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Effects of Exogenous Enzymes on Properties of Rice Dough and Rice Bread Quality
LIU Xiao—fei', WU Jun—ying', QI Yue-na', ZHAO Xiang—xiang', LIU Chang', ZHANG Zhi*, ZHANG Na'"
(1. College of Food Engineering, Key Laboratory of Food Science and Engineering of Heilongjiang Ordinary
Higher Colleges, Key Laboratory of Grain Food and Comprehensive Processing of Heilongjiang Province,
Harbin University of Commerce , Harbin 150028, Heilongjiang, China; 2. Heilongjiang Beidahuang Rice
Industry Group Co., Ltd., Harbin 150000, Heilongjiang, China)
Abstract: This study aimed to develop suitable rice bread for people with gluten allergy and improve the quality
of rice bread by adding enzymes. Rice bread was made with broken rice, and the effects of single enzyme
preparations (a—amylase, lipase and transglutaminase ) and compound enzyme preparation (a—amylase-+lipase )
on the pasting and texture properties of rice dough were investigated. The effects of enzyme dosage, fermentation
time, fermentation temperature and pH on the pasting properties and comprehensive score of rice dough were
investigated. The optimal fermentation conditions were optimized by response surface methodology on the basis
of single factor tests. The optimal conditions for the fermentation of rice dough were as follows: transglutaminase
dosage of 0.008 g and fermentation at 63 °C for 87 min. The preparation of rice bread under the optimal conditions
raised the sensory score from 65.2 to 80.7, decreased the hardness from 994.6 ¢ to 756.5 g, and increased the
specific volume from 1.97 ml/g to 3.01 ml/g.
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Table 1 Rice bread ingredients list
Gy i %
Kt 100
bl 10
41 15
{25 L5
B 6
o 1
X3 10
K 70

133 i

HEBFRI 10 g KA, 20N A a—JE R iR 17T
A3 ST S A S EE oM 10 1 STC Y oo T A AN
NIV 0.008 g, HAFURHE R 1 Ui, FH /KA RER):
FER BEATE , INA LR B A B AR SRR G
VR 1T A, B S TE) 24 90 min, B & HR A 60 °C, iR
SIS pH {EA 7, WA 58 LR A TRIARE K T B A
PESHTI AT 53
134 HRHERRE

TEHL 1.3.3 B i B LG T R R, [ 3L
BEAHEC T o LA 10 g Kby A EME , B Z2 BRI (0.004
0.006.0.008..0.010.0.012 g) . & B 1] (50,70.90.110
130 min) i & 1L (40 .50.60.70.80 °C) .pH {E.(5.6.
789 ) XK T AT (AR Ak B B TR 43 RS
1.3.5 WA [ 43 Hr i

LA R RR R 25 R, # S Box—Behnken i
BT I B 5 S5 ) de /N SR, DR VS i A L T
SR AR BE SR R R K T 255 PR3 (Y ) Ry il )i
{8, #EAT = PR R =K 1 T8 A3 AT i 4, i o e f T
2SR RN ER 5K 2.
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Table 2 Response surface test factors and levels

Gty A BRI/ BEEKIE)/min € BEAIREE/C
-1 0.006 70 50
0 0.008 90 60
0.010 110 70

1.3.6 KAl B 53t
1.3.6.1 LRI E

Z: M Haghighat—Kharazi 28®f%) 77 3% , Il 22 K 1 4]
IR
1.3.6.2 kRt r I

FEIOK T A8 HC R 43, VIR, 2 emx2 emx2 em /)N
B 05 1AL 00 SSAL A (R B s | o v A [ AR
PE ) TR S50 PR B P/50 IR Sk , T4 17 8%y
2.00 mm/s, MK HHE F K 1.00 mm/s, PR 3 F K
1.00 mm/s , FRAEFEE R 50% 45 R THIFGH 5 0
1.3.6.3  JEA P4 AU AL BE 754300

