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Table 1 Traditional starter culture number
and origin in different regions
%5 73 Y5 R %5 =

1 R -k Aag-F | 15 L A-HEF
2 Adm-&m || 9 wa-F | 16 b A-FF
3 dTa-é&fa | 10 Fa-FM || 17 L E-#FEk
4 Ad-wmae |11 "Ad-Aa 18 W m—iE 3k
5 AE-mAE | 12 A@m-RLJE| 19 BRE-F&
6 T E-F S 13 HHE-/T 20 H®-Bd
7 T E - 5 14 L A-EN 21 BB-RF&
e
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0.5 h J& , B a4, Ul 20 mmx20 mmx20 mm
(14 1 D7 PR B 0 5 4 27 18 S i Sk o e =X
A Jo M ) T3 A (TPA) W ME MR ASE =, 0 a4 Sk
Sk PI36R HEIE S k& J1h 5, FIEHE R 1
mm/s , & 45 T A8 188 509%™,
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Table 2 Criteria of sensory evaluation of the whole wheat steamed bread

A

B

7 (20 %)
TE(5 %)
0.05 4= 1 %
B (10 5)
@ EE05)
R@ A (10 5°)

HF A 8~10 2 MW 6~7 &

WEXTRET 23 ml/g Ao, 55 014 1 4,420 5
KB TFRET 140 A REHS S 45K F 1.60 83 RAKH 0 4 ;& 1.40~1.60 . 8 £ 3 v

F eI E @ AT .8~10 4 F L E DR EF.60~T 4 F 63 EF @ R R R B A 4~5 5
R B 45 5
FE R 8~10 45k % IR G A O R 4T o
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Table 3 Chromaticity values of the top of different whole wheat bun

%5 L a b AE
L asy 67.45 +£0.32 4.55 £0.19% 27.89 £ 0.07™¢ *
1 64.59 £0.18* 5.06 £ 0.20" 26.73 £ 0.57 3.12
2 64.77 £ 0.80% 4.89 +0.22° 27.43 £0.19% 2.73
3 65.94 +0.48* 447 £0.11% 27.33 £ 0.44 1.61
4 64.85 + 0.93% 4.54 £0.31% 26.99 = 0.45#" 2.75
5 65.20 + 0.37° 4.62 + 0.04* 27.38 + 0.26 2.31
6 65.53 £0.2% 4.93 £0.17° 27.74 £ 0.29°* 1.96
7 64.24 £0.75" 5.19 £0.07* 28.02 £0.17™ 3.27
8 66.55 +0.39" 444 £0.11% 27.46 +0.334 1.00
9 65.53 = 0.34* 4.94 = 0.09° 28.28 £ 0.16" 1.99
10 67.30 £ 0.45° 4.47 £ 0.04% 26.75 +0.17 1.15
11 64.61 £0.21¢ 5.04 £0.13" 27.69 £ 0.56°* 2.88
12 65.80 + 0.49* 433 +0.21# 26.96 = 0.20" 1.90
13 67.31 £0.75 4.38 £0.15% 27.50 £ 0.07* 0.44
14 64.57 £ 0.45% 4.42 +0.12% 27.32 £ 0.06% 2.93
15 66.57 £0.21" 457 £0.11% 26.97 £ 0.52" 1.27
16 63.35+£0.71' 4.90 = 0.03° 26.00 + 0.59* 4.52
17 63.61 £0.32! 5.06 = 0.10™ 29.66 + 0.25° 4.25
18 65.92 + 0.85* 4.27 £ 027" 27.57 £ 0.24 1.59
19 66.38 £ 0.05™ 4.67 £ 0.05* 26.78 + 0.241 1.54
20 61.11 £0.13 5.28 +0.04* 27.20 £ 0.13% 6.42
21 65.43 +0.21“ 4.55 £ 0.03* 28.08 + 0.46™ 2.02

RG] /ING 5B 7R 28 53 135 (P<0.05) 5
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Table 4  Analysis of texture, specific volume and sensory scores of different whole wheat steamed bread

