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Distinction of fermented Cordyceps products from
different strains and analysis of their volatile components by
HS-SPME/GC-MS combined with chemometrics analysis’

SONG Yu-ling', HU Ping'"", ZHAO Shi-yi', ZHANG Hong—yang',
JIANG Zhi-hong”", WANG Yue-rong', ZHANG Min’

(1. Shanghai Key Laboratory of Functional Materials Chemist, School of Chemistry and Molecular Engineering,
East—China University of Science and Technology , Shanghai 200237, China; 2. School of Chinese Medicine,
Macau University of Science and Technology , Macao 999078, China; 3. Shanghai Key Laboratory of New Drug Design,
School of Pharmacy , East China University of Science and Technology , Shanghai 200237, China )

Abstract Objective: To establish a rapid method for the analysis of volatile components in Cordyceps sinensis
mycelium powder, and to distinguish the fermented Cordyceps products from different strains as well as to search
the characteristic components. Methods: The volatile components in Cordyceps sinensis mycelium powder were
determined by headspace solid—phase microextraction combined with gas chromatography-mass spectrometry ( HS—
SPME/GC-MS ). By optimizing the extraction conditions of extraction head, extraction temperature, adsorption
time, adsorption time, pre—equilibration time and desorption time, the analytical method of volatile components
in Cordyceps sinensis mycelium powder was established. The relative content of volatile components was
calculated by peak area normalization, and the data of HS—SPME/GC-MS was further proceeded by chemometrics
analyses of principal component analysis ( PCA ) and partial least squares—discriminant analysis ( PLS-DA ).
Results: DVB/CAR/PDMS extiraction head, extraction temperature of 90 °C, adsorption time of 80 min, pre—
equilibration time of 40 min and desorption time of 2 min were selected as the optimum SPME extraction
conditions. 56, 71, 72, 81, and 75 of compounds were identified by the established method of HS—SPME/GC-
MS in Jinshuibao capsules, Bailing capsules, Ningxinbao capsules, Zhiling capsules and Xinganbao capsules,
respectively. They mainly included esters, alcohols, carboxylic acids, aldehydes, hydrocarbons, ketones,
heterocyclic compounds. Different fermented Cordyceps preparations were distinguished and counterfeits were
identified by chemometrics analysis based on the HS-SPME/GC—-MS data. The characteristic volatiles of massoia
lactone for Jinshuibao capsules, pyrazinamide for Bailing capsules, 2—pyrrolidone for Ningxinbao capsules,
ethyl palmitate for Zhiling capsules, and palmitic acid for Xinganbao capsules were also found by chemometrics
analysis. Conclusion: HS—SPME/GC-MS can be used for rapid analysis of volatile components in fermented
Cordyceps sinensis. Combined with chemometric methods for distinguishing different fermented Cordyceps sinensis
and finding differential components, it gives us new ideas to search characteristic components, and provides
us with scientific basis for the establishment and improvement of the quality standard of fermented Cordyceps
preparations.

Keywords: Cordyceps sinensis mycelium powder; volatile components; chemometrics analysis; massoia lactone;

pyrazinamide ; 2—pyrrolidone ; ethyl palmitate ; palmitic acid; HS—-SPME ; GC-MS
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Fig. 1 Effects of different extraction conditions on the extraction rate of volatile compounds
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Fig. 2 The total ion chromatograms of volatile compounds extracted from Jinshuibao capsules( A ), Bailing capsules( B ), Ningxinbao capsules

( C ), Zhiling capsules ( D ) and Xinganbao capsules( E )
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Tab.1 Analysis of HS—-SPME/GC/MS for five fermented Cordyceps preparations

