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Optimization of Rice Bran Protein Extraction Processing by Response
Surface Methodology with Natural Deep Eutectic Solvents
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Abstract: In this text, rice bran protein (RBP) was extracted from rice bran using natural deep eutectic solvents (NADES),
as well as the extraction processing of parameters were systemically optimized. RBP was characterized by fourier transform
infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). Results showed that, the optimization extraction of
RBP parameters were carried out as follows: Proline-glycerol (molar ratio 2:5), 4.7% of water in system, solid-liquid ratio
of 9:30 g/g for rice bran to NADES, reaction temperature at 65 °C for 3.0 h. The maximum extraction efficiency of RBP
was 82.69% under the aforementioned conditions. The new chemical compound in the extraction processing of RBP were
not able to be observed in terms of FTIR. The micrograph structure of rice bran was effectively damaged as shown in SEM,
which might be a reasonable answer for the better extraction efficiency of RBP in NADES. The results in the present work
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guided for extraction of plant-based proteins with a designed NADES.

Key words: natural deep eutectic solvents; rice bran protein; response surface methodology; extraction
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A an A PLERZE | 2 LIRS . msds . IRAkATA=
Yy B LM A YA (HBD) sl & SZ A (HBA ),
I —x2 LR & H 4 B AR =R T 23505808
RN, g5 40 b, NADES HoAg B 515, o
BEICH, A] A YRR OIS, AE SR BT 5355 T
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1.2.2 KMEE I AYTREL X IEZH A AR 2R ks A AR
B 4 g KM, 5 30 g ZBIR/KIBRA 4], 1 mol/L
NaOH % pH % 10.0, SZ56ZH AR A 51 ok 6 iR
HL 4 g >KHE, A 30 g NADES T 50 °C /K E R
B¢ 2 h, 10000 r/min &5.0> 5 min, WA F3HWKAE N5
M, DA RGOS R E AR U 2R . [ ASF SR
P RN U R P b B 7 5075 SR RO R R
FSEIR, 6 Fh AL 3 Ty BRI R AN : vk 1-/K A4
B 2 h; Jrik 2-H7FHREL 2 h(50 °C. 180 W); J5ik 3-
SR I HEE 30 min, P A FEH 30 min, G #EAE
2 YK 7R 4- 5B A HEEL 30 min, FOKEEHEEL 30 min,
PEIERAE 2 UG Tk 5-5e/KInHR L 60 min, FHE A2
B2 60 min; J7i 6-F¢HE 7 HEHL 60 min, FZK 5 HEER
60 min. FFZHSEHPATERME 3 K.

1.2.3  HRIBCIOMEER 1 BRBR 2 5056 - S5 by TG £k
1.2.3.1 $RBOKHEE AR R 08 RS iRk R
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PR, [FIEEXRE S AL BRI S5 PR BUREE 50 °C L 4
WHTTE] 2 hy E7KESN 4%, LIS ZCBT/NADES Kl
W H(4:30., 5:30. 6:30, 7:30. 8:30. 9:30 g/g) X}
RBP $2&HCE 1 52 M) 5 XA 7 A B 08 S5 A4 S i BOIRL
50 °C.. $EHURHE] 2 h BREECA 9: 30, DIE%%E NADES
R E K (1%, 2%, 3%. 4%, 5%) %] RBP #2HC%
AR M) 5 T ASE i A B ) S A4 S $R BURLEE 50 °C L Bk
B 4%, BRI LN 9:30 g/g, LA 23R B fa] (1,
2. 3. 4.5 h)% RBP $ZHCRAYFZNN; SRR M) 55
AR BT E] 2 h, SOk E 4%, B 9:30 g/g,
DL g PR B E (40, 50, 60, 70, 80 h) X} RBP 2
B sem . Hoh, S50l S50 A T E 3 IR,
1.2.3.2 i o TAT X S0 0 APt BSOCRRgE B 11 it B S 4
FHEA R R S0EG 1.2.3.1 MOESIR, SEBERIETRI(A) | $2
BUREE(B)FI PG #/K&E(C)H 3 M EEHE, &%
IR IR, DAAS B R 32 e i AT 28 i P AN BR BE 05, 71X
A% W AT LASRIBCKBRER R, BRBE P R=Y, fil
P B BT [E] A 4%, &K 8k 4% LA 3R B
>k 70 °C i#iid Box-Behnken Design(BBD) SZ 5 i —
A e e AR A T2, BRI TSR 2, FR4H 50501
ATHRE 3 IR,

