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Effects of pH and heat treatments on structure and

functional properties of rice proteins
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WA F S A AT 14.65%,20.23%, KA 50~90 C/
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Abstract: In this study, rice protein was used as raw material to
study the effect of pH treatment and heat treatment on the structure
and functional properties of rice protein. Studies have found that the
functional properties of rice proteins have been improved to some ex-
tent after being treated with different pH values for 40 minutes. The
solubility. emulsifying and emulsifying stability, foaming property
and surface hydrophobicity of RP treated at pH 12.0/40 min were
5.16%, 0.626% and 12.64%, and 135%, respectively, with 2.46,
2.85, 1.12, and 2.51 times higher than that of the RP. At this time,

the fraction of =100 kDa was reduced, the content of ¢-helix and
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B-turn in protein molecules decreased by 26.99% and 10.54% . re-
spectively, while the p-sheets and random coil were increased by
14.65% and 20.23%. Heat treatment with only 50~ 90 °C /40 min
conditions showed no significant changes in the structure, solubility,
and surface hydrophobicity; however, the emulsifying, emulsifica-
tion stability, and foaming property increased as the temperature in-
creased, and the maximum values were obtained at 90 °C, which
were 2.41, 1.09, and 1.62 times that of the untreated rice protein,
respectively. The results showed that the structure of rice protein
changed after alkali treatment and heat treatment, but the solubility
improvement effect was not obvious.

Keywords: rice protein; alkali soluble gluten; alkali treatment; heat

treatment; structure; functional properties
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il S8 AR A ORI SR LA T LA R S T e T
AL TRAFETT G AL B | S04 B X KOK 2R (R 45 H & 2 e Pk
JO (¥ 52 W LA S SRk B R R Y o (A e R P R AL S i
WA
1wk Jik
L1 #RSEH

BEAE T K < 4 KO By AT BR 2 ) 5

TR BT 200 = A il

WEIR & 0 B R AN o Al [ 2 4 Ak iR R A
MRA W

BB F bR e RAR A YRR FRA A 5

SR CL 4R B R A L 4 Vs B2 . 2 W AU
%[ Sigma 2 H,
L2 EFE5EE

HLF 43 B K OF: FA2004N B, |0 0 % B 2% 088 4 R
AT

pH it :FiveEasyPlus™ #I , % 1+ Mettler toledo 22 ;

L ANAT A6 . UVI1800 BY, H A i /N 7 5

EH IR S LR B R WAL T A IR

5
I

PN  Leds AL EE A IRIRBR A 7 5
B0 AL TDL-36C AL, b5t Blof a8 A FRA w5
WE I FE S 85-1 B VLR A dn i R YT AR T s
T OB A B 3% A - Waters2690 T, 34 [ Waters 24 7 5
HL KA : DYY-6C A, b Ui /s — (U3 .
1.3 REHE
1.3.1 KK ZE [ i (rice protein, RP) il £ 2% F 08 14 B2 U
B BARAEINT BRI 20 ¢ NaOH ¥ F 10 L 28 K,
Ft NaOH sE 2 MG MA 1 kg XoK# G 120 H ), % i
THEFE 2 h, & 3 500 r/min B .0 30 min, YA EIE W, A
2 mol/L HCLH4 pH E 4 & (pI=4.8),F 3 500 r/min
B0 30 min, WA DLTE K PEVLYE 3 YK (3 500 r/min, 10 min)
F pH i Rk T
1.3.2 BT ICKRE B TR & FRIGE & OKRE B B %
TR R R A B 1% A X8 T K, ZHF A 2 mol/L
NaOH %% 3 47 pH {H 5 %4 8.0,9.0,10.0,11.0,12.0, 7543
Bk 2 pH HARE )5 4k SL B HE 40 min WRAIF R T &M .
1.3.3 A IJOKE A& FRIUE = IO E B B %
WY R A B 10 A 8 Tk &R R 2 ho (i
FCO3VE AR L 8 TE LK W B o OB 40 ming TR EE 43 A 50,
60,70,80,90 °C, JZ N 45 ot J5 7 B vk v 2 IR W 4 0T R T
w1
1.3.4  ROKHR M BT 454 v 5T i il 2

D FFREWE - FERmBAWAHRE S HTT. BIGHEN
Waters 5 2 i 0 #%E B 4 (BioSuitTM 250, 5 pm HR SEC
7.8 mmX 300 mm column), Ui 3 #H ff / 0.1 mol/L
Na, HPO,-NaH, PO, £ #f & (pH 6.7) £ & 0.1 mol/L
Na, SO, #10.05% NaNj .48 0.45 pm 38 B 58 5 P 4058 7 1k

