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Abstract: The aim of this study was to investigate the effect of different flour yields on the quality and volatile components of steamed
bread. Wheat flours with different flour yields were used as raw materials to investigate the relationship of flour yield with the qualities and
volatile components in steamed bread to provide a basis for further analysis. The hardness, cohesiveness, and gumminess of steamed bread
exhibited no significant differences when the flour yield was 35~70%. When the flour yield was 80~97%, the hardness, gumminess, and
chewiness of steamed bread increased significantly, while springiness, cohesiveness, and resilience decreased significantly with increasing flour
yield. The electronic nose (E-nose) results revealed significant differences in the volatile components among the steamed breads with different
flour yields. The sensors PA/2, T40/1 and P10/2 exhibited dramatic differences in the response intensity, and the steamed breads with flour yields
of >70% and <70% could be distinguished using the E-nose system. A total of 59 kinds of volatile compounds were identified in wheat steamed
bread using solid-phase microextraction-gas chromatography mass spectrometry, including nine alcohols, nine aldehydes, two furans, two
ketones, six esters, three benzene compounds, and 28 hydrocarbons. With increasing flour yield, the types of volatile components in wheat
steamed bread increased. The alcohol content (52.52~65.79%) was the highest in wheat steamed bread, followed by aldehydes.
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Table 1 Formulation of wheat flours with different flour yields

35 IM+2M+DMI1
40 IM+2M+DM+18

50 IM-+2M+DM+1S+2B+D2

60 IM-+2M+DM+1S+2B+D2+3M+4M+DS+D3+D1
70 & & -6M-TM-2T-D4-4B

80 & 0 F+CF

90 % A FE+CF+msk

97 B B FACF+amdk Ak

B /% RO ROR
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132 oy 2R A AR AR 2

KIS EME: $I% GB/T 5009.3-2010, BT
Wk K D E : %88 GB 5009.4-2010 7715 E

TR S ENE: 208 GB/T 5009.5-2003 J52

e

JE ;

HEASENE: %M GB/T 5009.5-2003 772
s

FEIERUE S B %18 GB/T 10361-2008 J5i%
Mg

WA E : #4217 GB/T 14614-2006 J7iEMIE -
133 1&kFE7 %

FREL 3 g FRAREIMNERE 35 C, 49144 mL ()
TR 80%) HIbettH, RS, KRE
IMNZEEA 300 g N2k AT, A 5 min, &
F6 U, YIH (BEAN21100 g), BRAL: R T
RIBMNER R (35 C, RH85%) A 45 min; HY
8L B ZE B IR 76 20 min, EKJE 2 min BUH . 7%
RIS Sk E, = NREAE, FRll.
1.3.4 52K Em a2
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%, MEES AR, BRASPATRE R P AE. 18
SLEI LA NS SRR 518K R 2 L.

1.3.5 4% KA e 2
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MENRISTH o AR HLF RIS S S TR T\ R V)
% 15 mm JERTESK R, 46 4 R = 50% . R 2% F
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Table 2 Response characteristics of various sensors
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PA/2 SR AAEH . A AR LB, FUK. MRS
T40/1 KT ANAEA BRI SRR A A
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B Z IR A H) 20 min, FREL2 g HLE
BT 15 mL MARURS, s, 7675 CHEiEK
TR P 10 min, B2 A0S I E AR LA N A
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Table 3 Basic properties of wheat flours with different flour yields

HAF /% TR % R51% Mk HAtls IRE /% HEE /%
35 13.46+0.05" 0.41+0.018 573+6° 30.9+0.1° 10.82+0.02°
40 13.39+0.1° 0.43+0.01° 561+2° 32.1+0.14 10.87+0.08°
50 13.59+0.02° 0.47+0.01° 546+14% 34.9+0.3° 11.31+0.12¢
60 13.44+0.01° 0.49+0.01° 52046 33+0.0° 11.54+0.08¢
70 13.43+0.02° 0.58+0.01¢ 544+16™ 35.5+0.2° 11.97+0.01°
80 13.06+0.02° 0.86+0.01° 516+19¢ 31.8+0.14 12.50+0.06"
90 12.6+0.04¢ 1.27+0.01° 506:+3% 30.9+0.4° 13.04+0.25°
97 12.03+0.04° 1.78+0.01° 481+8° 29.4+0.4" 13.13+0.01°
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Table 4 Farinograph properties of wheat flours with different flour yields