%5 WE/(mllg) AEEMS AR Bk SRR B A oL o A1 /g
A 1.51 + 6940+ 1962.42 =+ 0.86 + 0.67 + 131353+ 1128.15+ 0.30 +
0.02% 6.1 18.86" 0.02¢ 0.01% 427 28.88" 0.01%
1 197 + 7570+ 148429 = 072 + 0.59 + 879.56+  636.86+ 0.24 +
0.07" 5.20° 15210 0.03 0.03 38.78* 46.16" 0.02"
2 1.63 + 7070+ 1822.61 = 0.84 + 0.67 « 122233+ 102378+ 0.29 =
0.05% 4240wt 14.99' 0.01% 0.01% 10.02% 21.12¢ 0.01%
3 1.58 + 7120+  2152.03 = 0.78 + 0.64 + 137614+ 1069.00 = 0.26 +
0.029 3,61 44.87" 0.01% 0.01°% 4631 45.84" 0.01%
4 147 + 69.60 +  2384.80 = 0.80 + 0.64 + 151585+  1219.54+ 025 +
0.00* 5,550kt 8.09" 0,02/ 0.02°% 42.47° 57.66" 0.014
5 179 + 67.60+  1162.51= 0.84 + 0.68 + 78639+  663.86 = 031 +
0.03* 536 35.54° 0.05% 0.02% 11.74" 49.60% 0.01%
6 1.91 = 7150+ 1259.90 = 0.86 + 0.68 « 86098+ 74178« 031 =
0.02 6,70 2.10" 0.01% 0.01% 16.594 9.474 0.02
7 1.5+ 6640+  1753.10+ 0.85 + 0.66 + 1159.79+  982.79 = 031 =
0.029 3.92¢ 8.50¢ 0.03%! 0.03! 54.54% 71.56% 0.02¢
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(&% 4)
%5 /(mllg) BEFRNIS g 3Rk R Je & b oL w5 /g
8 1.84 + 67.40 + 1311.97 + 0.83 + 0.65 + 852.42 + 710.85 + 0.28 +
0.00+! 6.024t 7.93m 0.0 0.0 14.254 12.65" 0.0
9 149 + 71.90 + 2009.28 + 0.75 + 0.60 + 120178+  900.92 + 0.24 +
0.02" 5,03 7.17 0.04# 0.04 74.484 109.04 0.03
10 1.60 + 66.40 + 1350.76 + 0.76 + 0.60 + 807.64 = 610.90 = 0.24 =
0.02" 7.58t 5114 0.04%i 0.03 37.61" 57.204 0.02"
11 1.65 + 70.90 + 1442.18 + 0.85 + 0.67 + 963.07 + 815.44 + 0.30 +
0.02¢ 2,664 27.02 003 0.02: 15.79 40.80" 0.02"
12 1.66 + 71.40 + 154428 + 0.80 + 0.66 + 102191+  821.99+ 0.29 +
0.13% 4 35t 27.56" 004+t 0.01% 35.41 7316 0.01
13 1.64 + 72.70 + 1362.50 + 0.79 + 0.64 + 867.84 + 686.7 + 0.26 +
0.02¢ 5.7 18.38" 0.0 0.02¢ 23.18¢ 19.21" 0.01%
14 152+ 72.30 = 202335 + 0.81 + 0.63 + 127079 +  1028.28 = 0.26 +
0.02" 5.46 12.43¢ 002t 0.01%+ 22.67¢ 40.46 0.01%
15 214+ 74.80 + 1343.61 + 0.88 + 0.70 + 947.05 + 835.10 + 0.34 +
0.03* 3.19% 39.864 0.01° 0.01° 36.23 25.74% 0.01
16 1.61 + 67.00 + 1863.75 + 0.82 + 0.62 + 115320+  941.01 + 0.26 +
0.03" 4.59°% 14.92¢ 0.0 0.01¢% 32.08% 31.67% 0.01+#
17 1.75 + 73.00 + 1540.15 + 0.80 + 0.63 + 967.27 + 775.69 + 027 +
0.02% 3.19% 25.23" 004+t 003+ 40817 69.45¢ 0.02%#
18 171 + 74.60 + 1747.94 + 0.83 + 0.65 + 113586+  940.85 + 0.28 +
0.02°% 4.08% 21.82¢ 0.02'x 0.01" 14.36¢ 15.25¢% 0.01%
19 1.88 + 73.90 + 1752.10 0.72 + 0.61 + 1060.72+  769.42 + 0.23 +
0.04" 5.89 37.48¢ 0.04' 0.04' 41.58" 70.24% 0.02
20 1.50 + 65.50 + 1417.63 + 0.74 + 0.55 + 778.60 + 573.27 + 0.22 +
0.02* 4.43¢ 17.47* 0.03" 0.03" 33.05" 49.37' 0.02!
21 1.72 + 71.00 + 1292.90 + 0.81 + 0.63 + 820.70 = 667.10 = 0.26 +
0.04°% 424wt 14.44m 0.02x 0020 19.064" 27.27 0.02:%