A . Ve A 1.0 mL/min, & 4 280 nm, H: iR
30 'C. LAEHH 20 pL fH R VEME. 5 e 2R O 45 50 2 - 20
Jifs 4,38 C(12.5 kDa) 4= i B2 I [ (29.0 kDa) \ 4= IfiL 1 1 & A
(66.0 kDa) , [ i & JifF (150.0 kDa),

(2) LLAMETEM E 4B S5 LB I Ee ) 1 2 100 A
— AR, R B IR A B TER
JE5 L ep il B 50 3% R 0 MR T R AR ST AT A 4 S o B AR
AP (4 000~400 ecm™ DHW M AESHERN 2 em™ ' &
PEF I WO BE L 5 S Bn 32 1k,

(3) A5 E S M Aoki Iy B — 4% k. ¥ Kok
R FE BT 0.01 mol/L pH 7.0 19 Na, HPO,-NaH, PO,
G2 B T B BE S 0.1 mg/mL IR TR IR R E
B SGHEATIE 58 AP 6 3% 43 BT H RS 190 ~ 250 nm, FU
(8] 0.5 nm/s, % CDPro % {4 {2 # SELCONS3 %4 = it 47
THEE R

(4) FTHEHKHED E R A 8- AR & H-1-ZR 3 IR 1 (ANS)
TEFCIRER TR T I 5 BE Al A 3 1 B K M A S R TR RE B
A% 0.1,0.2,0.3,0.4,0.5 mg/mL 7[R E RS IER. 258
L>(8 000 r/min, 10 min) Ji5 i¥ b 3% & & M ¥k & K% [ Folin By
LA B 4.0 mL AN [6) ok BE 9 RE B4 B0 A 20 pL
ANS (8 mmol/L), #& % & 5. # J6 ¥ & 3 min, LI
Na, HPO,-NaH, PO, % w25 (A% B 28 640 Yok T
U B i 9 O R B i R UK AN R B i K 43 e Sk 390,
470 nm, g K MR KRN Sy 9¢ SRR 2R 1 vk B il 2k 9 B dR
1.3.5  ROKZE 5 2 B 1 I3 1) 0

(1) W PRI — 8 1A 5 ORS &8 0,000 1 @) i i T
0.05 mol/L pH 8.0 2% shy . IK ¥ i & 4r 80k 2%,
0.1 mol/L HCl 5§ NaOH #4t4F pH Jy 8.0, ZiRHiFE 1 h {5 F
3 500 r/min B0 30 min, J_F V5 0T 2%, F AR AR v 47 0
. W S(DIR.

m,

S=—X100%, (D
m,

s o

S—VEfRIE. %

m FWEREAREG R, %

m, PR RMEL RS R, 7.

i,
(2) AL S AL R E P - 2 ] Pearce &. Kinsella ffy
MRS IERAEE . 7E 0.1 mol/L pH 8.0 [y B2 22 i
A —E YRR L SRR HREE N 2 g/100 mL A
BV FE SR S R SR 3 0 L B L TR S AL,
LA 10 000 r/min 43 30 s, FE¥IF 0,10 min f5 43 HIH50 L
B CHRORE A E 78 B S M IR AR 0.5 cm 4b). 5 5 mL
0.1 g/100 mL SDS ¥ #ATIR G - & 5 1R 25 M2 e o6 & it
F 500 nm 4b W E H R WCE Ao A T O min JUE 1RO
BEAE F R FLALTE P FLAL TR e (DO
Ay
Ay—A
A

ES=

X /At, (2)
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I5 4 - B OO ROR B 4S5 2 RE VR B AN 5

ES— ket %

A — ¥ 45 AT RO AH 5

Av—H 5T 10 min J5 K OGIE 5

At [ia] [ B[] , 10 min,

(3) &iEPE (Foaming, FA) 5 i1 £ % 1 (Foaming sta-
bility FS) 76 0.1 mol/L pH 8.0 f % i 28 v Wi b fin A — 5
A RE L BCE A A WRE N 2 g/100 mL B4 OB 1 HE Y
575 W 40 mL 3% FE SR T 100 mL & o, T e 8 X AL 5
§1 40 s(10 000 r/min), 37 BV WL EE I IR AR B Vi, G0 % i B
30 min [FIEIRM AR Vi, o M MR W AR MR (3D

