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Abstract: To investigate changes in noodle quality after heat-moisture treatment of wheat, the effects of wheat initial moisture
content (14~22%), heat-moisture treatment temperature (45~85 ‘C ), and heat-moisture treatment duration (15~90 min) on wheat
gluten protein composition and subunit ratio, as well as the cooking and texture characteristics and sensory quality of noodles,
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were evaluated. Response surface methodology was used to predict the optimal process of wheat heat-moisture treatment. The

results indicated that high-temperature, long-duration heat-moisture treatment contributed to significantly reduced glutenin content,

increased prolamin content, reduced glutenin-to-prolamine ratios, significantly decreased levels of high-molecular-weight glutenin

subunits and low-molecular-weight glutenin subunits, and significantly increased y-subunit levels. Heat-moisture treatment at a

higher intensity (moisture content of 22%, temperature >75 °C , and duration >60 min) led to an increase in noodle cooking loss,

with lower levels of hardness, chewiness, elasticity, and sensory scores. The optimal conditions for heat-moisture treatment were

found to be a temperature of 56 ‘C , initial wheat moisture content of 18%, and duration of 35 min. Under these conditions, the sensory

score of the noodles was 83.8, cooking loss rate was 6.02%, and overall score was 0.93. Compared with the untreated group, the

hardness and chewiness of the noodles slightly increased, water absorption rate increased by 7.63%, and no significant difference in

sensory scores was identified. In conclusion, appropriate heat-moisture treatment of wheat can improve the quality of noodles. This

study provides a reference for using heat treatment to stabilize or improve the quality of wheat.
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F 2 ANEIEHAS R 43 E & B R R0
Table 2 Effect of different heat-moisture treatment conditions on noodles texture
& A& xF JE /g A A ik 2 Epgca
45°C 1543.12%0.45° -64.46 +2.75" 0.95 £0.00° 1208.78 + 23.54° 0.70 £ 0.00°
55°C 1385.23 +13.24° -53.82 +0.41° 0.94 £ 0.00° 1138.82+10.32" 0.70 +0.00"
18%-30 min 65 C 144239 +1.45° ~73.45 +0.87° 0.94 £ 0.00° 1165.01 = 14.43" 0.70 +0.00"
75 C 1371.46 £10.23° -81.81+1.17° 0.95 £0.00° 1134.01 +18.90™ 0.70 £0.00°
85°C 1355.54+3.56° -65.65+0.32" 0.93£0.01° 1110.56 £19.51° 0.69 £0.01°
14% ----i-;188.55 +4,06° -53.05 + 8.37" 0.94 £0.00™ 1 180.06 £9.99 0.70 £0.01°
16% 149418 + 14.87° -47.88 +2.45" 0.93 £0.00° 1257.43 £ 15.68" 0.71 £0.00°
65 "C-30 min 18% 144239 +1.45° ~73.45+0.87" 0.94 £0.00" 1165.01 = 14.43" 0.70 £0.00"
20% 1551.04+7.82°" -54.65 +2.90" 0.95 £0.00° 124634 18.72° 0.69 £0.00°
22% 1530.36 = 16.65" -58.81 +3.14" 0.94 +0.00" 1228.83 +22.48" 0.69 +0.00"
15 min ""i-;m.z() +931° -62.95 +2.23" 0.92 £0.00° 1235.92 £10.54" 0.70 £ 0.00°
30 min 144239 +1.45° ~73.45 +0.87° 0.94 £0.00° 1165.01 = 14.43" 0.70 £ 0.00°
18%-65 C 45 min 143112+ 11.69° -69.32 + 1.45" 0.93 £0.00° 1148.16 +17.59™ 0.70 £ 0.00°
60 min 1374.67 +10.50" ~79.49 +0.65° 0.93 £0.00° 1134.75 +11.25° 0.70 £0.01*
90 min 1395.96 + 8.99° ~72.13 £2.35% 0.92 = 0.00" 1 140.64 * 12.58" 0.69 = 0.00"
e B 1 ;08‘14 +£34.23 -55.76 +8.24 0.94 £ 0.00 1216.11 £18.89 0.70 £0.00

