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FKTEN, WACTEEGIEM A BR AR, KoKE
F 22 B 2 1 5 A 0 B A BR S ) 5 4 Ik e
SN, DR AR R A R R R
BIh o Mrali g .
12 UEHEH

AuY220 53t R, B (Fis) AR
JS39D-250 ZIIfe B M FEAL, WrILZ 24 I0A R
A LR AT BR AN 7] 722G AT LA, B
{SCHL A BT A8 A BR A 7] s FE20 PH 3, M4 - 4G
FIZ AL (1) A FRZA A ; Lab—1A-50E ¥ ¥ T4
B, bt e B S i A A BR A Al s TDZS & 3UAI%
AL, R R P e A R H] s SHA-C
K TE IR, A lb 4 A B2 7] IR Tracer—
100 fH B 2T /ETEAL,  H AR S HEA F] Q2000 2
R E I DH-2 AU AR TA , 35 KRR 4R
K1 ; RVA-Superd 30k B2 T, Fi M8 2 A
1.3 Ak
1.3.1 FEAAHI A MEFRARI 5.0 g (T3E) KR
KIEHR, BLH A 5 ¢/100 g BIFERFL , 7E B PFm b
AN I RAEA (M TEREEN0,5%,
10% ,15% ) A8 TG 1 ik ae F IR G e 2R T
PRSI, J5H 0.1 mol/L. NaOH =X HCI #475 pH
2 7.0, 0 A4 A BN 2 (B i 4.5 Ulg) 7R IR
R 50 CHIK B K AL FE 2 h, SERFFE fh 22
P2V H S X IR TS 1 100 H 43 5 il BT
TEM-EE, EM-EO-MLRY) . BT S
RP 5 RS HH B 1 Il 4 1M 5 1 #F 5 24 R 0 B4R 5
4 RS-RP RS-RP-if§
1.32 @Mk REHIE MG 0 0 FREL 0.2 g FF
(Xo) , A TIUSG B ANF Y 50 mL #5045, B

FERAR B RE I, B OB P2 A 10 mL
FE Al K IR A 5] SRS TE MR A W B TR W
B0 E T 85 CHE A i h RE 22 A4z 3% 30
min, 555 /N0 BUH O b G A N B TR IR BN, K
BEOEE TEIRTEH 2 min, Bi)5 2L 4 000 r/min
BEE R 5 min, B BUNEZ G, W
IS BB e, 75 105 CHEA L 4 h 1 2 4
T FRE (X)) IRl ok, B TP UTIE M AR (X,) JF il
S, FEShV R R Ik R BOTA AL
?ﬁﬁ’iﬁ(%):%xloo
0
WK R ()= X{X

1.3.3 A EEEE R & R I E S GB/T
15683-2008( KoK FL4%E UE By & 1 A 2 ) v iy I
P BB VE A

1.34 JHALFEHERMIE S Englyst S5 EE 57
(R SNSRI Ak 14 5 I RS VR ok, B PR IR
i 0.2 g, A 6 FiR/N—F B EG 2R T 50 mL /Y
BT, BN 15 mL 2 B G 00 T R A 2% b
W (pH = 5.2) IR & ¥ 5] J5 |, 16 37 CRIBHRIK
TR AE 5 min, BESS IAGE BT o VE #3290
U/mlL, L 15 U/mL W& B & IR A B S
mL, BN IR BIAE 37 CF %1k 30 min J5 48 £ 7E
37 CAE K5 N LA 180 r/min 4§ % M 20 min
H1 120 min, 53 5976 BE 2 B )5, MR 1 mL J4 AR
1 4 mL JC K £ B WK T, 3 000 r/min # 0> 10
min, 2.0 J5 MR IE DNS(3,5- i H K7 R ) 210
VSR AR A, BAR AN .