I RS R ING 5B R 7R 28 5 1.3 (P<0.05)
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Fig.1 Top and sectional view of yeast whole wheat bun (No. 0) and traditional starter culture whole

wheat steamed bread (No. 1-21)
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B3 Fi~Fy 378 A ) A 45 5 T i 5] 4 22 18 K 4% x5 ERHVBRBEERTHE
F W15 Xi~X1 FERAE Bt I T 50 4 8 ) Table 5 Initial eigenvalues and contribution rates
BERE | SMESE 12 MR EUE  F RN ERALGATE of principal components
5. EX T Y Wé;@‘gﬁ/ ’?‘g‘#fjﬁ‘&/
Fi = - 0256X,+ 0.316X, + 0.413X; — 0.156X, — . .
1 3.896 32.464 32.464
0.073X5 + 0.385X4+0.363X, — 0.250X¢ + 0.027X, —
2 3.150 26.249 58.713
0.377X o+ 0.180X,, + 0.343X,, 3 2200 19.083 77796
F,=0.426X, + 0.126X, + 0.179X; + 0.476X, + 4 1207 10.062 37857
0.488X5 + 0.067X, + 0.100X, — 0.195X5 — 0.039X, —
0.124X,, + 0.086X,, — 0.194X ,, 6 ETHRONNEE
Fy= -0.048X, + 0.347X,+ 0.217X5 + 0.01 1L.X, + Table 6 Principal components loading matrix
0.274X - 0.171X , - 0.031X » RE e | > 3 4
F, =0.059X, - 0.094X, — 0.022X; + 0.053X, + X, o ~0505 0842 -0094 0.117
0.026X5 - 0.020Xs - 0.047X,+ 0.144X; + 0.282X, + X, e 0624 0248 0684  —0.185

0.034X o + 0.402X ;; + 0.169X

F=0325F +0.263F, + 0.191F; + 0.101F,

AR 5 3 6 BT AR T AN 4 2
8L BT 4 A F W95 (Fi~Fy) M EE S 155 (F)
I AT HEIY o G5 R INER T FT7R LR 5130014
Rl 3 PR A G e i 59 4 242 18 Sk 2 Sl 2 ™ M Gt 5 Ay
15 %5 (IR -3 3 ) 6 5 (W F -7 2 ) |18 5 (1Ll
Pi—2 3 , AT B B RO £33 i T 5 11T 7 M 2
5 H 20 5 (B -Hr) (16 5 (ILAR-3E) 9 =
i KB H ) 4 0 e e i 1) 4 22 08 S 9 2 5
[z (38

X, FERM 0.814  0.353 0428  -0.043
X, A -0307  0.939 0.021 0.104
X Mg -0.144  0.963 0.198 0.051
Xe =5 0.759  0.132 0.609  -0.040
X, TR L 0.717  0.198  -0.592  -0.093
X W« -0492 -0.386 0.572 0.284
Xy 2R b 0.053 -0.076  0.363 0.557
X MR AE -0.744 -0.245  0.541 0.066
Xy BE&ES 0353 0170 -0338  0.792
Xp o 0.678 -0.383 -0.061  0.333

