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Y1 (Bamboo) JEARARIZAEAE T MY, |2 040
TR A RIBR L X . R ESATREEE,
40 ZJ& 500 ZF, FEIA IR 551 7 hm?, I
FENT (P Pubescens) f&f BB Pl . 7152 K1)
LERIZNWIZE, B “FETWE” ZRR, A& et
fiIG B IR 4. IR 1T55 500~600 J7 t (2006 ),
Bk 40%EEES AL, FLARIN TR Z S F T FIRR 575554
s, (HH TG AR ST ES, wEg, SR
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BRI BAT M BEAT T R 208, IR EERE AN
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HBIG AR PR AT 6890-5973 Y5-I &4 (£
[ Agilent A7) ); R201 B 28 KA R 45 556 %5 H]
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it BATFHR, 10~20 H, #KE<10%, HFEMNE
WP BR S w) TR AL AR /K A5 S8 =5 F (A
1.3 Rt

BIEA CO, BT F NS, BEEH B AR,
N B BRI R AR SR 22, IR ZEH 52 T2
SR REUE S RBGRSE . CO, V& AHUR Ta) A5 R
RS, IR IEPEAREUE . ARG . AR AT CO,
AN R, AT R, e AR A&
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T2BHOEH AL J) 8~40 MPa, CO, il 0~
28 L/h, AHUEIE N 25~90°C, DK 356 [ 2 K £ 4
R ABUE S 25 MPa.CO, it i 15 L/h FIZEERHR JE 45°C,
2R — AN F TR . RS, AT IEASE,
WE 4 NRE GERUE S ARG ZBURRA CO,
WE) 3K, WLy 3H) ERE 1, HRKES 3
/¢
£1 EXRBEZATER LG

Table 1  Factors and levels of Lo (3*) orthogonal experiment

#
K A B C D
& /1/MPa g/ C I ) /h COJHH/(L « h™)
1 20 45 1.5 15
2 25 50 2 20
3 30 55 25 25

1.4 ITZRIE

1.5 kg BYTEMICT 5 LA, Joxt A A
Oy SRR TR, W EEREATA R, RBITUEE R, 4T
H CO, SRS, FHATH R ETHE, X BITE K T,
FFUGTEIAAEEL, P CO, Jiite, PEL I H 2K T 1 [A)
JGZ WM 38 1 Moy 35 2 WAEA I, & LAY
ik, S 1SS 8 MPa, W 35°C, HEE2 M
J£J15 MPa, S 28°C, SRJFEGLLBRIKSY, THEALEL
WA, AR R=FPBITHFMITE (g X100%/
EMHFR IR (g). DI N H L0, Tk tE
T2,
1.5 GC/MSH &M

% 4 F: HPS-MS {4l £ (5% phenyl methyl
siloxane, 30 mX250 umX0.25 um); BEFEE 1 ul; BEFE
FIELEE 270°Cs P THil: AEHRAE 80°CAREF 3 min Ji5, M
80°C LA 10°C/min JHEF] 270°C; 2SIk 1.0 mL/min.
T4t W2 s (BD B, B LR 280°C
PRI 230°C; HLTRERE 70 eV fEIEHIE 1376 eV; 11
HHYEHE . ikt 50.0~600.0.

A T2 F RSB AT GOMS &
Br, JF5 NIST98 Frifl il Zdis FEE AT % AT 2=, AR A
BURE RS AE W L HEAT RN, TSRS

2 GER5HH

2.1 BEFRRESH
2.1.1 FEBREHsTEAFHIFTERG T

Bl 1 BoR TEBUS AR A CO, AR BT
WA, T LUE AU [R] 1~4 h P, BEEA
U 7 38 B AT S AR R BN (p<<0.01), 38 i
JERW LR, EAIUE ) 25~30 MPa A B Het:, FfifE
AU I 3G 5 A5 R B2 R (p<0.01). X[
A ARG P e I, BRI SR AU T, RS CO,
WMARRI R 2 K, HLRae s, (e
AR S =, (HAREE R s Ty, AR RS, H

R HOREDN, i gL FUd 5, AR T AR
N> MASRERAPE, BEE TR, AR S E, o
AR A B SR i sy, T DU D) IR B B4 5 5 18 %
RE, Ik FR A M )3 FE 25~30 MPa.
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Fig.1 Effect of extraction pressure on the yield of
bamboo shoot oil

