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Abstract: In order to shorten the production cycle, reduce the cost, and obtain the fermentation product with low glycemic
index (GI) and high content of active substances, the dominant strains of Cordyceps militarisfor solid fermentation of rice
substrate were screened with mycelial growth rate, expected glycemic index (eGI), contents of polysaccharide and
cordycepin as screening indicators. The results showed that the content of rapidly digestible starch (RDS) in all the fungal
substances fermented by strains of C.militaris (Shennongda, Wanxi, Yun and Quan) decreased after fermentation, while the
content of slowly digestible starch (SDS) and resistant starch (RS) increased. Further digestion kinetics in vitro showed that
the eGI value in fungal substance was significantly lower than that before fermentation (P<0.05). Then combined with the
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results of four indexes, strain Quan was determined as the best one for solid fermentation of rice. After 25 days

fermentation, the eGI value of fermentation product decreased from 80.33 (before fermentation) to 65.63, which reached the

level of medium GI value. The polysaccharide content in fungal substance of Quan was 5.29%, and the content of

cordycepin was 5185.98 mg/kg, which were higher than those in fruiting body. Therefore, the fermentation substance could

be used to replace the fruity body in the development of nutrition and functional food, and would provide raw materials for

the development of low GI products of C.militaris.
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1= hh G E RIS HRAE, Singh 4502 F| FHEAE X A=
TaT A A T, MTTREARTEN 6L, G 8., Angelis 281 F] FlE
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pH FSR. WARTEERTFEIL(LCYM): F4EiHH 20 g, &K
P 2.0 g, BERERY 2.0 g, MgSO,-7H,0 0.5 g, K,HPO,
1.0 g, KH,PO, 0.46 g, IZEM/KELA S 1 L, 50 mL
43242, 121 °C KPE30 min, £5H. FORFEAEFREL SOk
HLCYM LA 1:1(m:v) FEFIECH, 121 °C KB 30 min.
Hovpr, PR 22 4 Rl I T ROCR K% 3R 3658 25 mmix
200 mm B A 20 g Tk 20 mL 19 LCYM;
A & 45 325 h 500 mL BESIf e A 50 g ok
A1 50 mL {9 LCYM,

1.2.2 BEAIEL EEG TGS, $if R m s
MEPE LR 2 US| S B 4 PP ERRRE —/NEfe 425
[EA h 44 BSPAR B5 523 |, 25 °C fHIRETSE 5 d, 5
1.2.3 pH2zARKHE Il RS ks 8 mm 47
FLARFTHL, B 1 A 4Rh gz b 21 KR 0 B 37 3L T
TRFRE T g, FE R, 7F 25 °C #OGETFE. S
BRIk R sem, e 3 DI mikilk, ]
—HEP PR 22 A R B CHRAT, a5 AR RIZ. 2
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A3 HitE (40000 U/g) 55 3 B3 7 %5 Wi 1 ifE (170000 Ul/g)
BIARIB ST 25 mL 0.05 mol/mL Th R AR S
W (pH6.0), FLiilfi5 4 h WA H . 43 FBIEL 0.500 g #F
i, FH 95% LEERRIE A 17.5 mL ZoRERZE Rk,
170 r/min 37 °C ##+¥¢ 5 min, SO A 2.5 mL & & i
W, 7E 20, 120 A1 240 min 43 HIHL 0.2 mL J5Z 5
SAZ| 4 mL Jo/K ZEEH, 13000 r/min 2.0 5 min, H
0.1 mL VEHIINA 3 mL Efkfit-id 42 fkifF(GOPOD)
7, 50 °C 7K¥& 20 min, XFHEZS FARELE 510 nm A
HEAE A A OB S, THEE PO 1k DE B (rapidly
digestible starch, RDS) Fl1& {H ALK (slowly digesti-
ble starch, SDS) &1 .
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SDSZM x£ (3
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K G,y FoREHF 20 min P24 AU 20 &
mg; G, 725 B 120 min 7742 1455 200 % B, mg;
W KR T URE i BT, mg o

