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Cordyceps militaris fruiting bodies: cultivation by liquid
fermentation, nutrient composition, and pigment stability
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Abstract: [Background] Cordyceps militaris is a medicinal fungus with high nutritional and
medicinal values, and its fruiting bodies are mainly produced by solid-state fermentation.
[Objective] To provide a new option for the production of C. militaris fruiting bodies by liquid
fermentation and determine the nutrient composition and pigment stability of the fruiting bodies
produced. [Methods] Shaking culture was employed for the extensive mycelial growth of
C. militaris in a liquid medium, and then static culture with illumination was carried out for
inducing fruiting body formation and growth. The nutrient composition of the fruiting bodies was
determined by chemical assays, and the absorbance changes of pigments extracted from the
fruiting bodies were determined to evaluate the pigment stability. [Results] The cultivation of
C. militaris by liquid fermentation took 10.8 d for primordium emergence and 37.3 d for fruiting
body growth (from primordium emergence to fruiting body harvest). The production cycle in this
cultivation mode was 48.1 d, 9.7 d less than that (57.8 d) of solid-state fermentation (control). The
fresh fruit body yield was 6.72 g per bottle, lower than that (8.29 g per bottle) of the control. The
content of crude protein, crude fat, and ash was 44.5%, 2.6%, and 8.8%, respectively, in the
fruiting bodies cultivated from liquid fermentation and 28.5%, 1.4%, and 4.6%, respectively, in
the control, with increases of 56.14%, 85.71%, and 91.30%, respectively. The crude fiber and
pigment content in the fruiting bodies cultivated from liquid fermentation was 12.9% and
740.21 ng/g, respectively, lower than those (15.4% and 867.45 ng/g, respectively) of the control.
Temperature and pH exerted different effects on the pigment stability of the fruiting bodies
cultivated from liquid and solid-state fermentations, while the time, oxidant (H,0O,), reductant
(vitamin C), and NaCl had similar effects on the samples cultivated in the two modes.
[Conclusion] Liquid fermentation for the production of C. militaris fruiting bodies can not only
shorten the production cycle but also improve the nutritional value, demonstrating great potential
for industrial applications.

Keywords: Cordyceps militaris; liquid fermentation; solid-state fermentation; agronomic trait;
natural pigment
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Figure 1 Changes in main fermentation parameters

during liquid fermentation culture of Cordyceps
militaris.
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Figure 2 Key processes of Cordyceps militaris fruiting bodies production by liquid fermentation and the

mature fruiting bodies by solid-state fermentation. A: Mycelial growth in flasks. B: Formed white mycelial
mat. C: Colored mycelial mat. D: Mature fruiting bodies. E: Mature fruiting bodies by solid-state

fermentation.
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*x1 WHERELBMESLZENTXAES
e

Table 1  Cultivation parameters of Cordyceps
militaris fruiting bodies by liquid fermentation and
solid-state fermentation

R 2 BRERESABEENEREFIANRE
27N

Table 2 Agronomic traits of the fruiting bodies of
Cordyceps militaris cultivated from liquid and
solid-state fermentations

Solid-state

fermentation fermentation

Cultivation parameter Liquid

Agronomic trait Liquid Solid-state

fermentation fermentation

Mycelial growth time (d) 3.5b 14.2+1.4a
Time for primordial 10.8+0.5b 34.6+2.1a
emergence (d)

Time for fruiting body 37.3+1.0a 23.2+2.0b
growth (d)

Production cycle (d) 48.1+1.2b 57.8£2.3a

AT B A F F R KRR 25 8%, P<0.05. FIF
Data with different letters in the same row indicate significant
difference at P<0.05. The same below.

E 3 BHERAAEHEE N TR ER
A TR B WIRIER. C: B I
Figure 3 Fruiting bodies and harvested mycelial
mat of Cordyceps militaris cultivated from liquid
fermentation. A: Harvested mature fruiting bodies.
B: The front of mycelial mat. C: The back of
mycelial mat.

24 WBHAEFIANEEEARNTEE
MR 3 ATLAE H, WA KR R I R
TR E TSR, A5 44.5%, il
BRERFNFRAEEARS =Y 28.5%,
FLE 56.14% . TR K BER: & W0 F SRR & =
H2.6%, ALK 1.4%, $Em 85.71%.

Fruitbody length (mm) 9.06+£0.53b  11.46+0.41a
Stipe diameter (mm) 2.39£0.21b  3.15+0.28a
Fresh fruiting body yield 6.72+0.27b  8.29+0.32a
per bottle (g)

Dry fruiting body yield per 0.65+0.03b  1.21+0.04a
bottle (g)

Dry/fresh weight ratio 9.79+0.77b  14.60+0.06a

x3 WHEERELBRESLABES FXEN
FEEFHDSE

Table 3 The content of the main nutrient compositions
of the fruiting bodies of Cordyceps militaris cultivated
from liquid and solid-state fermentations

Solid-state
fermentation fermentation

Nutrient composition Liquid

Crude protein (%) 44.5 28.5
Crude fiber (%) 12.9 15.4
Crude fat (%) 2.6 1.4
Ash (%) 8.8 4.6
Moisture (%) 53 3.8

TR R B B 1 F IR IK 5y 1l 8.8%, A
K E(4.6%) R 91.30%. MK BERE & 1 F5K
LA 45 B 12.9%, T [ S L BE(15.4%),
KA &N 53%, @& T REKEEQ3.8%).
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AR & T R [ 2 e I B 14 A R R 5
i, HERMERAMEEILE 4. K 4 o]
DUEH, 2 PN & 5 s S A 6 3R 1 I ik
BEIEAIRL, 445 nm KA o RWIRE, 2R &k
Jy R i H R S A 3R 2 R Ak 2R S T
AH S S o AL T % e R IR A e 5 2 i A M
e B AR TR T RS

Bk

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4082

(DGX7ES ik

Microbiol. China

4.5+
4.0 |
3.5F
ot 3.0
=]
,§ 25¢F
(e}
220t
< st SF
1.0
0.5F

LF

00 1 1 1 1 1 1 1 1 1 1 1 1
325350 375 400 425 450 475 500 525 550 575 600 625
Wavelength (nm)

El 4 BAELBLRESABEREFIAERRNE
S-RIDUEKIIEEE  LF: WAL EE; SF: [
K

Figure 4 Ultraviolet-visible adsorption spectra of
the pigments of the fruiting bodies of Cordyceps

militaris. LF: Liquid fermentation; SF: Solid-state
fermentation.
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Figure 5 Effects of physical and chemical factors on the pigment stability of Cordyceps militaris fruiting
bodies cultivated from liquid and solid-state fermentations. LF: Liquid fermentation; SF: Solid-state

fermentation.
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