(Dits,
~ o Vo 0
FA = =X 100% , (3)
V1
FS = -2 %x100% , (D
V(J
v

FA— &1, %

FS— A Er:. %

Vo——3 FT 45 JB IR i A, mL;

Viyo— T E 30 min 5 E AR, mL,
1.3.6 R 55%I a0 ARSI T PATIRR . B R
SUGHES I E S E R 3 WK, 45 BB A8 I H S 24 1
SPSS X 5 R #E 47 J7 22 43 i (P<C0.05)
2 BRI
2.1 FWALIE HAEMAKREARGEHERNZME
2.1 WRAEARSTFERAMGEZN HERIATHM:5
RP AH b, 24 68 AL 7Y pH {E 36 B 4 8.0~11.0 i, >50 kDa

FR 20 43 % BEIG N  2 40 # pH (B A 12.0 [, >100 kDa {1721 43
GEHE RP Y 9.69% F R 0.90%,50~100 kDa 1 4143
il 2475 % FREZE 5.14% 11 10~20 kDa B 20 43 7+
16.67 Y034l & 55.03 % . Al BEJ& bl & AL 3 pH E 25, Kok
RS SR IT 4 T Z IA1E BLR S B T & A6 28 Bk SR 4 il
1575 4> i 4143 Lo s (A 2 40 3 pH BB 12 1)L 4
Z TA] B R R SRR I+ L I B2 A8 WK AR A A /D
M 22 ik, AT A MK 4 e 4L 4y S ™,

B35 2 1 RP o1 >>50 kDa [ 21 43 & &5 4% 0 b 25 4k 22
T TE o R OR Ok o Y b B R E L B 90 C R,
=100 kDa f92H 23 & & 3 0 = 30.11% ., Ji5t B2 $oib 715 5
RP W o-FRYE T F B0 M 0 39 B o — AR, ZIRIK X
ENCEES A R 5
2.1.2 SPRAKBEAHFAEBEGEE  MNE 10K, RP 1
1626,1 535,1 225 cm™" Ab 75 4 3 WL U I, 43 591 0 e R At 1
TR 1Ay T A I H7 o i AR 2l 7 AR 0 . A 2L R AL B X
TR 1 02 B Y 5 i 45 SR — B A S b 3 pH R 12.0
AL HIR B y 90 CHf .y C—H B i #R3h7E 1 390 em ' 4b
7 AR B WS I TR R R . 26 B OROK B PN o
Wi Bt A 78 1 225 em ' P AR RIS R ) &
1277 em ', X 55 BE i 3 M 5% AR BCOR k% YD M G TR
881 cm ' AL A W0 M B SR R o 1 C—H
i 4 3 A
2.1.3 XROKREH B RN Bk 3 ATHL.RP =
R R MR E 47,300, B-FE R 26.30% . BT B ALK
8.77% . WhAbFE pH fE 2y 8.0~10.0 I, fifi % 4b B pH {H 2
1o o BRI L 8- A i B L B3 B TG A R R L R

F1 BHLEMNKRKREARSFESFHHM

Table 1 Molecular weight distribution of alkali treatment rice protein %
4y F i /kDa
¥ pH {H
=>100 50~100 20~50 10~20 5~10 <5
RP 9.69 24.75 39.14 16.67 4.64 5.12
8.0 32.41 25.59 24.18 7.92 4.70 5.20
9.0 31.34 25.31 24.25 8.34 5.02 5.73
10.0 37.11 24.06 22.07 7.40 4.46 4.90
11.0 38.51 22.67 21.63 7.93 4.12 5.14
12.0 0.90 5.14 26.55 55.03 7.75 4.64
2 AREWRNAKREARSIFEFTHTHNZN
Table 2 Molecular weight distribution of heat treatment rice protein %
4y F 4 /kDa
QbR B2/ °C
>100 50~100 20~50 10~20 5~10 <5
A4 9.69 24.75 39.14 16.67 4.64 5.12
50 11.53 27.55 38.69 10.98 4.44 6.81
60 12.52 28.65 38.61 10.13 4.04 6.05
70 12.47 28.07 37.80 10.52 4.37 6.77
80 13.75 30.74 38.24 9.79 3.66 3.82
90 30.11 25.29 .46 9.62 4.09 5.42

12



EatiwFs 2018 % 8 1

R4 RLBXNRKREORZREHH M

Table 4 Effect of heat treatment on secondary

structure of rice protein %
MR EE/C o IRE & B¥ T4 ith
% dib 7 47.30 8.77 26.30 17.44
50 44.25 11.42 23.62 20.71
60 44.19 11.13 23.15 21.53
70 43.92 11.76 23.43 20.89
4000 3500 3000 2500 2000 1500 1000 500 80 44.09 11.13 23.05 21.73
: 90 20.71 24.06 19.03 36.20

