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Supercritical CO, Extraction of Oil from Ganoderma lucidum Spore and Analysis of its Volatile Compounds
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Abstract: In this study, the optimal process conditions for supercritical CO, extraction of oil from Ganoderma lucidum spore
and its volatile compounds were investigated, aiming to provide a theoretical basis for its identification, quality control and
further development. Single factor experiment and orthogonal array design were employed to obtain the optimal extraction
conditions with respect to oil yield and triterpenoid compounds yield; the volatile compounds in Ganoderma lucidum spore
oil were analyzed by headspace solid-phase microextration method combined with gas chromatography-mass spectrometry.
The optimal extraction and separation conditions were determined as the follows: extraction pressure, 30 MPa; extraction
temperature, 40 C; separation pressure, 8 MPa, and separation temperature, 56 ‘C. Under these conditions, the oil yield
and triterpenoid compounds yield were 29.45%, and 38.14 g/kg, respectively. A total of 65 volatile compounds, accounting
for 83.87% of the total volatile compounds, were isolated and identified from Ganoderma lucidum spore oil, among which
hydrocarbons, alcohols, aldehydes and esters were the major components. Terpenes, alcohols, aromatic hydrocarbons and
aldehydes were main odor compounds, among which benzyl alcohol (16.35%) and phenylethyl alcohol (5.74%) with the
highest relative proportion may be the characteristic volatile compounds.

Key words: supercritical CO, extraction; Ganoderma lucidum spore oil; headspace-solid phase microextration; volatile compounds
Hi 5255 TS201 SCHRbR SRS A WE G 1002-6630 (2014) 02-0041-06
doi:10.7506/spkx1002-6630-201402008

RZHF (Ganoderma lucidum spore) J&3[F 2 4424
HEFERZMAEAEMMR, R2ZH07 KR AA
T AT PR PUEMN. PIEE. RPHAE RS
Felfls . 7 FaEThne, IEa kA ARG R Z Hmmzy
FRYE PR A [ A A0 2 3 B ST AT R A 2 iR R
ZHTF R E RIS 20%~30%, A HEEUR G5 R R A
RZM 5, b 7R =R e, AMEME
iR 0. AR FEROMAEE YRR Hh A A

Weka H . 2013-12-03
HEWH: ERARMET CRIED BHFEIT (201303080)
1R T

Felis & ok T60%, LAMER. Wil E A EIE&H £
AHORAR TR, =W e, MERE
b i EEEVE R . TR R VR AN R E
T HRFAE TR, EB 45 R A I8 B — E R IR A D)
BE, BRAom S5O0 R 2 RN S AT A A B R S
B i (gas chromatography-mass spectrometry, GC-
MS) Gptfr, KILRZ ATl B A R R M),
{E ARG A X & B B N TR E R ZHOR B H ik

EFEA (1987—) , &, WEwtyeds, PR NDIAE R ah. E-mail: gaoyujiereally @126.com

HEEER: MOE (1962—) , 5, #dZ, WL, WIS E R . E-mail: qiuhuihu@njue.edu.cn



—

42 2014, Vol.35, No.02 B5ailtl=

XL EEA

A, RERZMFRNFTRZERN, OB ERREK
(R Z A=, IR 7S AR R IR B3R I T2
T LA R AR R 20 LA 2 () B RN S B

I FRCO,AE I A LA A I U A R FA U
VI, BRVE W AR S, RERE(RN B TS YA
PO 3 I 2 VA5 B R = A e 0¥ e ot e A K] - S
Khattab%:"" E A 1 AN [A] B8 B 1206 S0 JRRFF 380 S R e i
PRI, 45 R G R CO AR IR A R B4 KT
PRTH A PR IR AL Gris ISR UL, (E BRIl & BRI 4E
SO N EV R LT AR TR, R A A I,
B 2 A0 G 107 R R0 Iy R 2 B v, AN R AT I
FLCOZERUMAR A B, T A2 AR Z il 18R N
F R IR HIG R COE M R Z i T2 %4, HAR
T AR B2 R R Z R oK, sk IR
14 MPa. 34 ‘C. 270 min F 3k T E IR % 34.41%,
By R e N A A B T A N RS
29 MPa. ZEHUEE3S 'C. ZHETHI3S5 hy COME20 Lh, f
PR R Z AR % 926.13%, FEHERILEI99% .
RZHFil 5 H AT REI AR 1 F X BIE E Sis ks =
WA, (HR TR B %A R Z A7 =i
BT 2 AT TR o

