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Analysis of volatile compounds in Cordyceps cicadae and submergedly
cultured mycelia of Isaria cicadae
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Abstract:In order to determine the volatile compounds in Cordyceps cicadae and submergedly cultured mycelia
of Isaria cicadae,the strain GZU1205241 was identified by the sequence analysis of a rDNAITS fragment and
the traditional identification methods (morphological characteristics of the colony and sporulation structure).
Then the volatile compounds of wild Cordyceps cicadae mycelium and fermentation volatile compounds were
extracted by headspace solid phase microextraction(HS—-SPME) and steam distillation and determined by gas
chromatography and mass spectrometry. The results showed that the strain GZU1205241was /saria cicadae.
Cordyceps cicadae and mycelia of [saria cicadae,respectively,contained 56 and 58 volatile compounds.
Hereinto,25 compounds in both wild and mycelia. The main volatile compounds of Cordyceps cicadae mainly
were acids,and the relative content of oleic acid, hexadecanoic acid and linoleic acid was 45.09%,21.18% and
9.44% ,respectively. The main volatile compounds of fermented mycelia were acids,and the relative content of
palmitic acid, linoleic acid and oleic acid was 38.44% ,18.58% and 12.83%,respectively. The volatile composition
and relative content of wild Cordyceps Cicadae and fermented mycelia obtained by steam distillation and
headspace solid phase micro extraction had obvious differences. The volatile composition were more by water
vapor distillation. Acid were the main volatile compounds of Cordyceps cicadae and fermented mycelia obtained
by steam distillation and headspace solid phase micro extraction.
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Fig.1  Strains colony morphology on the three different medium
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KJ173474.1 Cordyceps cicadae
KF740422.1 Cordyceps cicadae
JX488475.1 Cordyceps cicadae
AB085887.1 Cordyceps cicadae
EU573333.1 Isaria cicadae

ABO085886.1 Cordyceps cicadae
1205241
AB086630.1 Cordyceps cicadae
AB085888.1 Cordyceps cicadae
Hg874633.1 Paecilomyces cicadae
37 AF368801.1 Paecilomyces cicadae
ABO086631.1 Cordyceps cicadae
HQ115724.1 Isaria farinosa
AB587666.1 Mariannaea camptospora
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Fig.3 Phylogenetic tree based on analysis of rDNA ITS-5.8S-ITS2
sequences of GZU1205241 and some related species
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Table 1 Volatile compounds in Cordyceps cicadae Shing and cultured mycelia of Isaria cicadae analysed by GC-MS (steam distillation)

VLR ARE R (%)