[FlEst, 76 240 min B 4 mL S B EEAA 4 mL
TooK ZBERY B TR, 1RG5, 4000 r/min B0
10 min, = ¥, 8 mL 50% Z IS BER: 3 IR, 1
LES SN A 2 mL 1.7 mol/mL & 48 1L 41, vKkK ¥
20 min, LA 8 mL 1.2 mol/L, pH3.8 B liR4H 2% ik
1 0. 1mL JE A5 #i Z HEH 16 (3300 U/mL), IR & 3941,
F 50 °C Y& 7K H 30 min, 13000 r/min &5.[» 5 min
Ja LA AR RN T i A S Ak B -2 S A AR T 2
P i TR BB 28 B 2, TS BT PEUE MY (resistant starch,
RS) FLEEWS (total starch, TS) & &,

Ci XAV %x0.9 .
RS=——— 4
2 W)
TS:M+RS = (5

Sr1: Gg FORFTHUN 4 mL S22 F

JE e A AR O, mgs AV ORIV A, mL;
Gy N 240 min J7 A (O ZHE 5 &L, mg.
1.2.7 RAMEASh 1% TS mosEFs B0 SRS~
LB F12EINRE 22 SRk [24] FETEIES, B 0.2 g AR5
HAMA 15 mL 0.2 mol/L pH5.2 BSREENZE ##%, 170 r/min
37 °C $iFt 5 min. IIABCHIETY o-TEA5 (290 U/mL)
55 3 By A 24 OBE 1T I (15 U/mL) IR & W 5 mL.
170 r/min 37 °C HE$E, £ 10, 20, 30, 45, 60. 90,
120. 150, 180 min 435HL 0.1 mL WK ZE 1 mL JG
IK Z, B, LA 13000 r/min .0 5 min, B 0.1 mL ¥
WINA 3 mL GOPOD &7, 50 °C 7K¥A 20 min, % &
25 FAETE 510 nm A A S HP A A0 &
C,x20x0.9

=0

ARG Gofii 450 WFSTHSE H, DER KR I 2 —
RN TR

C=C.(1-¢e™) XD

o C FRIORTE ¢ B ZIVER BR 5 1 1L, %; G, &
FRTE t B2l A 28 B L, mg; C 2K 180 min
IR B 5 GE B IER B 43 L, Y%o; k B 12 .

XA B TG, A3 — TR, TR
LA AIZR 0~180 min FREFL(AHU) . 5 HEES Y
VEBS KRS E (hydrolysis index, HI) . #R#E HI {8, i1
B eGIH.
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eGI = 39.71 +(0.549 x HI) X (D

1.2.8 AW RENE RFEWETTHZE
BRSPS I 225 SOk [26] Y7 iEEFT. HL 25 ¢
R, DURHE L 1:30(g: mL) M AZEIRIK, 8
FRHEEC 1 h, 90 °C /K 3 he B.OJEE ISR . UIIE
INZERK eSSBS0, B3 LIS . e ZE R B —E
B, A 0.185 g a-TE M AfF (1850 U), £ 60 °C.
pH6 FISALE R, JR¥%H /KU 3 h, BT 7 3L T ok 58 T
B LARER TR A 5 A5 ARFRI JC/K 25, 4 C UL
BEAR . FEHRES O, WEETTIEY, B IR TR 4T

FZ R NY/T 1676-200857" [ J7 725 100 52 M KL B %
B RBP4 IE 100 mg/mL A 25 kR vfE
W 0.0.2. 0.4, 0.6, 0.8, 1.0 mL T 20 mL H 245
L, FHEBE T I/KAME 1.0 mL. InA 1 mL 5% ZEHy,
ERIGPGHIMA 5 mL AR, & 'E 10 min, {BH&Y
], F 30 °C KWV 20 min, FHEESMNOGE T
490 nm ZMME TSGR, s dilbRuErTZE

