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GC-MS Analysis and Antioxidant Activity of the Oil in
Broken Spore of Dictyophora echinovolvata
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Abstract ; Extraction of volatile oils from the‘broken spore of Dictyophora echinovolvata with supercritical carbon dioxide
was studied. The influence of temperature, pressure ,CO, flow rate and time on the efficiency of extraction was examined
by orthogonal experiment. The chemical composition of spore oil was analyzed by Gas Chromatography-Mass Spectrome-
try. Meantime , the antioxidant activity of spore oil was evaluated by DPPH radical scavenging activity and ABTS radical
cation scavenging activity. The results showed that the optimal extraction conditions were determined as extraction time
80 min, pressure 35 MPa,temperature 45 °C ,CO, flow rate 25L/h with largest extraction rate of spore oil as 6.74% . To-
tally 40 compounds were identified from D. echinovolvata spore oil,including 13 acids, 10 esters,7 olefins,4 alcohols,?2
aldehydes ,2 ketones, 1 other compounds. Among them the prominent compounds were petroselinic acid (23.23% ) ,(Z,
7)-9,12-Octadécadienoic acid|(19. 98% ), 1-Eicosene (9. 68% ) , n-Hexadecanoic acid (7. 47% ), 1-Nonadecene
(7.12% ), eic. The spore oil had the ability to scavenge DPPH free radical and ABTS radical cation,the scavenging rate
of DPPH radical reached 86.41% and the antioxidant activity of the oil evaluated by ABTS was obtained as 0. 67 mM
Trolox equivalent when the concentration of spore oil was 10 mg/mlL.

Key words ; Dictyophora echinovolvata spore ; supercritical CO, fluid extract; Gas Chromatography-Mass Spectrometry ; an-

tioxidant activity
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Gt o BRI Tad Ry A= i R W) HAT BRI T &
WA e A SR 1k g5 AT R T T K R G A
ERES DA BRAWUEIDS BTk E K E sk IR R R DU ~20))
5 RTINS AR TR R S 5 SRR
B RN e SR (O s T R

WHFE R BATI0 5 A 2208 AR IR R o0
TN A 2RIy, HA B B
A LR R IS A R, PR
VERAT IR ST AN , FA PR i ifis te o, (2
Prafdtl 7R 5B HAT T A i 25 B AR A A 2
REJF AN WA . A Il 5 4 35 BUE R (supercritical
fluid extraction, SFE ) J& — I 357 8 (%) 4 B 5 AR5
SRR BRI A CO, 2RI BE BREE 1T 754 1, <
AH{A 1% - i ( gas chromatography-mass spectrometry ,
GC-MS) 73 B 2 Ui 73, I 5% il DPPH F iy B 3% |
ABTS A5 I A WU o3 e S8 A0 16 1, LU Sl 3k — 20
T RAT R8T BRI

1 HRS

1.1 #R5RF

TRFCAT PR ARkt AR T B L& A AR A IR &
A A ERE A . TOK T T 4R R E itk
DPPH ¥4 3t 21, v [ B 25 (4 A1), 1 g fh 5 107
ol BB RE SRR & (ABTS L), st
BRAEYEARABRAA
1.2 XFE5iEE

UV-2800AH 745 Ap=n] W53 56O BTt JtJe s
( 3 ) AL 2845 BRONT] AL104 Hi T K57 Mg 5 #-3C
F A (Lt ) A7 BR 4 m) 5 K 4t R 80 8 4K %
RS R A PR AR DL SPW-10TJ #4-5 71
R DL, i 2R U858 s R209 #l
ERR7E K 4 \DL1030 RUIGIELv HVRAG 3R 42, LI
AR A PR 5l s SHB-B95 BIJEIA K £ = B2 5
NI BE T 52 45 B2 7] HA131-50-01 8 Iiffi A A<
R, VI VY B Ol I AR A BR 2 A5 Agilent
6890-5975 SAH (A I/ Btk FHAX , 36 B ZHEe A F] .
1.3 LA
1.3.1 #ides s s miiat4 4

B 1) BRAE AT 28 B R A L A J e T w1
4liK Yk v 35 B AT, AT 200 H g, IER
5000 rpm E§.0> 20 min K5 FRAF AUTIERE T, HLAEE 1
R A AR B REAT IR A0 (A RESE 90% LA 1) .