%2 BBD MR ZEIKT
Table 2 Variables and levels of Box-Behnken Design

K
(5 HFR
-1 0 +1
A PEHAT ] (h) 3 4 5
B FKE (%) 3 4 5
C PEURRE(C) 60 70 80

1.2.4 KAEEAFRIRBCRMNE  RBP ¥R I
¥ Bradford™! 3.
PRAE I £R 2] SR 25 2 s G-250 YLkt

7 G P R A TR AR R, RIS 43S 96 FLAR
SnA 5 uL BSA F1 200 pL 2 525 G-250 B,
RAJ, 2 min JEE 595 nm FiMEWSCIE . B4 =R
SPATEZES . AR PR BE AN WS GIE 2 il b il
2 29 gk LN Kl y=0.0431x+0.039, P i FECH
R?=0.999:;

T R I 52 . NADES 8 4E4H 19 RBP, 3%
WE PR 7 0 S U MR B o AS[R] S T eUAe it
AR R BO A AR R S SR B e T . B —FRSh LY
BESTARNL Y25 I, [RIEs 57 % BRZH , /> NADES
PR BN 5 ) T o

FEHEBERAE: 2868 GB 5009.5-2016 HE
TG U e KRR P AR A B ) & i . NADES $#2H¢
RBP MHRHBCRFE IR A (1) A

_ NADES & fAH IRBP &

AT RECR (%) = RBPIIE B x 100
x (D

1.2.5  RARMHAE R UK R F 1 2 AE
1.2.5.1 #I#M Fourier transform infrared, FT-IR) &
IR AL FRZEDRS BRI 4 g KB, 5 30 g 288K
434), 1 1 mol/L NaOH ## % pH & 10.0, £ 521
JEBAE S L 8000 r/min 5% 20> 10 min 5 B _E1E
Wis PG AbHRZH R 4 g KA 30 g PG 557 H i
I TETSEY A iR T 24 TN S LA 8000 r/min
FERES0> 10 min JFEL RIS PG iRGT4H 2 1.2.1 7
Bl PG 5.

F = AR A T L LTS GRE RS I, LR TE
PRIE A LI R TP AR BT S NADES Z MU 574
FMEAEM . =% Zhou %55 77k, #85¢ NADES It
{8 FL 2T ZSGREFT R 500~4000 em! 91 ] P B4 I
E3F7
1.2.5.2 F 4 1 8% (Scanning electronic microscopy,
SEM KGN XFAKHLAKE, XSS A NADES
WAL S SR VAT T R IEIE ST . BRI GN
T A AR FH A KEE RN X BE 2H B ERUS 5% 8 FH 1 O e
g, KT /KM EMARR S . NADES SIS i5%
HBGE A, AR IEVRER AR, EE VR pH &
7.0, BT 7K S, RS SRS ZRE AL, FERTE
FIARE S SR e AR & L, BE 45 R JSM-
IT100 InTouchScopeTM F4# H T W I BE W 58 4% i
OEST N
1.3 R

SLEG I HEAT —UOPAT SSRGS R TR
s AL PR FH Design expert Bf2F, SZ8G 25 R DISE14
(bR 2EFRIN . A BdEE T SPSS 26 HHf T HLH
FE J7Z 0 Duncan F G5, K H /NS ZRAREARE]
R 2 a0 w22 57 (P<0.05) , K5 Fh):
HRR B I ARSI 2 A 25 57 (P<0.05) o
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AT HAR T NADES 1 5 Pl UK it
BPIRIITRES G750 RBP SRICRAEIR, Flel 1

CMa CLa E CGa

80 1 (a)
70 4
60
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40 -
30 4!
20 -
10
0 -

PRI (%)

7z CU £ CA

B (%)

FEIE (%)

Trik
80 (),

PR (%)

K1 AP (a) | JiZk(b) LIl (c) . A (d)
NADES #£itf) RBP i

Extraction efficiency of RBP in organic acid (a), amine

(b), polyols (c), amino acid (d)-based NADES

TE s AN [R) R B8 S0 RE 3R 75 A [R) 1 70 2 ORI 22 5+ 0 3%,

P<0.05; AR i)V 305 BRI — AR B 4 T4

Y225 WEE, P<0.05.