WAL E 73 L (ratio of peak area )/ %

FeAl ) [assy]
(iype) tg/min (compound ) ek HA FiE TS
(Jinshuibao ) (Bailing) ( Ningxinbao) (Zhiling) ( Xinganbao )
fiE2k (alcohol ) 1.64 PIEAEE (acetol ) — 0.38 — 0.20 —
3.88 2,3- T ZE(2, 3-butanediol ) — — 0.53 5.43 —
16.2 1- ¥ =3- B ( 1-octen—3-ol ) — 0.63 0.16 0.12 0.47
20.4 2R B ( benzyl alcohol ) 0.02 — — 0.27 0.89
26.33 K[ (phenylethyl alcohol ) — 0.89 3.57 0.31 0.66
5582 REALRUEE (nerolidol ) — 0.08 0.16 0.57 0.22
411 ( the total ratio of peak area ) 0.02 1.98 4.42 6.90 2.24
2 2 2 (carboxylic 197 P ( propanoic acid ) 0.19 — 0.16 — 0.14
acid ) .
8.72 SR (isovaleric acid ) 0.02 — 0.15 0.05 0.03
1129 JX# ( pentanoic acid ) 0.04 — — — —
39.61 R (benzeneacetic acid ) — — 9.51 1.10 —
57.03 & (dodecanoic acid ) — — — 0.71 —
67.68 A RE R (tetradecanoic acid ) 0.13 — — 0.25 0.46
77.83 MR ( hexadecanoic acid ) 1.65 0.92 2.15 3.14 14.53
8526 WEIMAR (linoleic acid ) 0.14 0.10 0.20 0.46 8.25
8555 2 (oleic acid ) 0.12 0.05 0.19 0.40 3.92
86.95 fFRETHR ( octadecanoic acid ) — — — — 0.98
411 ( the total ratio of peak area ) 2.29 1.07 12.36 6.11 28.31
12 (aldehyde ) 4.18 CLJ# (hexanal ) 0.04 0.49 0.05 — 0.14
10.14 B (heptanal ) — 0.12 0.02 0.03 0.03
1434 JEHIEE (benzaldehyde ) 0.34 3.63 2.08 1.86 1.38
20.7 H 2B (benzeneacetaldehyde ) 0.03 — — 0.29 —
3722 2- 7Rk -2 T ( 2-phenyl-2-butenal ) — 0.15 0.61 0.40 —
37.53  PAAERS ( 3-phenyl-2—-propenal ) 0.10 0.29 — — 0.18
5121 5= B2 B -2- 2 M (5-methyl-2- — 0.31 0.81 1.41 0.76
phenyl-2—hexenal )
&1t ( the total ratio of peak area ) 0.51 4.99 3.57 3.99 2.49
172 ( phenol ) 26.04  Z M (maltol) 0.24 1.64 — 7.24 2.32
2642 XHZERE (p-cresol ) 0.10 — — — 0.14
3142 4- CHIEH; (4-ethyl phenol ) — — 1.02 0.61 —
4285 2,6 “HIAEIIT (2, 6-dimethoxy—phenol ) 0.14 0.23 0.51 2.54 0.51
&1t ( the total ratio of peak area ) 0.48 1.87 153 10.39 2.97
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R1(4)
TR E 43 L (ratio of peak area )/ %
HA Lp/min fes ) e RN, TR
(type) ( compound ) EKE HA TE ER DFE
(Jinshuibao )  (Bailing) ( Ningxinbao ) (Zhiling) ( Xinganbao )
S 2.16 4- 3 —2- [Jf ( 4-methyl-2—pentene ) — 0.21 — 0.09 0.04
Chydrocarbon) ) o) B Ctoluene ) — 0.21 0.05 0.03 0.11