AR E AN T R AR R 2 Sk, H 4
U B A S e o e e e & RS MR, X
RZA T SR R R B D o T2 [ A ik A8 Y
(headspace solid-phase microextration, HS-SPME) 454
AL IS (gas chromatography-mass spectrometry,
GC-MS) , MMM REE, O ZNHTE
i A R AR T 2 v i, B FRERHE D AEH
BHVER . RO S BAEW R, v, I
UPAERE i M AR TR FH B I S COZE IR 273, LA
RS2 = R AW SN S dahr, @l &,
IEASIRIG ARG A CO IR Z il T 254,
PRE =R A WS B MR RS T 2540
K FHHS-SPME-GC-MS4: [l 73 #T i I S CO, A MU R Z -1
TR YIRS, DR R Z i R
RO, N AR R N SRR 1 o

1 MRS5HE

1.1 MRS

EEERZ TR (E %, MEER >85%) Iy
N8 AR B 3% R R s CO, (s, 4ifE>
99%) YL75rd il N R AEIE R AR LM O,
VKOWR . FmmE GIEFE: 30~60 C) . WEER. MR
Biortal EREAFARIAERAR FEE. RRRR
FrifEdh (AE98%)  Fid Tk (Rifg) HIRAH .
12 USR5

HA121-50-01 815 A AR E LI iEELBIE

RAEWAMRAT: 101-3ASHAT TR Lilgsiik
XS] s TE2U4SHF MR 2 FHER A
WA AT 7890A/5975CHRM G- FILECH M 3£
EAgilentA ) s FEAHASICTF- S @R FA0 . [EIAH AR HL
3k (50/30 pm DVB/CAR/PDMS) 2 [E SupelcoA 7 ;
20mL SPMETZ i B 5 R BHEACE G R A
HH 28RBS HAERREA AR UV
BH-AI WA RIESEIRALERE IR AR KRG
B (10emX20emX025em) TG .
1.3 J5ik
1.3.1  EBIGFCORERUR Z 1 T Z R

EE R Z 7k (WEEEE = FE 1S A 45 CHEF
2hEE T LERES, REMSESH, EHRAER—E N
B R B2 T T iliiE 220 i T4 5 & AR o &

R s - S IR

RZMF R B

132 RZETFHMEZECEES BNE

S0 ET 38 2 0 6 BRI T I 5

PRt il 22 B . RS AR B RE SRR XS R G 10.0 mg B
F100 mLAEH, 48 OS5 #10 min, #RE 2 %)
Lk, $RA), H0.1 mg/mLEIARIE . 43 5 EL0.00
0.20. 0.40. 0.60. 0.80. 1.00. 1.20. 1.40 mLX} i 5
WT10mLIRE ., T100 CAKEB EZET G, IMAHH
0.40 mL 5% B - VK BRI AT 1.00 mLim SR, #23,
7E60 C /K3 H INFA 1S min/5 # N UKK 74 203 min, 5
JIANS.00 mLUKESER, $R519F 8 T =i 15 minf5 206k
FETET548 nmi KRl s i BR SRR IGROC R . LREIRR
R REAA R . TG AN AL R FIbRAE T 22 .

RZBF WP =R EMETENE: HKI—E
S, WTOELRATEY, FHRCE IR 28 T URE
WS pLAE 2k VS I RE IR AR b i, DARE SRR AR 7 i
1k, FAME-LR O (95:5, VIV) JBIF; I
JEHETHR, SIHGER RE0~0.658%, H LR LG
0, $REGRE T 10 mLAZERE; 7E100 CKRH LT,
TN FT0.40 mL 5% 5 H - UK R 75 0 A7 1.00 mL = 4
g, R34, 1660 CAUHTHMAAS min/5 8 A VKIKH A E]
3min, FHIAS5.00 mLUKEERR, #E219FE T % iR. 15 min
J&i FA 23 Y T 548 nmi K I @ A L I TR RO
MR FRAE fh TR Z i p ) =i R S &

=R EMER (gkg) =RZMHTIMAEEFI% X
RZMFHF =R EME R (gkg)
1.33  BIfFCORERUR Z 1 2 LAk

R IR EE BRI E100g. CO,ME20 L/,
RS2 hy 2B 1R 77 i A 6 — 20 o
4MPa, 36 °C, HEFERIEI . FIEE., 7EE] K
JIv A EE TIREN R Z AR ER 2. B8
5. RYEEAR R AERS B, DL RS A = H5 281k



