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1.2 REHZE
1.2.1 TERFUKMAEAR T Kk 200.00 g, i
BE WK 6% , WEtE 1.2% , W7 8% , & F &k 0.8% , 4%

FIAE 18% , /K (W /KR K 85% ), KRG EH B &
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JBERE WA, Wb AR B ) IR B 395) R G E 1
AR, S0z —KO)RGHA KT RHE
A5 B AL 20 min 50 B TR RS
£ £ F7 2 2% 1 29 20 min, 180 F 4> %) 80 g &4
BRI 38 CEBE 1 h, B4 Lk 185°C, Tk
160 °CH#% 20 min, &) 2 h JE K F8 55 K PEA 5 B,
1.24  HAUMCEEREENE S RERSE 2Ty
12, K HI Mixolab TR & 52 56 A58 38 A ] 2f 5 4R
F1 5 I &k 5K T A ) IR 2= R, IR 2 B i
Y H1 3 R rp R I 4% 4 M I v R R AR Ak
A2 T JEURE B AR A3 DA S R A R I L R (1.1
0.07) Nm T & . 5080 25 F T - W1 IR EE 30 °C,
AH 5 5 18] 8 min; LA 4 °C/min 134 FE FHR %) 90 °C,
IR 7 min; LA 4 °C/min 193 JE FE IR 3] 50 °C 14+
5 min; 3 4E H R AR REFE 80 v/min,,

1.2.5  JRASREIE R S R
T 5% AN 7] >f Y5 8 1 X K T A A8 2 R 1 1 5 i)
FEAHE 1.2.4 35 P18 1.1 Nm B Mixolab 1 %
RO A, =R E S 30 min, FA B S 25 mm, Jé 4%
BEES 1 mm, 0P E TSR B I ERE S
min 4 ZBR A PR TE T, 2T RSN
Bl VA B0 0 35 - 55 48, LAB T A oK 4y
PR . SRR S 50.0.5%0 2% ,0.1~40 Hz 45
R, BEAMSEC05%NAE 1 Hz Si%, i1E
25~85 C; IM#AGHE 5 C/min,

1.2.6  RVA FriEmlE 60 Fx 2 AS 6 28 &
XM BE A 3.0 g OKEAE 12%), N 25.0
mL ZEM 7K, T RVA f & s G 008 FH b s 25 B
AT RGN R 58 45 A0 R 50 °C R A£4F 1 min, LU
12 °C/min FHR 2 95 CH-LREE 2.5 min, FELL 12 °C/
min [ 2 50 CHAREF 1 min, & 3R A
LA 960 r/min VR AJHE ST OREE 10 s, A H) 4%
HARFELE 160 v/min, WAL S IE(E R | R ARES
JE G S5 2R R R A
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1.2.8  JFiRFEPERI >R H] Brookfired CT3 A5
F Jor R SN R K T L 1) A e, 6 P/36R R
£t B AL H LR 2 emx2 emx2 em [/ 7 B tE
AT 5Ll 20.00 mm 2 AT o EARSH 0 TR
ST 1 mm/s, MK TR 2 mm/s, 1R 9] R
1 mm/s, PR 4 5 B b (Rl 45 1k 5 s ARk 2 R 46
LA 75%.,
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Table 1 Sensory evaluation standard table

A IR (20 &) 54 (20 &) 2 B (45 ) Ak (15 %)