E: AP R 2 LARFERRATEFEE (P<0.05).

a 92r c 92r
90 90
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23l 781+
. 76
1 1 1 1 1 74 1 1 1 1 1 1
Pai 45 65 75 85 papist 15 30 45 60 90
WL/ C I [A] / min
B 4 ARG IE KA E R E FFIER 0
b 92r Fig.4 Effect of different heat-moisture treatment conditions
90 - on noodles sensory attributes
88 .
%6 . a VE: a AT 18% KT R I AL IR A 22 30 min ; b
roa a
Ef_ gaL ‘f\ - f _— f*\ \+ F T RE e K548 & 65 CAIE 30 min ; ¢ AT 18% Ko
. . a
% 82r \f NEAE 65 CIB AT RF B 1],
T 80
78} 26 BHAELHRAA
76 -
e 5 18w 261 mALEKEEITALER
KA % iz FIRI B2 545 B TH A6 IR B PRy AR B PR &
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FIALE 235000 0.75 F10.25, HHEJRLEETFY (V). W
o7 T BT S G SRR 3
* 3 MEERREITRER

Table 3 Response surface test design and results

Wi R T A E RN R A C>A>B, B Ab ) ]
> WA EE B > NG K A S B
* 4 MEERB T ZEDT

Table 4 ANOVA for response surface experiments

AAM VTS

FERR FxA AWE HHF  FMA PE 2EHE

RIS A/C  B/% C/min REFH Py YN
1 0 1 -1 79.50 6.65 0.142 1
2 -1 -1 0 79.00 6.65 0.064 0
3 0 0 0 83.20 5.97 0.857 4
4 1 0 1 81.30 6.20 0.514 1
5 0 -1 -1 79.20 5.98 0.2303
6 -1 1 0 79.30 6.08 0.225 8
7 0 -1 1 80.20 6.45 0.291 8
8 0 0 0 83.50 5.98 0.902 2
9 0 0 0 83.70 5.96 0.9375
10 0 1 1 81.70 597 0.623 0
11 1 1 0 81.40 6.89 0.390 6
12 -1 0 -1 78.90 5.98 0.183 5
13 1 0 -1 79.40 6.01 0.255 5
14 0 0 0 83.60 6.00 0913 8
15 1 -1 0 80.00 6.41 0.268 6
16 -1 0 1 80.00 5.65 0.4219

17 0 0 0 83.50 6.03 0.892 1

AEA 1.54 9 0.1716 130.47 <0.000 1 ok
A 0.0356 1 0.0356 27.06 0.0013 o
B 0.0347 1 0.0347 2638 0.0013 ok
C 0.1350 1 0.1350 102.68 <0.000 1 oK

AB 0.000 4 1 0.0004 0.3011 0.600 2

AC 0.000 1 1 0.0001 0.0776 0.788 7

BC 0.044 0 1 0.0440 33.44 0.0007 oK
A? 0.4330 1 0.4330 329.28 <0.000 1 ok
B2 0.494 4 1 0.4944 375.89 <0.000 1 o
Cc? 02348 1 0.2348 178.54 <0.0001 ok

kE  0.0092 7 0.0013
K AN 0.005 7 3 0.0019 220 0.2309
EEM  0.0035 4 0.000 9

K Fa 1.55 16
R 0.994 1
R, 0.9865

262 HBAEFGAENELEDFHMH

ER Jo F o 1 TR 45 SRR AT 2 s A A, 455
INF IR A B S TH 26 RS VE D Y 5= ET
ZIRZTCEETTEN:

Y=-37.268 9+0.367 4A+3.039 3B+0.006 9C-
0.000 5AB+0.000 0AC+0.003 5BC—0.003 2A>0.085 7B’
-0.001 1C%,

HHEE 4 A 50, 17 P {H <<0.000 1, P BAR R 5.2
KAV P=0.230 9>0.05, KRIITAEZE (P>0.05),
B Bk 22 B B AL AR 22 51 R=0.994 1, X IE R
Ry=0.986 5, UtBHZIAIRIA BERCUT, RE B NEZIR
A T S HO T 45 R 256 VE o IR s2 . ml A Utk
FRARY 3 BT R0 PO /N 22 £ 3o Y0 0 Ak B T 4% o 3 PRI AR 4k