R VE 53 FORIAL BE 1553 2 BE E 23 SR SO I ki
TR RSB, AR (100 43 )=AE 1 (25 43 )
I (25 43 )+ PE (25 3 )+ 1 (25 43 ) o Wik

53N 100 43
BARFRAR R AR
C
D—A—xB

D IZARRA B IESY 5 € S ICARAR 1935 43
{ECHN 100 85 25);4 Mizdebri KA S o/ MEZ %25
B JiZAR R E (S B/ IMELZ 22

H TR T PAT A B S i A 5 IR Bt B 5%, e AR
JEE LR I A BB A A 2K T

D=25—i—5xB

13.6.4 ZEGFRIIE
R R EE R RAE B 0.5, ik

WA BIRE RN 0.5, RECEAN 1, 56V =WifLE
1343 %0.5+ BT 1T 53x0.5,
1.3.65 FHlHRBENE

K A # FL - {2 fU5E (scanning electron microsc—
ope , SEM )X K [T AT (R OU I 2364 T M4
1.3.7 I b i s 7 ik
1.3.7.1 K REE P

Z:HR Zarringhalami 55" 77 7R XK AL T8
WA N RN TCRRIE LY 15 £ Ll A5t
YRS /N, 0 Tl A5 B K T EA T B T, 233
PNITRON 2 /NS A RE A GRE A @ A7 (I SN R P/

6 I AT VA, SRR T o, O 2 530 oK
AL A E PR ARIE ML 3,
#3 KESHBETHTAE

Table 3 Sensory evaluation criteria for rice bread

E TR bR WEorbrifE I3
NN T 583 RIFDGH TR DA 7.1~10.0
(10 43) TR e R Bl e AR 4.1~7.0
AN TERE , TE AL A TEZS 0~4.0
i A FGATAAT AN P, JEAS Bk 10.1~20.0
(2043) A BG A AN MELL TR 0~10.0
EI A URES RILB OIS H65E 7.1~10.0
(10 43) TP AL E) AH G 4.1~7.0
TR BRI HARYS] 0~4.0
SUZERY AT ARSI S) RLRVN 10.1~15
(154%) HiEA
A NSRBI S) AR 6.1~10.0
BN
TCSRE NS B R B 0~6.0
ok AL IC SR, HAT TR ARk 14.1~20.0
(20 4%) AL AR 22 B B 5k 8.1~14.0
AL ICF IR, A AN AR 0~8.0
U A RBEFIBERE IS I I AL R, FUSRA RS 13.1~25.0
(25 41) HL AR, TR
PR 2% 0~13.0

1.3.7.2 K tg iy i itA

HARA AN 1 h 5 P THA B , VT 2 emx2 emx
2 em WYTHALER , AT R 0B . E4 PI36R RIAETEAR
3k, R H Bi# 43 #1 (texture profile analysis, TPA ),
N S8 RE 0 m S A S RO 1 ma/s, il K )
5 N JEASHE 30% . [AI B ] 2 s, FAMRE 3 KM,
1.3.7.3 R fe iy A iFA

SR /N K B 0 7 K TR ) 2R
L4 Wdlaib B 34

FT A 45 R O B AR EZE o R Excel
2010 ,SPSS Statistics 26.0,Design—Expert 8.0.6 F1 Origin
2017 FAFFEAT AR BRI, LIITAb P X B 22 1) 1)
EMEER (p<0.05),
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AN [7) o 255 il %ok K T VAR £ B R B 1 43 ) 5% Tl
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Fig.2 Effect of enzyme dosage on gelatinization degree and texture

score of rice dough
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W, W RE SR PRy i J52 10 38 B8 15 il 1 B4 e JEE i I
LU, SR TSI g > TR R B AL
R AR, A SR g I, 2 T 2 1 T A 75 PR

