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Effects of Heat Treatment of Wheat Flour on Dough Rheological

Properties and Steamed Bread Quality

LIN Jiang-tao’, SUN Ling-ling, HUANG Mei-lin, GU Yu-juan
(College of Food Science and Technology, Henan University of Technology, Zhengzhou 450000, China)

Abstract: The quality of wheat flour and its derived products undergoes changes due to the influence by heating during processing. In this
study, the changes in dough rheological properties and steamed bread quality after the heat treatment of wheat flour was heated were examined.
Wheat flour was dry heated at 60 ~ 90°C for 10 ~ 50 s, before the analyses of the gelatinization, silty and tensile properties of the dough as well
as the color and texture of the steamed bread. The results showed that the heated wheat flour had a decreased peak viscosity (by 7.01%), reduced
minimum viscosity (by 9.44%), and decreased final viscosity (by 5.58%), increased attenuation value (by 10.25%), increased regeneration value
(by 8.38%), and decreased tensile curve area (by 19.74%), and decrease ductility (by 12.77%), compared with the original wheat flour. With the
extension of time, the tensile resistance increased firstly and then decreased. The formation time of wheat flour was insignificantly affected by
the treatment temperature and time. The stabilization time decreased by 10.74% and the degree of weakening increased by 9.90%, with the
increase of treatment temperature. After the heating of wheat flour, the ratio of width to height and specific volume of the steamed bread
increased by 17.81% and 22.22%, respectively, with its color becoming worse, along with decreases in hardness (by 62.25%), viscosity (by
75.64%) and chew ability (by 63.46%). In summary, moderate heating of wheat flour can improve the quality of derived steamed bread.

Key words: wheat flour; heating; rheological properties of dough; steamed bread

G

PRI, IV R R SESRI, 55 /INZHY S AN THT AT 2 R 1 Sk it O ARSI [] AR £ R4, 2021,37(10):162-170

LIN Jiang-tao, SUN Ling-ling, HUANG Mei-lin, et al. Effects of heat treatment of wheat flour on dough rheological properties and
steamed bread quality [J]. Modern Food Science and Technology, 2021, 37(10): 162-170

NN T ) T R T B R, FE RN it ANEFBUNE R S U AR, TSN T 1] i

P2 252 BRI FEMR,  SER PR 430 AR 2R 15T PR 5
Yris HER: 2021-01-20

HeUWH: ERESHALITRITIE (2018YFD0401001) ; SARIRRHETERE
131 (141100110900)

fEE®N: IF (1973-), B, EL, BIBdR, HEAE: AUMIHEAR
5, E-mail: 23622854248qq. com

162

ISR AT R T Nk s O AR 8 2
PRSI SZH, N AL —Fh Bl N 52
AT BRSNS AT INAGE R, DL
Hahft, SEmf A E. AFZE AR AT
AL E G N R UL AT TR, FEA
FIRAGEET 3 UT, N A B A



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

Ao & YA FAKCEE AT DASE ST A 9 B, HALBE PR
T A SR 2o 551k . 2 bk BhE R 2 s A AR [ 14
FALER T IO IN R BRI R, R BRI AL NG /)N
MK B KT R s RO, K
S b FT TR A B M EL R . MLL. Sudha 25
XAZER AT THANEASC TR, RITHUE 4220
PIFEREUE LBy, BB TR . RAK
2t \BHZ FH VA PR AE A ) 28 A0 ) IR 1) 2% £ %o T
AT RGO R, RIS IR A A B S TR v SUE
I o I S A AT ) PR K 2 B R R R A . &Y
F A Ak PR T (AT P e A R R, B T R
Hormodok 2% B INF-H b B0 O 4%, 56
P NELEE R I B 2 . Bean Z5BLR PILE
71 °C F/INER HALEE 4~5 d FI Chesterton 25915 81
7E 130 °C T M AL EE 15 min, SRR 0Pk,
TR T R

INFERRAEAE T ()52 A2 AT LB, (EAEIN T
T FE R JE IR N R TR SIS B T (152 A0 2 M LAkt
Bl MENEFEE . AR, SRIEESTS
P AN v o = s S G A K v O e = 2 o
/N e 2 B O NS E I L R e )
AN AINEER K B BRI, HERE S A AN (]
PIEGIN, EEAMREA SRR, BAEDMES
FEATEEAT RS RS
R AR 3 Y A ER A T A 1 U S R A
RSV R, T B A T 27 A — s st

