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Abstract: Cordyceps herbal samples were extracted by ultrasonic extraction with 85% ethanol for
obtaining free sterols, and extracted by reflux extraction with 0.5 mol/L potassium
hydroxide-ethanol solution for total sterols. The sample solution was purified by solid phase
extraction with green solvent (ethanol and water). Determination of three kinds of sterols
(ergosterol, cholesterol and sitosterol) separated from the samples was carried out by
HPLC-ELSD, and performed on a Poroshell 120 EC-C;g column (100 mmx4.6 mm, 2.7 pum) with
green mobile phase (ethanol:water=89:11) at flow rate of 0.5 mL/min. The results showed that the
developed analytical method had a good linear relation, precision and accuracy. All the 20 batches
of cordyceps samples contain free and conjugated sterols. All the samples of cultivated and wild
Ophiocordyceps sinensis contain three kinds of sterols of similar content. Cordyceps
liangshanensis (wild), C. militaris (cultivated) and C. chanhua (wild) contain ergosterol. This
method can be used to determine sterol content of cordyceps samples for improving the quality
evaluation of cordyceps products.

Keywords: cordyceps; green solvent; sterol; solid phase extraction; HPLC-ELSD
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Table 1 The information of samples

Gy AW i) it
No. Name Habitat Lot.
S1 24 i F XL (AR ) Ophiocordyceps sinensis (wild) PERARM Naqu, Tibet 200530
S2 A U W (B AR ) O. sinensis (wild) ¥ Huangnan, Qinghai 190530
S3 KM WA ) O. sinensis (wild) PERARH Naqu, Tibet 190622
S4 KM A ) O. sinensis (wild) PERIAKS Linzhi, Tibet 180515
S5 KM HH(EEF ) O. sinensis (cultivated) #ALEE Yichang, Hubei 210204
S6 KM EH(EEF ) O. sinensis (cultivated) HALEE Yichang, Hubei 210308
S7 KM EH(EEF ) O. sinensis (cultivated) #ALEE Yichang, Hubei 210428
S8 KM H(EEF ) O. sinensis (cultivated) #ALEE Yichang, Hubei 200628
S9 KM EH(EEF ) O. sinensis (cultivated) HALEE Yichang, Hubei 200803
S10 KRB E(EEF ) O. sinensis (cultivated) WALE B Yichang, Hubei 200820
S11 KRB E(EEF ) O. sinensis (cultivated) WJLE B Yichang, Hubei 190115
S12 LZIMEE(EE W) O. sinensis (cultivated) WALE B Yichang, Hubei 191023
S13 LZIME L (EE W) O. sinensis (cultivated) WJLE B Yichang, Hubei 180316
S14 LZIME B (EE W) O. sinensis (cultivated) WJLE B Yichang, Hubei 180411
S15 L R AR ) Cordyceps liangshanensis (wild) VUil Liangshan, Sichuan 200427
S16 TLEL (AR 5 C. liangshanensis (wild) VUil Liangshan, Sichuan 190606
S17 R B L) C. militaris (cultivated) J"43#2% Shaoguan, Guangdong 180719
S18 W BT (A A C. militaris (cultivated) P3¢ Inner Mongolia 160726
S19 WALE (A= f) C. chanhua (wild) 174 Shanxi 160713
S20 WA (P A= ) C. chanhua (wild) WL Zhejiang 190701
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Table 2 Linear regression data and LOQ of 3 kinds of sterols

Xif HE LMl 7 KR M EBEFR
Reference substance Regressive equations Correlative coefficient Linear range (ug) LOQ (ng)
A HEE Ergosterol Y=1.204 4X+3.346 0 0.999 8 0.326-3.264 9.79
JHESEE Cholesterol Y=1.301 1X+3.474 0 0.998 2 0.197-1.968 7.87

2 H§BE Sitosterol Y=1.318 8X+3.393 9 0.999 0 0.054-0.536 10.72

1800 EIEIR
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R3 ZMEERMERRE SR
Table 3 The recovery of 3 kinds of sterols (n=9)

WG e it EE BLITIANIE EES PEIME AHXARAE R 22
Components No. Batch  Measured value (%) Actual value (%) Recovery (%) x (%) RSD (%)
77 A S 1 S5 0.342 0.342 100.00 99.73 1.83
Ergosterol 2 S5 0.343 0.342 100.29

3 S5 0.341 0.342 99.71

4 S6 0.329 0.325 101.23

5 S6 0.322 0.325 99.08

6 S6 0.323 0.325 99.38

7 S7 0.319 0.325 98.15

8 S7 0.314 0.325 96.62

9 S7 0.335 0.325 103.08
JiH S Tt 1 S5 0.118 0.124 95.16 96.85 2.07
Cholesterol 2 S5 0.118 0.124 95.16

3 S5 0.118 0.124 95.16

4 S6 0.119 0.123 96.75

5 S6 0.122 0.123 99.19

6 S6 0.118 0.123 95.93

7 S7 0.117 0.122 95.90

8 S7 0.119 0.122 97.54

9 S7 0.123 0.122 100.82
2 1 S5 0.041 0.041 100.00 96.74 3.13
Sitosterol 2 S5 0.039 0.041 95.12

3 S5 0.037 0.041 90.24

4 S6 0.043 0.044 97.73

5 S6 0.043 0.044 97.73

6 S6 0.043 0.044 97.73

7 S7 0.038 0.038 100.00

8 S7 0.036 0.038 94.74

9 S7 0.037 0.038 97.37

3 Wi TV I A e L R T v 2

(10%—90%) X H S Hr 2 B i K BRIE 0L , 45 R R
AT 70%h MR B B REAT SO0 U it v
45 HTE 80% I MIGe kgt , 24
YI(GE A S . JE HS BRI 5 )t S Bl 2% T — i
BPRVEE, SO ERE 70% OB A VEIIAE ) ;
() B X BV A FH Rt E A 75 2%, R B 20 mL 70%