ey =] R J |
gq BBB2 RafASHR BAHA
o w“ HC R e T, BN R P28 , I, W
e FEVEAITRES 0.008 .
=1 175 222 SR IGLIE XK T 4 B2
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Fig.1 Effects of different enzymes on gelatinization degree and 20 ) ) . ) ) 65
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Fig.3 Effect of waking temperature on gelatinization degree and

texture score of rice dough
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JEr DAL AT R A 2 B g e it 1) il i HE A 60 “CZe A
PRI 0 At P75 P, (ELAS 2 T R Al 1) 23 ) 54 T
T BT REMR A TG 1 , (8 i 2 S B AL o, i
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Fig.4 Effect of waking time on gelatinization degree and texture

score of rice dough
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FEAMR AL, A R B, K 32300, AL
FERBTAIPESr MR PRI, A & B )24 90 min,
2.2.4  pH {E0) A T AT it JB A 52

pH (B K T AT A RE S BAB I 43 i sl UL 5

o7 —~— e 130
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Fig.5 Effect of pH on gelatinization degree and texture score of

rice dough

i1l 5 AT, BERE pH L T KT P R Ak
AT PP o3 1S K5 98N, pH (B Ry 7 BF ik S 0EE (A
AR R FER /N o pH (X K T AT A A 8 b 25
BVE RN, R i R & pH (R 7.
2.3 ma e AR 25 S A
2.3.1 WA AT BT R AR Y Ny

Wi o7 i T TR B 45 SR L2 4

F4 MEERERITRER
Table 4 Design and results of Box—Behnken center combination

test

%' A B c LRI
1 -1 0 -1 76.29
2 1 0 -1 76.27
3 0 -1 -1 76.31
4 0 1 -1 75.97
5 0 -1 1 84.56
6 1 0 1 81.78
7 -1 0 1 84.09
8 0 1 1 77.35
9 -1 -1 0 80.22
10 1 -1 0 82.54
11 -1 1 0 81.73
12 1 1 0 75.36
13 0 0 0 90.49
14 0 0 0 90.66
15 0 0 0 89.78
16 0 0 0 90.12
17 0 0 0 90.27

VAZEE P (Y ) A AR, 1T 00 ROE T 1 Xof 35 4
PEAT A B, 45 Hh R 2 B [l )9 7 f Y =90.26 -
0.674 -1.78B+2.87C-2.42A B-0.57A C-1.72BC -4.50A*~
5.56B°-6.16C% XA DEAT W E VERL I, A2 0y 22
IITEER IR 5.

x5 ERFERHAESH
Table 5 Analysis of variance (ANOVA ) for the developed

regression equation

P FAM HBmE ¥ F{E pfH BEM
TR 549.23 9 61.03 184.34 <0.000 1  **
A FERnE 3.62 1 3.62 1093 00130  *
BRI E 2528 1 2528  76.35 <0.000 1 %
CHRKISE 6578 1 6578 198.71 <0.000 1  **
AB 23.47 1 2347 7091 <0.0001  **
AC 1.31 1 131 396 0.0869
BC 11.80 1 11.80 3564 00006  **
A 85.10 1 85.10 257.07 <0.000 1  **
B 129.96 1 12996 39259 <0.0001  **
o 159.81 1 159.81 482.74 <0.000 1  **
B 2% 2.32 7 0.33
AU 1.85 3 0.62 534 0.069 6
Al s 0.46 4 0.12
Jovil] 551.55 16

TE* FORZER B (p<0.05) , % FIRZE ML (p<0.01)

i 5 AT IR p<0.000 1, 22 50 B2 5 [ml )
FEAYIALIIT p=0.069 6>0.05, 225 A% ;R=0.998 5,
A BE>90% , Ut FH 125 T 8 A Jeg b e g i oy {1 174 A8
1k, BS(E 5 SR EUE RE A R 1 LA 1 | i g0 15 22
N R e B L2, DR I R 8 10 FH Ot R ke
SEIAN T o S LA PRSI 58 I A T K TR
JE > 9 5 6] > B R 08 5 B.C A B \BC 2R T 3 54
A TITE N
2.3.2 WAL HSAT

FEK AL A 7= 257 10T, Ry itk — 2D k5 ) K]
FAC TG HNE FIBLER , ARl kA AR A 3 1) 55 = 2k
K o T AT AP 6 P 22 IR 58 AR SR
AR o 45 P R e KOs ), & R BAEH
F14) B8 fe £ ] 7 T UL I 6.