KT EEA

E6mill=

2014, Vol.35, No.02 43

GFFENTEAR, DR TR 2 B A, e B
fELEHEG AT Z 0, ERNKMA T IT RZH
FIMEERUGAE LG, B3 IKHCFIAME.
1.3.4 TS [ AH AR EL

TE S AL RE A% A T il 25 R 2 13, AEHUS SLEp
HEAT ¥ R MR A I e s T2 [ R ik R B 2 BOR 48 A Sk
55 A WIRIE 70 4 AT o e [ AR AR B BCR TR SU BE A
A EHERE 1250 °C #4630 min, FREX2.0 g R Z 11l &
F20mL SPMETRZ S, MG, REHE T
AT0 CHEHR KR E B2 A7 A HGEL A SPME
FES R, TS AEHL40 min, SR 5 K A AL O B 4E
GC-MSHFFE T, HEHZERCK, 250 CHEMS min, JH3)
A 28T GC-MS K
13.5  GC-MS/H At

GC%fF: @milif:: HP-5MS 5% % 3 P L S AL
(30mX0.25mm, 0.25pum) #ik A 5 E 48 01
¥y FHEFE T DR 250 °C, WIHFEIR40 C,
fR¥F3 min, LA7 C/minft 3120 °C, A3 min, FHLL
10 ‘C/minFt %230 C, fRFFS min; A N4 EA S
(99.99%) , ¥iifl mL/min; AN/M, HEFEEL pl.

MS%AF: BT HE (electron ionization, ED J§; HLT
AEET70eV; B FURIEIE230 °C; VUMAFEE1S0 C; fLfmsk
W80 Cs Axild, JEFHEH: m/Z30~550,
1.3.6 thamEe

K H T BURE R #5 6AH B2 5 15 ¥ 5 NISTO0S.L
RTLPEST3.LAmE i i B4 FE VTG, 97 126 D BC 5K T-80%
tEY, 26 N TN FIA DGR E X2t &), B
53 7 By R TR AR U — A2

2 SRS

2.1 HRREFRRE
2,11 AEHUE Juxh e AR A R

BB ZEHUERE40 'Cy 3% 1 5 /110 MPa, 7r 38
[REES6 C, HEEREHUE I 0t e 15 2R s, 45 0
Ella. o] DU B 220U 33K R 29873 IR 159 22 1
T, 7E35 MPal il g 13 5 5 K. REHUE 772 Rk i 7t
WA B S, MFEEERT, @BiIhAnk
()2 FE R TR D 3G I 3, EiHR 1 B I SR 1)
VSRR R IR nE 2 b AE B T, BRI H AR
(AR, (HE IS — e s, IR ] K46
PEZN, JHARTR BRI INZRNG, (A 5 R A AR 2 A R B
CREABRRIESI35MPa) , EFE30 MPailt 713t — 251 58
2,12 AEEUR B R A R R

WERIE 7730 MPa. /% 1 JE /110 MPa. %
B3 T HES6 C, HERERERURE X MRS R, 45
RIWE b, ATLLEH, 45 CHRZMTMEE XK,

EEALT45 C, bR FBURE M =R 28RS
RN W T45 CHE, RZfF e R RE
FhiEm R W E X B IE RAARE En E A, —
M, WEET RS T ANE R ERNY SR, I
MR AR A, ZERUSCRIR & S— 4w, WRE
TR % R, SEUARAES T, BRIRIRI
RO, R $R45 CbAT LR 5 .
2.1.3 B 1RSI AR R R

WEREHUE /730 MPay ZEHURIE4S C. s 1R
JE56 °C, HErEE 1 RIS 2R, 2550
Ellc. ATLAE /B2 1 K J1KT-9 MPal i iR 15 5%
TP 9 MPalf i AR 19 % i i @ 4B 1 R JIa R
TR E N H SR A &8, BIEssEE 1
JE 719 MPajft 47t — B 5%
2,14 4B TR AR R

WOE R UL /130 MPay AHURE45 CL B E 1 &
719 MPa, H55r 838 [ IREXT MRS R, 25 50
El1d. nfLLE 48 CRIMARS R RAE, 56 CHRhR %
B, 60 CHRIMART 2 T I 19 MPa®UIK Ik /) T il fE
FHEECO AR L — 0 T, ek fEdT i, (HEE
w7 A P 2 B G 2 R e B T, R R ) B SR
1 3& H i N56 Co

35r a
30 PR

i i
25 .

20-/

15F

WHIRTS 2%

10 1 1 1 |
15 20 25 30 35

ZEHUE J1/MPa

ERTEN
30F

i/i\
25 -/ \

20%

IS 2/%

15+

10 1 1 1 1
35 40 45 50 55

REEURE/C

35T ¢
301 E

e
L]

AT 2/%
b

20

15 1 1 |
8 9 10 11

3B 1 Ik J1/MPa




44 2014, Vol.35, No.02 B5aid

XL EEA

3514
w 30F S
0 /E L
op 25%
“:_'I:DQI
:% 20 -

15 1 1 ]

