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Abstract: The key technology in enzymatic extraction of oil in the aqueous system is the enzymatic hydrolysis
and demulsification performance. The process of extracting rice bran oil by enzymatic method under aqueous
system is studied in this research. The results show that more than 84.10% rice bran oil extraction yield could
be obtained under the following procedure and conditions. The extruded rice bran is screened through a 40-
mesh sieve and mixed with ultrapure water at a ratio of 1 : 7.5 (w/v), after which 2% (w/w) Alcalase 2.4 L is
added to the mixture and the system is continuously incubated for 150 minutes at 57 °C and pH 9.0. After

centrifugation, the pH of the emulsion to 7.0 reacting is adjusted further at 60 °C for 60 minutes to obtain
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the oil by breaking the emulsion. The quality of rice bran oil extracted, especially the content of bioactive
substances, is obviously better than that extracted by the traditional solvent method. In addition, carbohydrase
could not improve the oil extraction yield, while alkaline conditions are more favorable for rice bran oil
extraction. Alkaline conditions and CaCl, treatment are not conducive to demulsification, while 20%~30%
ethanol treatment could improve the demulsification rate of the emulsion. The technology can promote the
applications of aqueous enzymatic method in the vegetable oil manufacture industry, as well as the utilization
of rice bran.

Key words: rice bran oil; aqueous enzymatic extraction of oil; enzymatic hydrolysis process; demulsification

technology; oil quality
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Fig.1 Principle of extracting rice bran oil by aqueous enzymatic method!**
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1 MHBEFZE
1.1 HEHE

ZHF R IEACOREE KRR (K& 7.43% .
NG 7 & 18.45% . HHBIH & 12.69% ): MBIEIT
BHEN BT KBRS 7] 5 Celluclast 1.5 L £F
4 Z i (ff#E S 700 EGU/mL ), Pectinex Ultra
SP-L MR (1% /1 26 000 PG/mL ), Viscozyme
L A2 A ( B 0G /1 100 FBG/g ), Alcalase 2.4 L
BRCPE R G BTG 1) 2.4 AU/ ): PR 4EE A T
Hemicellulase 2 £F 2 Z it FH% 77 0.3~3.0 unit/mg ):
J[E Sigma 2y H]
12 EWHE
1.2.1 KB BORME M T 25 S 3 5l o

B AR E L 40 B, H 100 g KBRS,
¥ 106 (wiv) ALK, 90 °CALFE 5 min 5,
TE— & MR pH (E AT, B 2% il 5
400 r/min FEFEREME 120 min, £ 10 000 r/min 2.0
20 min 513 BN, 4220 (1) RO 5

Y(%) = 100% (1)
m

L Y—3RR, %,
m—— M R, g
my— KBRS, 2o
1.2.2 kol 770 F) a2k
[ 58 SO 25 CRRELE 12 6. Il 2%.
A r ] 120 min, $EFFEE 400 t/min), H%¢
Celluclast 1.5 L, Hemicellulase . Pectinex Ultra
SP-L. Viscozyme L, Alcalase 2.4 L 55 4 FifH g1
1 FhEE A B A B IS B4R F R (50 °CL pH 5.0;
50 °C. pH5.05; 50 °C. pH5.0; 45 °C. pH3.4;
60 °C. pH 9.0), ARHEFRIRAYZE . WEAS
o ) 75 Sz I A ) A
% GO 5 AR G 5 TN K R B Tl R
Wi o KBRS WS 1%8EEEH] 60 min, #£5 1%
Alcalase 2.4 L /EH 60 min, HAth b P 55 50— il
FIAL AR o LLAS B — H B Alcalase 2.4 L 2N
xR
1.2.3 iR T 21k
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WLE . B AR R) . BRI EE . B . pH{H . B
PR SE XTI R A S Y R R, e R
W (A, BEfgafE (B). BffiREE (C) 3 43
F o HAR S, KBRS (Y) e RAE, 7E N
i 2%, pH{H 9.0, HEHEEAEE 300 r/min 5544 Fi%
=& =K1Y Box-Behnken M Ly [ 43 7 1,
¥ o R R KKSE IR 1 R,

% 1 Box-Behnken X EZERKFER
Tablel Box-Behnken experimental design factor level codes

