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Abstract: In order to obtain the fermentation substance of Cordyceps militaris with high active components and low glycemic index (GI),
the solid fermentation medium formula was optimized by single factor and orthogonal test, and the optimal culture time was determined using
the expected glycemic index (eGI), cordycepin and pinastatin content of fermentation medium as evaluation indexes. The results showed that the
optimal formulation of C. militaris solid fermentation medium consisted of 70% main materials and 30% auxiliary materials. The main materials
were composed of rice and oat with mass ratio of 4:6, and the auxiliary materials were soybean meal. After mixing, a liquid complete medium
containing 10 g/L glycine was added at the ratio of material to liquid (m:V) of 1:0.9, and the mycelia was cultured at 25 “C in dark for 18 days.
Under these conditions, the eGI value of fermentation substance was 53.86, which decreased by 9.39% compared with the initial formula and
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reached the low GI level. The contents of cordycepin and pinastatin were 12204.55 mg/kg and 1021.48 mg/kg, respectively, which were

increased by 348.13% and 81.79% compared with the initial formula. The optimized fermentation substance of C. militaris with low GI value,

high cordycepin and pinastatin content provided raw materials for the development of functional food with low GI value.
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Fig.1 Effects of rice and oat ratio on evaluation index
2.12 SR B IRNAEATA 7R
SRE AR R PR AU, A
VEF G KSRy, MokPR . BERERY. TEAEM Sk e
VERGRUE, ORI b H s 3K 5 S N B D EOA 468,
T € SR B U, A )T R T R A R R,
D] S AAIT 5 326 FH 5 RE A g iy o [ A T 355 77 R
Ko & 2 7%, BB AN BT, KB oGl
ERFEC, RERSESBEMbT S R &N
(p<0.05). ZEAATINEN 20%Hf, i fh T &8k

146

FlHE, N 561.90 mgkg, 4EHIANINE N 25%H,
eGl {HIA B AIK 58.57, Wim)fth T & &M . 255
RS, ERUTRIRNINE N 25%HH7 5 82505

70 - 74500 4640
68 e 74000 54560 2
66 / {3500 ® {480 &
] g N
m 4T ot {3000 2 H400 1
O 62F —" da 40
3 p? 1250007 4320
L ' i =
sgl 4+ —=eGlfE T # g
- HEERSE 41500 {160
56 I S
L e ETER L 00 g
5 10 15 20 25 30
SHESH /%

E 2 SHRMEXTENIEFREIFZND
Fig.2 Effects of soybean meal additive amount on evaluation
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Fig.3 Effects of glycine concentration on evaluation index
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Table 2 Results of Lo(3*) orthogonal experimental

Ry A% : —— T A
KkG#ERILA ZmiFmEB HEARKEC LD 4 E/(mgke) & F/(mgke)

1 1 1 1 1 60.64 4971.38 563.81
2 1 2 2 2 58.72 4989.03 559.82
3 1 3 3 3 52.43 6893.90 600.27
4 2 1 2 3 58.67 4901.40 513.06
5 2 2 3 1 53.99 6327.95 553.61
6 2 3 1 2 54.05 6604.75 552.66
7 3 1 3 2 58.79 4605.56 540.15
8 3 2 1 3 54.17 5291.29 569.93
9 3 3 2 1 52.92 8085.62 622.28
ke 57.27 59.37 56.29 55.85

ke 55.57 55.63 56.77 57.19

kg3 55.29 53.14 55.07 55.09

R, 5.92 18.69 5.10 6.29

ke 5618.10 4826.11 5622.47 6461.65

ke 5944.70 5536.09 5992.02 5399.78

kg 5994.16 7194.76 5942.47 5695.53

R, 1128.17 7105.94 1108.63 3185.61

kp1 574.63 539.01 562.13 579.90

kpo 539.78 561.12 565.05 550.88

kp3 577.46 591.74 564.68 561.09

R 113.04 158.20 8.76 87.07
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Fig.4 Effect of solid-liquid ratio on evaluation index
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Fig.5 The trend of evaluation index during 60 days culture
period

24 FARRIEFEIRER

NBSUEAHIT 7T BT R AR 7R AL 7 S R (R A
BPE, AE 500 mL G AR R B 225597 18 d
Ja . WE KRR eGl {H N 53.86, HEHGEN
12204.55 mg/kg, WEAMT & A 1021.48 mgkg. 7
KIGUESEIR s R 5 S R EFARE,
RAHAIIE TSRS TR LA TR 2 R FER), AT
T R R PR B TR A A e