%F 15~20 % 15~20 % 35~45 & 12~15 %
SRR EEM O R BHRIE B S  FRT o RA Sk BHEE Y B A

8-

— & 6~14 % 6~14 % 11~34 4 4~11 %
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Table 2 Effects of plant proteins on thermomechanical properties
P RAE Cl/ C2/ C3/ C4/ C5/ C3-C2/  C3-C4/  C5-C4/
B K Z /% Nm Nm Nm Nm Nm Nm Nm Nm
xf 12 60.6 1.132 0.501 1.822 1.755 2.703 1.711 0.067 0.948
0%X 2% @ 71.8 1.200 0.266 2.904 1.323 1.978 2.638 1.581 0.653
3%K 2% 4 75.2 1.159 0.210 1.738 1.061 1.672 1.528 0.677 0.611
6% K 2% 4 82.5 1.053 2232 1.635 1.065 1.653 1.357 0.579 0.003
Y%K 2%k & 84.7 1.127 0.281 1.640 1.055 1.559 1.359 0.585 0.504
2% X 2% & 90.3 1.030 0.273 1.384 0915 1.340 1.111 0.469 0.425
3% 8% 8 75.5 1.029 0.141 1.705 1.001 1.523 1.564 0.704 0.522
6%% 3. % @ 78.0 0.950 0.110 1.598 0.933 1.423 1.488 0.665 0.49
9% H: 2%k @ 80.0 0.985 0.091 1.549 0.887 1.353 1.548 0.662 0.446
12%3%i 2% & 81.5 1.137 0.109 1.504 0.819 1.224 1.395 0.685 0.405
3%EK%Ea 74.0 1.082 0.137 1.894 1.195 1.908 1.757 0.699 0.713
6% =K% a 78.0 1.069 0.168 1.794 1.226 1.897 1.626 0.568 0.671
9% ® K%k @ 82.0 1.032 0.315 1.720 1.210 1.766 1.405 0.51 0.556
12% = K& & 87.5 1.048 0.375 1.663 1.182 1.722 1.288 0.481 0.54
®3 FYEAINHVMFHENR M
Table 3 Effect of animal protein on thermomechanical properties
. R+ Cl/ C2/ C3/ C4/ Cs/ C3-C2/ C3-C4/  C5-C4/
A RMEI%
Bk E /% Nm Nm Nm Nm Nm Nm Nm Nm
x PR, 60.6 1.132 0.501 1.822 1.755 2.703 1.711 0.067 0.948
0% 71.8 1.200 0.266 2.904 1.323 1.978 2.638 1.581 0.653
3NILFEE G 66.5 1.145 0.194 2.309 1.370 1.996 1.176 0.939 0.626
6%3LF &G 62.0 1.223 0.214 2.585 1.536 2.243 2.371 1.049 0.707
9%3LFH &G 58.5 1.189 0.234 2917 1.762 2.606 2.683 1.155 0.844
12%3L#F % @ 55.5 1.104 0.222 3.356 1.959 2.935 3.134 1.397 0.976
3%EREA 67.0 1.091 0.228 2.219 1.299 1.870 1.931 0.92 0.571
6% % F& G 62.5 1.149 0.241 2.184 1.374 1.933 1.934 0.81 0.599
V% & FHE& G 58.5 1.121 0.244 2.265 1.522 2.081 2.021 0.743 0.559
R%EF%EEG 54.5 1.064 0.247 2.237 1.690 2.307 1.99 0.547 0.617
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Fig.1 Changes of storage modulus, loss modulus and loss coefficient of soybean protein isolate and pea protein isolate
in frequency scanning
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Fig.2 Changes of storage modulus, loss modulus and loss coefficient of zein and whey protein concentrate
in frequency scanning
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Fig.3 Changes of storage modulus, loss modulus and loss coefficient of egg white protein in frequency scanning
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Fig.4 Changes of storage modulus and loss modulus of soybean protein isolate and pea protein isolate

with different addition amounts under temperature scanning
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Fig.5 Changes of storage modulus and loss modulus of zein and whey protein concentrate

with different addition amounts under temperature scanning
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Fig.6 Changes of storage modulus and loss modulus of egg white concentrate

with different addition amounts under temperature scanning
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RVA I 5E 1B LR 5 Mixolab I (1 #4411
CRE M — R UE S T IR B T R N ek T E

*E%%El XH Y E AR IERRASA A K e A 25 J0 Ak OK 1AL L A
BRKAE, 128
x4 HEYEBXEE RVA FEMNMN
Table 4 Effect of plant protein on RVA characteristics of dough
AR E % YB3 JE [P RAKEE /P FA AR cP R FEE P = & A /cP
xR 1602 1208 394 2210 1002
0% 2522 1714 798 3046 1322
3% K 2% 4 2207 1438 769 2 620 1182
6% K 3% & 1938 1245 693 2291 1046
Y%K 5%k 4 1931 1260 671 2271 1101
12%K 2% & 1671 1125 546 2047 922
3%% 2% G 2521 1630 991 2 849 1219
6%%: 3. % @ 2501 1356 1146 2479 1123
9% 3% @ 2440 1234 1206 2294 1060
12%%: 2. % @ 2151 1052 1099 1996 944
3% E K& G 2407 1555 752 2792 1237
6% = K%k a 2 065 1355 710 2454 1099
9% K%k & 1 850 1208 642 2211 1003
12% % K% & 1645 1018 627 1911 893
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Table 5 Effect of animal protein on RVA characteristics of dough