fee A (SO 725 P I F2 N
J% (Aldehydes)
Hexanal 1F C\i# CeH,,0 94 0.02 -
Nonanal T:/% CoH 50 91 0.05 -
Benzaldehyde 75 H % C-H,NO 95 0.01 -
2-Nonenal, (E) - 2—-F /il CoH 0 90 - 0.03
2-Octenal, 2-butyl— 2— | JE-2— )% C,H»0 99 - 0.43
2,4-Decadienal, (E, E) - g :\-2,4-2% I CioHisO 91 0.01 0.07
Benzaldehyde, 4—ethyl— 4— Z 552K H i CoH ;00 90 - 0.10
filii Ketones
3—Octen—2-one, (E) = 3—E45—2—ii CgH,,0 93 - 0.03
2-Decanone 327 3L F CioHy0 94 0.01 -
2-Undecanone F 3 T3 FA il CH»0 91 0.01 0.07
6-Isopropenyl-4, 8a—dimethyl-4a, 5, 6,7, 8, Sa—hexahydro—lH—na}phthalen—Z—one C .0 90 018 _
4,8a— "~ HSk- 6- (H-1-4i-2-35) ~4a,5,6,7,8, 8a—/NAZE -2l o
DS gt T cuo w an -
ﬁﬁVinyls
Hexadecane 1-1 /5 CieHs 94 0.01 -
Hexadecane, 5-butyl— 5-$ ] FE 11—+ CoyHyp 91 0.42 -
3-Eicosene, (E) - 3—- /% Cootyg 92 - 0.16
5-Eicosene, (E) - 5- ¥ CooHuy 94 0.21 -
1-Docosene 1-— 4 CoprHay 99 0.81 -
1-Nonadecene 1 LR CoHsg 96 0.13 -
7-5-Nonadecene 5—1JL¥i CioHsg 91 0.15 -
1-Hexacosene 1 /NHiHs CopsHsy 91 0.05 -
2,6,10, 14, 18,22-Tetracosahexaene, 2,6, 10, 15, 19, 23—hexamethyl—, (all-E) —ffi %4 CyHs, 91 0.17 -
Cyclooctacosane R~ I CsH ), 93 - 0.05
liHEsters
Hexanoic acid, pentyl ester CLFER K1 C;H»0, 90 - 0.07
Sulfurous acid, octadecyl 2—propyl ester g, 1-/\FE 2— 11 A JEEE CyHu05S 90 0.15 -
Hexadecanoic acid, methyl ester £ 7 5 C7H4,0, 91 0.08 0.21
Oleyl alcohol, trifluoroacetate Jii i =S LR NE CyoH55F50, 96 - 0.10
13-Tetradecen—1-ol acetate 13—+ VU —1 -5 S R G Ci6H30, 90 0.36 0.11
Methyl 7,9-tridecadienyl ether 7,9-—2%% —Jifii /I [ig C14H50 93 - 0.23
Docosyl trifluoroacetate .~ 3k = J i PR g CHusF50, 93 - 0.14
9, 12-Octadecadienoic acid, methyl ester MV.yH H I CoH3,0, 94 - 0.16
Methyl 7, 10-hexadecadienoate TNk TR H CsH30, 90 - 0.24
1, 2-Benzenedicarboxylic acid, diisooctyl ester AR oR — HIE — S or s CosH304 91 - 6.46
I Alcohols
1-Hexacosanol - /NEiliE CyHs,O 95 0.52 -
Behenic alcohol 1-—- i CpHy0 96 0.51 -
1-Heptacosanol - -GRElE CyHs50 96 0.49 -
n-Tetracosanol-1 — - PU L lE CpH50 94 0.31 -
JréAlkanes
Dodecane + ¢ CHy 93 - 0.01
Tridecane |+ =%t CsHog 95 - 0.01
Tetradecane 1 Y% CHy 97 - 0.01
Benzene, hexyl- CLHEK CpH g 90 - 0.01
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Pentadecane, 2,6, 10, 14—tetramethyl—- [EA R CioHy 91 0.03 -
Heptadecane |--E4t CHy 95 0.02 0.02
Hexadecane, 2, 6, 10, 14—tetramethyl- FEL5E CoyHyp 98 0.05 0.11
Octadecane 1F1/)\J5% CigHzg 96 0.02 0.03
Cyclononasiloxane, octadecamethyl— 1~ /\ S N R E o C1sHs400Si 90 - 0.09
Nonadecane 1F-1 Ukt CioHy 94 0.04 0.08
Eicosane —-1%¢ CooHa 96 0.12 0.17
Octadecane, 1-iodo— 1-fifi i)\ )¢ CysHylil 95 0.09 -
Heneicosane 1F -+t CyHy 98 0.28 0.54
Cyclohexane, tetradecyl— 1E-1-PUReFE M b CyoHs, 91 0.13 -
Tridecane, 7-hexyl— 7- A& =4 CyHsy 94 0.49 -
Tridecane, 2-methyl— 2— I 5E-|- =4 CHy 90 - 0.14
Docosane .+ 4 CopHye 94 - 0.54
Tetracosane 1F -+ PY%5E CoHyg 97 0.65 0.28
n-Pentadecylcyclohexane - I (b CyHy 94 - 0.12
Cyclopentane, 1-pentyl-2—propyl— 1-/%3&-2- P &3 b Ci3Ha 95 - 0.25
Cyclotetracosane 3 —-|-JU%¢ CoHys 95 0.21 0.68
Tridecane, 1—-iodo— 1-—+ =45 CsHyl 93 0.63 -
1—Chloroeicosane 1-5 ikt CyHisCl 90 - 0.05
Nonacosane 1F Lkt CooHgo 91 0.19 -
Heptacosane, 1-chloro— o o CyyHse 93 0.19 -
Cholestane Salpha—fH {4 CoHyg 94 0.1 -
D-Homoandrostane, (5.alpha., 13.alpha.) — = HEE CsHyo 91 0.04 -
Coprostane I b CyHy0 90 - 0.10
Stigmastane /. {4t CyHs5,0, 91 - 0.06
2 Acids
Acetic acid 418 C,H,0, 90 - 0.01
Dotriacontyl heptafluorobutyrate = eIt | 1R CsHerF50, 99 0.03 -
Dotriacontyl pentafluoropropionate =+ RN CssHesk50, 99 0.11 -
Heneicosyl heptafluorobutyrate |- i3t | 1R C6H50F50, 96 0.77 -
Dodecanoic acid + " kelg CpH0, 93 0.26 0.56
Tetradecanoic acid 1 JUER C,H50, 99 3.57 4.19
Z—-11-Tetradecenoic acid 11—+ VUHi CHx0 97 0.29 0.15
Pentadecanoic acid | TL/R CsH30, 99 0.56 4.22
Hexacosyl heptafluorobutyrate ./~ () FE-E5 T TR CsHs3HF50, 94 0.33 -
n—Hexadecanoic acid EZHHFE CiH3,0, 95 21.18 38.44
cis—9-Hexadecenoic acid EHH IR CigH0; 93 3.2 3.92
cis—10-Heptadecenoic acid JIz0-10—1LJAER CyH+,0, 94 - 0.42
Octadecanoic acid i fig 1% C5H30, 99 2.13 2.28
9-Octadecenoic acid (E)— jiHf CsH4,0, 93 41.48 12.83
9, 12—Octadecadienoic acid (Z,7)— V.JHi{& CsH3,0, 99 9.44 18.58
9,12, 15-Octadecatrienoic acid, (Z,Z,2) - 9,12, 15— )\ =J# R CisHx0, 99 - 0.97
% Phenols
Phenol, 2, 4-bis (1, I=dimethylethyD — 2, 4— 4 ] 52K ) C1H,0 95 0.13 0.53
Phenol, 2,2’ —methylenebis[6— (1, 1-dimethylethyD) —4—methyl4—F 3£ —6-$ T LK) CisH0 94 - 0.20
H¥ Others
Furan, 2—pentyl— 2—1F J% JE B CoH,40 94 0.01 0.02
15-Isobutyl- (13.alpha.H) —isocopalane 5 ] 15-5 ] %£l- (13.alpha.H) —F-copalane CoyHyy 90 0.12 -
1-Octadecanesulphonyl chloride 1--+ )\ Al Fif CsH50.5C1 91 - 0.47
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Fig.5 Total ion chromatograms for the volatile components
identified Cordyceps cicadae (A) and mycelia (B) of
Isaria cicadae by HS-SPME
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Table 2 Volatile compounds in Cordyceps cicadae Shing and cultured mycelia of Isaria cicadae analysed by GC-MS (HS-SPME )