G FFREUEE S 0.01 g, N AZEIB/K BRI 25
% 100 mL, ¥4, FEHAUE 1 mL BEAk . [F]_ iR
TR RHER 2B, MIE OGRS, T2 | T 3K
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U o FEORI B R B T 2 I, %; C 3R
TRITIAS- 228 BE, mg/mL; V e~ S BRE o 4
AT, mL; m R TS BT EL, g my FoRHZE
BHEUREBE, g5 M R0 R IR T HURE B, g .
1.2.9 AFEFRTHRERSENE #HENY/T 2116-
201208 B A RORH o) i i R K T B R
EINE .

3% 558 M . B 3% 4 Inertsil ODS-SP(C ) #E
250 nmx4.6 nm, 5 um; FshAHA V(ZIE) :VOK)=
5:95; WA 1.0 mL/min; FEECA 35 °C; PEEER 10 ul.
1.3 B

BEASLEY 3 REE S, BE LA BIEEAR RN o
% FH SPSS 25 #il Origin 8.5 #4347 ¥ PE 2= 55 W 3%
PESHTAIER . 225 /KA P<0.05.
2 HBRESH
2.1 AEEHRELZEKRE

mE 1 s, R R R IR, X 4 D EERR
AR 22 RO BRI T B, PR R B 5 5 P L B
AR BE 22 S AN I 2, PR TR R R B 4 R A
FE AN s 38, B 22 A R TR BB R e VE LR, Sy
1.80 mm/d, HE AR KR i 54l e, H 35225
AN, ARKERE N 1.74, 1.71 mm/d, B K18

(909 2 LB, Sy 1.46 mm/d.,
b
| I
T

WRIHE P mHE
BT IR 22 A K
Fig.1 Mycelial growth rates of different strains
TE: AF/ING P REOR 28 5 P (P<0.05)

22 BEFRERAEBERTEMRIENE

ARYE Entlyst 452 XUER 5328, ITEMENAE
N A TE AR RE 1) 25 543 S OB AR TE R (RDS) | 18
THALTER (SDS) FIPLHETERN (RS) o ik, ASBAZEXT [E]
AR B R MR I TR B T AN [RI R S TE M & S A T
TWRE, &R 1 s, A ~5)HEHEAR
R FOK AR F 5L p RDS . SDS. RS, TS it
53 5 Sh 68.32%., 12.10%. 3.00%. 83.42%. %2 i
4 AU\ R BRI AR A RS, RDS & HLER S A BT A,
bRz B4, SDS &R FTHE N, RS F S &R &5
(P<0.05), Hih 4 25 SDS Fll RS &aiings: 2, i
HE RS &&, BNT 21.4%, TS & AU 4t 2k

V@ ID)

191
1.8 F
ST ¢
o
g 1.6
Elst
Y L
b 1.4
W L3r
Hi2t
1.1
1.0

ik WS gF5E4E Y, SDS 5 RS MY & bk s, 78
AR A A 2 O 5B, )T A AR,
EHAAEFEZAMFEM . I, MRV 4 A4
M R BB RS ROK AT RIS, REIGE FORTE AN
AT AEE A, JEH 4 HURT ERIR
R 4D TOR LB IORA R BE R & &
Table 1 Contents of starch in fungal substances fermented by
four strains and unfermented rice

FEM RDS(%)  SDS(%)  RS(%) TS(%)
RKBERAK 68.32+0.81° 12.10£0.78" 3.00+0.40° 83.42+1.45"
WARK B R BT 64.48+1.42° 13.33£0.21° 6.04+0.36° 83.85+1.33"
WEPE B R R 66.70£0.67° 13.82+0.15° 3.64+0.53¢ 84.16+1.67°
HEREEEE  67.01£0.66° 10.17+£0.15° 6.85+0.46" 84.03+1.46"
EMELEEET 58.49£1.12° 14.15£1.02° 9.42+0.32° 82.060.77°

