 7.1 mg/l of cordycepin was

reported in submerged cultivation of Cordyceps on a

laboratory bioreactor scale (Hsu et al., 2002). Several

attempts have been made to optimize the production of

cordycepin by C. militaris. Recently, a submerged

culture method of C. militaris for cordycepin production

on a commercial scale using a two-stage dissolved

oxygen control was developed, which remarkably

improved the production efficiency; moderate cordycepin

production and productivity titers of 188.3 mg/l and

14.5 mg/(l d), respectively, were obtained (Mao and

Zhong, 2004). To enhance further the cordycepin

production by submerged cultivation of C. militaris, the

effects of carbon sources and carbon/nitrogen ratios

were investigated using central composite design and

response surface analysis which resulted in high

cordycepin production (345.4±8.5 μg/mL) (Mao et al.,

2005). The previous highest production (640 μg/mL) of

cordycepin were reported by Masuda and coworkers in

the study of a surface culture using C. militaris NBRC

9787 (Masuda et al., 2006). The maximum production

(2412.5 μg/mL) of cordycepin obtained in the present

study was significantly higher than those reported

previously.

Light is an important factor for the production of

fruiting bodies and bioactive compounds in C. militaris

(Dong et al., 2013; Yi et al., 2014). However, currently,

it takes two months or more to culture the fruiting

bodies of C. militaris. In this study, we explored the

short-term effects of LED light on the production of

cordycepin content of C. militaris. The highest amount

of mycelial dry weight of C. militaris produced on

submerged culture was when cultures were illuminated

by green LED (Fig. 2). This result was similar to a

study by Dong et al. (2013), which indicated that green

light enhanced mycelial growth of C. militaris when

grown in a submerged culture. However, it was found

that blue light lowed mycelium growth. This suggests

that long wavelengths of LED are beneficial for

mycelial growth of C. militaris. In the present study, the

contents of cordycepin (2412.5 μg/mL) were higher than

those reported by Liang et al. (2014) (1.78 μg/mL of

cordycepin content of C. militaris), when grown under

the same light conditions (Fig. 2). When grown under

varying LED wavelengths, the highest cordycepin

contents in C. militaris were seen under blue light. The

results recorded in this study showed a similar pattern to

those of Dong et al. (2013), who reported that blue light

could enhance cordycepin content in a submerged

culture of C. militaris. 

In this study, the highest content of cordycepin in C.

militaris was under red:blue LED combination

conditions (Fig. 4). This indicates that red:blue LED

light combinations might enhance cordycepin

biosynthesis in C. militaris. The cordycepin production

was generally better when cultures were illuminated by

combinations of two LED wavelengths, when compared

to those of only a single LED wavelength. A red to

blue ratio of 5:5 was shown to have the greatest effect

on cordycepin production, which was significantly

higher than that of single light treatments. These results

were similar to a study by Dong et al. (2013) who

showed that pink light (red:blue of 5:5) enhanced the

amount of cordycepin of C. militaris under submerged
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culture. Dong et al. (2013) showed that pink light

(red:blue) enhanced cordycepin content in the fruiting

bodies of C. militaris. In this study too, the content of

cordycepin in C. militaris under a red to blue light ratio

of 5:5 was higher than that of cultures grown under

other light ratios (Fig. 6). In this study, the highest

content of cordycepin (1641.5 μg/mL) in C. militaris

was significantly higher than that reported in the fruiting

body of C. militaris by Dong et al. (2013) and Yi et al.

(2014), who used pink light (0.67 μg/mL). Meanwhile,

the specific cordycepin content under various

combinations of LED light was generally higher than

those of cordycepin under a single LED light condition,

especially for a red to blue light ratio of 5:5. 

Overall, according to the results of specific cordycepin

content, combinations of LED light wavelengths were

more beneficial than single LED light sources for the

production of cordycepin of C. militaris cultivated on

submerged culture.

The effects of red, green, and blue LED or their

combination on the mycelial dry weight and contents of

cordycepin in cultured C. militaris were investigated.

For single LED wavelengths, green light was the ideal

light for mycelial growth, whereas blue was the most

beneficial wavelength for the production of cordycepin.

For combinations of LEDs, a red to blue ratio of 5:5

was the most effective combination of light for

cordycepin production. The results of this study suggest

that a combination of LED light is the most beneficial

for enhancing cordycepin contents in C. militaris in

submerged culture. The application of LED light will be

a potential strategy for improving the productivity of

different useful secondary metabolites from C. militaris

by submerged culture. However, mechanism of LED

wavelengths regulating the metabolic pathways of

cordycepin deserves further investigation.
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