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The Method for Overcoming the Difficulty in Enzymatic
Aqueous Extraction Soybean Oil

QAN Jun-qing ,HE Guo-qing
(Food Department. Zhejiang University, Hangzhou 310029)

Abstract : Owing to the low oil content of soybean, enzymatic aqueous extraction of soybean oil is diffi-
cult. In order to increase yield, large amount of enzyme is added, thus the cost is too high by using the
technology of oil extraction. In this paper, the oil containing protein soybean is extracted by water, 96%
of soybean oil in aqueous solution with protein at optimum technological conditions. The soybean protein
in the aqueous solution is hydrolyzed by using a little protease, then a part of soybean oil is released. The
high oil content protein which is absorbed by released oil is separated by centrifugation, the oil content of
separated protein is 40. 5%, the total oil yield reached 93. 4% by optimizing separation technology. The
high oil-containing soybean protein is extracted according to original aqueous extraction method which is
suited for high oil content oilseed, the difficulty of enzymatic aqueous extraction soybean oil can be solved.
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63 MAMREABOAENN 150 £fr/g k. REE MELABBANERY S ME . LIHER

TR BRI . ., HRRRT K pH EREHES B RRE
MW, SRNE LK 2 PR,

1 #MR5GE

1.1 ## £1 fTRpHEXMNKERNERD

KE. HTE. K458 R12.27% . MiEE & H Table 1 pH of medium influence on extraction by water
17.15%  HEHSE X 39.15%, 1308 - E LM pH { pH value 7.0 80 9.0 100 11.0 12.0
(BR% BENR12.5 TG /g. X RTEEH A RERECD 88.4 00.7 92.0 93.1 95.3 95.3

Extraction rate
I S
D16 B KEZE 100 H,60 C#E 4h
1.2 X®AE Solid to liquid ratio 1 : 6. solid ground to 100 mesh, temperature

1.2.1 REFHEQKER XSHEBE.MKA 60 C for 4 hours
BE#&E.EHAEpH H, TRKAFRBEHH  KEE
ERMBF,1400g B0 15min A B EEY . B RHE R £?2 AKHBEAMNEHROER"

W, UBEREEE T &M, Table 2 Electrolyte in water influence on extraction
1.22 BEEEMEHIEEIHEAS ATZE NaCLIKE CaClo R
Consistence(w/v) Consistence(w/v)

WEAKEREpH EH.BRE. NP EEAHE.&
HIME R as .8 pH MR TE . &L 15min FERE RRE)

THER.ULEHSHMESFEHELSHENTEKX Extraction rate
e T &4 D16 BERHE,KEE 100 H.pH # 11,60 CHE M 4h
e Solid to liquid 1 6, solid ground to 100 mesh, pHI11, 60°C for 4

1.2.3 4WEE KAMERERE " MESE hours
BEAPOLES, RRERE T HEANERAIK
ERE.

0.0 5.0 10.0 0.0 2.5 5.0

95.3 93.1 91.5 95.3 87.2 89.4

B 1,5 2 Al [, A R pH EWEA Fl TR,

L T A o A o AR TR B
2 BRI £ E R MR LR A R pH . B R
2.1 xBAMBEEARNTEZHRE KA EREE RN AN HER. FRE

BRRETER . AGHBRE 20 HU E. BEUAKE WMEAKERRIZ LW EXRR,5EIRKE

£33 eHMEAKERIZEZAR"

Table 3 Technological orthogonal test of extraction containing oil protein by water

REE KE B A BECCHDB Bt E] (h) (O) pH (D) B i () BEED
Test No. Grinding Temperature Time pH Value Solid to Extraction
degreed,/mesh liquid ratio rate
1 60 45 3 10 1:7 93.8
2 100 65 1 10 1:6 94.0
3 80 65 3 11 1:8 94. 6
1 120 45 1 11 1:5 97.1
5 60 55 1 12 1:8 88.6
6 100 335 3 12 1:5 94.7
7 80 35 1 9 1:7 91.3
8 120 53 3 9 1:6 94.1
9 60 35 4 11 1:6 89. 4
10 100 55 2 11 1:7 91.8
11 80 55 4 10 1:5 91. 6
12 120 35 2 10 1:8 95.5
13 60 63 2 9 1:5 89. 6
14 100 45 4 9 1:8 90. 9
15 80 15 2 12 1:6 91.1
16 120 65 4 12 1:7 88.1
R: 90. 4 92.7 92. 8 91.5 93.3
R: 92.1 93.3 92.0 63.7 92.1
R; 93.9 91.3 94.3 93.2 91.2
R, 93.7 91.6 90.0 90. 6 82,4
R 3.3 1.7 1.3 3.1 2.1

DO FREE C+A—-D—-E—+B Order of factors C-A—-D—-E—B
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x4 FHEBEEKENRIZELZRBRAESH
Table 4 Analysis of variance components of aqueous ex-

tracting oil-contained protein test

ERE Zil

FERX BEYH HHE Fl axp
Source of Sum of Degree of .