1.3.2  #Riesr RFe-Fa2106 5% CO, XL 44

PRUCBRE AT 2546 13 150 g, JooK £ o Je iy
70, (8 HAT31-50-01 j s 557 A HCKE B0 1 BE £
Byl 5 CO, 2T ZHEAT WAL, BT s 4
Z e o3 B LAAE IO 1E] AR EE VZEIUR ), CO, i
PR BT IESCU L (3*) , B AWMU (R0 4
BUGRA o

AU R P 78 S0k 47 2R TR, ki
(D) TR AR R,

ERILED =m/M x 100 (1)
A om AFEBUG AR /g M R F 8Tk
/g,

1.3.3  GC-MS @& 5047

K Varian300-MS GC-MS ¥E Y, A YLEF A
T EE R IR 8 B 3 2R G A 2R (AT &R 48 NIST 4R
HERE 2, Wiley [, Pfleger-Mauer-Weber 25 4 I K¢ 4¢
TEPEAE ), N Tk B b, i 8 &5 0, & e AR
AR TR U fh ok A5

GC 414 VF-5ms #£ (30 ¢m x 0. 25 mm, 0. 25
pum) ,He (99.999% ) it i# 1.2 mlL/min, TR 1
50,9 1.0 WL, #EAE HHRLEE 250 °C, Al 25 et B2
280 C, iR P FHE 72070 C L% 3 min,3
C/min £ 100 °C,100 CA#£+F 6 min,5 C/min &
150 °C 150 C{£4% 6 min, 10 °C/min % 250 C ,250
CA%4F 15 min,

MS 2544 : FH 70V (1) EI J5 5 230 °C, PUAR AT
IR 150 °C# R AER N B] 2 3 min, 73 E 0N
25 ~500 amu,

1.3.4 #3iFafFERYIANTH®
1.3.4.1 DPPH [ i 3ET5HRRE J1

FREUPT 2461 2L B, 20 f A I Ik i s G
K CPERE I B R B Ry 0.5.1.2.4.6.8 10 mg/mlL.
I, 2 B8 Vattem 25 1 07 3k 0T . W IBUAR [F]
Jrir e B4 A&l 2 mL T 20 mL A A 2
mL 60 pwmol/L DPPH V¥ , ¥47, % i ke Y i & 30
min, T 517 nm PERALMWSCEE (A,) , 28 FRHIR Dy 2
mL 7K aZ N 2 mL 60 wmol/L DPPH ¥ (A,) , VA 2
mL AESIA 2 mL BZE K SRR A X B (A
THERAE SO T3, BAPEXT B 2T B
HA 3 WHCFIME, WERFR(2) 115

HRE(% ) =[1-(A-A)/A,] x100 (2)
1.3.4.2 ABTS + - {5&GE HNE

FRIUPT 246 2 JRA) , 20 f A i ki ik I DG
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K 2B 5 Rk FE 4 0.5 1.2 .4 6.8 .10 mg/m.
(¥R, 5 B Zhang 25 (197 2 #E4T . ABTS T4k
RER R 50 £5 A 96 fLAR, L 200 pL, 25 [ X}
HEAMA 10 WL PBS; FRifE i A fLm A 10 pL 5
Y BB Trolox (0. 1.0.2.0.3.0.4.0.5.0.6.0.7
mmol/L) A S A I FL A 10 WL 45 4 B2 i o
BRIRS . FIRMEE S min JFIE Ay, o, AL
RYNAER, Trolox Wk FE A A AL A il FEAR HE T 220 AR
P e T ERE L 0 BT AAALRE JT o BEPEXT B R
VE, #AMHEMER 3 WHCEAE,