3 ZHig

B I ARG R 3 B AR N R, SRR,
LCYM I H SR N E TR, e B R 3 AR A AL,
SR E TR EEARC T A BoE N 4:6 BIDRCKA
M FHE & 70%, SGHININE N 30%, & 10 g/L HE
PRI LCYM B3R5 EE IR, BRI 1:0.9. &5t
60 d KR, e i IR A 18 do AL
R RSEIGTE 25 CREEE SR 18 d, FTfF KIFEH T eGI
fEH 65.86 FI4%% 53.86, ikF| 7M€ GI AKF; HER
TEN 12204.55 mgkg, WIEMET S EN 1021.48
mg/kg, SHIGERC AL, REZR S EIN T 348.13%,

148

WEE L T SRR T 81.79%, NJELHK GI ThRE e
I B At o

A LK

(1]

Yue G L, Lau B S, Fung K P, et al. Effects of Cordyceps
sinensis, Cordyceps militaris and their isolated compounds on
ion transport in Calu-3 human airway epithelial cells [J].
Journal of Ethnopharmacology, 2008, 117(1): 92-101

R4k, 5K 7k 7%, Shrestha  Bhushan, 2. 2& H1 5 55 1 FIH B 5 B
PRI FCIAR s I Ji& B2 ). B D241, 2013,32(4):577-597
ZHANG Shu, ZHANG Yongjie, Shrestha Bhushan, et al.
Research status, problems and prospects of Cordyceps
sinensis and Cordyceps militaris [J]. Mycosystema, 2013,
32(4): 577-597

Shimada T, Hiramatsu N, Kasai A, et al. Suppression of
adipocyte differentiation by Cordyceps militaris through
activation of the aryl hydrocarbon receptor [J]. American
Journal of Physiology Endocrinology & Metabolism, 2008,
295(4): E859-67

VLV, R, A7 R, A5 0 e B I 5T 22 R RS T
B S T B0 ) OR 745 0. 8 R 27,2014,35(13):223-
227

JIANG Haitao, WU Yulong, WANG Renlei, et al. Protective
effect of matrix polysaccharide of Cordyceps militaris on
acute liver injury induced by alcohol in mice [J]. Food
Science, 2014, 35(13): 223-227

Wl ST 8l SR T S5 AN R 7 N T R B SR R A
B 8 R 43 1 B (0], B2 2 5 #,2009,28(10):
1354-1356

YANG Xin, SI Luqin, TU Zhiping, et al. Comparison of
nucleosides in the fruitbody of Cordyceps militaris and
Cordyceps sinensis from different producing areas [J]. Herald
of Medicine, 2009, 28(10): 1354-1356

Wi, 2 i, 25 22, 5 = R S UARAG TG PE AL 22 Rk
THFE[]. R EE 2454+ ,2004,7:53-55

CHEN Chang, LUO Shanshan, LI Yan, et al. Study on
antioxidant activity of three species of Cordyceps sinensis by
chemiluminescence method [J].
Traditional Chinese Medicine, 2004, 7: 53-55

Xia Y L, Luo F F, Shang Y F, et al. Fungal cordycepin

Shanghai Journal of

biosynthesis is coupled with the production of the safeguard
molecule pentostatin [J]. Cell Chemical Biology, 2017,
24(12): 1479-1489

KA o B e A 38, 55 s BRI ST R (1],
i BlE,2013,34(21):408-413



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.1

(11]

[12]

[14]

[15]

LIU Guijun, ZHOU Sijing, YANG Suling, et al. Research
progress of cordycepin in Cordyceps militaris [J]. Food
Science, 2013, 34(21): 408-413

TR R, 1, 55 40 SRS 1) 70T AE ) At Tt R 0],
i RHE,2018,39(23):321-328

QIAO Yuchen, LIU Guijun, WANG Ping, et al. Advances in
molecular biology of Cordyceps militaris [J]. Food Science,
2018, 39(23): 321-328

R, 8, TR, 55 BN TR RO A FUE
V] AR A FHE,2019,1:66-70

WU Hongxue, WANG Zhong, WANG lJinfeng, et al
Advances in artificial cultivation and development of
Cordyceps militaris [J].
Technology, 2019, 1: 66-70

258, SN B, SRR R, A5 ) Hh ] A A R L R 1
53 BATEAGTEVEAR AR TE 0], 9 F4%.,2011,30(2):338-342
PENG Zhini, GUO Liqiong, ZHANG Xinchao, et al. Study

Fujian Agricultural Science and

on the composition and antioxidant activity of soybean
substrate by solid fermentation of Cordyceps militaris [J].

