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FIER TR W O [F] A0 B 3 7 bk A BRAE K, $R I
AFR. 28 1 5, B0 16 K 25 11 (pre—gelatinization
rice protein,PRP) . # 4 # % K 2 A (ultrafine
grinding rice protein, URP) FIFUR 1k 68 f30f i oK
1 (pre —gelatinization ultrafine grinding rice
protein, PURP) ., LA K & F (rice protein, RP) R
Xf B PRI AR A A2 Ak B BITOAS [ Ak B 5k x
1% A SR AR IRYI N B RO G N 2 PN o = DY
45k 5SS D RE R R N TERR R, BRI
R K E 1B IO AU, 2 T e oK A BRI

1 MBl5FE®
1.1 BERSiKH

Pk, W F R T AL RS KA BR ST A

S— KM H—1-ZEA R B (ANS),5,5 -t
W (2-Hi5 32K B R ) (DTNB) V& E AL  3hk oK
LEEX R A M4l
12 UB[5EHF

DC-1 500A %= i 2 Dy g By AL, #r v ok
ShE H 4 R YF2-2 BB OB AL, IS
RAARALER ) S3500 R 3O A 5 2R EE M4
26 [ 22 A5 ve A FR 2N 7] ;S3400N AU HL 7 e, B
A H 7.4 B (Hitachi ) ; PerkinElmer UATR Two %Y
8 B 2T A TR, B4 R R BR Al 4 L ( 1)
AR T J-815 B[R — (63, & [ R B B
A); UV=5800C B2 Ah 430606 B 1, g oo b { s
ABRA T FA25 RS s B L, L gk v
T AATLAR T A R ]
1.3 RIEH*
1.3.1 FERAIHIE OROB A OB B o
100 H i % 354 HOL8 H

TR O R B 25 . L3RR 28 Ry
WEHLRY I , 3 500 H 0 % £ k6 5 H

TIORI ALK 45 . K b 2 FOROR 430 TR
T ZE 1R K VA i BB 03 BCR 109% Y BT, T
KB INAARIAL 30 min, F-80 CHid , 2174 1
TR B RO ORAE
1.3.2 KEAMEE 131 A 4 kR,
Iy BIANA 0.5 mol/L. NaOH ¥ , L 5: 1 B Kk it
L, T 40 CARBEEFE 1 h J5,10 000 r/min &0
20 min, 35 1 mol/L A E BR A WA AT pH {H

% 4.8,10 000 r/min &.0> 10 min, & B F/K P& UL
TEYI BT 3 G ¥ VR T8 & I, il #5109 4 FhaE
JERE S 43 9 6 44 0 RP URP . PRP #1 PURP,
133 HEHEFR A K Zeta ALY E ¥ 4 Fb
B0 RE A 50 2R 0 K R B & 1 mg/mLL,0.45
pom I8 R 8 VAR At R AT A OB UK
AT REAR N Zeta— AL (10 %€, LA AE 3 1K,
1.3.4 HFBEWEE F 4 FhEE AR 0 31T
52, Wi 4, BT SEM UL & (M i AL S 454
HCRAEECA 2 000 514,
1.3.5 fHEEFLLsEEm e WET, K R
i S5 IR AL W 1:100 (JF i L) B9 L BNTR A TR
h LA A s | 5, S 80RCE S
1 4 000~400 ecm™, 53 BEHE N 4 em™, —HE AT
64 K, WAL BB 2 nm™,
1.3.6 B @GS B 4 R B AR o
i B 2 200 pg/ml, PL2S B /K 25 1, i 85
JEAE K 190~250 nm Z [A] I 45 41 CD S il
1.3.7 UFESHiEEM e Tl A
8 mg LM, A 20 mL Tris—Gly A bR 1EZE ih
W ,5 000 r/min 5.0 20 min, W& 5w, BV &
ISR R

B L1 Bt & PR iR AF 0.2 mol/L Tris—Gly 2&
odth, B # 0.00,0.02,0.03,0.04,0.05,0.06
pmol/mL (Y5 EEbR UER W o 43 L 4 mL 1Y% He b
WEVR I, WA 0.1 mL 10 mmol/mL. DTNB, F 412
nm P& WO RE , FE ST AR E T 4L

T B B o M . 43 E 4.00 mLL 25 A i
FESR W, N 0.1 mL 10 mmol/mL. DTNB, #+ & 20
min, 412 nm 02 WG EE | AR A o it 2 153000 B8
e S o