VE: DR bR, KRG Hor 25 B 2 PE(P<0.05); R RT3
4T

2.3 RINEUShHETE AR R oGl &
GI {HREFE 5 MW i B R A S e AR P T
A ) PR R i NS I IR sh i RN FR 1
OV 2019 41 12 F St o AR mlds 20 2 ik, 3
I 30 dh A AR I, G0 A v, HLFR ] HL A%
Kl ge 1 i dLre 2. B AT, 8 AR/ E AR TR AN B
eGI {ERERH IR KR, AT RSN L)
FIEETT A I R A R TR S T e G L
FH IR 2 AT DU HY, ROR 6 It 28 ik i o 8 P Ak
BRI, 4 D BRR 2 17 A IO H D A0y e SR 40 A IR T 2 A
JUTREAT, LRI M i BIUIAR YK Ay 42 B B> R
MU FE Y > 25 s i A7) 15 C ol
43.22%. 53.96%. 58.15% Fll 60.28%; 5K K WEa K
KAH LG, B 3 h )5, C 003 FRE 27.69%. 16.95%.
12.76%. 10.63%. LAATMA =8y, #idit&
HI A, #1532 R T eGL . o, RA
B AR BE IR HEAY eGI {H-A 80.33, it i B B R A
P, 4 i o R TRRR Y B A SRR RO B IR L 10
eGI fH, Ui HH I AR BEREA KFHINTIK eGI {H. H
NG 4 RERFE]H eGI HAK, A 65.63, LA A
FESFH: eGI AR T 14.7(56 2) o 158 I i o o % 1%
BEARFAR K eGT {H ., HHEII SR AT BESE 15 IR L LA
100

80

60 +

40t

TEMBHEA (%)

20 H

0 30 60 90 120 150 180
B8] (min)
P 2 e R X IR AR SNt 5l 3~ 0L R 45 )
Fig.2 Effects of Cordyceps militaris fermentation on the in
vitro enzymatic hydrolysis kinetic fitting curve of rice
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Table 2 In vitro digestion kinetic parameters of starch,
hydrolysis index (HI) and estimated glycemic index
(eGI) of fungal substances fermented by four
strains and unfermented rice

FES C.(%) k HI eGI

KREBERK  7091+1.42°  0.042+0.002° 73.99+1.40° 80.33+1.25°

WARKHE  53.96+£1.52° 0.048+0.001° 57.37+1.48° 71.21+0.93°
WEPEHLE 5815168 0.050+0.002°  62.25+4.53  73.89+1.07°
mHE 60.28+1.76"  0.049+0.001° 64.27+1.66" 74.99+1.11°
oA 43.22+1.12¢  0.060+0.002° 47.21£1.20°  65.63+0.89¢

SRR Ry H 0T HLE SRR S A A b, R IR BT Y
eGI (EAS B s, N B 3East (Al B, hif o 5 g 22 44
ARG BT T SEA A5 oL 5 AL AR, 80k
e R eGT B8 o
24 ERBEERTZESENE

25 2 MERRAE I ZR, A5 2 [T 52 )=11.096x—
0.0043(R*=0.9995) . PrfEfhgeee R R, A 3
HAT DA Y, Sash GEAS 2K A IO 1 i O R T B S
ST EBBES T RAB IR S &
(P<0.05), FH M H 5] FH K T SERAE i) 43 i
BT O ZECY AR [E] A PR B = a], AN BE P
B A W R R R S TR T 2 S R R 25 N
Fo Hop AR R R R TR T 2N S i X,
5.79%, HUR 2 g P L B AN 4 AT, 435108 5.35%
5.29%, = B R PRV I 20 S i b, S 4.77%.
DL RAGEROK Ry B0, AN RS O 345 R
PRUJTT 114 2208t A i T SRR e R T B T
R 22 (3.52%) PO, H S ELHRIE MY 17 -
BB AR TS 20 S AR HE (1.81%~4.92%) P!,
AR K HUBE | g P P B L, R 4 F R % TR TR R A
S I TSR i RS 2, RIAASIST T
19 & PR B HAT — 2 PR FHAMEL, PR TSR s Bl
A5 R ST TT Ji WA G ST