BAE/%  BKE% AR E/min ALE M E/min BBILE/BU  HRds#k
35 61.6£0.2° 2.23+0.21% 17.87+0.59 18+3¢ 2082
40 61.9+0.4° 1.96+0.18¢ 20.11£0.30° 1574 22547
50 61.5+0.1° 2.50:£0.14° 18.96+1.54% 2342¢ 217+10°
60 61.8+0.1° 2.07+0.02 16.12+0.76° 18+3¢ 175+6°
70 62.5+0.2° 7.78+0.28° 16.20+1.13¢ 34+6° 187+26™
80 67.0£0.2° 7.06+0.18° 11.09+0.30¢ 5345° 132+5¢
90 71.4+0.1° 7.84+0.30° 9.82+0.37% 67+2° 132+1¢
97 76.140.1* 8.06+0.02° 8.55+0.17° 7144* 129+3¢

E: MR FERATRAFHBEALE £7, p<0.05.
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Table 5 Specific volume and texture of steamed bread with different flour yields

B/ % T AR a3 B i PR = A
35 22040.02¢  1965+145¢  0.938+0.004%°  0.834+£0.004°  1638+127¢  1536+113¢  0.480+0.004%
40 2.49+0.045  1907+120%  0.952+0.011°  0.831+0.006°  1585+88%°  1507+67%  0.484+0.000°
50 2454001 16224350 0.938+0.011°  0.838+0.001°  1359+26° 1274410  0.498+0.002°
60 235+0.07°  1816+94%  0.928+0.018" 0.825+0.004*  1497+71%  1388+39¢  0.478+0.002°
70 2.1340.07%  1980+20¢  0.925+0.030°° 0.831+0.001°  1645+18¢  1521+67¢  0.482+0.004
80 2.0740.04°  2784+81°  0.914+0.006* 0.801£0.006°  2228+45°  2036+27°  0.455+0.006°
90 1.634£0.05>  4807+55°  0.894+0.011%  0.756+0.016°  3630+35°  3246+10°  0.390+0.014
97 138+0.04°  9546+508°  0.874+0.013¢  0.684+0.012¢  65224228"  5705+282°  0.304+0.013°