Wavenumbers/cm™

(a) BdAb¥E

P A8 A0 RT DA B W [ 43 TS5 A B L BB 2Ca) T
B 5 5 RP AL, M i ab B pH HE 8.0~10.0 i, Z Bl 4b
J5 1 RP H g K M8 A 5% 0442 i (H 28 10 R B2 AS B g5 2 4
# pH {H & F 10.0 B, i & 4 3 pH {6 $2 5 . RP 9 Bf K M A
WL R 758.21,995.72, 3% & B Sk — & AR BE 0 B
A BN £ OSBRI R B K P AR AR AN s M Ak
P pH (i #d —FWE G, B AR e SRR R R
A il B AR A B A A T P9 I I K B P R R 4y T R

AN — ST AL B
4000 3500 3000 2500 2000 1500 1000 500
i3 H I 2(h) Af D, #4360 RP 26 T B 7K 1 19 5% i Y% A5 e
(b) et A AL S TS S 5 A TSR E T L R 0 7K P (8 2 0
Bl BAE HAEXABORGLIILER NS HL AR A R R B DR R RPAE 503 A0 A9 34 4b B
Figure 1 Infrared spectrum of rice protein of alkali 12007
treatment and heat treatment
1 000
£3 WREXAKEAR-REHNHM . g
Table 3 Effect of alkali treatment on secondary structure v fi
of rice protein % E zi 600
WH O oW pE g MG -
31 47.30 8.77 26.30 17.48 -
8.0 33.79 11.75 23.51 30.65 200
9.0 33.02 11.84 24.33 30.81 0
10.0 20.81 24.26 18.94 35.79 Con § K 10 H ;]?[
11.0 20.37 23.67 18.72 37.24 600+ (a) WAEH
12.0 20.31 23.42 18.76 37.51
500
)5 L 4 B I G 7826 4 O 26 0 o A 1 O R 25 5w
5 B pH 5 F 10.0 1 o SN B4 fi BT 7 L L 82
B 9 5 L g2
% 4 AT B A PAAL BRIRL BE R L 2 O R AR R H&% 200
SRR 55 RP A E L RP £ 90 °C /40 min 455 a-42 -
e MERTIET 26.59%,7.27% .1 p-Ir& L L L #h
BT 15.29%6.18.76 00 . R W HAAL BEAE A5 88 1 5T o BRIE 0 807080 90
B fE K BT S MBI S AT T etk . TE RS Tempemmf‘/%
F oW B O BRI — iR R Y H AL BRRT LR AR (b) #ALbry
o~ WRE Y 5 i, A5 B 1 B4 T A T A R 1) T A A A B2 A Ak REERADRAKEGY A
LER A TSN HL Figure 2 Effect of alkali treatment and heat treatment on
2.1.4 X RAKREBEHBEFRBEKIESE W & E 3 K surface hydrophobicity of rice protein
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KM AR S R AE A H Y AL BRSO 90 CHE LR
JoE P9 I R R A o TR B R T Ay T A
BB K L R
2.2 AR HAEMAKEARGEERNZIE
2.2.1 X RORER (VBT RS2 pl B 3 Ca) BT B AL FE
pH {2y 8.0~11.0 i, RP % fift J& JC WA 2 45 1k s 24 ol 4b 3 pH
{8 12.0 B % 8 B R )R RP A9 2,09 0 48 75 & 5.16 %0, 1] fiE
e DR AR R A A5 R R AR KR T B, B AR A T EE
FH 70K s T IR 0 R 3R T 8 e vl 5 | R SEVE R
ER = F: S D50 A A R R N i R P s )
R A DT b T 3 T A L S5 iR 1 4y T R A
A AR [ AT L AT RS R T OROK R 1 R I
my [l 3Ch) AT, B Ak R EE Sy 50~80 “C I, ¥ ffe B Bl A
Fhoph T VL B T 4 AL, 80 C B A% BE R 3.04 %6 5 24 kb B IR
FETT T 80 C o, 15 it JBE A5 Jh R B 45 /0N » ml A oAy A 11 A 4k 2
ik R K RV AR B ) O ORI R B B
or
sl

