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storage quality of broccoli,low O, easily led to anaerobic respiration and produced ethanol and acetaldehyde, high O,

would accelerate physiological activity such as etiolating rate and cause nutrient depletion. On the premise of 40% CO,,

with the increasing of O, ethylene production, respiration and etiolating rate were increased, while the chlorophyll

content, ethanol and acetaldehyde contents, were decreased. Only the proper O,/CO, proportion behaved a good storage
quality. In this experiment condition,the best treatment was 40% O,=+40% CO,.

Keywords : broccoli; carbon dioxide(CO, ) ;0xygen(O; ) ;quality; controlled atmospheres;storage
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Table 1 Factors and levels design of the response surface method

5 IKE- Level
Factor —1 0 +1
BT f1 Extraction pressure/ bar 200 300 400
ZhAFE BT E] Extraction time/h 0.5 1.5 2.5
FKEURE Extraction temperature/ ‘C 40 50 60
ki E Particle size/ H 40 60 80

1.2.3 GC-MSrirésft HHEH 2 mL /9 12058
BEVSWBOINAZ] 100 L FBREAZRE i o, SR F5 5 ok B 7E
70 “CoK¥EH RN 30 min, L 5E B » B IR-A Y0 H1 2
ZERL A 2 mL IE G Be s #, BIZURE B, W ZE A L
A, 308, 8 GC-MS #4743 4. GC E ik 46 3
¥, FFAD 25 mm 0. 2 mm; 2P FHiE &1, 100 “CHE AR
8 min, X 10 °C » min VAR T E 230 °C, H R
30 min; GC AN S s BE MR IR BE S 250 °CH &
SPHA 25 em « s~ AR E R 12 50, MS sk
BT EL g, B R 70 eV, B FIRIR
FEBCE S 230 Cs kMR BBy 50~500 Da,
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AR AR . Y =15.74—0.56X; +3. 99X, + 2. 77X, —
0.34X,—0.78 X, X, —2.06 X, X; —0. 30X, X, +0. 99X, X, +
0.40X, X, —2 43X, X, —1. 87X,> —2. 75X,° —2 21X,> — 1. 11X,%,
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Table 2 Analysis results of response surface method

X1 EHORE Xo BEUEH X REAHE
1 RBUREE Xo REUES  Xs RIRATHE X, BB ——

%5 Extraction Extraction Extraction Particle size  Extraction rate
No. temperature pressure time
e /bar /b /B8 /%
1 1(60) 0(300) 1(2.5) 0(60) 12.18
2 —1(40) 0(300) 0(1.5) 1(80) 10. 74
3 —1(40) 1(400) 0(1.5) 0(60) 19.17
4 0(50) 0(300) —100.5) —1(40) 7.75
5 0(50) —1(200) 0(1.5) —1(40) 8.83
6 0(50) 0(300) 0(1.5) 0(60) 15. 74
7 —1(40) 0(300) 0(1.5) —1(40) 11.97
8 0(50) —1(200) 0(2.5) 1(80) 9.24
9 0(50) 0(300) 1(2.5) 1(80) 13.03
10 0(50) 1(400) —100.5) 0(60) 10. 32
11 0(50) 0(300) 0(1.5) 0(60) 15. 74
12 0(50) 0(300) 1(2.5) —1(40) 19. 29
13 0(50) 0(300) —1(0.5) 1(80) 11. 20
14 —1(40) 0(300) —1(0.5) 0(60) 7.83
15 1(60) —1(200) 0(0.5) 0(60) 2.43
16 0(50) 0(300) 0(1.5) 0(60) 15. 74
17 0(50) 1(400) 0(1.5) —1(40) 14.54
18 0(50) 0(300) 0(1.5) 0(60) 15. 74
19 1(60) 0(300) 0(1.5) 1(80) 11.33
20 1(60) 0(300) —100.5) 0(40) 10. 70
21 0(50) 1(400) 1(2.5) 0(60) 16. 65
22 —1(40) —1(200) 0(1.5) 0(60) 7.16
23 1(60) 0(300) 0(1.5) —1(40) 13.76
24 0(50) —1(200) —1(0.5) 0(60) 5.29
25 —1(40) 0(300) 1(2.5) 0(60) 17.57
26 0(50) 0(300) 0(1.5) 0(60) 15. 74
27 0(50) —1(200) 1(2.5) 0(60) 7.65
28 0(50) 1(400) 0(1.5) 1(80) 16. 55
29 1(60) 1(400) 0(1.5) 0(60) 14. 30
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Table 3 ANOVA results for response surface