48 56 60

52
EE TIREIC

E1 ZEREH (a) . XBURE (b) . #BE1EN () . FEE
LiRE (4) H3IMRZRTFMEERGEN

Fig.1  Effects of extraction pressure (a), extraction temperature (b),

separation I pressure (c) and separation I temperature (d) on the oil

yield from Ganoderma lucidum spore
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1 25 40 8 52 2627 30.96
2 25 45 9 56 2541 29.77
3 25 50 10 60 2.7 26.15
4 30 40 9 60 29.18 3723
5 30 45 10 52 28.86 36.29
6 30 50 8 56 28,05 34.81
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Fig.2  TIC profile of volatile compounds in Ganoderma lucidum spore oil
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Table2 Composition of volatile compounds in Ganoderma lucidum spore oil and their relative contents

EEMRS WS {REEE/min [ EA S A S E/%  VURCE/%
1 3.415 Pt S 2.85 97
2 4.593 KA 0.28 94
3 4.679 A 0.76 91
4 5.209 Thi 1.22 94
6 6.700 3,6- - HHESE T 0.18 90
7 7375 [EES 0.21 90
9 8.785 1,23-=HHEE 0.94 97
11 9.114 Zet 1.09 95
13 9.703 1,2,4-=FEHE 0.30 96
16 11.967 +—¥ 0.68 86
22 13.955 2% 1.85 94
24 14.349 + =k 1.92 96
31 16.790 1-F3EZE 0.61 95
32 16.969 + =k 0.41 95
37 19.146 Py i 0.73 99
Rk 39 19.756 TPk 1.94 98
41 20.113 o-FAA 0.12 93
42 20.259 K- (va) 0.92 89
43 21.031 2,6,10-= HF 3 0.71 87
44 21.290 7-+Fbk 0.23 87
45 21.415 BAEN T 1.97 93
46 21.458 4-FEE1- (1,5-ZHFE4- R K 1.30 97
47 21.706 + Ak 2.67 97
48 21.912 (+) -TEMIAEIG 2.17 98
49 22.030 1S- (lado,7a) -1,2,3,4,5,6,7.8-)\E-1,4,9,9-V0 F 3L-4,7-TF FF I B 0.50 93
50 22.182 SN -4,7-—FH%E-1- (1-F3EZ5E) -1,2,3,5,6,8-/NEAMZE 1.18 86
51 22.290 1,2,3,4,5-FF - 1,3- 30 R ) 0.41 91
52 22.517 a-FVE I 0.23 90
53 23.278 (WA 0.75 97
62 24.613 +)\Jt 0.26 97
63 24.953 2,3- A -1,1,3- = L3R dE - L H- 0.15 93
8 7.613 7 F g 2.57 96
12 9.212 ¥ 0.25 80
17 12.080 TR 1.46 90
23 14.219 2-F2 0k 6- F R R FHRE 0.59 90
23 25 14.484 i 0.43 96
28 15.683 Tl A 0.59 95
29 16.126 ARERES 1.64 98
34 18.060 AR 0.23 95
40 19.826 R 1.14 96
14 10.130 R 16.35 98
18 12.280 R 5.74 94
27 15.067 R 0.71 97
33 17.174 PR 2.60 93
54 23.343 pgellji 1.29 99
Rk 55 23.446 BN 0.74 99
56 23.840 QR -1,2,3,4,40,5,6,7- )\ A -0,0,40,8-PY 1 5E-2-Z5 I i 1.65 99
57 23.954 [RAR N 0.58 90
58 24.110 2R- Qa4a.0.80p) |-t H-a,0,d0- = FH-8-1F F H:-2-25 I fi 1.90 99
59 24.143 [2R- Qa,4a,0,80.8) 1-1,2,3,4,40,5,6,8a- )\ & -a,0,4a0,- VY FF 3E-2- 25 I fiE 3.08 99
60 24.321 [3S- (3a3ap.50) 1-1,2,3,30,4,5,6,7- )\ E-0,0,3,8- VY H F-5-H 24 3F H i 0.40 93
61 24.494 - E 3.32 95
5 5771 T B 0.43 80
19 13.544 LR g 0.43 98
[iEES 21 13.690 R .1 1.24 95
64 25.504 7% PR R e 0.49 96
65 27.865 FRAR 1 0.17 95
[DES 20 13.614 4- 7 ATy 0.32 87
[iEES 35 18.730 (E) -4-2KFE-3-TI-2- 0.34 96
" 10 9.028 2- MW} FF i 0.20 93
B 26 14.905 B FEIEN: 0.81 95
15 11.842 L1-Z A O 0.91 91
Ha 30 16.574 1-H 4 (-5 -2 1.23 97
N 36 18.989 4- 2 H-1,2- T AR 0.09 90
38 19.410 1,1-— AT hE 0.41 83
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