H RN R BT s PR ER R A %, (E%
NSRRI ISR R B S2 I S 2 b o 1
PR VR A 2 F L B U T T ik Nk
B, SHNERHT T AN, BT/ NZER 52 AT
TR 2R B Sk i TR IR

1 HRSES

11 ##
T NN, TR R A I A PR A = A
12 (8 5#%

DCCZ 3-4 BURALHERIIS TN, VFE R TA MRS
EHRAT; FA2204B R TR, BIECTREEAA
ROV FEEHPR AT RVA-TM FUHGEZE %,
Higt PERTEN A+; 810152 HzhAH mAY, fEE
Brabenber A F]; 860704 HLF YK fH{. TA-XT Plus
R, fH[E Stable Micro Systems A #]; CR-410 {f
ez, HAMEBRERBAA.

13 SRk

131 REZ#AZE A&

KR LD B2 ML 4 HIAE 60, 70, 80, 90 °C
XN AL EE 10, 20, 30, 40, 50 s, ALHEEIEN
1.8 kW, ## 7 36 r/min.

Mm% 2% GBIT 35991-2018 1|4 i 4]

TSk i 4% MR GBIT 35991-2018 J5ykilfErE
K.

132 MEFH*

(1) WA E . RH GBIT 24853-2010
B

(2) K3 VR RO . RHH GBIT 14614-2019 #7
A

(3) FAdRFME A E . KH GBIT 14615-2019 i1
%,

(4) 1L PR ENE . R TA-XT Plus it
G TR PI36, MEZHL: WIFT. Wirby W58
35149 3.00 1.0. 1.0 mm/s; JE4ELLA 500%; A jE]
ff: 5.0s. 1@LJERIZ) 12 mm, SeHrbiE = F 34T
5E o

(5) 183k LS AN 5 iy EL I« FH /N K B il
AR, THEECE . AR RO S Sk 1 FE A
THESE S .

(6) T EEERIN R : K BT 8k F
BT, MEE BN LS a*Ffl b,
133 #IEa

>KH Origin 8.5 HEATEIZR LM, K SPSS B A4xt
AT 0. BIRSEIGESE 3 K, RAFELR
HEELIR.

2 HR59MH

2.1 NEH AT BT P B

BIALRE AT DAV A 56 /)N 22 K /N2y FE Al
TR, SRRk, T TS SRR il
ROEZAR AT R 20 A AT B R R
{8, BAREROR IR 2 B 5 B 2T )
BREIZIIRE ) FEDRAE SAE NG i rh e ay Bk £
FIRIRSE M, SEUREROR, UEHIER S REE .
R 1 BoR ARG TN MIACREE, BEE IR
FERIT R I TR0, SRR /N R A R
RARFE . A ARG, SRR %Tt
RN iiof B Y S H P ki = W o B I
FIVBRATAZ R . FREA IS EA, &

163



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

FE I FRAC PR RE AR rP IRy S8R N, AT
ERHMICER R, RN, 78 00 Co
TXVNZERT AR 90 s I, NEERIEE R ERAR, ER
REBRIR)/INZER A LN AR (A R P REAIG 7.01%, U
(B85 P AT RT RE A2 e 52 B AAEBRBSA ITT 25082

fKBE AT RRER, (R T AR FA eI 2 B S b i S
NN AT, RIS ARACER /N R AR L,
PACFR K TN IR L, X 5 A s
—3. SR, SZHE NN I RACE RS
9.44%. FAFHEIFIK 5.58%.