1923 ZELE5EAIA (decane isomer ) — — 2.26 — —
2523 ¥ (undecane ) — 2.05 — — —
30.8 % (naphthalene ) 0.07 0.42 0.05 0.14 0.20
3256+ e (dodecane ) 0.06 0.69 — — 0.09
38.63 1- H 325 ( 1-methylnaphthalene ) 0.11 0.42 — — 0.25
46.11  TPU%E (tetradecane ) 0.08 1.43 0.10 0.17 0.45
5233 |7k ( pentadecane ) — 2.19 0.48 1.03 1.01
57.5 +754% (hexadecene ) — 5.15 2.45 1.48 3.82
58.25 +73%E (hexadecane ) 0.13 1.21 0.53 1.62 1.20
6244 LM (heptadecene ) — 0.71 — 1.09 —
63.78 L%t Cheptadecane ) — 0.71 0.41 0.72 0.90
69.07 F/\Jst Coctadecane ) 0.07 0.49 0.20 0.56 0.26
74.13 1 JUbE (nonadecane ) 0.04 0.21 0.14 0.25 0.14
%411 ( the total ratio of peak area ) 0.56 16.1 6.67 7.18 8.47
kA 2.30 I3 BB (methyl disulfide ) — 0.12 0.04 0.03 0.02
(thioether) 1466 L HiBE( dimethyl tisulfide ) — 033 0.18 0.11 0.09
&1t ( the total ratio of peak area ) 0 0.45 0.22 0.14 0.11
TR 2.16 1= FIEMEIE ( 1-methylpyrrole ) — — 0.24 — —
( nitrogen .
containing 2.44 MHERE (pyridine ) 0.03 0.12 0.10 0.14 0.07
heterocycle ) 2.64 NP ( pyrrole ) — 2.14 0.04 0.05 0.26
18.02 JRFEMEIELE ( pentylpyrrolidine ) 0.16 — 0.55 — 0.47
19.15 2— LML ( 2—formylpyrrole ) — — — 0.38 —
20.2 1- H 3k —2— kS 5 ( 1-methyl-2-pyrro— 0.05 — — 0.20 —
lidinone )
22.9 2— LN ( 2—acetylpyrrole ) 0.37 3.87 0.73 473 1.16
25.94 2~ ML AERR ( 2—pyrrolidinone ) 5.94 — 3243 8.02 15.31
29.8 1- LFEEMEIE St ( 1-acetylpyrrolidine ) 0.06 0.19 0.32 — 0.33
31.87 2~ WRIERR ( 2—piperidone ) — 1.59 — — —
42.38 1= T Jk 2 1k 1% %8 Bl ( 1-butyl-2—pyrro— 0.04 — 0.80 0.34 1.44
lidinone )
&1t ( the total ratio of peak area ) 6.65 7.91 35.21 13.86 19.04
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F1(%)
TR FUE 43 HE (ratio of peak area )/ %
FeHY i e
( type ) wimn ( compound ) %7]@2 ﬁé ﬁ:‘[‘)jg ﬁi ‘E‘HTT:
(Jinshuibao ) ( Bailing) ( Ningxinbao) (Zhiling) ( Xinganbao )
NS (pyrazine ) 2.09 Nk ( pyrazine ) — 0.86 — — —
5.34 2— FELIERE ( 2—methylpyrazine ) 0.08 2.10 0.54 0.54 0.75
10.82 2, 5- —HIEnt (2, 5-dimethylpyrazine ) 0.26 9.44 1.53 1.99 3.26
11.03 23Nk (ethyl pyrazine ) — 0.24 0.08 0.07 0.12
17.11 2= & JE -6 W1 5L 1k 1 ( 2—ethyl-6-methyl- 0.03 0.71 0.35 0.29 0.34
pyrazine )