SV I E . 43 E 1.00 mL & TR
SR, HUKINA 4 mL 0.2 mol/L Tris—Gly 28 i
W, 10 mL 12%K) =& LR, 9% 2 h, T 5000 1/
min 54 F B0 15 min, WEITE, A 10 mL
0.2 mol/L. Tris—Gly 2%l , #= ¥ H % DUVE %
JA 0.1 mL 10 mmol/mL. DTNB, % # 20 min, 412
nm 0 5E RO R PE AR I T B RS A

TS R AR

mety 1)

2

ms =
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A H m HEEFE S & pmol/mL;m, A i &
Bk wmol/mL;ms Sh AR EE S &, wmol/mL,
1.3.8 RGP E 8 R S % 2 18 51K
PER A ANS FE DS H e R, A1 0.01 mol/L pH
7.0 0B R R 9% vh v C ) AR BT T A vk B A
0.005~0.500 mg/mL Z [A] , HX 4 mL & [ B 5, 5
50 wL. 8 mmol/L. ANS FWIRA] . R ZE/ 6k
JETE I 2 PR U5 R 365 nm R B UK R 484
nm FASEGIR B, DUER SR A R R AR A, ¢
TR AR AL AR, i ith 2k SR A B/ o afe i x
M2 HEAT I, e mh o5 B ok 25 15 1% 26 i i K
Arijcalfnk [18]O
1.3.9 Flibtk . bR tErie 8 4 fEN
J5 43 590 S 6 A% 20 mL 3% (W, JE Y pH H &
7.0,12 000 r/min 23 # 30 s, K& 40 mL 43 5140
AVEW T 4224380 2 min, ¥ FLAL G B9 FLAL W
b E A 100 mL 2.0 4,3 000 r/min B 0 5
min, & HFLLZEFL, 76 80 CF A3 2] IR A WK
JCE 30 min, B RFIAE A ¥ 2080 %R S L3 000 1
min &0 5 min, W B FLALZ A, BN S
FLALRR E T

FLAPE AR E EA KXW .

FLALE (%) = %xm 2)

AUREPE (%) = 3O m;ﬁﬁlgzj{‘@ﬂ” X100 (3)
1.3.10 ik GEMARREER I R PR I
FE W FURE BB 1% W, I pH (E 2 7.0,
L 13 500 r/min =53 53 BOFE 2 U, 30 s/0C, Ko
U B D EASUE T 500 mL (R fE i Sk
158 10 B VR 5 3 K 1 AR R

X(%) = V“/ixmo (4)

A X IR %V R U IR RS
IR SR T mL; Vo S AT B 1 I 2R L Y
{UNA

N(URY N =Wl O R S g = ool £ 0 | s 71
% 15,25,35,45,55,65 min J& B 43 09 1 R (R A,
Fie T A B R R R 1

FS(%) = I‘j—;xlOO (5)

AV, R B IRAR R mL; Vo A B 1

P B A WA mL,
1.4 HELE

I B R SPSS 25 Bk iEAT 43t 4 #T
K Origin 2022 # AR

2 ZERE5{Tie
21 HRN Zeta BALH51F

RP .URP .PRP #11 PURP fyfite . B {izh R
%1 Fim,

*1 RP.URP.PRP #1 PURP By$L{3  H i

Table 1 Particle size and potential of RP, URP,
PRP and PURP

e #i £2/mm W, 4% /mV
RP 92.17 +3.23¢ -21.13 £ 0.32¢
URP 70.82 £ 2.94¢ -21.27 £ 0.29°
PRP 137.63 +4.11* -23.31 £ 0.34"
PURP 132.29 + 3.87" -23.24 + 0.45®

TE ¢ 7] A7 AN [R5 B 6 B (9 (bl 22 ) 2 5 A e 72 2 3 (P<
0.05).

i 1 Al 1, RP #l URP kL4540 5 92.17
nm F1 70.82 nm , i i ORI L AL PR RP A1 URP A9 kL
24y E] 137.63 nm A1 132.29 nm, MG #EAL
FEAd RP F PRP 43 0l B AR 7 21.35 nm il 5.34
nm, 7] {8 & FU Ak b BB 10 A 25 A AR 1
AN AR o B T N S i TS
FE BT 43 T 43, BG I BURE (14 °F- X B AR kAR
8 AN TR A Ak B A N U ZR A B T
AR AR N B A