2 #RESH

2.1 BMIEMABBFHEIGR CO, EMTZMA

W 1 P, Bt DU ZR K- 2350 D A U [h]
40 .60 80 min FEHGELE 35,40 45 C; HHUE 1 25,
30,35 MPa; CO, Vit 15,2025 L/h, X B BAEAT
LT RHE I B CO, T 2t Ar it &5
7R 2 N Z A U AR ARG R/ T B > A >
D> C R I 952 Wi A 5 R, AU 7 52 1 fie
N AR AsByCy D, B HE T 848 N AR L
fiF ] 80 min FEBGEE 45 °C AEHUTE 7 35 MPa . CO,
Vit 25 L/he SR 260 AT T3 IR
A, P HIFRHRN 6. 74%

F1 BIRF CO, EBMMEMHAFHEZIRUER
Table 1  Results of orthogonal test and analysis
e (A) HEBU ] (B) AU JE (C) HEBUE S (D) CO, itk HHAGR
No. Time (min) Temperature ( °C) Pressure ( MPa) GO, flow rate (L/h) Extraction yield (% )
1 40 35 25 15 1.27
2 40 40 30 20 2.80
3 40 45 35 25 5.56
4 60 35 30 25 2.11
5 60 40 35 15 3.13
6 60 45 25 20 4.98
7 80 35 35 20 3.81
8 80 40 25 25 4.60
9 80 45 30 15 5.67
K, 3.210 2.397 3.617 3.357
K, 3.407 3.510 3.527 3.863
K; 4.693 5.403 4.167 4.090
%R 1.483 3.007 0.640 0.733
FWIN Sig: B>A>D>C
/K- Optimal level As B, C, D,
41 A Optimal combination A3B;C;D;

2.2 MIAEFERY GC-MS Sifd R
KRG A CO, FE Ik A5 UM BE AT AT 7576

¥, TR AW AT GC-MS 43, MRS A R 45
FUETE R ZEBC L LA 2

x2 WEREMABFHEIRFRENES GC-MS SR
Table 2 Results of GC-MS analysis of the extracts from D. echinovolvata spores by SFE

LB i Z = . Xf 2 s
g DRENRE O ERE sy FIXPR
Retention Molecular 3 . Relative .
No . . . Formula Chemical Total (% )
time ( min) formula content( % )

