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ﬁHJﬁzkfﬁfszH’Mﬂ 20 B = 5k Th e A% TR AL
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{H, 246t ﬂ] ﬂﬁ‘ﬁ Fo SCHRT 13 B 17 130 52 wetter
M R ER IO : FeCls YUIEIE" .

JIE W BR A B s 2 A R (Ge/M S B 23 HT)

GC % AF: PEG20M 54 A 95 E 4 5 (30 m X
0.25 mm X0. 25 pym) , # 1N He, ¥iiE 0. 8 mL/min, 7
WEE 1250, MERE I 260°C, B THELEEL 180°C
F£ 1.5 min, 285 LA 3°C/min TF4 230°C( 10 min) « MS
S F: LB S0 EL O RE S 70 eV, & 7 YR I E
200°C, W &% H 350 'V, JiE A4 V0 [E 33~ 450
amu e«

K il £ A A 43 J R e A& A R (HP-
SEC):

{3 Waters 600 e R AH € 13% {3 ( BC 2487 %€ 4h
i % A1 M 32 AR ) 5 3% A TSKgel2000 SWXL
300 mm X 7. 8 mm; ViEhAH: L5/ K/ =R L, 45/55/
0. 1(V/V); K #: UV220 nm; #ii%: 0. 5 mL/min;
#:30°C.

1.3 RI¥HZE
1.3. 1 ZKESVESE IRl B K A 2 ) 1 i 2k

L EWAEWE 1 Pros. RARERAE %

WK KB BLKEE 12 5(w/v), KW G B
SEXF, PR R IE 5 min;

W EE: WRLA H G, BT RSB R BE TS 2 min;

5265 20 EEG K Al R SRERF 22 (5 30FF T9 9 100 g)
pH 5.0, K5 SRR 21 4 25 i A g4 R Bl ly 32 C (4
D) JEdE 3% (v/w) N, 48°C 4 FAORIL 5 h

fiskde: 8 pH 10.0,60°C FHEHL 1 h;

H I EE KA A0 pH 9. 0, 2 60°C, A —5E
TR ER 1 ORI — o I ), N

Tl Kt 85°C, {4 10 min;

BWHL B R4 60°C;

250 3000 r/min, 20 mino 2500 5 W 12
VI, K D AN S W (R Sl RN FLAR I R R NN B0
R, TR D, B TP IRAS B 3 i, e N
BERR, 80°C F Ak 1 h, VI i

Ve SRR L 21 N B nJsoRk 1 £
Ji K, W pH 11,0, 60°C, fR¥ 1 h Ji5 &0 ( 3000
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IR (%) = ﬁﬁ'ﬁg%xmo

IR AP IR (%) =
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Fig. 1 Flow chart for aqueous enzymatic extraction

of oil and protein hydrolysates from rapeseed
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Oy AN E CAEE BN SE [, DR iy A i K 5 o b W,
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Fig.2 Effects of degree of protein hydrolysis on the

extraction rates of free oil and emulsified oil

2.2 Alcalase2. 4 L INEEE XM FiHAKBERIRIE
Y 520
1 & 3 AT LLE HY, e e b AK i PR

S 3 AR N B VA (< 0.5%) , M ATK iR B A
& B % B A Il o () 389 0 LT 5 ek 19 ;0. 5%
A, ST s I AR 1. 5% B, S R K R B
PRI B BT I K, 23 3 Ky 74, 5% K77, 2% o KT
LR L2 R Ui 2 A TR ) — DN GE R,
AR AT R R R B PR R AT R, Rk
PR MBS &, DRI, B 2 FF Alcalase2. 4 L 19N
BN 1.5%.