EAQRMEI% WAl 56 B /P KAKFE B[P i FRAR /P R &G cP = £ {H/cP
i+ 18 1602 1208 394 2210 1002
0% 2522 1714 798 3046 1322
3%ILEERG 2389 1490 899 2786 1296
6%3L#F & @ 1875 982 893 2138 1156
O%ILiF & @ 1633 764 869 1773 1009
12%3L#% & 4@ 1421 696 725 1620 924
3%EFHEEG 2316 1151 1165 2032 881
6% % FHH& G 2015 804 1211 1341 537
V%% F &8 1 646 539 1107 840 301
12%% #F % & 1368 380 988 591 211

24 ARREBEEBXHEELET BHEHKL . BF
B9 i

T LA R VA T AL R B AR AR —
— S YU [ A, HE AR, A X A A B
R L BRI Z A, A X T A A SR e (B IR
MR 2 ) AT BT R

N 6, 7 AMASINASF SR EE 6K T A
P MR AR R, DI AT LAAS | B

211 LG 7 B A A 0G£S TR T R
LN 5 N - S SR | TSRS S S N A o v T o
N E LR T RS b BN 9% I FL
T AT IR K, 208 1.810 ml/g,
1k 15 R v 2 1 A P O A A AR AR A AR
RIEF AR T T TR 0 i 20 b b 25 %
A T 48 0 ) JEE PR AT R VS A 1 TP 45 R
A U R E PR 22 TR, A, /N2 M TR Y

ATFESNEEE A BE, A A MR R AR BURARIE 5.32%, RIS R 7.74%,
BFHUE (P<0.05), KPP REEHA S ES R R R 2 | BB Ky 2k
*6 EYEBRANEHSLAEERAMEBEFNZN
Table 6 Effect of plant protein on specific volume loss and color of bread
&%

G REE/% Yo % /mL- g Bk B K% : : -

L a b’
xR, 1.50 +0.03° 5.32+0.07° 41.83 +1.12¢ 2.92 +0.06* 526 £0.18°
0% 0.79 £ 0.06™ 7.74 £0.32" 41.90 £ 0.23 3.04 £0.01° 5.80 +0.02°
3%k 2EkE 0.87 = 0.09" 5.93 £ 0.09™ 40.78 + 0.04* 3.16 £ 0.05" 5.65 £ 0.02*
6% K 2% 8 0.89 +0.04" 5.85 +0.08™ 40.78 + 0.56" 3.13 £0.02° 5.75 £0.14"
Y%K 2%k a 0.97 + 0.05° 5.79 £ 0.02° 4131 +0.12* 3.16 £ 0.05* 6.11 +£0.10°
12%K 2% & 0.81 £ 0.07° 5.40 £ 0.06° 41.23 £0.18* 3.20+£0.07° 5.98 £0.41°%
3%% 2% 4 1.08 £0.14" 5.63 £ 0.09" 36.67 +0.03 3.13£0.03" 4.57 £0.32*
6%%. 2% @ 0.97 +0.09" 6.05 +0.05™ 37.14 £ 0.09 3.32 +£0.02° 5.59 £0.15™
%% 2%k A 1.12 + 0.06° 6.64 +0.04° 37.51 +0.08* 3.44 £0.02° 5.12+0.18°
12%%: 3. % @ 0.99 + 0.05° 6.60 = 0.06° 41.82 £0.15* 3.45+0.01° 6.03 £0.21"
3% ERKEG 0.97 + 0.05™ 6.33 £0.07" 41.37 £0.03° 2.87 £0.04" 5.24 £ 0.06"
6% =K% @ 1.15 £ 0.04" 4.69 = 0.05" 40.83 £ 0.41" 2.92 +0.08° 5.95 +0.24"
9% = K& & 0.92 +0.09° 4.73 £0.07° 41.80 £0.12* 3.04+0.8° 6.55+0.16°
12% % K%&a 1.14 £ 0.07° 3.76 £ 0.09° 41.27 +0.18* 3.16 £ 0.13° 5.44 +0.19"

T R W — 28U & A AR 7 B/ R 22 57 1.3 (P<0.05) .
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Table 7 Effects of animal protein on specific volume loss and color of bread