Mycosystema, 2011, 30(2): 338-342

KU, B 07 77 4 O [ A R A 7 U R T2 AU e ).

AR #41%,2014,28(11):2065-2070

LIU Yang, HUANG Fangfang. Study on production of
cordycepin by solid state fermentation of Cordyceps militaris
[J]. Journal of Nuclear Agricultural Sciences, 2014, 28(11):
2065-2070

RARTC, B IE, PV e il IR e A ORI 7y B S A
ANTCEATE MR 7T 0] & Tk RHE,2016,37(20):235-238,
248

ZHU Zhenyuan, JIA Changying, SUN Huiqing. Study on the
composition analysis and antioxidant activity in vitro of rice
fermented by
Technology of Food Industry, 2016, 37(20): 235-238, 248
RN UK, =068, REAHE, 55 b B B R o o K AR SR
AL SR VR[] B R AR F417,2016,34(4):73-79
CHEN Libing, WU Guangxu, CHENG Wei, et al. Extraction,

Cordyceps militaris [J]. Science and

purification and antitumor activity of cordycepin from
cultured Cordyceps militaris residues [J]. Journal of Food
Science and Technology, 2016, 34(4): 73-79

B L R AT, A 0 R R S i (SR B B R
TR FLI]. B i S AR 5441:,2019,38(4):118-126
SUN Ye, BAO Jianzhong, LIU Hong, et al. Study on the
extraction and antitumor activity of polysaccharide from
Cordyceps militaris culture medium [J]. Journal of Food and

Biotechnology, 2019, 38(4): 118-126

[16]

[17]

[22]

[23]

[26]

Tuli H S, Kashyap D, Sharma A K. Cordycepin: a Cordyceps
Metabolite with Promising Therapeutic Potential [M]
Springer International Publishing Switzerland, 2015

Tk, B0 1 5 P M, S5 BT 52 0 B o e o B S A e A
R BT PRI 2 B[] 1 TR A BOR-rh B 2 A
1£,2020,22(3):573-584

DU lJing, KAN Weijing, YANG Jian, et al. Adenosine
receptor and cordycepin in Cordyceps militaris control
COVID-19 [J]. World Science and Technology -
Modemization of Traditional Chinese Medicineand Materia
Madica, 2020, 22(3): 573-584

WM, 2 R 2 ROBURE 0% - DT 0 R R A 11
w7 [J]. €418%,2010,28(3):316-318

YANG Peng, WANG Yan, LIAO Yanyan. Determination of
pinastatin in fermentation broth by high performance liquid
chromatography-mass spectrometry [J]. Chinese Journal of
Chromatography, 2010, 28(3): 316-318

PRI W m At T A=A ) R B AL D] R R
KRE2014
LI Xiaohui. Fermentation optimization of pinastatin
biosynthesis [D]. Tianjin: Tianjin University of Science and
Technology, 2014

Schakel S, Schauer R, Himes J, et al. Development of a
glycemic index database for dietary assessment [J]. Journal of
Food Composition and Analysis, 2007, 21: S50-S55

Shumoy H, Raes K. In vitro starch hydrolysis and estimated
glycemic index of tef porridge and injera [J]. Food Chemistry,
2017,229: 381-387

WS/T 652-2019. FY LS A A E & 7 7AS]

WS/T 652-2019. Method for Determination of Glycemic
Index of Food [S]

Tuafio Arvin Paul P, Barcellano Eljezwyne Clomer G
Rodriguez Myrna S. Resistant starch levels and in vitro starch
digestibility of selected cooked Philippine brown and milled
rices varying in apparent amylose content and glycemic index
[J]. Food Chemistry: Molecular Sciences, 2021: 100010
Shumoy H, Bockstaele F V, Devecioglu D, et al. Effect of
sourdough addition and storage time on in vitro starch
digestibility and estimated glycemic index of tef bread [J].
Food Chemistry, 2018, 264: 34-40

Tang Z Y, Fan J, Zhang Z Z, et al. Insights into the structural
characteristics and in vitro starch digestibility on steamed rice
bread as affected by the addition of okara [J]. Food
Hydrocolloids, 2021, 113: 106533

W I M55 2 655 A8 ] A A IR AR RO LA 35 K5 1 o

149



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.1

(30]

(31]