2.1.2 FEIBUBEXEAFEHFERGTAH

Bl 2 SRR BAT A e i ih 4k, nT Lo
F RN ] 1~3.5 h N, BEEARTCREM RN, &
VTR BRI (p<0.05), 1 M4AHUE T 45°C
Joi s AR NFEA LR 2 M A AT BRI . X2 A
REHHR FEXTEBIG S CO, A AL B T (157 w7 9 7 10
— 7T, BEEADCRER TS, CO, % LG, 21
CO, AR RIS T B, IR 5 —JrT, Bl
BRI T, RN ZESRIE R, HAE COo, Wit
P s R B ABAR N IR, AR AR e Ah il R TR T
AR T B A, I AR ke, RIUE,
AT IE B I A T 2 A R BEVE A 45~50°C
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Fig.2 Effect of extraction temperature on the yield of
bamboo shoot oil

2.1.3 CO, mEX A FHIFEM B

K3 R T CO, tatf BT MR, 1L
BN 1~4 h iy, BEFE CO, ENIM N, BT
SRR B E RN (p<<0.05), H24 CO,iE T 15 LL/h
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I, fRREARRFRREE. B RS E BRI Y
HALSLE 2, E—EMREEEn, s COo, iE
TR, SR 2 ) AL e S ok, A& s
Pm, ARCEBPEZ BN, H2Y R KR — s,
5 v 2 TR ) A% BN () 25 A9 0, B LA == PR 184 9
Ao EFRERENIE—S8E . Kk, EENEME Co,
MEVEHEN 15~20 L/h A4 .
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Fig.3 Effect of CO, discharge on the yield of bamboo shoot oil

2.1.4 FERE A EAF 0 F R B

K 4 ZZEEE RICHEBIG 5 CO, MARAE I BT 1S
RIFEm L, TULE 1~4h N, Bl AN ] 138,
38, HIEmr@ARsg. —MRims, bEEAEI
(TS pE) S 3l SV ) TP (E e N3 SR R
Bl 5 R SOOI ) PRI n A3 23 i LD . DL, 285 % 184
R, TR RRYR, DAL, BCEEFEHUN RS 2~2.5h
ko

gi b, PR RGAHEIR S CO, MAMAARCENT
S AR T2 Fh B U ) 25~30 MPa. iz 45~
50°C. CO, & 15~20 L/h FA}[A] 2~2.5 ho
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Fig.4 Effect of extraction time on the yield of bamboo shoot oil

2.2 EXREHH

EATF MBI A OE AR 25 1 5 i Wk 2. 3.
X IE AR Hl il 22 F0 5 22 0 i, S5 IR, Rl 4%
PRGN, &R BAT MR R R BRI A
>B>C>D, K% A, BXIBITAMMZAEREA L ENZ

M (p<<0.05), {HIKZ C. D X BATHMZEPGE M A L2 .
BAETT e ABsCsDy, HIEEIE ) 25 MPa, FEIUREE
55°C, ASHUIE] 2.5h, CO, ¥t 15 L/h.
F2 LGHERRWIZITRE
Table 2 L9(34) orthogonal design and results of supercritical
CO, extraction

AEF A A B C D (GEA

1 1 1 1 1 2.62
2 1 2 2 2 3.24
3 1 3 3 3 4.05
4 2 1 2 3 3.87
5 2 2 3 1 5.51
6 2 3 1 2 5.68
7 3 1 3 2 3.68
8 3 2 1 3 423
9 3 3 2 1 458

K 9.91 10.17 12.53 12.71

K, 15.06 12.98 11.69 12.60

K; 12.49 1431 13.24 12.15

ky 3.30 3.39 4.18 424

ks 5.02 433 3.90 420

ks 4.16 477 441 4.05

Rj 1.72 1.38 0.51 0.19

S Ay B; C; D,

£3 Ly 3 EXRWAEN
Table 3 Variance analysis of orthogonal experiment of
supercritical CO, extraction

ESES i 22775 Al H Ji%E FAH B E

A 4.420 2 2.210 75.320 0.0131*
B 2.978 2 1.489 50.747 0.0190*
C 0.401 2 0.201 6.879 0.1276
D 0.059 2 0.029

R 0.059 2 0.029

syl 7917 10

: *p<<0.05.

2.3 EMFEFHREERFHNERMRMRE K
M8 PR KA A RURCR, KK
1.5 kg BB RSB AL AT, BEBTH
M 86.1 g, ZEUFEN 5.74%, T IEAIRK s R
5.68%, HZERAEE (p>0.05). BT N %K
WOERY), WIEET 60°CH Rk, HE T H R
.
2.4 ZEEWIRS S
BTGB IR AU A T 23RS BT 5,
3L GC-MS 73#1, gk 4, A& 34 Mg ek
gy, SRS PRI T R R, AHBUEAE 60% LA I
17 e, ForpAERHS B S I B-A R (26.00%)+ 9,12-
)\ I8 (10.50% )+ 9,12,15- )\ Tk =451 (9.83%)
F19,12,15-+ )\ Bk = Ji-1-BF (6.07%)
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*x4 EFEHE GOMS SR
Table 4 Results of bamboo shoot oil analyzed by gas
chromatography/mass spectrometry(GC/MS)