. . &%
EaREE% W % /mL- g™ R AR % % - -
L a b

Xt R 1.50 £ 0.03* 5.32 £0.07° 41.83 +1.12¢ 2.92 + 0.06" 5.26 +0.18°
0% 0.79 + 0.06® 7.74 +0.32% 41.90 £ 0.23" 3.04 £0.01° 5.80 £ 0.07¢
3%3LiE &4 1.10 + 0.05' 10.10 £ 0.11% 41.87 £ 0.33° 3.19+0.13" 6.20 + 0.02*
6%3ILER G 1.62 £ 0.07™ 12.47 £ 0.07™ 40.26 £ 0.76" 2.86 +0.09 5.45+0.14>
9%5LiF % @ 1.81 £ 0.06° 10.06 + 0.08° 41.19 + 0.02* 2.94 + 0.04° 6.33 +0.30°
12%3L % % & 1.76 = 0.05¢ 10.37 £ 0.06° 41.03 £ 0.20* 3.24 +0.07* 6.31 +0.37%
3%k E &G 1.10 + 0.06"* 16.37 + 0.09" 41.67 £ 0.04 3.09 +0.03" 6.01 +0.01*
6% % &4 0.90 + 0.05" 4.49 £ 0.05™ 40.02 = 0.26" 2.99 +0.02 5.46 (.34
V% FE G 0.76 £ 0.03¢ 7.31 +0.04¢ 41.26 + 0.02* 2.95 +0.02¢ 6.03 +0.10°
12%% #F %@ 0.77 £ 0.05° 4.90 + 0.05° 41.13 £ 0.10* 3.20+£0.01° 5.69 = 0.41%

TR P — 2 U 5 A AR 5 B RoR 22 53 1 2% (P<0.05)

R R At 22, TS A 1 A A 4 Ok 2R
AR F KM 4, e AR AT 3k 2] 3.76 mLJ/g, b A ik
TNy AL A 0 R R

1 i AR S ) 5 U B A T Y BRI
F 2 A, AR & S R T 2 LA
A T KA AN ZE R G L E, BB RN 1R Y
T, P €0, S L KM R /0N 22 3 1) 0 €5, B 5 35 T
a {HFN b A W] K T AR RN Ky, B ) T
€50 B

25 AREFREEAEEREHEIE

oK) S 000 T B 5 A R AR AR —, R
A, D) R RS 5 B M AR D A A
(BB S R0 SR P AE BRI T

N 8 MR 9 Fron, W INAME R M 5 K
(RS FEAE A F I b i & o 6% K G H
HIEE R I%Z) 19.0% ., 3% 6% T K 5 1 41 1 £
T R % 24 39.6%,36.5% , 1M1 9% 1 i 5. 41 B R
Wt 222 48.5% , HL1a A 1) i 35 Ve fe /N A 2 710.12

*8 EYWEAXNEERMHEM
Table 8 Effect of plant protein on bread texture

Eame /% g EF R 3 J A e g Fo R
N E 2 008.01 + 46.00° 1.02 + 004¢ 0.84 £0.02" 2 405.28 + 50.98¢ 1.2 +£0.02¢
0% 4 546.66 + 6.04" 3.75 +1.09° 0.89 +0.01* 5435.83 £39.13" 1.17 £ 0.01°
3%k 2k a 3911.33 £301.67" 32.57 £ 1.89" 0.83 + 0.04* 4 697.53 +217.82" 1.16 = 0.01°
6% K 3% 4 3783.12 +£103.15" 5.5+0.33" 0.85+0.01" 4439.26 + 109.53" 1.17 £ 0.01*
9% K 2% 8 4289.03 +103.5" 12.2 +4.08" 0.81 £0.03" 6413.91 + 30.62" 1.15 £ 0.01°
2%k 5% & 4198 + 624.98° 42.12 £ 5.94 0.77 + 0.04° 3987.52 +757.31* 1.14 + 0.01*
3%H 2% @ 3745.01 £ 249.67 8.56 £4.01" 0.73 + 0.03* 4370.93 +265.91" 1.17 £ 0.01*
6% % 5. % @ 4541.12 £203.15" 6.47 + 6.24* 0.71 £ 0.01" 5240.73 + 387.83" 1.15+0.01°
9% 5. % @ 2339.03 +71.5" 2.3+1.08" 0.79 + 0.08"™ 2710.12 £91.48" 1.15 +£0.01°
12%% 2% & 3465.05 £ 149.12° 6.63 £ 1.24° 0.76 £ 0.01° 3398.34 + 139.56* 1.15 +0.01*
3%EKREA 2745.01 £ 249.67° 456 £2.01" 0.73 £0.02* 3070.93 £ 165.91" 1.16 £ 0.01*
6% %Kik & 2887.01 £ 113.15" 3.66 £ 0.81* 0.72 £ 0.02" 3452.7+91.18 1.16 = 0.01*
9% % K %E & 4934.45 +282.1 23.02 + 8.53* 0.71 £ 0.02" 5712.84 +318.39" 1.16 = 0.01*
2% %K% & 3616.05 +290.12° 2.71 £0.83" 0.82 +0.01° 4 195.184 + 300.46° 1.16 £ 0.01°