17.4 = LM (trimethyl-pyrazine ) 0.04 4.85 0.43 0.98 1.00
18.57  2-4 #i F&-6-H 3L it WE (2-ethenyl-6- — 0.28 — — —

methyl-pyrazine )
18.89  MEMEEERE ( pyrazinamide ) — 5.76 — — —
23.16 2- & H:-3,5- = WO ik 15 (2-ethyl-3, 0.07 5.10 0.57 — 0.96

5-dimethyl-pyrazine )

23.85 PO LML ( tetramethyl—pyrazine ) — — — 1.05 —
29 3,5- 2K -2 WKL (3, 5-diethyl-2- — 1.76 — 0.10 —

methylpyrazine )

323 2,5- ZHIEE -3— S THEMEER (2, 5-dimethyl- — 0.64 0.34 — 0.60
3-isobutylpyrazine )

3574  2- Ak -3— O i ( 2-pentyl-3-methyl- 0.02 0.32 0.26 0.41 0.44
pyrazine )

35.85 2- 5 % FE -3 B 3L ik B2 (2-isopentyl-6- 0.03 0.43 0.81 0.81 0.74

methylpyrazine )

40.16 3-S5t —2, 5 HIBENERR ( 3-isopentyl-2, 0.12 3.19 2.03 1.69 2.68
5-dimethyl-pyrazine )

4535  2,3,5- =H3 —6- Ik — 0.10 0.16 0.69 0.18
(2,3, 5-trimethyl-6-isopentylpyrazine )

&1t ( the total ratio of peak area ) 0.65 35.78 7.10 8.62 11.07

2 (ketone ) 9.29 2— B ( 2-heptanone ) 0.04 0.22 0.17 0.07 0.25
16.68  2- [ ( 2-octanone ) — 0.70 — — —

22.23 7R (acetophenone ) 0.06 0.22 0.15 0.36 0.86

31.93 2— Z&ifi] ( 2—decanone ) — — 0.38 — 0.50

38.96  2— |+—ili (2-undecanone ) 0.04 2.03 0.33 0.29 1.03

47.13 7R ( hexanophenone ) — — 0.37 0.37 0.83

49.01 X - FM IR (irans—geranylacetone ) — 0.87 0.51 0.62 0.81

63.59  2— |- #kifid ( 2-pentadecanone ) — 0.17 0.29 0.51 0.39

&t ( the total ratio of peak area ) 0.14 4.21 2.2 2.22 4.67

i
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. 7 5 .
F1(4)
TR E 43 L (ratio of peak area )/ %
HA Lp/min fes ) e RN, TR
(type) ( compound ) &KE HA TIUOE Ed DFE
(Jinshuibao )  (Bailing) ( Ningxinbao) (Zhiling) ( Xinganbao )
eSS 5.8 B (furfural ) 0.08 — 0.34 0.38 0.07
(oxygenated 744 2- B ( 2—furanmethanol ) 0.42 — 0.94 1.29 0.38
heterocycle )
1062 2— ZWEHEIEIG ( 2-acetylfuran ) — 0.05 0.06 0.15 0.25
10.85 v - T ( y ~butyrolactone ) 0.13 — — — —
16.66  2— S HEMER ( 2—amylfuran ) — — 0.04 0.08 0.20
19.84 5,6~ = &0 -2H- Mk T 2~ i (S, 6~dihydro-2H~ 0.09 1.28 — 0.07 0.07
pyran—2-one )
29.24 SN ( dehydromevalonic lactone ) 0.11 1.20 0.42 0.58 0.27
33.92  3— ZKILOLIH ( 3-phenyl—furnan ) — 0.15 — — 0.28
4338  y- T ( ¥ —nonanoic lactone ) 0.04 — 0.26 0.13 0.34
5027 5- AT 2(3H ) - BRI ( S-hexyldihydro—2 — — 5.64 0.41 —
(3H ) —furanon )
505 RN (massoia lactone ) 76.41 2.85 1.96 1.64 0.43
53.28 8 — 2N ( 6 —decalactone ) 0.34 — — — —
56.38  y— T—WiE ( y —heptylbutyrolactone ) — — 0.42 — —
6528  PUS —4- AL —6- AL —2H- ML -2 T 325 — — — —
( tetrahydro—4—hydroxy—6—pentyl-2H-pyran—2-
one )
&1t ( the total ratio of peak area ) 80.87 5.53 10.08 4.73 2.29
fifi2 (ester) 4.82 FLER 2. (lactic acid ethyl ester ) — — — 0.71 —
30.62 A ZMEWE (methyl benzeneacetate ) — 0.13 0.16 — —
35.47 A LR L Tig ( benzeneacetic acid ethyl ester ) — — — 0.20 —
4586 MR LT ( decanoic acid ethyl ester ) — — — 0.43 —
57.92 1+ & .18 ( dodecanoic acid ethyl ester ) — — — 1.11 —
68.77 1 PUFR £ ( tetradecanoic acid ethyl ester ) — — — 0.78 —
7537 FEREHRHEE ( hexadecanoic acid methyl ester ) 0.34 0.27 0.73 1.34 0.38
77.58  9- 1 Nk M R £ BE (9-hexadecenoic acid — — — 427 —
ethyl ester )
78.65  FEHAMRZT ( hexadecanoic acid ethyl ester ) 0.29 1.23 0.17 9.19 0.37
83.08  WIMARH K (linoleic acid methyl ester ) 0.21 0.09 0.08 0.58 0.30
83.43  JMFRTE ( elaidic acid methyl ester ) 0.17 0.11 0.16 0.41 0.21
84.83  TARERHIE ( methyl stearate ) 0.04 0.05 0.03 0.12 0.10
86.13  WMAR 2K (linoleic acid ethyl ester ) 0.23 0.17 0.11 3.95 0.45
86.48 MR LI (oleic acid ethyl ester ) 0.15 0.67 0.14 3.24 0.34
88.04  HfiIEMRZM (octadecanoic acid ethyl ester ) — 0.17 — 0.77 0.09
%411 ( the total ratio of peak area ) 1.43 2.89 1.58 27.1 2.24