Mt 4 ATEH, —RIA GREED. B UNEY]
KA EE). C (WD, R HIBC, IR A2, B?
HC2 XTI SR LR B VR e R R 2 (P<<0.01), ZTH
Tt AB 1 AC X 4625 &V E s AN 23 (P>0.05).
LG RaTDARH, NI K & & B RVE R
£ RIS [ 5% T 2% i J0 140 52 MR AS 2 TR BRI 2R P OR &R, T
RETIRRR, WERZIAMFERL AR, WHITH %4
ISR E . = EARAMSHAE, g
R AL AN B 1 AR M I R A ROR A [R], S /NZE N T
wl JiE, T 2 i BT IR R AR AR A . B OF AR P AR AT RN

E: A THEE (P<0.01).
2,63 KEBAR B 6 RAT

fH T 1 I O P T e B % TR 26 22 [0 38 AT X i
IR PRSI R B s 25 v 4R P R P B T AR T DA S ke
F R E 2 A A BAE 2 Y IR EE
INFEMIURIK S B TR AR BRI 8] = 3 A A X
THI 2% 256 VP 23 1 0 S T L1 S0 Pl S ot T % 52 e Ui,
SR EMRETYE, 3D sl ~ HAFET RS, R
AEBRIN )R 4 & X 25 G VP4 Y R AR, 5
F 4 BEIRE BB — 8. BB Sc m%n, 7R
TR A SE 58 S A Rl P, B o A B ) [R) RTOK 49 B
BN IINIE e S b e N =8 RN < A
K I A B B R R S K S S RS AP R
B 1 Sa SR EARTE, BHIERE 5K &R (6]
M2 HEAERARE.
264 KiEEE

B it Design-Expert 13 5T 3 2 e TE &M N
AR NEVIGR K & B T A,
FE IR A A TR 13 2098 F 4 B2 T 2% 45 5 VR 40N 0.929,
FRE SE PR SL AT B IE, B8 T 2% M4 B#HkL
HUERJE 56 C INEWIIEKT B & 18% R HAALERT
6] 35 min. S S&AF 15 300 TH &R E VF 4 83.84 T
FKAEBBUREN 6.02%, LZEEVEN N 093, S5ikK T
s Kbz
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Table S Verification results
#H o /g i ok Pl KK % RABRKE% BB
AR 4R 1508.14 +34.23" 0.94 +0.00" 1216.11 +18.89° 193.94 £3.60° 6.09 £0.05° 84.1+0.9°"
R IE L 1520.03 £43.09" 0.93 £0.00" 1224.17 £28.90° 208.74 +7.22° 6.02 +0.06" 83.8+ 1.5

E: APR O EARFERRAATEFEE (P<0.05).
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Fig.5 Response surface plots and contour plots of factor

interactions
E:a RTIRAKREIREL N Z Ry ET; b RTIRR
W FEIRE LB E; ¢ ATIR AL 5 s £ A KA

K ALAL S (R R A 3 45 R /N2 ik AT b B, 2
Ja B HIE T 4%, DARACER/INZZ Xt IR AL, 0 #T T 4%
iR ARE, R 5. B IR S T AR . PEL
PERAE G, WROK R B INIE 7.63%, KB UR R
A, BEIPr 50 IALAE Y. X R 18% K4r &
F/NEZ 56 CHLPE 35 min J&, TH4& M RRSE T
ZAAF IS AE N I TR R A AR

3 g

AHIF 7T MTHI 55 2R 1 25 Fe 0 5 Ee i A T T
T AL B HO6T T 2% S R IR . /N3 4 iR K
IR EE>75 °C B >60 min) [IVEHAbEE, £ ffid
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