R 1 TEIZHAEH T NEHHMCFEREL
Table 1 Changes in pasting properties of wheat flour under different heating conditions
WFBEIC  AEATRs EEAE/cp RIKEEE/p RABAAlcp RAFEE/p  ®AAhep
SRty 0 2995+34° 2234+30°  761+12°°  3474%35°  1241+123"%
10 2838+12°% 2077454 73246%"  3319+12°*F  1201+19°
20 2833+54™%"  2006+26"  737428%" 3322414 12264157
60 30 2898+18"°  2134#16™%  764+2°%  3378+15°0  1244#1"™*
40 2862+26™%  2023+20° 839+6°  3368+37°°  1345+17°
50 2854+28"%" 2004460  718+18%"  3356x37°*  1191+47°
10 2886:+4™ 2141458 73246%"  3409+17° 123677
20 2886+15™ 21544207  73245%"  3377+4"0  1244+16%¢
70 30 2898+3" 20757 823+5% 3408+7" 1333+0°
40 2874+8™ 21274407 756397  3381#22™  1263+25%%*
50 2873+3" 214747%  726+10%" 333746 1190+13°
10 2920+30° 2154+9%  748421%"  3388+41™  1234+32°%
20 2887434 2075474 813+40"° 3389421  1314453%
80 30 281627 212945%%  687422"  3328+12%f 1199+7°
40 2804+3%" 2078+4™ 72647 329646 1218+10°*
50 2793+235% 2017429  77646°¢  3307+4% 1290425
10 2853+12"%"  2128+46™ 887" 3373+22"¢  1201+13°
20 2787422 2033+9%  754+31°¢  3280429"  1247+38"*
90 30 2841428"%"  2068+54"  773x26"!  3365x10°% 1297445
40 2803+10%"  2099+6™ 7054+5° 3309:+5%f 1211+11%
50 2785+20"  2061+35™!  688+10"  3295+22% 1196+19°

E: BRI RRFEATHLAAREMEF (p<0.05). FAF.
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Table 2 Changes in farinograph properties of wheat flour under different heating conditions
WIREIC  RIZATE/S 7 Ak B 18] /min A& B 18] /min 5540% BU
JRAy 0 4.84+0.43% 8.03+0.07%° 84.75+2.01%
10 4.84+0.19% 8.29+0.02° 82.02+0.99®
20 4.91+0.01® 7.83+0.15%° 83.1622.13%
60 30 4.24+0.11° 7.48+0.06™ 80.95+2.37%
40 5.38+0.24° 8.13+0.02% 83.0621.07%
50 4.58+0.03™ 7.86+0.19%° 80.12+2.03°
10 5.17+0.37% 8.13+0.08% 80.80+2.01*
20 4.65+0.13" 7.64+0.13" 86.18+0.01*
70 30 5.03+0.24% 7.58+0.12" 87.7020.98%
40 4.98+0.13% 7.94+0.31%° 80.06+2.02°
50 4.77+0.00%* 7.56+0.23™ 84.2024.07*
10 4.99+0.28% 8.14+0.34% 81.89+1.34%
20 5.03+0.00% 7.70+0.03% 86.07+3.16™
80 30 4.7620.07** 7.81+0.34%° 86.90+3.08%
40 5.12+0.05% 7.52+0,08™ 86.33+1.26™
50 4.99+0.21% 7.51+0.24™ 86.201.15%
10 5.03+0.03% 7.40£0.10™ 89.32+1.04%
20 4.89+0.04% 7.110.18° 87.502.16®
2 30 5.03+0.15% 7.95+0.32%¢ 84.4245.31%
40 4.99+0.02% 7.50+0.70" 85.11+3.23%
50 4.93+0.10° 7.41+0.16 85.03+5,34%
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® 3 FRIZHRFM T/ NZHRAFERIEN (BE% 45 min)

Table 3 Changes in extensograph propertiesof wheat flour under different heating conditions (fermentation 45 min)

WILRE)C  AREatEl/s b KEf/om® A ABU EERM/Mm kI rEAH/BU

JRAr 0 70£2° 280+2% 14447 353+2°
10 65+22 266+1% 13942 33525%°
20 64407 250+3° 148+4° 312+4%

60 30 64+12 274£7" 136+2°% 339+12%¢
40 66+3% 284447 13643 348+9%

50 66+2°° 27946 139+3%* 33623%°
10 66+1% 290+4%° 135+1°% 35147%
20 58+1° 252+1° 137+1% 308+4°

70 30 68+1% 282+12% 141+3%° 345+15%
40 642,50 282+7.5%% 133+2% 342+7%¢

50 63:+3% 276+3%% 1365™ 33287

10 6245 272+7% 133+5% 329+12"%
20 64407 295437 131+1% 350+4%
80 30 67+1% 293+9% 136+0° 354+4°
40 62+0° 28445 132+2% 33424%¢