KF o ORHRIL A EERETE/min B AR/ C C
-1 1:7.0 120 55

0 1:75 142 57

1 1:8.0 164 59

1.2.4  FURWE A5 5 R oAl

B 100 g i 40 B RZ AL KBRS, #2212 7.5
(w/v) BHE N AGEZEK, 90 °CALHE 5 min J5
WHIREEE . BN 2% Alcalase 2.4 L El 5],
7E pH{H 9.0.57 °CZM4F 300 r/min fff# 150 min.
RN G, B FLIRIRZ

S 2 B (Rose-Gottieb ) #2000 5
FURWE AR i & &L, B B R 43 i R
bR 7 1% o
1.2.5 WL T 20k

DL 300 r/min fiiFE 60 min IR, AN
BffE] (15, 30, 45, 60, 75, 90 min ); A[]3ELE
(20, 30, 40, 50, 60 °C), WiEFUIRBEBEFL T
A A o FEARARIBEFL 51T (60 °CF i
P 60 min ), DAARZACFR R FLAREC AT IRLL, 451
TEAR pHAE (2. 3. 45,5, 7. 9), A CaCl,
VW E (0.02, 0.04, 0.06, 0.08, 0.1 mol/L ),
ANIF) LR R E (10% ., 20% . 30% ., 40% . 50% )
T TREFLERAE . BEPRESHE, B AR ES I
B, # (2) HRFUIRE LA
WL (%) =

WS B R (2) 100% (2)
FUIRIBF R (g) x FLIRIII 3% (g/g)

1.2.6 AR R F MR i I

Zoml FLAL PR A RE i R SR M RE 10 4%, 52
SRS, W Microtrac S3500 306 H7 B 43 ML
PEATRLAR AT BT, Ve I T EHE B R )R 1.47,
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FRfr . WUE . RAbfE . EAE . EEERER.
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s A R e 44 &R E i, e
RN GE 5 B A A e A Y R R AR
LS/T 6121.1—2017 fy )7 Bl 5z 2,
1.3 HESH

FRA AR ST 0O TR, IS R RN
NV MEEARHER 2 (SD), SRH] Origin 8.5 # {4
Fl Design-Expert 8.0.6 # 1 4b BRE 5 F2: K], SPSS
17.0 F AT W E Mo b, b AFFE: (al b,
c) RREFEE (P<0.05),
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XTHE 3 (pH {H 9.0) My$ihae, I m Tk
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Fig.2 Effect of single enzyme on the extraction
yield of rice bran oil
W XTER 1. pH=3.4; XtHR 2. pH=5.0; X4 3: pH=9.0;
Cel: Celluclast 1.5 L; Hem: Hemicellulase; Pec: Pectinex
Ultra SP-L; Vis: Viscozyme L; Alc: Alcalase 2.4 L,

Note: Control 1: pH=3.4; Control 2: pH=5.0; Control 3: pH=9.0;
Cel: Celluclast 1.5 L; Hem: Hemicellulase; Pec: Pectinex Ultra
SP-L; Vis: Viscozyme L; Alc: Alcalase 2.4 L.
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Fig.3 Effect of composite enzyme on the
extraction yield of rice bran oil
. XTHR, Bi— Alcalase 2.4 L; HA5r %10 Celluclast 1.5 L
5 Alcalase 2.4 L ZTic . Hemicellulase 55 Alcalase 2.4 L
B . Pectinex Ultra SP-L 5 Alcalase 2.4 L Z it .
Viscozyme L 5 Alcalase 2.4 L £t .

Note: Control: Alcalase 2.4 L; Cel: Celluclast 1.5 L combined
with Alcalase 2.4 L; Hem: Hemicellulase combined with Alcalase
2.4 L; Pec: Pectinex Ultra SP-L combined with Alcalase 2.4 L;
Vis: Viscozyme L combined with Alcalase 2.4 L.
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Box-Behnken {55 1 i1 M 45 R W3R 2, Xf 3k 2
BAEHATRAEE, S EIEIE AR Y=64.99+
3.12A+0.84B+1.30C+1.33AB-1.63AC+0.67BC—
2.03A%-2.81B%-4.57C?,

& 2 Box-Behnken X%t R&ER
Table2 Thedesign and corresponding results
of Box-Behnken experimental

b A B C Y/%
1 0 0 0 65.08
2 -1 -1 0 57.62
3 -1 1 58.23
4 0 0 65.61
5 -1 1 0 56.21
6 1 0 -1 61.81
7 0 -1 -1 55.84
8 0 0 0 65.26
9 1 -1 0 61.43