E: MENFERTAEHELLE £F, p<0.05.
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Fig.1 Electronic nose radar chart of wheat steamed breads with
different flour yields
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Fig.2 Distribution map of principal components analysis of
wheat steamed breads with different flour yields
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Fig.3 Distribution map of discriminant factor analysis of wheat
steamed breads with different flour yields
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R 6 TEILHEIELIFLEEN
Table 6 Volatile components of wheat steamed breads with different flour yields
TIC area®
A5 4%% teb-th 4 AR B E Y%
HT 35 40 50 60 70 80 90 Off
1 1.22 T 70,761 78,456 116,716 93,121 75,477 143,324 167,361 199,386
2 1.61 KT EE 9,285 9,202 5,871 9,913 4,898 18,365 8,248 -
3 4.40 3-FHE-1-TE 4,453 4,670 6,541 6,208 5,781 6,038 5,790 8,275
4 10.88 1-TB% - 4,738 5,398 4,639 13,142 10,929 - 2,787
5 23.60 KB 26,284 22,490 21,042 8,010 4,818 11,278 18,189 4,530
6 25.61 9-RHi-1-B% - - - - - - - 12,282
7 30.59 (Z)-4-% 3183 - - - - - 24,403 38,508 102,785
8 31.48 1,10-% =82 - - - - - - 1,147 -
9 46.42 1-—+8 - - - - - - 929 -
10 12.27 S 1,921 - - - 5,701 13,674 7,975 12,630
11 15.44 R EB 24,509 21,940 25,219 27,836 21,385 32,887 21,302 16,724
12 19.94 KB - - 3 - - - - 1,481
13 20.71 (B)-2-F Mls - - - - - 9,182 5,899 13,066
14 23.05 SIS 16,766 7,245 8,945 9,078 11,429 13,125 11,471 20,993
15 25.78 (B)-2-EHils - - - - - - - 28,832
16 28.03 REE 8,383 2,232 3,113 5,307 6,504 6,138 7,265 16,637
17 33.11 2A-BZHalk - - - - - - - 38,065
18 56.54 9,12-Hrt - - - - - - - 2,265
19 17.14 2- Rk 4,628 4,464 5,635 8,845 7,119 16,319 10,924 17,160
20 25.78 4-2-3-n-T v Stk - - 2,285 3471 6,852 17,716 14,966 -
21 35.19 5-F Z-2(3H)-k @ R - - - - - 1,946 3,660 3,049
22 37.58 $Z T H5-BR 815 893 1,103 - - - - -
23 20.02 ¥R - - - - - - 710 -
24 27.70 FERCES - - - - - - - 46,515
25 36.60 REL LB - - - - - - 929 2,091
26 40.79 ¥ AL TR 2- T v A B - 1,202 - - 910 - - -
27 49.96  ARER M AR 2-TIHRTIRES - - 21,278 - - - - -
28 49.96 F - KRBT B - 18,438 - - - - - -
29 53.24 SR LB - - - - - - - 1,742
30 3179 1-F A2 - - - 668 - - - 5,226
TR
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BER
1,2,3,4,4a,5,6,8a- N 5-4a,8-—
31 3759 FRE2-(1-FATHL)-[2R- - - - 1,502 1,231 2,046 1,693 3,920
(2.a.4a.0.,82.8)]- %
32 2284 +—k% - 3,880 8,551 9546 1392 8583 15,786 17,247
33 2666 HHR - - - 3,371 - 5,489 5,244 5,052
34 2775 + =% 2,882 3,331 3980 4339 - - - -
35 3236 +=x% 1,921 1,991 2,719 2537 1365 4,092 8,958 12,543
36 3540 -+ - - - - - - - 4,181
37 36.69 + iz - 2,335 - - - - - 10,279
38 38.58 TR - - - - - - > 1,916
39 3925 38-—F A+ - - - - - - - 3,310
40 4049 (E)-5-=+% - - - - - - 1,912 -
41 4049 1+ 2k - - - - - - . 3,746
42 4053 7 b - - - A - 1,298 . -
43 40.79 + 0% 1,455 - - 1,869 - 2 2,731 4268
44 40.80 2-F A& +—k - - 1,497 - - - - -
45 4331 2-F Akt - - - - > - - 958
46 43.53 2,3,5,8-19 F A - - S - - 649 - -
47 4467 +=8% - - / 2,036 - - - 4,530
48 4468  11-(1-TEAARL)-—+—% - - - - - 1,447 - -
49 44.68 =% - - - S - - 2,239 -
50 44.69 =tk - - 946 - - - - -
51 4631 2-F A8t - - - - 830 - - -
52 4631 BIR,
53 4632 1-&-+7u% 3 - - - - - 1,202 -
54 4771 =+ - 858 - - - - - -
55 47.82 2,6- =¥+t - 3,193 - 2,003 - - - -
56 48.07 =+ - 1,270 - - - - - -
57 4985 =tk - - 788 - - - - -
58 5141 2-F 3 =tz - 1,167 - - - - - -
59 5657 e - 1,682 - - - - - -
JE: % TIC area/1000 4 2 g N Z 4% k.

R7 TREIHHMRIEKFEL MU EUFLE AL

Table 7 Types and relative percentage of volatile components in wheat steamed bread with different flour yields

sk HE Y%
35 40 50 60 70 80 90 97

BE R 63.65 61.10 6438 59.66 6167 6143 65.79 52.52

Bk 29.63 16.06 15.43 2067 2666  21.50 14.77 23.98
EAGES 2.66 228 3.28 6.03 8.28 9.75 7.09 2.73

GRS 0.47 0.46 0.46 - - 0.56 1.00 0.49

FE - - 1.06 0.73 0.59 0.66 1.46

RS - 10.04 8.81 - 0.54 - 0.25 8.01
RS 3.60 10.07 7.65 12.58 2.12 6.18 10.43 10.82
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