. . . F value Significance

variance dispersion freedom

A 808 3 69 *%

B 46.1 3 3.9 *

C 75.4 3 6.4 *

E 27.9 3 2.4

D i#Z% Error 11.7 3

Fo.1€3,3)=5.39 ,Fo05(3,3)=9.28

W BRAESREL MR, EWEREY
HIE T, K FREZERD. RBELERNE 3 Fix.

B3R 3 Al A1, ZE IE X IR 8 T B A, SR Ut ]
LA 3h B ¥, KB 100 B U L A4, pH
ERERHRY 10, ABREESRNBETHEN1: 5
545C. R4 FTESWAR, KBEAENSES
EFRE,LAEHE 100 BYU L. KENESEE S
BERRXR MERLESNMRpHEAEE. BRE LR
BENTZE&MG. KEKEZE10H E.LL1: 5
BEW . % pH & 10, 45CHEBR 3h, BK 500g
KRERE,3 KFHREER 96.1%.
2.2 BMEBEHMENIZHE

T RAZG A KR B B K Hi 0 58 Mgk 4R
5. MEATRAMENME, M ESHEN AR
PR B SR B, T B IR BUR AR & . SO K
SEMEHAKRBEISBMIE, FHRKEN B
BEOREM A KEWEIRTER S M, EFEEMEKR
F 60, "AEE K, SRR 7000 B /g K&
b, MEENASESAAEET, FRAkE

#6 MEAREHEEZRR

Table 6 Orthogonal test of enzymatic oil enrichment

WE M. R, EH T BEE R one-by-one 1
KRBT AR EBEEREMS TR, EL
G B BREE RIS B9 3R B B X AR 43 2R 1 B TR B
IR A7 ATEEIHEA.EASHE
BE, Mg RERREN, XEBRTEENED
B RRBET A, W EER M+ 45E R, 0 HE
BB E A, 7B e B KR B K 2
MR BERE THEAENMEEERENEH,
RBERMEKS Fin.

F5 BARNEERENERY

Table 5 Amount of enzyme influence on the oil enrichment

BAR/EYE () (w/w)

Enzyme corn. /Substrate corn.

0.05 0.08 0.10 0.12 0.20

SEEOSWECD

L. . . 27.5 281 32.0 33.4 33.3
Protein oil containing rate

Ve WmEAKEBRRE pH?. 0,32CHM 1h. ApH £5.0 F8 %
%,1400g BLAE
pH7. 0, 32°C,enzymatic hydrolysis 1 h, pH5. 0 centrifuged at
1400g

HESAA.BEEENESNBREMESR
BROEH .M TFHEEE - BARALER, BREE
FTHEOMEERNEMNF, BENEpHENY 7.0,
Xt BB 9 B B[R] BBk kb S BB B AE Lo (3) IEZTIR
BBEXRSHER . ELURIEE, EXBRRI N
BHE L EW KRN 1: S HEREF—FER,
BREH BN pH K 5. 0 (EEE KI5 . % 5 1400g
BOFBEONSHERMHAEERE, LIHME
BEEFARBWPER . EXRBERNE6 Fix.

BT R 6 77 & 70 4T BT 0 SR Pk R o 6 [ 7B 0 ok

KBS BEEE@ BECCOG® BME/EWE (O BEmin) (D) SEREEYTE () SWECOBEEED
Test No. Solid to liquid Temperature Enzyme/substrate Time “dfaghtl,zf Oil contain  Qil rate
by gnigifluge rate enrichment
1 1:6 30 0.12 30 38.0 33.4 73.8
2 1:6 35 0. 08 60 38.5 29. 8 66.7
3 1:6 40 0. 04 90 38.9 25.6 57.9
4 1:7 30 0. 08 90 38.2 36.4 80.8
5 1:7 35 0. 04 30 38.4 37.1 82.8
"6 1:7 40 0.12 60 38.3 35.7 79.5
7 1:8 30 0.04 60 38.2 31.4 69.7
8 1:8 35 0.12 90 38.5 37.0 82.8
9 1:8 40 0. 08 30 37.7 36.2 79. 4
R; 66.1 74.8 78.7 78.7
R, 81.0 77. 4 75.6 72.0
R; 77.3 72.3 70.1 73.8
R 14.9 5.1 8.6 6.7

Vg 100g RKERSBHFEBEARBHTE. BEFEK : A>C>D—>B Dry solid separation from 100g soybean. Order of factors A~C—~D—B
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Table 7 Analysis of variance components of orthogonal
test of enzymatic oil enrichment
HEXRE EVHH H
HEY BHE Fi SEp
Source of Sum of  Degree of o
. . . F value Significance
variance dispersion freedom
A 331 2 6.1 *
C 83.9 2 1.6
D 87.1 2 1.6
BiZ % Error 54.0 2