10 1 1 0 65.33
11 -1 0 -1 52.55
12 0 0 0 64.54
13 0 0 0 64.47
14 0 1 -1 56.59
15 0 -1 1 57.28
16 0 1 1 60.73
17 1 0 1 60.96

SRR IEAT O 2000, SR 3 iR,
F3alm, KA, B, CIUOEMBNEE, 0
i AB. AC i %, BC %,

I A 53 A A 4005 7 Tt 12 B BEOK T 11
A BRI 1 2 7.94, BEf#RT ] 149.86 min,
fitsfit IR L 57.02 °C, HEHEIME N 66.52%., % &
BN BRA - ERAE R A [, XS EGHEATE IE : B
WL 1 7.5, BEEETE] 150 min, BERFIRE 57 °C.
HEFT BRI , A BRMEER I 66.24%+0.78%,
SR A3
23 WIIZM#HR

K B T Y 5 AR AS 1 LRV 32 o3 B

F A PR, BEARA Y 2.1%, &AMEERFLR
W R R R EEAE DY AR
50.6%, B FLR I b —2F A b 09 2 g o vl O,
XiF FLARI BB FLEL AR TF R A ST , X 2 i K i 4
BORBREhf %, A B

% 3 Box-Behnken ikl 5 Z S

Table3 Analysisof variance for Box-Behnken
experimental design

KR fw2EFIM AmEE Uik FE PE BEME

B 268.88 9 29.88 140.87 <0.0001 **
A 77.63 1 77.63  366.02 <0.0001 **
B 5.59 1 559 2638  0.0013 **
c 13.55 1 13.55  63.87 <0.0001 **
AB 7.05 1 7.05 3324 0.0007 **
AC 10.66 1 10.66  50.27  0.0002 **
BC 1.82 1 1.82 859  0.0220 *
A2 17.41 1 17.41  82.10 <0.0001 **
B’ 33.27 1 33.27 156.88 <0.0001 **
c? 87.97 1 87.97 414.82 <0.0001 **
§ 2% 1.48 7 0.21
KA 0.55 3 0.18 0.78  0.5652 N3
HriR 2 0.94 4 0.23

Javil] 270.37 16

TE: IR P<0.01, HBE; *RKP<0.05, BE,
Note: ** indicates P < 0.01, extremely significant; * indicates
P < 0.05, significant.

x4 IARBHEERSEE

Table4 Main compositions of the emulsion %
oy il HE B Koy
o 50.56+0.36 2.10£0.04 41.79£1.12

231 BRI

TE I EPOP S F RN E RS A DN
4 AT g, RfE B FLE e K, B LR e
B AL A T 60 min 5, W% FLE E]HE 0 X
WEFLRAS 7= A 0 S R o 3k i L 2R Bt s [ A8
TEEI LS Jung 2505 45 R — 3

E R EROR I E RS AR e SN IR
K G AR % A L8 8 3 Sl ad 60 o,
FTTARERE, BEE 60 CAE LIRS, HE S
R, AL 3R] A R LR LA, 60 °C
A PRI FL R AT 3K 71.23%. T ThE, Al DAdEL
ARG R 1A B SR, Bl /N FLAR R RS B
TR A R4, PR FLR R R e e
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Fig.4 Effect of demulsification time on
the demulsification rate
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Fig.5 Effect of demulsification temperature
on the demulsification rate
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Fig.6 Effect of pH value on the demulsification rate
ABFFERI, T K AR IBOR Sl FLIR
W pH A 3~4.5 I, FLRW AT LASEIL S8 7L, X

s TFURMB A pH (H 0T K B E H B 58S
(pH=4.5), T 1T R A KA AL Ar 1 2%,
2R A O K Rl R IR AR b B L T 25T
ORI, HFUIRIE pH (AN 11 B, R 5HFAY
I

R Al 0L, 8 pH {ECREIR K A T £ B
FURW RS E M, X T A R oR T 58 45 R A7 AR
WS XSRS R . BT
i 1 390 26 22 S B AH OE PO

CaCl, ¥ XA FL RS2 M i I B 45 R WL 7
Pl 7 G558, W CaCly WA 42 = Kbl L
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Fig.7 Effect of CaCl, concentration on
the demulsification rate
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Fig.8 Effect of ethanol concentration on
the demulsification rate
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2.3.3  pH {EXFFUIR B AY 52