Fig.1

AT, #5543 NADES SR /K232 U RBP $#2HGR
s T HAb v, Hoirp CGa. CU. CG. PG 1A Zil it
IKEEPEE RBP $2 B3R5 51iA 5] 48.62% . 35.06% .
48.24% LI K 73.55%, I1-H. PG IR R TERR T #8755 ik
Ab P LH AN LAY T 12 40 FE B AE - 0 B USRS, HRCasE B
PG R ZR, ZKIGTEFEIA T S SR M AU TAREE

22 BEZRIW

2.2.1 AR EEXT OB R IR e FE 2 AT
B 25 AR I AS WG i, RBP (32 BOR AR L
M 8:30 g/g B i 25 THE (P<0.05), 4RSI hKpf:,
RBP 2 HCRIEAATCH A1k, 2R LA 9:30 g/g
A, RBP $&BCHR A &, $EHOCR N 73.55%. BEE B
FERE TN, R RO R S B 1) S AR e R A RN
Ffd RBP 2 HBCRS &5, 105 B 25 9 RHE il PG-RB
AR Z= P A R, 33T ECK e kLS s m = Tk
ANFEST, SE AL PRI R A BT, SR A PR
ek 9:30 g/g HEAT N —2E5050

80 - a
704 b b b b
60
50 -
40 4
30
20
10 4
0

PR (%)

41I30 51I30 65I30 75‘30 83I30 91I30
FHE L (2/g)
K2 BHB L CRBE/NADES) Xt RBP #2BUCR 52
Fig.2 Effect of material-liquid ratios (rice bran/NADES) on the
extraction efficiency of RBP

e ARV NERSCFRFORE 2 7 2 (P<0.05); K] 4~ 6 [l
2.2.2  RERARIIF TG S5 7K X AR AR P $R B
520 HHT NADES KBRS, TR R B A7 )Ry
BRVE, I AEREAL PG(526.4 mPa-s) RS EE ., %
/RIS BEA ZHAI NADES kG R Ve A
BAARZE T ASF & /KX NADES KBS U520, 4% 541
& 3 FR. 247E 50 °C B, PG %SG N 526.4 mPa-s,
1000 -

—a— 0%
—— 5%
800 0%
~ 600 1 3%
B —— 50%
B 400
2 200 -
@&
. T
10 ]
5 4 '\“\\—,\,
0 * —— 4+ + —&
40 50 60 70 80

i (°C)
K3 IRBEXANIE &K G PG oK EE 520
Fig.3 Effect of temperature on the viscosity of PG with
different water contents
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TR 5% B, FOREBEREARE] 202.4 mPa-s. 5T
KB, NADES 14 & /b8 iy 7K A Fl T 4 F5 HoAa e 45
o), AR ZR ik 22 7K 43 U 25 W SR TR AR B SR DX 25 2544,
HorF A EAE >, T8 NADES KREEREAE?,
A A ERE A S /D /K875 NADES KRR,
SRR TS R A O, A EIHE R RBP H2 BRI
HiY, RIIRSE T AFEEKE (0. 1%, 2%. 3%. 4%.
5% ) %] RBP 2GRS . 25 R ANE 4, 7EHARTY
Tk (0~3%) 1 PG H7, B 15T $% IR I 25 1
(P<0.05) , iXJ& P /K 43 & S B EEAIR T PG 19
AR, AR BT A R RN Sk Ak
LEHEINS (4%~5% ), 85 1 BTHRIBGH R H IR FEAIR, X
T NADES Kili B2 AR, S5 9 2 45 44 1 2 i IR,
PG 5 & {1 i = 8] B A0 B AR FH IR S . Bk 3 3%~
5% Fr/KEM) PG B2k

100 +

804 ¢ [ = N

_I_

60 -

HEK (%)
5

o 1 2 3 4 5
FIKE (%)
Kl 4SRN RBP SRR A5
Fig.4 Effect of water content on the extraction efficiency of
RBP

2.2.3 FREUETAIXT RO R EASE . R L
9:30 g/g, PG Tkl 4% B, 2L T AR E] X RBP
PEBCR L, 452N 5 Fras . $EBUREIFE 0.5~
3 h Z[a], RBP $EBCRZ N, YA Bud f b,
P Rl 2 SRR AR TS, F20 RBP 1942 H
K, T B SR B ] 3E K, NADES 5 KR 5843
JZ R, RBP £ HCR W EH0 N . S RAT[E] 2 3 h B,
FIJik NADES SiZRMeh Lb 61l 381 5 R s v 3
i 3 h J5 RBP $2HCRICHH W AR L, #E$E 3~5 h $2HL
At ral i —2 ek
80 4 b a ab ab