Fo_1<2-2)=9‘0 . Fo_05(292)=]9. 0

EXMETEMEERER. LI 7 @R EHRE,
W EEYWE R 10.8% . AR 0. 1255 (w/w”)
REF ERHE 0. 8% K, EERNE I ULELA . FE
EFEA. TEEBLCERAE. BEEENERR
35C,BfE 30min £4 . R 7 FESFATAZR
HEHAKRNBEREL AV BEERE HA=ZTAEE.
ELRBENTZ4AHBT.BPpH7.0,1: 7 EH .,
0.12% B Al &, 35 CHf# 30min, 1400g BLA B

%8 AREMABWEITXRETHRD

EMEA.HNAEERNS. 1Y%,
BEERTREHLBERRSHEAR-BESH
MMEfEEd R  RERBRN I Z&4N KSWH
P RS 2w B2 LR BE , DA T 2 1 7K 42 BF o S 7E LW
PRGN BAEREESIEMEBENGE . BEN T
PHEMEABRBEEEZMEX . HMBRFEXZF M
EMBRSEE MMRER. 2 BESHEANY
I B pH 0 50 2 05 B8 I 7 5 1 R B T 5k ¥ BT 4 o 0
AR pH. U RBLABRNEE NS5EEHUREY
HE. Al . AIBBHKERTE, XBEKRERS5ESE
HRETZ . B I RAEEARLGHEXRKE. U
EHMEBEOALEEENEERR . SRUE 8 Fix.
HERSHMRIMFEMNAMN, KEVBEE
BMKkREREESBHMEEWERSEDFHE, L 40
~60 B ARG . BENWPHENIBERE . MBE
BEN BN R pH ENERE 7.5, BREHS
LCABENpHEERKRABEANERB/N ABE, B
EH5.0.BLOEHEATS U EXMIEEEEHA

Table 8 Relative orthogonal test of technology of extraction by water and enzymatic oil enrichment

RK 8 MR ER A B pH(B) MR pH(C) L () (D) W EEE )
pH of enzymatic pH of enzymatic . h X .
Test No. Crush mesh hydrolysis denaturation Centrifugation rate  Total oil enrichment rate

1 80~60 6.5 3.4 780 53.4
2 80~60 7.0 4.2 1200 64.4
3 80~60 7.5 5.0 1680 67.9
4 60~40 6.5 4.2 1680 82.0
5 60~40 7.0 5.0 780 91.1
6 60~40 7.5 3.4 1200 93.5
7 40~20 6.5 5.0 1200 70.2
8 40~20 7.0 3.4 1680 80.9
9 40~20 7.5 4.2 780 80.8
R, 61.9 68.5 75.9 75.1

R, 88.9 78. 8 73.7 76.0

R; 77.3 80.7 76. 4 76.9

R 27.0 12.2 0.8 1.8

VOKEBEIH.EI7BBEE.0 124 (/W) BAE.35 CHER 30min, BXEKR: A-B+~D->C
Grinding to 120 mesh, solid to liquid ratio 1 : 7, enzyme amount 0. 12% (w/w"). 35 C for 30min. Oredr of factors A=~B—D—C

£9 KXEEMEBEIZTXBREXIRBFENN
Table 9  Analysis of variance components of relative or-
thogonal test of extraction by water and enzy-

matic oil enrichment

EXRE T # &
HEXR BEY HHE F g BEH
Soure of Sum of Degree of L
. . . F value Significance
variance dispersion freedom
A 1116 2 43.7 *%
B 228 2 8.9 *
C 29.6 2 1.2
D &% Error 25.5 2

Fo.1(2,2)=8.0,F0.45(2,2)=19.0

K, HEN 1400g.

ERRBREENEMLZEHT . BRIEMBH
% 40~60 B, LA 1:5 B&H,.%& pH X 10.45CK
R 3h, KEBEE 100 HU L, AEKKEL: 7,40
BmpHZE 7.5, L0 0. 12X (BR/KYWE)IKMFE 35C
K& 0.5h, A+ & pH @ E 5. 0, F 1400g & L
15min, K 500g KE,. KB 3R, 2EHEASTMH
B H40.5%  HEEEELHNH 93.4%,

H RS MK EE A UHE - Rhee | # KK 5
BEEL: L5w/w)KFFHLMMBE 60C, M
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PHEZE 4.2, BRBL . LERTERTHME
YR FL AL, 2800g ORI BMMA ESBREKS.
HMEAESHEOHENRRFER67.6%. AXE
HEH, MAESEREN63. 1%, MEWMEHAE
EAAEARRIEER.
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