GZO
G x0.9x100

RDS(% )=

SDS(%):<GL}"7(_;G2")><O.9><100

RS(% )=[1-(RDS+SDS)]x100

1, Gy 1H 1L 20 min J5BE 557 A 1 R A
iy ,mg;Gm—ﬂéj A6 120 min J& £E 52 A 0
A OB S B mg; TG ——FF i T 3 i &, mg;
RDS——1RIH AL UE By & 1, % ; SDS——18 15 1L I
i, % RS——hiMEiE ¥y, %.
1.3.5 ZDAMEIE R E R B 21 0 i X
(FT-IR )M 2 , W] 5z Bl GiE 53 JURE 4 T 30 493 itk 110 245 440
HEF, LT HME R B BIREE N 2 wm, R H KBr (1R 1k
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B R e R ARER 0.002 ¢ #E 45 0.2 ¢ KBr Jf:
WFES 5 A TR A W BB 4 R B 0k K
BIAE U F#E TR R, K58 T LMtk
1L LA 400~4 000 em™ 3% BEEA, A5 RS o 4r
RGTEIE ,
1.3.6 I EMEF A IE R 2R A Y
(DSC) Mz IR, 785 s rh e AR 3
mg KK JEHR BIERHR AP, A 9 mg H4liK , 5k
Je B BRI % B AR S R R A 24 h, o DSC
JF LB AE 30~110 °CH BBl P9 A4 , 451 41 o 22 15 o
10 °C/min, FHEZ M & 3 &K,
1.3.7  MUALRR PR 2 R R R BE 43 AT Y
(RVA) I 5E WAL RV . 20 SIFRIL 3.0 g # (AT
Fab), KB N R 25 mL, K5 P 26 AR B
HRERE I, RVA S ERE (A 3 22 OB AL IR B 1k
HEE SR BRARE RE AR
N
1.3.8  FRASUARME BT AWM e TR RE S e TE
25 CHYZAE R 8 5 min, 2 )5 B ACER i I 55 41
HEATHAS AR IS, 55 ) HOAE N 0.1 57 9 n#] 100
s7, WARAN B Bhic s 2R 0 ZE B KE BY U)o 8 i
KR AL RS EN R 7 o E AR 60 mm Y
NG AT A 1, BRI N 1 mm, 85 ) 30
7 0.1~100 s, FFLEnt ] 30 s, M € #RE 25 °C, 4
ANKE S AN E 3 R, S5 R BCE A (E
1.3.9 FUIBAMEE KRS AR Ry 1:1 1
N = BERIZE AR K PTR G WBC ) 5% 10 € F 2L, B 1
Y57, 3G 8 A0 e BB — VR R o T T AR I
R — 22 f BE 2R 18 w5 L S B A PRI JC A, g
AR WSS R B RE TR, HF T % g % SO T 5 AR 3
B EHE S T SRR IE T ER IR
1.3.10  Hdlasrtr  FrA AR EE N E 3 %, 5
Bl P S E e Ar 2 B Ak RoR . ([
SPSS il 7341 , I FIHT Origin VE

2 #HR51TE
21 TG EsM#EWLET.JE RP Xt RS Bk R 5@
B R B S R MY it R AR

Kl 1a 1 RS-RP FLIR 14 & 1 I ik 2 HORT% i
JE Bl 25 2R S I 3 22 1 S BT R R
P, MK R KU FOK 13.24 o/g FIFE 8.67 glg, i

fift B ROk 7.07% TR ZE 3.85% ., BLHFR4E RS
Rungtiwa 51 i 53 25 36 — B, BRI 38 8y ks 45 7
FE AT RE G R T UE K 43T AN PN 5K g 4 il
HOIE I (R I B2 R B ), O A 1 BE H b T K
OrTE5G W R KR L (VA A B R %) . 15 RS RS-
il 0 By — R SR ROK AR (R TR AR R AH LG B RP 7R
T R3S 2 TG B AL I ROK B 11 5 E M A EAE
FH O 88sm  BE S I I R BOCRRSE R R, 24 RPN
BN 15%I), FES RS—15% RP—E 1Y g Ak 22 5%
AR 7.02 gfg. BT UER AR K AR 0138w 5 52
HEVERYSERAT G, BB E A A 0 R N BELA B Ak
VR N, R 25 B n] B2 TG 175 5 4 1k v F 5
B A B A 4> F T 2 S B o R A
FEflOm BN E 2 iR, SAh | A &L
WCPE S RE S A b R R E A e T TR A
i oy R e 2% 1Y) O 2O R B DT E— 25
0T E # URL Y B2 T . SR, BRI E TG il AL
TER T SIEMEE G, BAERE — o R 1K #UR
AT e, i = o ) T
o3 NSO 8 18 1T e 2R SR TE R R K R, iR
43 B TE M o T S R K, ATl
P R iR P A 3 R SRR 11 S5 D A AR &R
ELZEN