H: ( note ): ‘=7

NI R 43 FUAIKT 0.01% (“—” means the ratio of peak area is lower than 0.01% )

AR S
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53 REEHRE YN AR SGE T PCA XA [H]
% W 1R B 1Y HS-SPME/GC-MS ¥4 #E 47 20 M7,
DA ] A e R 7= S ) BN SE 501, LA S R R T
R B P (25 3 AR 3 BN R I 7 ) HS-
SPME/GC-MS 2 B - Jit Il 45 452 2 P B 1 e T R
43 H A ERE A, MR SIMCA 13.0 51443647 PCA 15
P =4 LR 3. R 3 ATRAE Y, 5 Fh & I H BT
HIF A K E R AR T R O
JiE A 2 R AR 1) 3 ARl LR I BE 24 B AR A —
A, BIVAS TR 1 77 i v 2 2 M B 1 A IR 5 a5
FEAR — B, Fe Wi 2L 5 I AR R AN TS R AR B AR
PERN A e T2y T, 4R SRS e w48, 7= i 1Y) o 2
CIET

i & 3 38 0T LU, 5 F & 1 H R i 590 43 A7 AE
PCA =275 [A] () 5 AR A ST B4 DX 38k, AT 75 310 AR 4
(DX 53, ZRIHIX 5 Tl & Je ol 390 P 44 5 1 A0 S A 43
g DR SRR R ) T RE SR AN [R) &
P B AR TR 24 BRI M ) TR Al 2 — . TR
W], FI ] HS-SPME/GC-MS 454 PCA 7, ik Al )
Ty EDURIX 53 5 B & T HL 300 7 0

XF LG 3 Hr 5 Bk I 7 R DA P A LB L C
ARG ST R B, 3 0 DO ) 7 ity 155 A e s R A 7 11
AR AL , 22 BH A 7= i ] eI AR HAR /R i A &
Pzl 75, 3R T 2 T2 B AS [R] 808 4 Ak 27 B
IS AT W, Fil FH HS-SPME/GC-MS 45 &
PCA J7 3538 T LUPRTA  J5 (i | T 00 b 5 551 % e v e =

o

3 &£KREREISB,=3)BLHKE(BL,2=3). TLERE
(NXB, n=3 ) EREK T ( ZL, n=3 ) DI ERTE ( XGB, n=3 ) F1 KM 7=
f(A.B.C)H PCA Z#4BHE

Fig. 3 PCA score scatter 3D plot of Jinshuibao capsules ( JSB, n=3 ),
Bailing capsules ( BL, n=3 ), Ningxinbao capsules ( NXB, n=3 ), Zhiling
capsules ( ZL, n=3 ), Xinganbao capsules( XGB, n=3 ) and online
shopping products( A, B and C )

i PR ECER , A T HR 7 it B SO A R AL T
— T L

5.4 KT HCE RS FVERIEPERE B SR 5
Y AR 2H 27 r AF 9 LR, R A W s = SR 2 40
B PLS-DA , % 5 Ff i T e 5 i) 551 1Y) HS-SPME/
GC-MS Bl 47434, LA 4R ) e i B 7= i f
FEOEVEFE PR LT B2 880805 FH PLS-DA 15 21| 48
EanE 4 s,