80 185
0 F 3 BO
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X |ng
.g 35 | —e— il 1%
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Fig. 3 Effects of enzyme concentration on the
extraction rates of free oil and protein hydrolysates

(enzyme hydrolysis time is 120 min)

2.3 Alcalase2. 4 1. BgfZ BT 8] 31 ;EMFIK i E 5 2B
TR IKERE RS0

M 4 FalE 5 mT%0, B IET 30 min, 3 HOFIK %
A PR K AR E 8 i HE 5 R GE, 76 30 min S5 A4
¥ T 92 75 90 min Zc A7 I, 3 S B A B ik 3 5K
(74.9%) 1 J& A~ 75 39 0, 0k iR A0 K R R R
18. 4% ; /K fift 85 A 3 B 0 2K i P2 LE B % 90 min Ji Bl
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Fig. 4 Effects of enzyme hydrolysis time on the
extraction rates of free oil and protein

hydrolysates(enzyme concentration is 1. 5% )
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ST, MEAR 3 BB AR /N LR %, IR AT ik
JE R B AR S, 74 LR i AR P R A . A
B I A di TR 32t [ B [ W ST S R K i 2
I 180 min 8 (1 BEARE 1 1)
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Fig. 5 Effect of enzyme hydrolysis time

on degree of protein hydrolysis
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I 2% TG0 MR (1 BE ) 6 el S B 1 HCR 1 5% ) ik
AN o BN E A B R R 2y ORI 12% , 7%

wFAY ﬁﬂﬁ*ﬂrﬁﬁﬁmm 16% . #EI RSB L%
TRV 5T R 2 3 S A0 AR R R R i R 1 B SR
¥rpze. Geid—WRuel e ERA LE&ET), nliml
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iR T2 AP R RS B FLAL A RS, S FLAL R
LN 14% , 73 T 3R i A i O, 6 200K 3K

I3 FUAR M -
2.4 FRRBOWA
1 S B iy s 8 o 5 JE BT 18R A R A (R 1 2

[Fi] B oA A B, 3L e B BLHT AT one-by-one B AR

R, R AL 1 — AN — A AR A, i HL B A )i 1
e IO e T IR 1 2 R BE ) R R AR R, A R AR R B A
LSRN R N S Rl DR - & DR |1 B8 i 7 A E WK [
SRAT — € BIFLAGRE 1, BT LASERT SR R Akt 129 0 Js AT R AT
A T 1 LR A0 e 5 R 2 4 o LR 2 D S E) A7 A
T ERUKEZ . (AR HE P R LR
) A 28 2 1 K A4 320 1 FLAIR R B, DR B B 4y
/N LR s M S PRI, DRIt T 2 kv el 2 0
EFLARAGTT . FLRBA G R I EART e R, It
FLARBBCE — KRG T2 Ok a R T gL, Bl 6 KW, b
A Lo TE R, B FL AR AR BE 2 N . LIk
10000 r/min I, FL A 85 i 4 55. 6% o 4 BEI 38 4% 5L
AR AT Wi— RN, BEFLR A 45. 2%, Fr LA
L FL S RAETFLR LA 75% , v AR 2 10% 1F)3 i,
ST AR T IA 3 88% ~ 90% o
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Fig. 6 Effect of centrifugation speed on demulsification
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S 3 Y Ab 4 Uy IR A ot 1 2 SRR AR AR L
B Lo RV A AR LE, K B2 BOm R A
e, X AT fEAE BT AR W K IR, B AT L R R 2R
KF oA U5 TG 0 A L R BT 8. | 13k h 28 2 Ak, B
L A A R s 12 A B MR 485 R SE B AT o (iR 1 AT
S0, 7K I R i R o A A {1 2 AR TV R AR
(1, IX AR ] fit 55 /K B L 20 ) I 7 A (R Sk IR A —
SEPUEACTEDT O o 9 A, K B B Hh 1) €0 PR I, T

W FH A A RO Sl AT

1R BURAIOKEGE IR B 8 B L 1%

Table 1 Physico-chemical characteristics of solvent-extracted and enzyme-extracted oils

i i o, P
/mgKOH » g~ iif o a1
AU 2.940.3a 35 5.540.3a
K A A L 5.4+0. 1b 35 6.2+0.3h