3.1 tEmbl&

AL EEAE LA . AR SR S AR IE B A
(20199 )7 12K A1 0.5 mol/L R A AL E - £ B
HEATRE A8, RO VRTE B35 R 0-10 min A
— MR AT, Sy T RBRIST, XA LRI

VS TR PR A AR TR AT i fh o 1 A 2 a5 R
ODS-AQ-HG (Qian et al. 2020)fJ & (0.25. 0.5
1.0 g), 4RI 0.25 g BRI AESE 2R T2
BOR T BIZR 5 ,0.5 g F1 1.0 g SELARLA AT W ik 2%
HIEEFT 0.5 ¢ ODS-AQ-HG fF As2 &4, A

Z IR A AT AT BB 2528 o e o 1 DR e
S U T B9 0 M) (G A B LS IR A
BE), KHIOK Z BT, 3 K 2B
AR EEE, SRR 5 mL JoK ZRERIA]
ARGE BT
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Fig. 1

HPLC-ELSD chromatogram of sterols in cordyceps herbal sample. 1: Ergosterol; 2: Cholesterol; 3:

Sitosterol. A: Reference substance; B: Ophiocordyceps sinensis (wild); C: O. sinensis (cultivated); D:
Cordyceps liangshanensis (wild); E: C. militaris (cultivated); F: C. chanhua (wild).

Uie 1 15 MR A . 295 PRI 45 (2013)
(R 75 250, SR 20 A5 IO RHIR L BE AT RE il 42
B, % A [l 2 e R i BOSKR A e
(70% . 75%. 80%. 85%. 90% . 95%7F1 100%),
SRR 85% L eI G 1 O S U S W
A, BEA AR BURE df rb B Uy B HS I, [R] I HR H

1802 EMFIR

BT A

AN ST A 0 53 M D5 15 AR i SRR GE
Jitk, R OREKHEATRER R, FRAR TR A
SR A FE AT RE o [ R [ AR 28 BCEAR X A
AR A TAEAR , O e DR 3 2 BT AR T e 21
TE T AR
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x4 REZFEMNEER

Table 4 The content analyses of sterols in samples of cordyceps

itk A JIE 4 s A
Batch Ergosterol (%) Cholesterol (%) Sitosterol (%)
RS s g A s g AL s g
Total Free Total Free Total Free
S1 0.278 0.128 0.154 0.056 0.052 0.023
S2 0.362 0.202 0.157 0.075 0.054 0.033
S3 0.292 0.125 0.139 0.046 0.045 0.019
S4 0.379 0.181 0.161 0.068 0.059 0.032
S5 0.343 0.259 0.118 0.049 0.039 0.023
S6 0.323 0.205 0.119 0.040 0.043 0.019
S7 0.325 0.191 0.119 0.036" 0.037 0.018
S8 0.340 0.198 0.134 0.034" 0.046 0.020
S9 0.360 0.217 0.143 0.037 0.050 0.019
S10 0.415 0.276 0.159 0.050 0.048 0.021
S11 0.364 0.145 0.137 0.028" 0.045 0.015
S12 0.339 0.174 0.134 0.034" 0.058 0.020
S13 0.338 0.177 0.140 0.033" 0.061 0.025
S14 0.359 0.191 0.151 0.042 0.052 0.018
S15 0.239 0.101 - -
S16 0.306 0.109 - -
S17 0.480 0.286 - -
S18 0.489 0.345 - -
S19 0.564 0.148 - -
S20 0.349 0.155 - -

FE A R RO 15 L I s

Note: * This data was obtained by adjusting the injection volume to 15 pL.

32 BESH

LRI HRORIR T2 M) sy, (il
FHRT A= | PR ACHF S ), D8/ 7 A fE W
FEAREOH BRIA A3, g4, fe ik &
AR HHET, B o R 2 i S 2
Z R W B 50 S A 1% e A AT HILTR Sl A
. SR X BB A A N B fa AR
TN IE B S5 (2019) il 2 1y 5= R {5 20 B ok
BRSO €5 AT DL - 7K A 2 A SR AT €83 43
B, LA Mt ()38 H A 25 min A4, BB A
W28 25 mL, oy 1K R R R A ) A HUE BT S
P (% A s, ARG e T DR g A A% 7 i
#:(Agilent Poroshell 120 EC-Ci)fE NFE 2Bt
FE, IE i — 2 H A A O BEAE A AL sl A X
FEA AT IRCR o S5 3 7R -7k A P - 7K

SRR RS, LK R AART LRSS 1)
B[] P 35 31 B KA R 0 20 B ROR IR FT LA
AR A VAR, RIS RHZ
- 7K (89: 1A M SE 3G i BN AH o 38 2 X AN [R] 3
(30, 35 F140 C)M LI LI, mrild Al LAREAL
TR B FE R4 56 A BTt 8], ok i i T 2 BRI
SIRTI AT R ZOR 35 CAE R SR 44 o
PO R S 56 €6 335 25 A AR G T IR GE ik, RAAT
Wre PR o B o 3 A o A% 5 (A A Ry 1 SRR
S5, AURIE TS PR & o B R, i
BRPEAR T AR = A (A i, 7 A
A R AT S 2 AR R S VA 5 1Y B
OB (TS 2021; Fan er al. 2021), AHIGRTIN
HAE M 3 BT 2L 25 min, ARFE R 2
15 min, R T oMkl B . A S0 R H
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