340, a0l 1b s, KSR RS RS-PEAE &b rh i
Y ELEEVE R & B . TG AR FHIVE Ry el %
ELBEVE M A R AN, T TG B L RP
YERIRY RS J& 0 5 P 00 s R 25 B AT R
SR RS, HFH 5 85 I i3 2 58 By 1) BB bE
Kyt th e g TR, HARRI . 5 RSAHLL, Y
RP (U IN &y 1590, 5% U8 By s th R R T
29.7% ; KK 5 KK TEM T7E TG B b /ER T
TR R A R v B VE M I R AR T 38.7%
TG i £k 1) 2 115 08 #9338 AR F LA R SR Al )
B A T U8 B B ) A4 2R vl L D M U6 11 R 1
e B, I 25 R B T I A AE T LB 1k
L VE B MTE A R R B R, Y R R
ik 0 1 A 2 i B L BE R R 00 B AR,
Kt 1 7K 43 -3 B B DE M UKL ol 3 805 #7840
VES i A T R i R U, AR K 0T b 3R Y
EVEM & iR RAREE 1Bk TG B ML 1 5 5E
By 22 HAE A T R, S s F A F e A
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Fig.1 Effects of rice protein added before and after TG enzyme catalysis on rice starch coefficient of expansion

and solubility (a) and amylose spillover rate (b)
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Fig.2 The mechanism of TG enzyme-catalyzed
cross—linked rice protein on rice starch expansion

coefficient, solubility and amylose overflow rate
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G5k XA R T ERASER S FRIZ LSS X
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() RP X € 1 Ak 1k 228 #a T 22 , RIS RP
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WYL . B O T AR RN & 35 0 R A AR 1 A
B (R SCRIE LB M sg . &R A C g &
5 W) 43 40 T TR A KA 1 RO R T A T Y D
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Fig.3 Effects of rice protein with different additions
before and after TG enzyme catalysis on the

digestibility of rice starch
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WE 4 iR, 5 RS M H, b PR IS AR & 76 R
TESE 1% X 48k 400~4 000 em™ 22 8] 3 BEA H BB 1)
W ST s | AT L T AR T L JS B S BE R B A BLAE
FEAR AR L R, R R P
R BELE G 0, TR B KR B R B
SUHEAH ELAE L U Ry — VR A 2R A i i A U
T 5 e AL, X — IR R VIVER M TG [
THE A EAEH 1B . Bl 3 600 cm™! E
3000 em™ W EHE S OH 4R sh A 5™ 4k 30k
RUEMMENEAZ, EAhEZNEAYS
TER S A TERALIRIAR R ITE 3 600~3 000 cm™ (1)
I N U6 ) 7 3 B AR Ak, ELBE & R s
WL, R W 2 BH I 1 B v
i) i A% | 3 2% B 30 6 A 4 ik 2 5 B 1 K, HL TG i
(142 55 ] A Ak 22 56 ROK AR 1 (45 V8 by 104 06 i 5 72
JEE i 2

AN, BT 1053,1047,1040 cm™ Al 1022
em™ Ab 19 06 5 58 By 1 O B X JE R A T A
K,995 em™ Kb i U5 55 5 K G & 2 R AR R 43 A
K, i3 k2 L AE AR b 5 TE I A X 4 A R 43
TP S5 A Y A W R AR H H LT,
1.047/1 022 em™ (%) FUAB 8y, B b 09 A 45 & 2

BB 4 U e i A 3 BT 1 022/995 em™
A b A AR IR ) 3 e S U B R SR n T
VE R TE 100 A= 3 AR ARG 25 R . ROR B AR AN W)
WK T 5B EMM 1047/1 022 ecm™" #l
1 022/995 em™ W35 1 2 WAE R L7 & Lk # B
LA, HEI, TG B A6 8 VR FE s i SR TR AR
7 R AR AL o Ok B AN 1 R R RE A