No. b”r/ﬁiijz i) e )rﬁji)ﬁ )fﬁxjfﬁ
1 4.97 FR 64 0.19
2 5.32 last/EZN L] 87 0.12
3 6.85 74 72 0.34
4 8.20 IRIIR 90 1.04
5 8.59 e 92 1.88
6 9.85 oo 91 111
7 10.56 5- 1)\ I 78 0.50
8 10.67 F—pifg 64 0.28
9 11.27 Uk 98 243
10 11.56 RWAYSHiGHIE 96 3.72
11 11.88 KR 86 0.69
12 12.44 9,12,15-1 )\ Bk =4 —hF 91 3.74
13 12.48 9,12,15-+ )\l = Jfi-1- 1 98 6.07
14 12.67 9,12- )\ ik IR 99 10.50
15 12.72 9.12.15-1 J\ Bk =Mtk 94 9.83
16 13.83 9,12-+ )\ Bt IR 99 2.38
17 14.56 ] 93 26.00

3 #5iht

WP LLBIT A o0 Tabs, FEREBIRIE CO, %
AR BT MA I LT . WFE R, B
CO, ZEMF AR 18 & BATFF I A, HARRE T Z
SAFNFERET) 25 MPay ZHGELEE 55°C B[] 2.5
h #1 CO, #fi s 15 L/h, BITFMAZETIL 5.74%. BTH
S T R S AR R R, b SR
A B-43 W7 (26.00%).9,12-+ )\ Bk 4512 (10.50%)
9,12,15- 1 )\l =45 1% (9.83%) F19,12,15- 1 )\ = #5-1-
BE (6.07%). HYISEEMAEMIRIIR, LA E%EN2%
PRSP, R SN T 8 T A P A S e R SRR
JIG T e 520 AR i 930 L ] I3 0, o AN VA AR S Iy 1 T ot
AR A T R el — R PR AR, AT B i i A
[i] F FHH v =R A i . S SRIWESCIESE, T S RERA
MR BRI ER (P FIVE R, BT R I H A 2 e HL 4
T BRI R M as v, M bed s, TR -
S AN BEFF, 8 Fr T DM AR A b BB
N AR T 30 5

UbAh,  FEAL G810 58 0 Tk R 44 B o5 K PR S 1) 7
A, LLBATE NG, nEE AN 30% /A4, 15 Ed
i 30%. 53k 40%, —FHAHIEE 70%, HETrKZ
RINFIH, AREHER, ok T E R R ). Lk
I Er Sk A, —FIREARSF 450 T kg, FEAET
FERE. kil 200 U7 kg, WBTIETGH, IXEEERFEY)
B BRI A, SRR 2 A AR LT S0 JT, X0 A
B IN T AME e — AN A . B S AT
FINT R, LRI “MaR R K IR AR
WEEAER” ik, BE “+—0” BRI

EH— “A7 55N TR AR 25 & M BB T 7=y ” 57
T, AT I ML RS RS 0 S}, kB I 2
o > 7280 B8 RO i S U E R T B
FIORIRIG TR, WETCEL iR A, YA D
U BEIE, BATAYEORL, DR RS B, TR
FUMEDERAS IR S BB BETT e IFEAT LR R o I
Ft COy ZEHLBANT M T2 K™ b B W58 12300 H )
HEA Ry, H AT R O . WL B
WHLed Ak, S5 e w3 .
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Technology for supercritical CO, extraction of bamboo shoot oil and
components of product

Lu Baiyi, Bao Jianfeng, Shan Lin, Zhang Ying™
(College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310029, China)

Abstract: In order to optimize the technological parameters of oil extraction from bamboo shoots (P. Pubescens) using

supercritical CO, extraction technique, the effects of extraction pressure, extraction temperature, extraction time and CO,

discharge on yield of the oil were investigated, and the components in the oil were also analyzed using gas

chromatography-mass spectrometry (GC/MS). The optimum extraction parameters were confirmed as follows: extraction

pressure, extraction temperature, extraction time and CO, discharge were 25 MPa, 55°C, 2.5 hours and 15 L/h. Under

those optimum conditions, the yield was 5.74%. According to GC/MS analysis, 17 kinds of compounds were identified
in the oil, and the main components were p-sitosterol (26.00%), 9,12-Octadecadienoic acid (10.50%) and
9,12,15-Octadecatrienoic acid (9.83%). The research lays a foundation for further study on effective and comprehensive

utilization of bamboo shoots.

Key words: supercritical fluids, extraction, technology, bamboo shoots