Zeta AR PLFRIAE A, @EHT
FAER T B ER RS E M, BB AR A R T RE
P2, RP URP .PRP 1 PURP & H {3 43 5 A
-21.13,-21.27,-23.31,-23.24 mV, #%H{H 51
o, 3@k B AL ECE W] LU A fe e A
Y XHE AR, PURP R [ L R ik, R R I
FaE™,

2.2 WMMEMAH

RP .URP .PRP #il PURP i fiL g5 &l 1 fr
N

1A RP A RERSE SR, H
Wik 2 [ A BRE A (& 1a) , URP [ R A& 9kt
W, AR URLAS /N | BURG G IS (& 1h)4,
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¥ :a 4 RP;b & URP;c iy PRP;d i PURP,
B 1 RP.URP.PRP #1 PURP KRB E
Fig.1 Electron microscopy of RP, URP, PRP and PURP
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2.3 HEMOIIIMIEERIH

RP URP .PRP F1 PURP (% B 21 40 633 3%
N 2 iR,

WE 2 Al 51, 4E 1651 em™ (FERE 1) &b 45 5% 21
1 C=0 M 45 ¥k 2h |, T2 Bl B-F% #f1 , 1 539 em™ (Tt
Fie 11 )N-H A 4 P 2h 3% 58 | &+ B9, )& i i
T 1 22 IRAE 2H 0, 7E 1153 em™ (FEF 1) 4eb i 2
N-H ZE MR C-N iR sh, & a—125E A
JCHE I 129 A1 Ee RP, PURP 45 Fh B fE A (045 AE
WSO AT — 2 B S, RE T Ak B BB R AR
TAE, SLET HmAL Rk Ak, B
PURP (1) -9 25 ¥4 32 ) — 22 B2, Jin $Au (i 28 11 o
SERET S VT B 5 F T B (I U AR A
24 BEZ@EIEELERST

BP0 I S R R 22 I B A4 v J S IR B
MRS, R A8 354 B 2 11 BT i — 4
R, RP . URP .PRP Al PURP 8 — {4 3% < 4
Kl 3 BioR, Z a5 A i an il 4 fros

o~ BRHE (1) 7 AIE B0 3 T 222 nm A1 208 nm
b RFAE IE WA T 192 nm BT, B-H & AU HEAIE 11
W47 T 216 nm, FFAEIEIEAL T 195~200 nm, PURP
B 12 HE =N 6.9% - B S5 E N 41.3% ,8-
A O 19.6% , TR G T & o8 32.2%, B-
B 38 1 o1 ) U 2 5 2 1 A TR A
ERR I ob s WIUE S Pk - S 510 e 1 SY A CEe O B2
1A IR SR s b B S BT B L 49 1 T, B-F% f
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Fig.2 Infrared spectra of RP, URP, PRP and PURP
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Fig.3 Circular dichroism of RP, URP, PRP and PURP
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RP . URP .PRP F1 PURP %) % 3& FIl — i 7%
A 5 fiR,

HEEBTH Y 2 A5 AL S AR i T, 2
PRFF R 0 = R A5 M L T B S R s
LT RE R AL, 8 BT Y A8 VAR AT Y
AR Ak S LR iy €] 5 Al T, RPURP .PRP il PURP
149 S 00 5 R A B AN TR I 0 R T
AW /> PURP 1 w8 & s 2] 17 11.36
wmol/g , Bt B 7 5 1 45 Ak 5 i B AL i 2 R
AHOC S, AT GRS i T GOk R o 2 11 B 45 44
& B SZ BIEIR R A AR L B TR AR
FER TR IBE R | B K B R B T R R 2 T
PR TR R AR WY, IR s R R ok,
BT o G R e AR, PRt A2 5 | B 5
FE R S A AR AR, AT 5 R AR AR
2.6 KREHKMESH

RP URP .PRP #il PURP 1Y & /K ¥£ 4 1 6 fr
AN

B K AR R B B 4E R = AR 1 32 AR
FH 3, AT LA 2k 0 e 5 7K AR G 28 Ak ok R AE 2R
T =R A A4, R 6 W1 RS 1B K M
ik, PRP F1 PURP 14 5 7K 14 38 fin B f2 , PURP 1) i
K VeSS 14.58, XOEH TRAKEAR S A K
WK LR, RO PR R B R =
REERIFT I, I 0 i K 1 i A 2 i ok i
A A BT B 5T P A K R A R L B T
5 ANS ZCHRE S G LS, BT LR T B K M
FEBE N, A RS R A AR R
27 AL FAHBEESH

