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. R 3 RS SCE SRR BT K B, o Alcalase 2.4 LA B CR I I, #F Alcalase 2.4 L & [
44 0.02 mL/g 4T, 85 8 255286 Fll Box-Behnken 00414555, N SAS B4 745 HH K B4 B S 5l
SR B T4 A YR 55°C, pH 9, [V 1 g:6 mL, /KARIN ] 4 h, 7EIESAE R G SR IR (/K AR 45

AR 78.67%F1 9.15%.
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B R A, R AR 30.4%, KYSERMCE
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it ZReiE R W g . 54308 R
MPEE, TFE. MR, WS, wIESTIL . R A
J 2R, TR SC ek S R R R T LASR AL SE L B R 7,
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K B 3 A SR ATE TR, F 16— e A 4 1225,
' AN USRI A ) F BB A 40 M, ol il R e s,
Ej AL e (0 R VR RN R AR L, e mT LATR] B $
JEFIEE (1, AAHEAM, EAArED, st 1N
AMIFFE DA R IEBAR N F 1K S BRI
FEAC T AR A MR EY DI I A0 2 RS U T T A
AP 1 Z M S OIS 21 (6 7K WS T K R 23 T
SR RATAT, HAhIEIIRIE 88%~92%: UNHESK
ST MBI A BEAE IO S T2, $RH0CE ) 70%.
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2.1 IR
SC BRI T PRV A B SR, M AR

g5 BEA: 2006-10-19, f&[EHER: 2007-01-22

XEHRS: 1009-606X(2007)04-0778-04

62.83%, FHEEATEN 24.69%.

WAEFHIF: Celluclast 1.5 L & &£ 4 %l (pH
4.5~6.0, 50~60°C, %17 1500 NCU/g); Viscozyme L
N BEE & (pH 3.3~5.5, 25~55°C, MW 4 100
FBG/g); Alcalase 2.4 L /Kfift & (i (pH 6.5~8.5,
55~70°C, WG 1 2.4 AU/g), 13 Novo 24w 4Er7.
2.2 LN

QN-999 By P HLCEL [ H HERE TAHBRAF]), HI-4A HY
H AR 22 S PR B (T I S5 T SR AR A AR i A
FRAF]), HHS. 11-M HLAAE IR KB I (b 50 DRA RS
), TDL-5-A UG & 3B DAL e S RHEES ),
®72 Beckman pH i, DGG-9140A HiHVIE I s X T4
(AR A LB AR A PR 2 7).
2.3 XWHE
2.3.1 W5E J7v

ek A K 3 I E SR 105 CHEE L, 2
GB/T5497-1985; F— il R H R Kk, &
M GB/T14488.1-1993; L [ 2 &l K F UL G2 &
1%, ZH GB/T14489.2-1993; /KM - & JE 5 & 2 11l
52 R FH FR SR s 18,
2.3.2 JKBRESRBCCE R T 2

FSOE R e, o 40 H (0.38 mm)briE
i, 0 A K R — 5 PR L IR, A 1 mol/L
(") NaOH B¢ HC % 15 25& B pH,  FeM &
AN E MRS, (E— @ T PE— g iR, B
fRES R, IRPEBAE 4000 r/min #538 F B0 20 min, 75
S A2 KR
2.3.3 JKBRESEIC e S IR 5 DR 35 56

Iy AT RGN B i S G A T | Tl Ak B BT 1
MWEE. pHy [V L . ShyR BEAE F DR 2255, DAih IR 4K
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Fig.1 Effects of enzyme type and quantity used on oil extraction
rate and degree of protein hydrolysis
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Fig.2 Changes of oil extraction rate and degree of protein
hydrolysis in the process of enzyme hydrolysis
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Table 1 Effect of temperature on oil extraction rate and

degree of protein hydrolysis

Temperature Oil extraction rate Degree of protein
(C) (%) hydrolysis (%)
50 77.26 7.51
60 78.28 9.07