104

0.5

3 HEE TS
@ ] 300 o
€ : BB
> & o
=& it

O
To &b R
[¢]

PC2(26.249%)

00 1 1 I 1 1 1 1 A A A 00 .
1 2 3 4 5 6 7 8 9 10 11 12 05 101, o)
(L
e PC1(32.4649) pCa(VY
Number of component
3
Ho BEE B3 EFHASNE

Fig.2 Scree plot Fig.3  PCA plot
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Table 7 Principal component scores

R7 TRAMREZLEHNEIRNIEIRGERS

and composite scores of traditional fermented preparations in different regions

%5 F, F F F, F H 4
1 -1.042 -2.058 -1.265 0.990 -1.020 20
2 0.015 1.457 1.076 0.045 0.597 4
3 -0.637 2.505 -0.790 0.029 0.303 9
4 -1.943 3.454 -0.126 ~0.260 0.226 11
5 1.943 ~1.340 0.905 -0.686 0.383 7
6 2.327 -0.951 1.094 0.221 0.737 2
7 -0.585 0.785 2.181 ~0.269 0.405 5
8 1.907 -0.845 -0.338 ~0.685 0.264 10
9 -1.941 0.824 -0.728 0.648 -0.488 16
10 -0.046 ~1.418 -1.822 ~1.149 -0.850 19
11 0.642 -0.318 1.427 0.078 0.405 6
12 1.101 0.423 -0.453 ~0.372 0.345 8
13 1.543 -0.503 -1.509 -0.113 0.070 13
14 -1.075 1.929 -0.182 0.056 0.129 12
15 4271 0.085 0.596 0.345 1.557 1
16 -2.199 0.467 0.782 -0.852 -0.528 17
17 -0.863 -1.062 1.326 1.448 -0.160 14
18 1.251 1372 -0.521 0.331 0.700 3
19 -0.405 -0.280 -2.124 0.510 -0.559 18

20 -4.952 -3.224 0.791 -0.394 2342 21
21 0.688 -1.303 -0.321 0.079 -0.172 15
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Effects of Traditional Starter on the Edible Quality of Whole Wheat Steamed Bread

Li Mingpeng'?, Gao Kun', Zhai Xiaotong', Wu Nana', Wang Liping', Tan Bin"
("Academy of National Food and Sirategic Reserves Administraiion, Beijing 100037
*College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023)

Abstract The poor edible quality of whole wheat steamed bread has been the primary limiting factor for their wider ap-
plication. Existing studies have shown that traditional starter culture can improve the edible quality of white steamed
bread, but there are few studies on the effect of traditional starter culture on the edible quality of whole wheat steamed
bread. In this paper, 21 traditional starter culture from different regions were selected to investigate their effects on the
edible quality of whole wheat steamed bread in terms of color, textural characteristics, specific volume and sensory eval-
uation, using commercial yeast whole wheat steamed bread as a control. The traditional starter culture suitable for the
improvement of edible quality of whole wheat steamed bread were preferentially selected by principal component analysis.
The results showed that all the 15 fermentation preparations improved the edible quality of whole wheat steamed bread
compared with the common whole wheat steamed bread. Among them, the hardness of whole wheat steamed bread de-
creased by 5.03%-40.76%, the specific volume could be improved by 0.66%-41.72%, and the overall sensory evaluation
score improved by 0.29%-9.08% in the textural characteristics. Among the principal component analysis, the indices that
mainly showed positive correlation with the top three principal component factors were cohesiveness, reversibility, chewi-
ness and elasticity and color and specific volume of whole wheat steamed bread, and the top three ranked in order of
comprehensive edible quality were the traditional fermented preparation whole wheat steamed bread numbered 15, 6 and
18. The results of this study provide data support for the improvement of edible quality of whole wheat steamed bread by
traditional starter culture and help to promote the application of whole wheat steamed bread.

Keywords traditional starter culture; whole wheat steamed bread; edible quality characteristics; principal component

analysis