&S 60.93

1 6.14 122 C;Hg 0O, KH R Benzenecarboxylic acid 0.10

2 7.32 136 CgHg O, K, Benzeneacetic acid 0.25
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%32 2(Continued Tab.2)
No. time ( min) formula Formula Chemical content( % ) Total (% )
= Ao e £
3 14.52 201 € Hy ClO [ 3-Chlo(rj;ti-h(fniix%yﬁ§y)l )Zﬂ%zeticacid 0.40
4 16.55 242 Cy5Hy0, IE- % Pentadecanoic acid 0.21
5 17.57 254 Cy6Hy00, -1 - S Bk R 11-Hexadecenoic acid, (112) - 1.42
6 17.74 256 CiH3, 0, KM n-Hexadecanoic acid 7.47
7 18.55 282 CisH3,0, MR Oleic Acid 1.16
8 18.71 270 Cy;Hy,0, -4tz Heptadecanoic acid 0.70
9 19.54 280 CsH3,0, TR (Z,Z) -9 ,12-Octadecadienoic acid 19.98
10 19.61 282 CisH3,0, JEFR Petroselinic acid 23.23
11 19.75 284 CsHy0, fifi g2 Octadecanoic acid 5.55
12 21.83 282 CisHy,0, E-7l1#% 9-Octadecenoic acid, (9E)~ 0.20
13 23.73 282 CisHy,0, Semidehydroascorbic acid 0.26
LS 10.77
A A - ¥4 T i R G
! 12.95 187 €5y ClO5 Benzoic aci?li?f}ﬁiﬁ?ﬁj-Q,Er'nethyl ester 0.10
3 18.03 284 CisHy60, FMAR 2,158 Hexadecanoic acid , ethyl ester 0.85
4 19.69 308 CyH360, LR Z 1 Linoleic acid ethyl ester 2.47
5 19.81 310 CyoHy 0, SHBRZ S Ethyl Oleate 2.40
6 19.98 312 CyHy 0, SR M Octadecanoic acid , ethyl ester 1.06
=3 A =Xiin=]
(Z,7)-9 ,12- )\ B _ImfR-2 ,3-— 5N e
8 27.45 354 Cyy Hyg O 9,12-Octadecadienoic acid (Z,Z)-, 0.13
2,3-dihydroxypropyl ester
9 27.58 340 Cy, Hy 04 JMER T g Oleic acid ,3-hydroxypropyl ester 1.54
10 27.74 356 Gy Hyy Oy R IR Bl 2,3 -Dihydroxypropyl elaidate 1.23
e 24.28
1 18.76 278 CyoHag 1,19-— 4tk — %5 1,19-Eicosadiene 0.30
2 20.95 280 CyoHyo — ¥ 1-Eicosene 9.68
3 21.13 280 CyoHyg E-3-= 14 3-Eicosene, (E) - 0.19
4 22.12 266 CyoHyg I JL#% 1-Nonadecene 7.12
5 23.28 362 Cy6 Hsg 11-Z 4758 11-Hexacosyne 0.27
6 23.58 308 CyHy 4% 1-Docosene 5.89
7 25.37 322 Cy3Hyg i HUS 9-Tricosene, (Z) - 0.83
(EES 0.5
1 11.64 172 C1oHgN, 0 DU S WS IE-2 - 4-Phenylpyrimidin-2-ol 0.05
I L T S-On 13,7 b COR)-
3 20.67 322 CyoHyg F, 0 4 ,4-Difluororetinol ( all-trans ) 0.12
4 21.24 266 C1sHyy O ; Zi Botfﬁz;fnllgj 0.28
{2 S 2.15
1 7.62 154 CioH 50 R 2 2-B$ 4751 2-Decenal , (E) - 0.05
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%3¢ 2 ( Continued Tab. 2)
B4 B [ 45 iy . . PORESTY N
ppig BREREOPIREL Lz FXTRRE
Retention Molecular . Relative
No. . . Formula Chemical Total (% )
time ( min) formula content( % )
2 17.26 212 C4HyO N 5 5E /% Tetradecanal 0.05
3 18.96 251 C;H;,0 E-15-+-L M E-15-Heptadecenal 2.05
LGS 0.98
1 4.94 85 C,H;NO 2 - J5E i 2-Pyrrolidinone 0.05
. 13-HUE-SU 43R - U R doE -2 , 11 -
C,,Hy,0 ’
2 18.49 240 DA Oxacyclotetradecane-2 , 11-dione , 13-methyl- 0]
HoAth,
1 17.80 169 C,H5CIN,O S IRl Zoxazolamine 0.40 0.4

128 2 0] D, DBRHFE 77 20596 368 I 5 25 e vh
LR A 40 Fh RS T 13 Fh RS 10 B &
T Pl BESE A4 B BRZE 3 Bh RESE 2 Bh HA 1 B
AR X B e I O IR (23.23% ), HOR Oy
WAM AR (19. 98% ) . — 14 (9. 68% ) | IE 1+ /N R
(7.47% ) B+ Ik (7.12% ) o

13 FpPR AT & 4t 7 60.93% , Hoh 7 1
(23.23% ) it o v 1R A MR Y A 7 544
A AT AL B IR (A AR 1. 16% , H
YRR (19.98% ) AE N BT RRIITRZ —, 25
AR NV 22 TR G A B AR A R AR FAE A Y
IR AR

0 2% BRAT 207 2E B & R W 25
Jo, e A R 24, 28% R R
JUR . = O A B e, o B 9. 68% |
7.12% \5.89% . Z M Ve ke B A FAR BT A Ak
UIse, in =TSk, BA 38 s iR s A e s Ak
ity T M SESRALARGRERE F1 (BGE TN RE U Bl
B 55 PP SR AT AL I e AT T RE S 2
FhA B AE ™

AEE EC PRI+ 10 FR S S I R 2

02 0.4 06 08 1 2 4
100
90

5780

Bl ARREXRERENHEFHENYI DPPH B
HEFRE
DPPH scavenging rate of different concentrations of