70 66.96 6.57
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ity il pH BRI F B A 2R AN m] 170 53¢, pHL B RE 2 1 Pl
WTE, SO SRR 10 o BRI, P A R
WL 1:64 WAL 60°C, {EANH pH FEEAEEIN 4 h, M
MR ICRFIEE FK AR, 2 2 389, pH 7 8~10 Z[H]
AL TR BCR PEAK, 7 pH=9 B, Jh/lE4E
WM, B4 pH T 8 UK A 1 &S,
BRI v R PR S 2 I 1) 2R3, BRI LA T R,
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Table 2  Effect of pH on oil extraction rate and
degree of protein hydrolysis

pH Oil extraction rate (%) Degree of protein hydrolysis (%)
8 77.18 8.80
78.28 9.07
10 76.23 9.21
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T /K B E B m s 1 [ LU A TR AR 2, 33K
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Table 3 Effect of ratio of solid to water on oil extraction rate
and degree of protein hydrolysis

BHERTRE DK B4 il A N — 2 MR 2 1) NaCl
M CaCLP. Fihik R EW L 1:6, W% 60°C, pH=9,
Bt A IF 1) 4 h, 43992 %¢ NaCl fll CaCl, % 3C e B g i
BUSCR 2. B 3 KB, NaCl iKIE N 0.5% x5l g
PEHCA(EEAE, S IRSE R AR (KR EAT BT T
AT MR AR, 5 88 T AR AL IR P A A A oK
fif £ S PR
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EAMHEA 0.02 mL/g, FEAERRIY 4 h, SEEGIH R &
KV 4, LBLER I 5. ] SAS Bopxh i v (5 12
ATIEIAS 8T, BRI AT R 55°C, pH=9, [ LL
1:6, iRyl a4 B A KR EE 4300 78.71%F1
9.22%, {EUCLARAT FHHTIR UF LSS, 19 23 g F2 B A
B KARTE 73 5] 78.67%H 9.15%, P 5 T~ e M
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Table 4 Code and levels of the independent variables
used in experimental design

Factor level

Code Independent variable ] 0 )
X Temperature ('C) 50 60 70
X2 pH 8 9 10
X3 Ratio of solid to water (g/mL) 1:4 1:6 1:8

Ratio of solid to water Oil extraction rate Degree of protein

(g/mL) (%) hydrolysis (%)
1:4 7291 10.5
1:6 78.28 9.07
1:8 72.90 8.98
1:10 72.68 9.05
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Fig.3 Effects of solutes and their concentrations on oil

extraction rate and degree of protein hydrolysis
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Table 5 Results for different levels of experimental design

No. Factor Oil extraction rate, Degree of protein
Xi X, X3 Y1 (%) hydrolysis, Y3 (%)
1 -1 -1 0 77.41 8.25
2 -1 1 0 77.56 8.61
3 1 -1 0 73.32 7.61
4 1 1 0 73.44 7.87
5 0 -1 -1 76.28 8.47
6 0 -1 1 74.21 8.35
7 0 1 -1 76.77 9.01
8 0 1 1 75.80 9.08
9 -1 0 -1 76.42 8.46
10 1 0 -1 73.21 7.34
11 -1 0 76.09 8.95
12 1 0 73.96 7.78
13 0 0 0 78.36 9.31
14 0 0 0 78.34 9.25
15 0 0 0 78.01 9.07
4 5B

KA A BSOS B i, &I Alcalase 2.4 L
R 5 R T2 O R AR R 1B, FLH R 0.02
mL/g I, S IRHEECR AR (KRR B . %8 T
& pH. [ A 6] il M4 R AR K A 1) 5
JH W0 1 T 32 0 A 0 2 T I B e 1) e R 4 R Ny il 3
55°C, pH=9, [t 1 g6 mL, 7EM4A NEE/KA# 4 h,
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Extraction of Xanthoceras sorbifolia Bunge Oil with Hydrolysis Enzymes

LIU Miao-miao"?, WANG Xiao-dongl, ZHAO Bingl, WANG Yu-chun!

(1. State Key Lab. Biochem. Eng., Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Three commercial enzymes were used for extraction of oil from Xanthoceras sorbifolia Bunge seeds. The results showed that
Alcalase 2.4 L was the most effective hydrolysis enzyme. The main factors influencing the oil extraction rate and degree of protein
hydrolysis were analyzed by response surface methodology. Under the fixed ratio of enzyme to seeds (0.02 mL/g), the optimal parameters
were temperature 55 C, pH=9, the ratio of solid to water 1:6 (g/mL), and enzyme incubation time 4 h. Under these conditions, the oil
extraction rate and degree of protein hydrolysis reached 78.67% and 9.15% respectively.

Key words: Xanthoceras sorbifolia Bunge; hydrolysis enzyme; oil extraction; protein hydrolysis