L a b b
o 50 C
3\/
og 40T
% 30t
0
ok

RERE RKRIA izl &l

Bl 3 RABEIK LA Bk T o o 2o 5
Fig.3 Polysaccharide content in unfermented rice and fungal
substances fermented by different strains

P AW FEHRGE , 220 2 i R R R ) 35 2
JGT 22—, Wi R 2T o R AR i LA 3 Y

PSR, BEA R A ARME PRI /) B IDBE 7K S
IR, FHET A2 PR B 5 P B SDS Al RS A& 3 i
XF GUEMIFEN S, ZHEX%] R BT GI B 1 B AIGE
B T—EEH.
25 BAELAEERPHERNESER

225 1) H B 2K R R A o R 2R, 45 2 [\ )3 5 AR
»=29316.70x+5011.51(R?=0.9999) . IR #E £k 1k
KRRIUF. B 4 AR EIEIK T 4 /00 05 2 TR TR
J B ER B R I AE 25 5 (P<0.05), LR R B ROk
RGN 3] K B R 3 i R B R e R A
BT — S S — 5P AE 4 i R R R B,
RS I N BRI R 4 B R B > 25
VL R TR T IO AR TR M R R TR TR T P M B R R TR
JoT. v, Aol R R PR DR O I R R SR Sy e P R
KPR 22 1%, 9 5185.98 mg/kg, 7 HU B & I
Ry B2 AN 3917.60 me/kg . TRAR I HL BT A T
BRI B SR 2115.35 mg/kg. o PH HL 8 K P
HR R E SN 236.14 mg/kg. A [F4H B B
MR AR R S 2E R B (P<0.05), SE A HuE
—FB DA PABEROK Sy R WERL T, 25 d 35 FRAN
BT AR K IR TR BT H B 2R AR R e P e
G v T SRR S S T TR ) R R
(1792.97 mg/kg)P,

6000 -

a

5000 f
< 4000} b
g
4T 3000
ﬁ c

2000
=

1000 |

e d
0 e

KRERE WK BERHE RmET AR
ok RmE
P4 RIIERAK T AN TR B i T T i MR 38 110 5

Fig.4 Cordycepin content in unfermented rice and fungal

substances fermented by different strains

3 ZEip

TERT A T 2Ll b, SeEpi e R i B | e P e
B HURORN G B R IORBL TR TR I, TR RERE
AIRICKIETT eGI 1H MR R B PPl . £ G ZAE KR
KIFERT eGl {H . ZHELL M B & i, T 4=
FEAEERE . PAZBEERXT JTOR LT #E1T 25 d R EZ
J&, B RDS & 68.32% I %% 58.49%, SDS
Sl 12.10% FJHE] 14.15%, RS &8 3.00% I
FHF| 9.42%, TS i i 83.42% T [¥F| 82.06%; B
JB eGI {H 1 80.33 FEAKF 65.63, K T 18.30%; 4
T TR 2SN 5.29%, B &N 5185.98
mg/kg, HEHHEC S T K, HEEREENR
SR BIE EKE, TT BT IR T E R MYIge
It RS
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AT BRI AL R BERREAR T REBTAY eGI {H, (H
AR GI /K, ATBE-SAWIFFEAL LUK Sy 288
WFRIL AR GIEE A . NI, JeZeas X A1
HE o7 Ko B SR (B S AT Ui Ak, E— 2D BRAIR A I TR
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