Fig. 1

D. echinovolvata spores extract (% )

B (2. 47% ) il R Z 1 (2,40% ) il R 9 i (1.
54% ) AHRT 5 A 4
2.3 FE4XS DPPH B HEERER T

DPPH J&—# S Emy | h 5, 8 T Ol 5 I
S, 12517 nm T ARKRWIE . SABUEAEMRTE
TEGEBCT , HAION H B C 0T, 58 6008055 , SOl
BI85 5l 2% 5 DPPH ¥ AT SR RIR PR AL
FEER F SRR RE T o AN [R) R B2 19 42 O X DPPH
A RIS BRICR NI 1 o, 45 2R3 0, BRAEPT
PN TSI X DPPH [ Hy S A7 505 19 1 BRVE
WA it R P P B, Vi R A M Y e, A i R
M 10 mg/mL B, 75 Bk 86.41% |
2.4 ZFEEXT ABTS™ - iBERRER T

ABTS ™ - T i 2 6 I (4t e 4 A 70 /0 BHL T
H Hh R R T AR A TR M Y — P A 1Y
JrEN L RAMOERE AR bR, Trolox ¥k i Ay 8 Ak A
HEbRERh L, [TH 7 fE y =-0.52x0 + 0.4214, R’
= 0.9945, AN[FEVEE AT H AR X ABTS - 7F
FRAICR LA Trolox ik BEZR/R (&1 2) , LK 2 AL,
LR 2B T ABTS ™ - Y B BE 77 Bl Ik & 119 1
TN G, , 5965 25 By 5T i v B 5 10mg/ mL

VEI)IE VE concentration (ug/mL)

5 10 20 40 60 80 100

—— {4l AR Extract of
Spore

—o—\E

0.5 1 2 1 6 8 10
PPt IR Extract concentration. (mg/mL)

B2 FREREBREMINEFHERYIS ABTS® - Fk
HR
Fig. 2 ABTS scavenging effect (mM Trolox) of different

concentrations of D. echinovolvaia spores extract
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B, SPTE AL EE S135 5] 0. 67 mmol Trolox/L, 2 HH 1y
TRIFEERT ABTS ™ - HABRMTERIEN

3 WS

A2 B B A PR AR G, X
PR AE TG S 22 R P BE Y A S O R R Z
1 (E R TR R B A A R S R A
e, i e 2 I R 2 ¥, RZHMT
( Ganoderma lucidum spore) ‘=3¢ [HFH 2 25 FHH EHH R
A PEA TN, R 290 R AR Y B s
P PR BUEE BiEE RPN E R G R
JI& HIFEEDIRE , 1 AF R P BLAT T R 2 S ik i) 24 34
ST 8 [ P A 2 3 BIE 5T RO K B s R
117 H B AT PR 96 -5 52 o3 S R D e A A5 A
i WLARAH (A AT WSS & BT AT 35 7k
SR BRI A BUAE AR TR R IR E TR
FHZHE | EEER S 2o i, A SCRA] DPPH 3k
I ABTS JEAGIN A BT #5767 18 Il 5725 ) B AT $it
ST M, HEI 5 A6 B Hh AN 1 IR 7 1R A T R
FR oA X I L CO, A AR AN
A )y ot LA Y A USR5 A b e
BE AT B o 2 RO 85 2, 2 B 8 e dn e 7 b
2 TS TN A T RE S I 2R b A AR
F L R R BT 20 5 A U B0 PR R AR A 15 1
—H W5,

MIFET 7R b B 43 B h 2R sy, 48
2 SR [ i 22 4 Bk S R, 3 3o /< K P A
AR PR R85 BB P A RS i PR A R AT 3845 M
GyFRUTE Y 74 R B R RAE K 28R IR 1
R AT BEAE I, 4300 BOBRFT AT R o T 4 41 Fp
130 Fh il g3 s AT SEAAR SR P H 35 Bl 37
FhBAY " s TRFTH S5 41 FhR1 20 R 2
A SCNRATAT 046 T A B b S5 40 Rl sy, K
ORI TARIE ™ o AL S5 B A A AR
ZRGBNEEE LI — 20 X BRAEAT 296 5 b R J0
BT HEATEESE | VIS & BB B 2 53 A PR J5T , by ok
FEAT IR T &R B HERL 22K 5 .
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