50 63+1% 288+3%° 132+1% 342+6%°

10 63+3% 2764 13447 337+0%°
20 66+0°° 288+13%° 13943 346497

ely) 30 61:+4° 2866 128.00+4° 340+6%°
40 60+1% 2742 132+2% 32243
50 65+0° 29045 132+1% 349+1%

*® 4 TRIZFHRFHTNEMRAFFIERZN (B% 90 min)

Table 4 Changes in extensograph propertiesof wheat flour under different heating conditions (fermentation 90 min)

WIRFEIC  ALIRETRs  FAbdK@mAom? AP A/BU  EEdEmm R K3 /BU
Jety 0 76£2° 32040 141+6® 392:45%
10 66:+2%" 294+8%f 13343 356413
20 73+0%° 294+3%f 14445° 37142
60 30 67+2%" 309422 131+1*% 371+19™
40 71422 328+11%¢ 132427 388+17®
50 66+2% 27946 139+3% 3363
10 6920 310£10™* 13743 3746
20 70+17 296:+7%f 139+2% 3647
70 30 66:+3%" 294+3%f 13542 351:£2%
40 67+1%" 304£12°% 132+0% 368+3"*
50 65+1° 30620 128+7° 3651
10 66:+2%" 3068 12945 369+9"
20 68+2°% 32629%° 130+4% 384+9™
80 30 74:42%° 332+8% 137427 387+13%
40 7443 346+7° 13043 415437
50 66+2% 324:+6™* 123+5° 384+10™
BTR
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BLER
10 68+1°% 320+2% 130467 37744
20 68+0™ 33242 12546 393+5®
ely) 30 61+4" 28646 128+4% 34046
40 68+2° 324247 127+2% 391+15%
50 65+0° 29045 132+1% 349+1 %"

R 5 TRIZFAFH T NEMHREFERIZL (BEX 135 min)
Table 5 Changes in extensograph propertiesof wheat flour under different heating conditions (fermentation 135 min)
WIREIC  ALIRETREs  FfbiK@Aiem’  FAbIAA/BU  AEEM/mm K3 /BU