LR ARTTIE[]. & ol RH,2021,42(12):119-124

HU Long, FAN Xiuzhi, YAO Fen, et al. Screening of
Cordyceps militaris strain by solid fermentation to reduce the
glycemic index of rice [J].
Technology, 2021, 42(12): 119-124

NY/T 2116-2012. Bl it o R 2R BRE (0 22 20
FHEREELS]

NY/T 2116-2012.Determination

Food Industry Science and

of Cordycepin and
Adenosine in Cordycepin Products - High Performance
Liquid Chromatography [S]

KBTS OB N 5 e R g
FRT 2] bR e e & (R RR),2020,9(1):13
ZHANG Chunyang, YANG Siguang, ZHANG Yue, et al.
Determination of pinastatin in Cordyceps militaris by high
performance International
Infections Diseases (Electronic Edition), 2020, 9(1): 13

e, k)1 BT, A 44 R By B FIAEKIER 2,4-D X
o SRR A IR A R R R 0] ) R,2014,33
(2):477-482

RUAN Yuan, MA Jinchuan, XUE Yuan, et al. Effects of

liquid chromatography [J].

vitamin B;, B¢ and growth hormone 2,4-D on the yield of
cordycepin by liquid fermentation of Cordyceps militaris [J].
Mycosystema, 2014, 33(2): 477-482

Connolly M L, Tuohy K M, Lovegrove J A. Wholegrain
oat-based cereals have prebiotic potential and low glycemic
index [J]. British Journal of Nutrition, 2012, 108(12):
2198-2206

RINZL, e, W % 5 AN [ iy ERUE SRR TR I 2R P P e
BRI ). B L RH,2019,40(12):77-84

[34]

[33]

[36]

LIU Hong, MA Hui, CAO Hong, et al. Analysis on the
production performance and flavor compounds of different
Cordyceps militaris grain media [J]. Science and Technology
of Food Industry, 2019, 40(12): 77-84

SR R T, I T A, 5. DT 28 A I ) o5 g U 50y
(IR FE[]. 8 5 A RHEE,2011,47(3):55-59

HU lJingxia, BIAN Yinbing, CHEN Naiwei, et al. Study on
preparation of Cordyceps militaris oat meal by solid-state
fermentation [J]. Food & Fermentation Tech, 2011, 47(3):
55-59

ARV g FRE PR R AR e S R I T 2T
[D]. BB A ALK A,2007

YU Haifeng. Screening of high yield Cordyceps militaris
strain and its fermentation process [D]. Wuhan: Huazhong
Agricultural University, 2007

Masuda M, Urabe E, Honda H, et al. Enhanced production of
cordycepin by surface culture using the medicinal mushroom
Cordyceps militaris [J]. Enzyme and Microbial Technology,
2006, 40(5): 1199-1205

ML, X B, T, 50 M R [ A A P RS R AL
] & 5 Y AR %41,2019,38(10):30-36
YANG Fan, LIU Jinbin, GUAN Zhengbing, et al
Optimization of cordycepin production by solid-state
fermentation of Cordyceps militaris [J]. Journal of Food
Science and Biotechnology, 2019, 38(10): 30-36

Wen T C, Li G R, Kang J C, et al. Optimization of solid-state
fermentation for fruiting body growth and cordycepin
production by Cordyceps militaris [J]. Chiang Mai Journal of
Science, 2014, 41(4): 858-872

(35 232 7D

(27]

(28]

150

Salari M, Khiabani M S, Mokarram R R, et al. Development
and evaluation of chitosan based active nanocomposite films
containing bacterial and silver

nanopatrticles [J]. Food Hydrocolloids, 2018, 84: 414-423

cellulose nanocrystals

Yong H, Wang X, Zhang X, et al. Effects of anthocyanin-rich
purple and black eggplant extracts on the physical,
antioxidant and pH-sensitive properties of chitosan film [J].
Food Hydrocolloids, 2019, 94: 93-104

Panwar R, Pemmaraju S C, Sharma A K 'V, et al. Efficacy of

ferulic acid encapsulated chitosan nanoparticles against

[30]

Candida albicans biofilm [J]. Microbial Pathogenesis, 2016,
95:21-31

Gomathi T, Prasad P S, Sudha P N, et al. Size optimization
and in vitro biocompatibility studies of chitosan nanoparticles
[J]. International Journal of Biological Macromolecules, 2017,
104: 1796-1806

Qin C Q, Li H R, Xiao Q, et al. Water-solubility of chitosan
and its antimicrobial activity [J]. Carbohydrate Polymers,
2006, 63(3): 367-374