70 | —+- EE=REa
604 d =]
50
40 -
30
20 -
10
0

FRICR (%)

s 1 2 3 4 5
1] (h)
K5 BRIBURHRINT RBP @ R A 520
Fig.5 Effect of extraction time on the extraction efficiency of
RBP

2.2.4 OV HRBEX MR A HRBUSE R ERHE L
9:30 g/g, PG /K& N 4% LI B ALFRESE] 4 3 h i),
BEET 40~80 °C VG FE X RBP $2HCRAY5EM0
ZERANE 6 PN, RIUFEE T, RBP $RH0CRHY
157, X AT RERIR RN T sl = [a] A% oA Kok
FEEBORK . IRERL 60 °C J5, RBP 2 HUR L
BAK AT, 3T RS i T A v, B Kok R
PR A, SEER RBCRIEIL. AR 60 °C
A, RBP AOFRECHRE IR =, iEEE 60~80 °C i#H—2Eifk.

80 4 b l? a ab ab
70 4 pF 1 = =
60 -
50
40 4
30 A
20 A
10 A
0

PR (%)

4'0 5IO 6'0 7IO Sb
HEE (C)
Bl 6 AR SN EE X RBP HEHCR 500
Fig.6 Effect of different reaction temperatures on the
extraction efficiency of RBP

LRGP, IS RPUAE R WP as SR, i
R LR 9:30 g/g, BEF S /K E L IR E LI A TE]
3 EFEHFA TSN E LA ST
23 Moz EEAIRLE

A BABIF 5T A& FUR FH NADES AT LA %4 b 4 B
AKRPR R, HASCREE, A R B A A BhR
Lk 9:30, $EHXHESTE] 4 h, F7KE: 4%, VRSB 70 C,
A 5 SRR IIF I TSR OO 25 SR R 3R 5
BRSO R 22 5, WOKE 3 S v S E R
O AT SEES T 52 . e PR EAT A (A) . &K
(B) . $2WUELREE(C)3 DK, i 3 HZE 3 K.
5 IR PATIISEEG T 28, SRR T BB 1 nd 42
PR ML 3, i@ id Design-Expert 10 ZRA4-% 0 W AH
BEAT RN T ) 534, G5 R LR 3.

LA A ST, 15 58 KRR H BCRAH X 25 A
2R BRAE A R e N T IR U O R A Y = 78.39—
2.22A+2.69B—3.48C—-0.69AB—1.16AC—0.49BC — 0.031A>—
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Table 3 Response design and results of experiment

F 4 W E Y R J7 R A
Table 4 Analysis of variance (ANOVA) for hydrolysis activity

SIS AREGETE O BEUKE CIEBURE  RBCR(%) FzER PR mM AdE ¥z FH PlE BEME
1 1 -1 0 72.88 T 250.55 9 1382.64 2590.81 <0.0001  ***
2 0 1 -1 80.73 A 39.56 1 1964.76 617.2028 <0.0001  ***
3 0 0 0 78.20 B 57.89 1 2875.03 11.09156 0.0126 *
4 -1 -1 0 76.03 C 97.09 1 4822.06 7437.858 <0.0001  **x
5 1 0 -1 77.86 AB 1.88 1 9322  596.7249 <0.0001 Rk
6 0 -1 -1 74.24 AC 5.36 1 266.16 0.019925  0.8917
7 -1 0 -1 79.92 BC 0.94 1 46.73  116.7475 <0.0001  ***
8 1 0 1 68.43 A’ 3981E-003 1 020 1349993 <0.0001  ***
9 -1 0 1 75.12 B? 6.99 1 34704 9930107 0.0161 *
10 0 ! ! 72.94 c 38.68 1 1920.81 4026.622 <0.0001  ***
11 0 0 0 78.46
12 1 1 0 76.75 Hx 0.14 7 2.60
13 4 1 0 82.64 JAT 0.093 3 138264 5.653402 0.063773
14 0 0 0 78.43 2l 0.048 4 1964.76
15 0 0 0 78.43 ps¥il 250.70 16
16 0 0 0 78.45 R*=0.9994; R* ,=0.9987; R® _=0.9938; C.V.%=0.19
17 0 -1 1 68.39 . .
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Fig.7 Response surface of interaction of various factors for extraction yield of RBP
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Fig.8 FT-IR spectra of the protein-enriched phases after
extraction of control group and PG
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