B 0 68+1° 30948 132+4%° 38246
10 62+2° 286:+4° 131+2%¢ 342+7°

20 656 292:+4% 133+7%¢ 358+16™

60 30 65+3° 307+6°% 129+2%¢ 36122

40 68+1° 314417 131+2%° 375+11%¢

50 69+2° 314430 138+5° 372+4%¢

10 67+6° 33417 124+4%¢ 387£27%¢

20 64+2° 3144140 1263 36320

70 30 63+1° 300411 129+2%¢ 351+11%
40 69+0° 324483 128+4%¢ 392+12%

50 70+4° 328+11%° 130+1%° 391+21%¢

10 67+3° 322477 127+2%° 385+15%¢

20 63+2° 31043 129+6%° 365+1%¢

80 30 66+2° 32745%¢ 12640 376+11%°
40 7037 354+15°% 124+1% 413+16%

50 69+3° 33844 126+3%° 401+9®

10 7043 318413 135+1% 382+15%¢

20 67+6° 318415 127+4%° 381+21%¢

90 30 63+3° 317420 123+2° 376+15%¢
40 72442 332+3%¢ 132+6%¢ 396+5™

50 67+0° 332+7%¢ 127+4%¢ 382+13%¢

251 w60 C Y70 CEEEEs) C==90 C

2.4 NFHp T AR K B AR T R

20
241 NERZRITIEKE B AL E e R E
200 ezzzE60 ‘C S/() 'CEEEES) C =90 C = 13
181 {:IJ:
1.6 = 1.0
il 0.5
3 1.2 ’
IE 1.0 00lh A A A A A
#® 08 ‘ 0 10 30 50
3461 IF7E] /s
02 2 FRISFHFETNEMELELSNTL
0.0 Fig.2 Changes in specific volume of wheat flour steamed buns
i /s under different heating conditions
B 1 REZREH T NEHIEL TS N ST AT B v HURT LA s e ] 1 2
Fig.1 Changes in width to height ratio of wheat flour steamed Fi7s, BR800 C4&4F NAab#E 10, 30 s i), 1&kiIves
buns under different heating conditions F/NT Tk, HASZ SR R /N R i8Sk AR LT i
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Table 6 Changes in steamed bread color of wheat flour under different heating conditions
RILBEIC LIRS L* a* b*
JoAy 0 86.15+0.14%0 -1.65+0.02° 19.12+40.17"
10 85.49+0.11% -1.67+0.02% 19.91+0.14
20 85.67+0.14%1 -1.70+0.02% 19.57+0.09'
60 30 85.77+0.17°% -1.72+0.01™ 20.20+0.03%"k
40 86.0520.33°%" -1.69+0.00%° 19.92+0.02
50 85.980.04°10 -1.74+0.01° 20.7620.08°
10 85.53+0.09°" -1.80+0.02% 20.31+0.08°""°
20 85.37+0.03° -1.74+0.01° 20.55:+0.28
70 30 84.64+0.23" -1.70+0.01% 21.07+0.16®
40 85.74:+0.18°1 -1.76+0.02°* 20.23:+0.230Nk
50 85.94:0,10°10 -1.80+0.00° 20.18+0.15"k
10 85.93:0.24"C10 -1.72+0.04™ 20.06+0.00%
20 85.73:+0.33°10 -1.73+0.02" 20.45+0.11%9"
80 30 86.02+0.25>%f -1.740.02% 20.53+0.06%1
40 86.30+0.19% -1.73+0.01™ 20.31+0.06°9"
50 86.2020.13%% -1.75+0.07°% 21.06+0.26®
10 84.68+0.36" -1.70+0.03% 20.86+0.05™*
20 86.50+0.29% -1.72+0.04% 20.14+0.18'
2 30 85.63+0.31%1 -1.700.05% 20.64+0.17°
40 85.68:+0.251 -1.67+0.00% 20.50+0.04%"
50 86.72+0.62° -1.71+0.01% 21.1620.16°
R 7 TEIZFHAEHTNEMELRMMEL
Table 7 Changes in steamed bread texture characteristics of wheat flour under different heating conditions
AIREIC  ALIRRTIE/S AE g oA i ik
JoAy 0 4657.48+50.65"  27.92+42.93°  3587.91#25.39"  3348.61+4.49°
10 4112.47+4027° 125040429 3132.52+106.48° 3078.10+127.79"
20 5009.61+61.1°  22.82+#0.06°  3812.45+41.01°  3591.09+50.36°
60 30 3832.61+148.84°  9.03+0.04"  2962.57+96.85'  2795.39+100.12°
40 2546.79+104.24°  7.30+0.6"  2074.27469.2°  1954.23+60.17'
50 2736.76+105.1"  6.80£0.12"  222550+83.07"  1888.52+66.15'
10 2600.48+84.99" 36724254 2113.31+71.84"9  1984.87+51.66'
70 20 3210.62+115.95°  23.07+1.15° 25094.21426.73°  2398.66+85.64°
30 2249.30471.45"  8.23+0.41"  2090.72+132.49  1711.29+60.62°
TR
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40 2085.79+87.99"  1596+0.69%  1892.47+99.54"  1644.89+49.56"
50 2032.01+84.23% 97240729  1704.79+67.28  1579.07+60.42"
10 252251+31.05°  17.29+1.17%®  2069.11+21.93%  1920.69+37.22"
20 1954.88+69.43  18.82+0.92¢  1629.28+60.130  1527.03+49.28"
80 30 1802.12+88.61™  9.40+0.64%"  1653.41+68.87  1541.06+55.09"
40 2206.65+34.43"  26.75+1.24°  1820.09+25.68"  1635.27+61.07%"
50 1884.46+129.91™  9.85+0.36™  1100.98+48.35'  1295.26+60.191
10 2088.09+24.76"  21.80+0.54° 1766.71+82.02"1  1585.19+33.05%"
20 2075.48+66.41"  36.11+1.03%  1737.38455.181  1600.22+34.61%"
90 30 1922.66+89.32MM  14.20+1.1%  1367.82486.07%  1223.55+32.33
40 2040.87+93.87%  23.62+1.2°  1720.21488.06%  1590.79+79.63%"
50 1758.33+77.78™  10.04+0.129"  1468.57+57.2¢ 1393.21450.29'
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