ety sy BRE LS
o [HRaElErig ETEZA TS
% Acids
Acetic acid 48 C,H,0, 90 0.13 1.49
Hexanoic acid C\/® CeH 1,0, 90 4.25 -
Heptanoic acid R C,H,,0, 90 4.61 -
Octanoic acid 2Z0& CgH 50, 91 4.11 0.94
Nonanoic acid T-/ CoH 50, 94 5.33 1.28
n-Decanoic acid 251 CoH50, 97 3.88 1.80
Benzoic acid < H R CeH;COOH 91 6.81 2.44
Dodecanoic acid HFERE C,H,,0, 95 2.82 -
Tetradecanoic acid 5.7t MR CHy0 99 5.30 2.05
Pentadecanoic acid + T2 CsH50, 90 2.44 3.51
n—-Hexadecanoic acid EEHHTFER C6H3,0, 99 16.73 42.18
7Z-T-Hexadecenoic acid 7-1 /NI CiH30, 96 5.12 4.23
9—-Octadecenoic acid & CsH3,0, 99 19.21 11.46
9, 12—Octadecadienoic acid (Z,Z) - Wz CsH30, 99 3.85 15.13
%t Alkanes
Tetradecane +PU %z C,Hy 96 - 0.34
Pentadecane 1 Ti4¢ CysHs, 95 0.10 -
Hexadecane 1 /5N%5% CiHxy 95 0.22 -
Heptadecane |thi C7Hse 98 1.50 -
Ji§ Esters
2 (3H) ~Furanone, dihydro—5—pentyl— gamma~J{ /A i CsHy0, 93 0.95
I Ketones
2-Undecanone 2—1 C,H»0 91 - 0.77
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2-Butanone, 4— (5-methyl-2—furanyl) — 45— 52— BEI -2 1% i CoH,,0, 91 - 4.50
2 (5H) ~Furanone, 3—methyl— 3— 1 -2 (SH) — W3 i CsHq0, 91 - 0.75
4-Hydroxy—3-methylacetophenone 4-¥%3£-3-H FLTK L CoH,00, 90 - 1.52
&} Phenols
Phenol, 2,4-bis (1, 1-dimethylethyD — 2, 4- U T FE2K C1.Hx0 92 2.90 1.75
Butylated Hydroxytoluene 2, 6—XF 5 ] JEX%] H CysH,0 96 - 0.30
Mequinol 4—FF ALy C;H,0, 91 1.84 0.54
Ji% Aldehydes
Benzaldehyde, 2, 5—dimethyl— 2, 5— FI 52K g CoH 0 90 - 1.34
2-Furancarboxaldehyde, 5— Chydroxymethyl) — 5—F% F JL i i CsHq0; 90 - 0.33
HE Others
Butylated Hydroxytoluene | % oK CysHy0 97 2.26 -

A=, FLP AR R AT 5 SR B T 42.18%, W R A AH
X5 R 11.46% , YU TR 1 AR X 5 528 15.13%; fifi)lis
PR A P S < 1 DU e IR < 1 P8 PO AR X 43 i) Ay
4.23%.3.51%2.44% . 2.05% ; TL 1k K i 2540 &)
(7.94%) , Wy 54 (2.59%) , I (1.67%) -

3 itig
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IR R B RE TR ~ MV P2 ~ - DU T8 - A A ik 1528 < i A 182 5 AH
X B Ay 0 S 21.18%.9.44% . 3.57%3.20% 2.13% o
TP AT 22 AR AR BRI TR PR AEI X2 e e e a S 1) T 38.44%,
LR A T 5 AH XS5 20 4 18.58% , YT [P AH X 55
SN 12.83% o+ TLRENE < PRI 5582 R Aoy it 192 A I8 1% 1)
FAXT & E 0 9 4.22%.4.19%.3.92%.2.28% . [Klilt,

84 o16z=00m

AN 2 I A WA TS e A TR TR 22 AR R P e o0 8 i LA
i 0 B 240 o g =, W A WA v AN W R iR D R PR
BT R TR TR 2 AR T AN TN TR 2 . R TRETA
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