quadratic model analysis

Tr 2RI WA AmE B FfH P
Source Sum of squares df  Mean square F value P value
A Model 413. 41 14 29. 53 11.74 <C0.000 1%
AREIIR B
3.79 1 3.79 1.50  0.240 1
Extraction temperature
BRIUE S
191. 44 1 191. 44 76.10 <C0.000 1*
Extraction pressure
C-HR B[R]
92. 30 1 92. 30 36.69 <C0.000 1*
Extraction time
DKL Particle size 1.37 1 1. 37 0.54 0.473 2
AB 2.46 1 2.46 0.98  0.3390
AC 17.06 1 17. 06 6.78 0.020 8
AD 0. 36 1 0. 36 0.14 0.710 9
BC 3.94 1 3.94 1.57 0.231 2
BD 0. 64 1 0. 64 0. 25 0.621 8
CD 23.57 1 23.57 9.37 0. 008 5
A2 22.74 1 22.74 9.04  0.009 4
B 49. 01 1 49. 01 19.48  0.000 6
c 31.61 1 31. 61 12. 57 0.003 2
D2 8.01 1 8.01 3.18 0.096 0
BRRY
12.73
Coefficient of variation/ %
HXRRH R? 0.921 5
{5M Lt Adeq precisior 11. 866

Note: * means significant difference.
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Fig. 1 Response surface plots of different extraction factors on the extraction yield of fatty oil from Zizyphi spinosi Semen
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Table 4 The main components and their relative content of fatty oil from Zizyphi spinosi semen by SFE
%5 No. 431 Molecular weight 433 Molecular formula 4% Compounds FE%F & & Relative content/ %
1 228 C14 H2s Oz + ke R 0.05
2 254 Ci6 H30 O2 11+ B R 0.13
3 256 CisH32 02 TAKEER 6.58
4 280 Ci1sH32 Oz 9,12-+ /\Bk IR R 7.68
5 282 CisH31 Oz 10-+/\BRIB IR 30.15
6 284 C1s Hzs Op TALERR 16. 37
7 310 Cpo Hzs O2 11-—+H R 4.52
8 312 Cz0 Hi0 Oz e 1.53
9 296 Ci9 H3 Oz 10-+ Jube s g 0.21
10 340 Ca2Haga Oz —+ bR 1.37
11 354 C23 Hys O2 =R 0.14
12 368 Cpa Hag Op —+mgEER 0. 54
13 396 Cz6 Hso Op iy WAV i 0. 07
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Supercritical CO, Fluid Extraction of the Fatty Oil From Zizyphi spinosi Semen
Optimized by Response Surface Methodology

BAI Helong' ,ZHU Wenxue’ , WANG Jing' , SHI Dongfang’
(1. The Central Laboratory, Changchun Normal University, Changchun, Jilin 130032; 2, Demonstration Base Office, Fushun Agricultural
Specialty School, Fushun, Liaoning 113123)

Abstract: Taking Zizyphi spinosi Semen as material, supercritical CO; fluid extraction of the fatty oil from Zizyphi
spinosi Semen was carried out, the extraction temperature, pressure, time and the sample particle size were independent
determined and the conditions were evaluated by response surface methodology (RSM). The results showed that the
maximum extraction yield of about 20% was achieved at extract temperature of 40 °C, pressure of 395 bar, dynamic
extraction time of 2.5 h and power particle size of 40 mesh. The chemical compositions of fatty oil were investigated by
GC-MS. The results indicated that supercritical CO, fluid extraction method was the suitable method,the main fatty acids
were 10-octadecenoic acid, octadecanoic acid, 9, 12-octadecadienoic acid and palmitic acid, respectively. Supercritical fluid
extraction was proved to an effective technique for extracting fatty oil from Zizyphi spinosi Semen.

Keywords : Zizyphi spinosi Semen;fatty oil ; supercritical CO, fluid extraction;response surface method; GC-MS
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