FUIRMAPRLAR K/ oA, al DL E WL 5z ke
LS o pH B FLIRBORLAR 53 A1 52 M 11 1 46 45
RILE 9, %R (AT pH, FLARWAE 60 °C
THEFLALEE 60 min ) [RIAR RGN, FE4E
FYE 1~10 um A1 10~100 pm JEFE A, H 1~10 pm
T 5 L 86.5%%0.67%. X UL, X R4 FLR
HE BN B AN 5], BiE pH Fhsr, FLIR
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Fig.9 Effect of pH value on particle size
distribution of the emulsion
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Fig.10 Effect of pH value on mean
particle size of the emulsion
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Fig.11 Microstructure and photographs of emulsion
before and after demulsification

(a) MIAFLIREHORZEH 5 (b) BEFLALIR)S M FLAR MR GO 2544 5
(o) PIHRFLARE R IRE ; (d) BEFLALIES.O U5 RIS
(a)microstructure of primary emulsion; (b)microstructure of
emulsion at pH 7; (c) photograph of primary emulsion; (d)
photograph of emulsion at pH 7 after centrifugation
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THITR 2 T 1) 2 P IR A, /N SR A R
R RIK o BB 250 LRI B
FURBRE M FRMIEZS, d BRI E 2 2R
203 WL BSOS AR AR B IR IR A

DL ARG, i K R B BOK B 5 i
TN, AR KRR it 40 H, 4% 12 7.5(w/iv)
B LA M 4tiK, 90 °CAEFE 5 min J5AHI =
57 °C, WHN 2%F Alcalase 2.4 L & 11§, 7F pH
8 9.0 251 F 300 r/min Jf# 150 min, 1 000 r/min
B0 20 min J5 AT EIMZE FFUIRIZ o M1 FL
SR pH 18 7.0, 60 °CF 300 r/min i+ 60 min %
FUE, FRRE O EZE . T 2RISR
PEIHPR AT LA E] 84.1% LA |
2.3.4  OKBEEIMM S

R MG GRAL SR K il 1 5 1% e A ML R 4
WOKBE B M A BT b5 UL 3R 5 FvR . M3k 5 AT L
F i, IKEGE PRI AR B R (AR, (A
ZERARE; A EEAR, B . B,
AR, BEBABEAR &, K 4R IR KA
T BBAL; AWEEY T (AR E, $E.
Al MAgERE) i, W& TAVER
BRI AR

F 5 kBEEESHEAFREKEE R N R RIS

Table5 Physicochemical propertiesof rice bran oil obtained
by aqueous enzymatic extraction and solvent extraction

eIt PINE27S SIS

R /(mg KOH/g) 7.97+0.58* 8.29+0.60°
HAE /(g 1,/100 g) 106.31+0.44° 102.22+0.56"
J2Ak {8 /(mg KOH/g) 184.87+0.09* 178.66+1.67°
i S A/ (mmol/kg) 8.15+0.44° 8.80+0.00°
B/ % 0.46+0.03° 4.65+0.08°
WERR & /% ND 1.18+0.04
41 R E/(mg/kg) 1 004.42+17.94* 839.15+19.78°
{55 f%/(mg/100 g) 7 749.44+23.45* 6 956.34+59.97°
3% )%/ (mg/kg) 2962.56+6.02° 2 479.56+103.53"
BHER % 2.43+0.06° 2.3140.02°
L-18 22.83+0.16° 26.58+0.02°
a-fi 0.49+0.03° 3.3120.01°
b-{& 7.72+0.47° 14.09+0.16*
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Jit, HIF AR+

3 #it

AW TE IR T 7K il 12 4 ORI i) T 25

5% AT B L, B XE Alcalase 2.4 L i H
it Ay 7K il 12 B BBOK BT P il o500 5 R C TR 42
B A UL A $2 001 58 5 B A B A ) T oKoHE
AR PRI, E LR T 2S5, fE 1 7.5
BHE . 2% . 57 °C. pH {4 9.0, 300 r/min
BiFERG % 150 min 50T, ATIRTH 66.2%M) KBk
PR 2 FLAR IR M 7L A A B A
1 2 7K P A BOKARE T 2L PR VR ) e A L T2
P FLRI pH HZ 7.0, 60 °C4FT 300 r/min
fEFE 60 min, BEFLAAIL 93.15%; BhiESME L
CaCl, &b 3, JC B F 7K il 12 B2 BR3P bR R Py il
FL 5 20%~30% L EEALEH, TTH LR R B LK

I FH AR 55 A0 1 14 7K Bl 4 UK T2
AIARTT 84.1% LA 4RI, Bl i
e AEYE I BT & i, R AR TR G
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