TE R — S HUR & AR 73R8 22 5 1 3 (P<0.05)
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Table 9 Effect of animal protein on bread texture

EaReE/% B g LT R A I A g FER M
& 2 008.01 + 46.00° 1.02 = 004¢ 0.84 +0.02* 2 405.28 = 50.98° 1.2 +0.02¢
0 4 546.66 = 6.04" 3.75 £ 1.09° 0.89 £ 0.01° 5435.83 +39.13" 1.17 £0.01*
3%3LE &G 3660.01 +£193.2 2.35+1.58" 0.81 +0.01* 7 804.31216.18" 1.17 £ 0.02
6%3LFE % G 3163.76 £ 51.09 0.34 + 0.04® 0.82 +0.02 3687.61 +64.08" 1.17 £ 0.01*
%3k & @ 2032.9 + 386.8" 2.5+2.71® 0.82 +0.01™ 7 454.53 +391.94" 1.15+£0.01*
12%3LF % & 3368.08 +710.1° 1.25+0.77 0.85 +0.01° 11701.11 + 656.76* 1.15 +0.02¢
3%FFE G 442312 +41.2" 84.15 £5.56" 0.79 + 0.02* 5051.88 +5.02" 1.14 £0.01*
6%% FE G 5875.09 +59.3 51.05 £ 1.07* 0.79 +£0.01" 667548 + 62.5" 1.14 £ 0.01°
9% K FE G 12014.8 +472.8 2.53 +2.49* 0.45 +0.01™ 13 103.53 + 640.16" 1.09 £ 0.01*
12%% #F%& 4 8 175.09 £ 759.1* 10.84 + 7.87° 0.76 = 0.07¢ 8 879.92 + 841.48° 1.09 £ 0.01*

e R ] — S RUG B A R AR R SR R 28 7 18 3 (P<0.05) .

go (HMNSRME RIS E S5 LR Gk E 6% 1) K EE H
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442312 ¢, 5K AL LR L 2.7% , T8 0
N 6% ,9% ,12% %1% & 11 21 14 6 B2 G 1 3 AR Ak
PP R R T b A A, SRR RE HL R O
A0 AN SRR O B RCR AN SE 3, R T
ANANFLIE B T4 25 b A e A AR AL oo T
JOTRE) B3 1 B AR TS N et Dy < 9% W W B 1 4 >3%
KEHHAS% R GH A ; Sh¥) & HH X 1
B IR AR R B Dy FLIE R A > TEE B
E4

B7 #YEAFTMENETHREREE AN
Fig.7 Effect of plant protein addition on sensory
quality of gluten free food
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Fig.8 Effect of animal protein addition on sensory

quality of gluten free food
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Fig.9 Profile analysis of different protein bread
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Effect of Exogenous Protein Conditioner on the Thermodynamic Properties of Rice Dough
and Bread Quality

Sun Sihui, Yang Yang, Ren Likun, Xu Yue, Bian Xin, Zhang Na’
(College of Food Engineering, Harbin University of Commerce, Harbin 150028)

Abstract Taking wheat bread as the control, this study explored the effects of five exogenous plant and animal pro-
teins, soybean protein isolate, pea protein isolate, corn gliadin, whey protein concentrate and egg white protein, on the
mixing characteristics, gelatinization characteristics, rheological characteristics, specific volume and sensory analysis of
rice dough and bread. The results showed the addition of exogenous proteins can reduce the retrogradation value of rice
dough to a minimum of 211 ¢P, increase the specific volume of bread to 1.810 mL/g, decrease hardness by about
55.3%, and decrease adhesive strength to 2 710.12 g. The soybean protein group with 12% plant protein had the largest
number of pores, fine texture and uniform color, and the water holding capacity and sensory quality were the best. The
bread hardness of 9% whey concentrated protein group in animal protein decreased significantly by about 2 032.9 g
(P<0.05). At this time, the dough hardness was closest to that of wheat dough, and the elasticity was 0.82%. The taste
was soft, which had the best effect on improving the texture characteristics of rice bread. Therefore, the quality of rice
bread can be better improved when the addition of soybean protein in plant protein is 12% and whey concentrated pro-
tein in animal protein is 9%.

Keywords gluten free; rice bread; exogenous protein; quality improvement; celiac disease