—~p

B4 5 FhE BB M E

Fig. 4 Loading scatter plot of five fermentation products of C. sinensis

i
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DL PLS-DA 43 #1521 VIP {H (A% & 5 B4
SOMH ) KT 1.7 4E 0 3 1 22 S bR v, 1 X 38 Aoy 11 30
1T AT A, A 6 MHERMER MRS 1 S

PeE Yy, AT AR X I3 AN ) e e H e 5 B9 A S 1k
Jito 6 A 22 5k I B AR D I HL 7 i o U I
eI 2,

ZALE I JEXE 5 MR I U 23 SRR Y

R2 REBHEFRPHESUERSREELBRESRPHERRB DL
Tab. 2 Differential compounds and their peak area percentage in fermentation products of C. sinensis

WETHT AL ET 3 e (ratio of peak area )/ %

e VIP {H (azsy] T — o - —
(No.) ( VIP score ) ( compound ) SKE H= T ER LS
( Jinshuibao ) ( Bailing ) ( Ningxinbao ) ( Zhiling ) ( Xinganbao )

1 7.57 L2V NG ( massoia lactone ) 76.41 2.85 1.96 1.64 0.43

2 5.02 2~ MEIELERR ( 2—pyrrolidinone ) 5.94 — 3243 8.02 15.31

3 227 FEMRIR ( hexadecanoic acid ) 1.65 0.92 2.15 3.14 14.53

4 2.26 2, 5- " HILnp 0.63 9.44 1.53 1.99 3.26

(2, 5-dimethylpyrazine )
5 2.13 N ( pyrazinamide ) — 5.76 — — —
6 1.71 FEMER .15 (hexadecanoic acid ethyl 0.29 1.23 0.17 9.19 0.37

ester )

3 2 B, 4 PLS-DA 1531y zk faf K] 548 211
6 2= SR 43 0 R E R B L 2- MRS e A
REPR .2, 5- " HISEnER LB AR 5.
H I 2R N TR AE 4 7K T S 4 M Ay v o s
(I E (T e A | W SR e DR N SR K52
A AR T 1, G K S R B S R T )2 Y 2
PRI ] RS HA 56, BT L SR N i ] % 84 4
K FEREHE VR ERR bR o8 o A IR 5 K M 1
SRR 2, 5- T HIIEEE, (1 2, 5- L
M 7 Al ph 7= v R AR Bt o, R LA AE
PEARIE, 5 2, 5- I LML HE, B A I B v
JS3 A MR PO A B in EL A R , I L R P 2
— PR RS2 AT ) R
BRI AR R A A B R PR SR B . T S
e AR B A B 1Y 2— ML e, ELAA A
SR FRRAEME . 2— MERSBERR H DL 259 v (el i I 2tk
FTOIRe I FEBE 254 T ) Y2 o 2 R IR A
TETR £ TR vV R HRRIE () 22 S A AR A0 S5 Bk 1
WA LUE IR, 2 R e h IR IR I 246 A T i el
B, 35 27.10% NE A WL FEA B 53, e AL
Hi R 20 M T g, B A0 A BE T, g AR T
TR . O TR 3 o T, B 2— ik
St T o 5 BB LA B 7 R 24 & 4 it A s o
JUE P A T 1 A W T A 4, AR PSR B i B B

OB Th e - BA T Z 25 B M T
At 2 T Eh BRI 0 55 RS R R (T 2 B
T AR TR B 0 AT L 7 vl g O [T e 7, T g
BT S B T AR A 253 2 —
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