— el — .~ [T RS-15% RP-
—seml O\ /7 [T RS-10%RP
=y I8 m\“ J” .~ RS-5% RP-i§
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_sam! o~ [t RS-10%RP
el O\ [T Rssure

3385 om’
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Infrared spectra of the effect of rice protein

Fig.4
with different additions before and after TG enzyme—

catalyzed cross—linking on rice starch

F1 TCHEALW.GEARBRMENKKELSKKEH
ZTEERK 10471 022 cm™ 1 1 022/995 cm™ &
B E
Table 1 The transmittance ratios of 1047/1 022 ¢m™ and
1022/995 cm™

of rice protein before and after TG enzyme catalysis

in the interaction between different amounts

and rice starch

A S 1 047/1 022 c¢m™ 1 022/995 cm™

RS 2.299 £ 0.011° 0.191 £ 0.001"
RS- 2.009 = 0.014" 0.324 = 0.001*
RS-5% RP 2.311 +0.001° 0.175 = 0.001°
RS-10% RP 2.354 £ 0.001¢ 0.167 £ 0.001¢
RS-15% RP 2.387 £0.017¢ 0.157 £ 0.001¢
RS-5% RP-#; 2.835 +0.073° 0.084 + 0.001"
RS-10% RP-#; 3.402 £ 0.059" 0.072 + 0.004#
RS-15% RP-E 4.125 +0.102° 0.057 + 0.002"

T RO 3R g P B (b o O 22, ) —
25 5+ (P<0.05) .

G b B ] RN A
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2 HH T IRIEM AN TG BHEAL AT . S5 AR
TSI (4 RP X RS BB Ak R bh TR () e (E IR
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SRS, 5 RS MIH, TG g 2 5E 83 4 F st i
By 0 BRI = AR B2 /N BTG B LT S

RP X JE Ky $Re M 7 A OS2 i AN 235, X 5 H
A i) 2 D EEARAAE S Fitzsimons SFPI7EAIFFE
oL 15 8 A B-FLEREE 11X K 380 o 82 i
AR 7RISR . AR TG BEHEALHT
Je B EE NSRS Ty A Ty 3§ A 20 3 A5 1 A
KA AN TR R L R ARG o T 0 T B3 i mT 6 PH 08 2
PS5 R AR EL AR TR T 9 K A K T
THiEs , AH W FEAR 3 VA D T 3 B 4540 B R
SEECER N A P A R R AR, WK K RE
TIEAR  BIAE HTTAG TRLE T, BAERE PE R

®2 TGEEMLIN. FEAERMERXRE B I KAKESHRNFERE M

Table 2 Effects of different amounts of rice protein before and after TG enzyme catalysis

on the thermodynamic properties of rice starch

H & TJ°C TJC AH/J-g"

RS 59.4 0.2 62.4+0.2 72.1 +0.4° 8.6+0.1°
RS- 59.7 +0.2¢ 63.6+0.3" 71.9 0.4 8.6+02
RS-5% RP 59.5 0.1 62.8 +0.1° 70.7 + 0.3" 6.9+0.1"
RS-10% RP 59.6 +0.1° 63.0 +0.2° 704 + 0.4° 53+0.1¢
RS-15% RP 60.7 + 0.1 63.6+0.3" 71.3 +0.3% 6.4+0.2°
RS-5% RP- 59.8 +0.3° 63.7+0.1" 71.7 +0.5% 72+0.3"
RS-10% RP-s 61.1+0.3° 64202 724+ 0.6 6.9 = 0.4
RS-15% RP-## 60.5+0.3" 63.9+0.2" 71.5 +0.5% 6.4 +0.6°

TE B0 3R A P S (E b HE AR 22 | T7) — 4] op 5 B AN ) 0K A i 3 1 25 5 (P<0.05)