H & 6 AT, Y E R bE D R ER
M, 55 PR Y R B TR TR A i
JOf T I I TR b AR TR ORAR 5 25 e 2R S RDE
FEHT PR R 22 0] 58 AR k300,

i3 Design Expert #4415 213280 1 1) s 1 5%
4« B I 0.008 g i % ) 6] 86.50 min | B & I
62.75 °C, B ZEA T4 90.708 6, ARLEG %A 4%
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Fig.6 Contour and response surface plots of the interaction of various factors
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Fig.7 Scanning electron microscope images of the microstructure

of different rice dough
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BRI 25 S5 A1 (2 HHE K 1T VAT R A7 2 e i 7 o 7 2R Y
AR, B —BE R/ N ST A K T AT AR B
R P A XA LR I S R AT eI e 2 -5 oK
TETPAT HR R P15 e A SR A T AT g U RE S
T FE AR, A B T i AT 0 ) RORBEIES , M T

DA T AT )t S, 7 I ity 2 T A K
K T AT 25 PR Py [ R, o] L2 P K il R 1
2.5 ORI 25 R

TR T LR i BB VDA DG RO RE B | Rk
A6 PRI [ A A S A i TR O R SRR R 8 A, e
AR AL 5 R e a AL B A K T A R | LR
FURE P ULER 6,

*® 6 TEXRASSHRIUKESHFGITN

Table 6 Texture evaluate of enzymatic and unenzymatic rice bread

R fifi i /g sk e g 5 P H %5/ (ml/g) B ES
ISP N ) 994.6+34.5° 1.61+0.2 762.9+15.6" 0.326+0.019" 1.97+0.21" 65.2+2.0"
KA 756.5+40.7" 1.760.3° 853.2+20.3" 0.44620.033" 3.01+0.19° 80.7+1.3

T : RIS NG 5 BERR 28 57 .35 (p<0.05)

H1¢ 6 TN, T oK A 5 R AR T ALAH EL , T
JE AR, M PR K, Bk 0 ) A PR s A T v, LR
KBETFS M 65.2 #2155 80.7, MLE 5, PIEBLLZY
STLRIR AN B ER B, W (E CL A R
HL O BRI R o R R A S e i 24
Bty REFS T2 11 T 2 AR ¢ 52 3K, BE RS 2le s T 0 1Y)
FREAUHERR , BT NS, A A, PR, b
IREE R, A U i Sl 1 AT B TR T ALY
il %

3 &ig

AR SCHEBUROK M 2L JFURE , U8 &Mt F Ay 2l
RN IVEA AL o PR 224 A e 7 1A A A i
FIHT, XK TR A A 2555 VP43 B 52 Ml /MU Ay T % T
JEE > TR 2 o T0) > it 7 ot 5 38 ok v 7 v A A a8 v 26
K A 9 e R T2 25 A4 M AR T 2t 0.008 g i 22 Fisf 1]
87 min &I 63 °C, I A F B AE P2 ok imi 254
PRI RE N 90.71 B EPEAr M 65.2 $2 i E) 80.7, AR
M 1.97 mL/g B AN E] 3.01 mL/g, K i o045 1) v fig
BRS8N 994.6 ¢ B#EAIREY 756.5 ¢, £F
HIACN MR R . AR A B FIoEk i &
MRS, A BT o8k T B 5l 19 Kk Jie ok
TR EE N T 5 256 AR A — e i B AR

SR
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