RP .URP .PRP Fl PURP ) FL 1kt fn 3L ik £
SEMEME 7 iR,

WG &I, 2 1 T ) LA TR M AL AR RS
SE AT AR R A R KM D)
AP RP URP . PRP 1 PURP # L1k fgl ik
FoE PR g m, H PURP fiefm, iK% 34.57
m*/g 1 29.57 min, MO BF 5 8 R U 52
B ) LA AE FH R R 7] BT 68 S0k % R TR A {2
F o B IR, AR A g K ik A R R, R
[T N 2 A O S T QA R IR VN =
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Fig.4 Secondary structures of RP, URP, PRP,

and PURP
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Fig.5 Results of sulfhydryl and disulfide bond contents
in RP, URP, PRP and PURP
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Fig.6  Hydrophobicity of RP, URP, PRP and PURP
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Fig.7 Emulsification and stability of RP, URP, PRP, and PURP
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FE AR E I 8 B
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PEZ A B, IR 32.14% 42 5 5] 35.95% , i
WA ETE 3.27% 8w B 4.92%, X AT Re& R
M R TR A R, A T4
JETF | P T ey $HLBE A PN 3 A I K e s A R R
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K AR U B0 28 235 ) 3500 3 K675 FR
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G S| G 0 /3 A e S i e ]
PR EAE R D B T iR R e M
2.9 MHEXMHH

RP .URP .PRP #ll PURP 4 Ff#E 4 145 8] 45 #4
5 PR ARE 22 18] A DG I 9 T

G5 WIR 4 FVR A - BRTE S B T
F14) 76 T Y R M S W B 3 IE A G (P<0.01),
[ 5 Zeta HLOL BKPE FLAGHE  FLALTR & 1
5 2 A O (P<0.05) , 1 BH 28 1 T 10 e 45 4
AL HE N3 ) L ), B v K 2T 5 AR
F 5 %) 7L A6 Ak 3 4 4  RP URP PRP 1 PURP
() o SR TE L5 R HE I, AR P BT R e 3 1
R R e B TR 2 oA R IR
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Fig.8 Foaming rates and stability of RP, URP, PRP
and PURP
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The Influence of Pre—Gelatinization and Ultrafine Grinding on the Quality Characteristics

of Crushed Rice Protein

Liu Xiaofei, Wu Ming, Wu Junying, Zhang Guang, Shi Yanguo, Zhang Na“
(College of Food Engineering, Harbin University of Commerce, Key Laboratory of Food Science and
Engineering of Heilongjiang Ordinary Higher Colleges, Key Laboratory of Grain Food and
Comprehensive Processing of Heilongjiang Province, Harbin 150028)

Abstract The low solubility and high polymer quality of rice protein lead to poor emulsification performance, which
limits the application of rice in food processing and delays the process of high—value utilization of rice. It is of great sig-
nificance to improve the solubility and emulsification of rice protein by modifying its molecular structure. In this experi-
ment, crushed rice was used as raw material, and pre—gelatinization, ultra—fine grinding, and ultra—fine pre—gelatinization
were carried out respectively, then the structure and functional characteristics of the extracted rice protein were detected
to evaluate the effect of different processing methods on the emulsifying properties of rice protein. The results showed that
compared with pre—pasteurized rice protein (PRP) and ultra—micro—milled rice protein (URP), the intensity of infrared
characteristic absorption peaks of pre—pasteurized ultra—milled rice protein (PURP) increased, and the ultraviolet absorp-
tion spectra showed a blue—shift phenomenon; the synergistic technique of pre—pasteurization and ultra—micro—milling in-
creased the total sulthydryl group and disulfide bond contents from 19.21 and 7.53 pwmol/g in RP to 24.49 and 11.36
wmol/g; the B—folding content of all four proteins ranged from 38.74% to 41.30%, with the highest ratio and stable sec-
ondary structure; and, the total sulfhydryl and disulfide bond content increased, with the highest B—folding content and
stable secondary structure. The hydrophobic sites and sulfhydryl groups of the PURPs were exposed, which promoted the
hydrophobic interactions and sulfhydryl group—to—disulfide bond exchange reactions, and the protein particles aggregated
with each other to form a gluten-like network structure. It indicates that the synergistic technique of pregelatinized ultra-
fine milling improved the emulsification, emulsion stability, foaming rate, and foaming stability of rice protein, and the
four properties were improved by 58.29%, 53.13%, 11.85% and 50.46%, respectively.

Keywords broken rice; pre—gelatinization; ultrafine grinding; protein; emulsifying property