=Ry it SURCR A
/mgKOH » ¢~ il /el = (100 g) = Yl Jmeq + kg™ il
193.7+2. 4a 101. 443, 0a 1.140.4a
192.5+2. 8a 101.5+4. 1a 0.340. 1b

Vi A R b R R P 25 AN R (p > 0.05), FREAFIRR S S ¥ (p < 0.05) .
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% 2 740, P AR SR 2C3R A  ih 10 g iy R 4L
FEAT( K B PR I R 55 s ) , AN TR IR R 5 ek oy
90% 7 A7, FIH FUSEXT il () e 7+ IR 75 Bt (40% ~ 50% ) #H
LE, F8 10 FRFF TR & R R 1% A4, G
7 B2 i 55 I &8 KA 7= [ R Wi H( Canola) 20453 .
TR A IR TR A Ok BE s T R S AR
KU, 7656 B g A A AT 552, LR IE &K
P I T R0 I U7 R (AR BRI T 4% ) FRAR XS & 75 L 1)
M2 (60% ) 5 o—F BRI ( 10% ) , - EL7E ¥ K /82 A1 E 3tk
Mo A RFAEHE(EN8 1 3/18:1241:2).
AN I 107 R W7 LA A 250 Ml I A 1 S I % B IR R A
(LDL) B &g,

2 R BLMFOOKEG % 42 BN i AY B B BR LB AL

Table 2 Fatty acid composition of solvent-extracted

and enzyme-extracted oils Yo
i 1 HEAAE G AR LB

EEHFE( Cre:0) 4.88 3.79

{ifi f /R ( Cis:0) 1.90 1.42
MR Cis:1) 63. 14 67.33

TS FR( Cis:2) 16.05 15.27
oM Cao0) 1.48 1.20
WERERE( Cis:3) 7.88 6.08
SFR( Caz1) 1.02 0. 83

2.6 KMRERREIKXFLWMRASE 1L

KB 200 e KA 352 B L I 1) I e 6% [ i
R SERF K R B o ek vy He R R BEL (il e, /K
fd Ao /T 1500 415 29 07 96% , I/
600 25 87% , H st n] HEM /K A 5 1 3= 22 el 2~ 3 Ik
Mo T LEHGINT 4 M2 Wimg, DL AT H R
AR pH H, KM 8 FLP S A KRR, 3
K, FHMEAT IR PUE RN T I BT LA, 2R Y
I 2 1 F Bealifb K fift a0 1 ke, K LW BB Ml
DA201-C T8N HI T alifbANIRE =4, BOR R
SCREA G PR, FE S5 56 T 281 /K BB, 7K A v 11 718
KA — € MK, 58 IR P, b8 h 2K J—
Be 507 77 DA DRI B fi ) 22 B K DB T K5 SR 5 15 )
— 3 WS 1Y) S RV RBEIA iE ZK A ) K 28 PR 1) N ik
e T %K.

A R AL I 757 B3 8 16— AN S B 1) 2 AK e
BRI o o 86 R, AE AN IH] pH A 1 28R /K DE I,
R RA B ZEBAR K. Wk 3 B, pH {4 4 B, 3
A5 WK B 25 R0 A 1 (IO 38 g K, 49 3 I SEFF IR i B A
L A . AT, ZKPE pH B 7E 83T 54 L
BRI, 44 28 o K43 7 BT Aty v s 2D, 1 8D (R 4 R A
FHAE /N, BT DAAS B 4l /K Bk 5, L[ s 22 B0 e bsf JIK 23 - ]

HEAT H2r AN, S AEAETIOR L > = ZORTTHE - 3 9h, A
pH {HBURR, HIRR IOV MR R '™, 8Kl . (Kt
FAF RS 2K A ORI 8 IO 28 98/K 1 pH DR 4. 187
AW, K SUREDE I Bk 25 AR 980 K8 20 BB K, 3B A 8
3 BERNIK—AE ¥ 85% LBFVElE Fok. el e mT LAHED 3
FEIR P AR AT RE 5 AR, SR B AT 7 h R 3R BiX —
R X BEAE SN IR AR B — AL 5 U5 A