4+

VAR
Solubility/%
W

401

351

300 -

2.5r /

2.0F

L
Solubility/%

1.0

0.5F

0.0 L L 1 ! |
Con 50 60 70 80 90
i
Temperature/ C
(b) b
B3 RAE RAENKKE G RERELNGY A

Figure 3 Effect of alkali treatment and heat treatment

on rice protein solubility

2.2.2 X RKE A FRAANE (EA) 53 ALFE M (ES) B

& 4Ca) AT B AL 3 pH (42 R EA 2R
J& PRt 43 pH {E 2 10.0 BF . EA BU75 5 K {H (0.660) ,
JER RP 1Y 2.42 £ 3502 PR ¥ BE R 38 n 46 45 R oKk 2 B il
B T W AE it -/K ST, T v p (R0 A 3 G 2 K
L FLALMEBE N M PRI . ES R % Ab B pH (42 = A B
AL B pH 12,0 BUAG B R fH (12.6420) . J& RP (1,12

14

%, 75 W B Ab 3 X RP 1) ES SY i/,

B & 4 (b)) A] T, FAkh IR BE Ol 50~80 “C Y, Fifi & A0 FLiR
FEFHE RP 1 EA B H R M A 3R B = F 80 CJE . Bl
B ETHE L EA T B AL 5 RP AH G, Vb3S RP Y
ES TTH B2 1k, Mellema 22 BF 58 & B 85 °C /20 min $kb
BT R A LN AR R A I SR G LA T

087 .
07k EA 114
z 06 2
£ =
L5 08 = {%
= s
S E 04 % 0
£ g
0.2 =
0.1
0.0
(a) BHAbH
= g
£ <
Z 23
# 3 Z
] % OB
E R
& g
=

80

i
Temperature/ °C
(b) kb

B4 mam AR KRE G R R I
€ M 4G % R

Figure 4  Effect of alkali treatment and heat treatment on

the emulsifying and emulsifying stability of

rice protein

2.2.3  XPROK B TR M (FA) 5 F 58 1 (FS) Y 5% 1

F T RA R R AR E e R R
PR 1 95 A 1k 2 L ] DA R M BTl PR 5 Ca) ] D B
BRI pH (HIRm FA 2385 M43 pH E N 12.0
B, FA BUS AR MH (135 %0) . S Ji RP [ 2.51 fi5, Bl & 4k 3
pH (= FS 256845 w8/ #2440 # pH 24 11.0
A AR B KA (72.81%0) , & 7 RP fy 1.42 5, FA A fkits
A VA A A A — B, X R Dy BB B U R
R Y PN R 2 R R T AT ST AT B R T OROK
EH R R EER,

Ha ] 5 Ch) AT Y A Ab #R B2 AE 50~70 CHf,FA #1 FS
Wi T T e o R IR T 70 CCHp L FA gkgn . (1
AR AW BE /N IS FS B8 5 I BE T = R AR, B Ak 3
RS FA f FS 284k i 32 B2 5 N m] RS2 Sk 3B e T 2R
P J5E 109 5 42 0 gk B R B, DT S5 3040 AL WO 2 DA R % ) 44
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Figure 5 Effect of alkali treatment and heat treatment on

the foaming and foaming stability of rice protein

KA.,
5 gl

AT 5T 5 58 T O A0 3R B A0 B KOK BB R A5 5 T
BEME I m , R A pH 8.0,9.0,10.0,11.0,12.0 1 45 14 4k B
KoK AT 40 min B, H D) RBHE B#R A R W) R B 42 & s 2 b
M pH fEHZN 8.0~11.0 B, ROKE H R —RE W RIT. /0 72
IF1) 7= A= SE B B4 L =100 kDa [ 21 43 & ft 38 i 1 24 4b 3 pH
fH R 12.0 B ROR 88 F1 T 9 IR S8 4 7K i - <<20 kDa (19 41 43
BB e B TS5 AL R T S5 4 BT T ) TE R RS
A%, RH 50~90 C/40 min {24 AT AL B ROK B (H T
SR TN Ty R 5 14 AR A6 55 AL B B A 56 L A Ak B B K #)
90 ‘CH>100 kDa (¥ 414> & & A A B, B ARKE H R
MBS E Ry TR RMEE T - BEM S E., FREE
W] 2 B Pk BB AL B BAL RS ORI 450 kK T AR,
R MEBCERCR AR B, J5 20 506 ik — 2 % % pH Hh
[ 40 Ak L 6F SRR B 1 T Ty B DU 1 5 s DA B R B A B L A
AEEURT pH By [ 3R R A R X KOk B T U A R R 0 BT
BREE .
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