25 TGEBEMET., FRARKEEX K KIESHML
EERE: EA

M 3 R TR, 5 RS A I, TG B8R T
OROKTE Hoy F X 36 3 )R A itk 2 (PT) 5 Wi A . =5 1
ZE5% RP WE P TIER WAL, X T R

Sk B SR A /R A IR IR A, AT LLE
o 5 € M o3 F K A R R B AR R 00 1 D R R
4 ff 2 R A AL % -COOH, -NH,,-OH 45 £
Fh R KB AR 2R 5 R 5 B K PR R, &
AT T B 2 A S A AUR 2R 1T 3 2 S sl /K A B

*3 TCHELIN.FERAAREEEARENERERZNNESHY

Table 3 Viscosity parameters of blends of rice protein before and after TG enzyme catalysis and rice starch

# 5 PT/C PV/cP TV/cP BD/cP FV/cP SB/cP
RS 72.5+0.5° 3614+11° 3035+7° 597 + 5° 4679 = 6 1644 + 6
RS-# 72.4 +0.3¢ 32939 2725 + 8¢ 568 +5° 4280+5" 15557
RS-5% RP 72.5+0.5° 3286+ 11" 3030 +9° 256+ 7" 4378 +9° 1348 9
RS-10% RP 74.0 £ 0.1° 3183 +13° 2980 £ 10" 203 £ 12° 4472 £3° 1492 £ 11°
RS-15% RP 75.0 £0.2° 2877 = 11¢ 2639 +9° 238+ 7° 4205 + 41 1566 11"
RS-5% RP-#; 74.0 0.3 2669 + 9° 2414 £ 7¢ 2557 3829 +6° 1415+ 10¢
RS-10% RP-E 75.8+0.1° 2241 +12¢ 2109 £ & 132 + 10" 35028 1393 +9°
RS-15% RP-# 76.4 +0.2° 2470 £ 11 2248 = 10° 222 + 8¢ 3333 +6¢ 1085 + 12¢

TE B FR S 1- $ (EL bR W AR 22 | 7] — 81 op 5 B AN [ 3R0R A 35 7 22 57 (P<0.05)
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Fig.5 Viscosity curves of interaction between rice protein before and after TG enzyme catalysis and rice starch
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Fig.6 Static rheological curves of the interaction between different amounts of rice protein before

and after TG enzyme catalysis and rice starch
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Effects on Physicochemical Properties of Rice Starch by Cross-linking Rice Protein Catalyzed

by Glutaminase Enzyme

Tang Qian', Xiao Huaxi', Wei Yujun', Lin Qinlu', Zhang Zhizhong?, Xia Xu?

(‘School of Food Science and Engineering, Central South University of Forestry and Technology, Hunan Provincial Key
Laboratory of Special Medical Food Processing, Hunan Provincial Key Laboratory of Food Safety Monitoring and Early
Warning, Changsha 410004
*Huaihua Agricultural Science Research Institute, Huaihua 418000, Hunan)

Abstract The purpose of this experiment was to study the effect of rice protein on the physicochemical properties of
rice starch before and after glutaminase (TG) catalyzed cross—linking. The functional properties and structural characteris-
tics of starch blending systems were analyzed by technical means such as RVA, and the formation of starch—protein
composite systems could be promoted under hydrothermal conditions. The results showed that the protein had a significant
effect on the structure, digestibility and other functional properties of starch under the catalysis of TG enzyme, and the
interaction force between rice protein and starch under the catalysis of TG enzyme was further enhanced. The expansion
coefficient decreased from 13.24 g/g to a minimum of 7.02 g/g, and its amylose overflow decreased by 38.7%; with the

participation of TG enzyme, the stability of the short-range ordered structure of starch was gradually enhanced with the
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increase of protein content. The protein with the addition amount of 10% has a better effect on reducing the digestibility
of starch under the catalysis of TG enzyme; before and after the action of TG enzyme, the protein has little effect on
the thermal properties of starch, but its gelatinization characteristics parameters were significantly reduced, and the vis-
cosity also significantly decreased; TG enzyme catalyzed protein to make starch granule network structure more dense and
aggregated. The above results indicated that the modification effect of TG enzyme catalyzed cross—linked protein on starch
was more significant.

Keywords rice starch; rice protein; TG enzyme; catalytic cross—linking; structural and functional properties