F3 pH EXMAFLE MRS L KR ERRBRAFIE

Table 3 Effects of pH value on the purification of protein

hydrolysates by macroporous adsorption resin

FERFIRCT2E) /%

ARBEME s EAR

pH i /% /% R S

3 63.3+2.1 58.5+1.8 66.19+1.12 6.3440.34

4 88.44+1.8 66.7+0.8 73.51+£0.72 8.72+0.74

5 88.042.1 63.1+£1.6 73.46+1.35 9.2440.48

6 67.944.1 50.5+£1.0 67.9840.94 9.4040.71

7 71.842.5 41,1421 61.58+1.89  9.21+0.30

140 ¢ , 1 3200

f —— mﬁmlﬁfﬁmum

120 b4 —a— R ‘ 1 2800
100 | .l 7 2400
a S
5 ! 1 2000 E
I st w
= 4 1600 >~
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E 4 1200 ﬂi

0 | 85% Z Nk 180 =

@ 4 400

[ ' 0
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P 7 BRI DA FLBE B R M e P
Fig. 7 Elution profile of sugar and peptide

by macroporous adsorption resin

148 4 77 401, FEURH( 2 B3, 78 me/g. o HI M
3. 6%, YICATE T3 t) A L, AR 276 ) (0507
EK AR U A B LR R R 1 5 Bt £ ARG«
25 3 A FURE I A B SR I o R K 43 O ik L
{66, 25 TR iU S, B P AR A

F 4 KTLURHMIHAE AL ER AT FF E B /KRR B

Table 4 Typical composition of protein hydrolysates before

and after treatment by macroporous adsorption resin

B IR BV L ¥y Wty iR

/e /e /%o /mg g ! /e
S 47.04+0.6219.75+2.33 9. 1740, 38 0.21£0.04 0.40+0.06
KR . 040, 754233 9.17+0. L 21+0. L 400,
P g IS0 n + + _ o
B b ) 73.51+1.43 8.72+0.74 1.02+0. 10
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Aqueous enzymatic extraction technology of oil

and protein hydrolysates from rapeseed
Zhang Shaobing, Wang Zhang™
(Key Laboratory of Food Science and Saf ety, Minisiry of Education, Jiangnan University, Wuxi 214036, China)

Abstract: To obtain rapeseed free oil and protein hydrolysates simultaneously, wet-milled rapeseed slurry was
treated with complex cell-wall polysaccharides degrading enzymes and Alcalase 2. 4 L. sequentially. Results show
that the total extraction rates of free oil and protein hydrolysates are 88% ~ 90% and 93% ~ 95%, respectively,
after combination of optimized enzyme hydrolysis(complex cell-wall polysaccharides degrading enzymes: enzyme
concentration 3% (v/w), pH 5.0, 48°C, 5h; Alcalase 2.4 L.: enzyme concentration 1. 5% (v/w), initial pH 9.0,
60°C, 3 h), washing and demulsification steps. Compared with solvent-extracted oil, the content of free fatty
acid of enzyme-extracted oil is higher while the peroxide value is lower. The color of enzyme-extracted oil is
slightly darker than that of solvent-extracted oil. The iodine value, saponification value and fatty acid composi-
tion between them are similar. Protein hydrolysates are composed of about 96% of peptides less than 1500 Da, of
which about 87% are less than 600 Da. Protein hvdrolvsates are purified bv macrovorous adsorotion resin. The
sugar and ash contents of protein hydrolysates are significantly reduced and no glucosinolates and phytic acid are
detected after purification.

Key words: aqueous enzymatic extraction; rapeseed; rapeseed oil; rapeseed protein hydrolysates; oil quality;

macroporous adsorption resin



