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;SALD-301V , , , RVA | 960 r/min
;s MT-75502 , 160 r/min
;810152 .860704 , o GB 24853-2010¢ .
Brabender ;RVA-TM »
s Newport Scientifi ; TMS— 1 s RVA ,
PRO , FTC ;C—Cell o
, Calibre Control International . 1.2.4 GB/T 14614-
1.2 2006/1SO 5530-1:1997 (
1.2.1 : D,
, 15 s, o
2 min, 45 s, 1.2.5 GB/T 14615-
( 60 C), 6% 2006/ISO 5530-2:1997 (
. )
, 600 g, 5%C, 1.2.6
20 min, , ( 150 g, 1.5¢g, Ng), (30
D5y  23.02 pm, C, 70% ,45 min), , (37
1.2.2 5% ,10% ,15%  20% C, 90% ,30 min), ( ,30
, o min) , (60 min) , o
1.2.3 (3.5£0.01) ¢ o
, , 25.0 mL GB/T 21118-2007, , 1,
) 10
Table 1 Criteria of sensory evaluation of steamed bread
sv( / )/mL-g™ 25 25-(2.8-sv)/0.08
C 7)) 5 1.51~1.60(5 )
1.61~1.70(4 )
1.71~1.80(3 )
1.81~1.90(2 )
1.91~2.00(1 )
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1.2.7 N /
1h, 3 emx3 mx2.5 em el
R TPA , )
:30.00 mm/min ; :30.00 mm/min; , o
:30.00 mm/min; :50% ; :5s; 1ol
:0.5N; 3, o ,
1.2.8 , o
2h, s 13 mm, i ,
o C=Cell )
1.3 )
SPSS 11.0 , el )
+ , P<0.05, )
2 , ,
2.1 ; )
2, 2 , )
2
Table 2 Effect of superfine grinded whole black kidney bean powder on pasting properties of the blending flour
% / / / / / / /
mPa-s mPa-s mPa-s mPa-s mPa-s min C

0 1348.50 +3.54* 888.50 £3.54* 460.00 +0.00" 1737.50 +6.36" 849.00 +2.83" 5.84 +0.05" 66.95 + 0.00°

5 1114.00 +£42.43" 715.00 +28.28" 399.00 + 14.14" 1433.50 +54.45" 718.50 £ 26.16" 5.70 £ 0.04" 67.68 + 0.04*

10 1016.00 £41.01" 630.00 + 14.14° 386.00 £ 26.87" 1267.50 £24.75° 637.50 £ 10.61° 5.57 £ 0.05° 68.05 + 0.64™

15 836.50 £27.58° 511.00 + 14.14* 325.50 = 13.44° 1020.00 £24.04* 509.00 £9.90 5.37 £0.05* 68.48 +0.11"

20 650.00 £ 62.23¢ 419.00 £ 31.11° 231.00 + 31.11* 842.00 + 55.15° 423.00 £24.04° 5.30 = 0.04* 69.35 +0.00*
(P<0.05), B

2.2 ,
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10%) ,

[13]
o

[14]

(5%~

[16]

Table 3 Effect of superfine grinded whole black kidney bean powder on farinograph properties

[15]

o Emigdio

of the blending flour

1% 1% /min /min
0 59.25 +0.35¢ 3.77 £0.10° 5.05 £ 0.09 88.80 +7.35" 64.75 +3.18"
5 60.10 = 0.28 4.57 £0.10" 5.57 £ 0.09° 80.95 + 5.59" 78.70 + 3.82¢
10 60.80 = 1.13" 4.57 +0.04" 5.38 £ 0.04° 78.55 +3.61" 80.65 £ 5.16°
15 62.75 + 1.06" 4.80 +0.01° 4.38 +0.03¢ 85.00 + 5.66" 73.50 +2.12%
20 65.55 +0.78* 4.65 +0.07* 4.18 =0.11° 107.50 £ 7.78* 69.55 +2.05"
2.3 ) >
4, , o 5
, , 1.2~1.3¢( 5%
, o ~10%) o )
) ; 90 min R
3 , 2.4
4 ’ 5 o ’
120
[19]
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5%~10% o

4
Table 4 Effect of superfine grinded whole black kidney bean powder on extensigraph properties of the flour dough
1% /min lem? /mm
0 45 65.85 + 3.46" 195.55 +7.85¢ 175.60 + 7.92¢ 1.11 £0.01'
90 69.45 +£5.02" 217.85 £ 9.69" 173.55 £9.12¢ 1.26 £ 0.01°
135 61.90 £ 5.37™ 193.65 + 9.40 174.85 + 8.27* 1.11 £ 0.00'
5 45 60.90 + 3.96° 203.75 £ 10.96"* 166.40 + 11.88" 1.23 +£0.02¢
90 69.95 + 3.46 227.70 = 7.50 171.55 +7.85¢ 1.33 £0.02¢
135 71.85 +4.03 223.90 + 10.04% 171.10 + 5.80* 1.31 £0.01¢
10 45 61.15 £ 4.45™ 212.85 £ 10.11™* 154.60 + 6.51" 1.38 £ 0.01"
90 71.90 = 4.10° 25570 + 11.74* 164.85 + 5.44" 1.55 +0.02¢
135 56.70 + 3.82 202.55 +12.09* 152.40 £ 6.22 1.33 £0.03
15 45 45.45 £2.05* 177.50 £9.19% 130.15 +7.28¢ 1.36 £ 0.01"
90 51.85 +4.03¢ 177.25 + 10.96" 132.05 £5.73¢ 1.34 £ 0.02™!
135 43.65 £ 3.75¢ 179.95 +7.14% 138.30 + 6.08" 1.30 £ 0.01¢
20 45 23.70 + 2.40¢ 113.75 £ 10.25' 130.65 + 6.58¢ 0.87 +0.03¢
90 33.10 £ 1.56' 169.85 + 8.70¢ 129.05 +5.73¢ 1.32 £0.01¢
135 25.55 £2.19% 139.55 + 10.54" 124.10 + 4.38¢ 1.12 £ 0.05'
5
Table 5 Effect of superfine grinded whole black kidney bean powder on the sensory quality of steamed bread
1%
0 13.19 £ 0.69* 12.50 + 1.32* 9.33 £0.58* 9.33 +1.15* 933+ 1.15* 9.33 +1.15" 17.33 £ 1.53" 80.36 = 4.49"
5 13.44 £ 1.19" 13.43 + 1.44* 843 £1.29" 8.33+0.58" 9.00+1.00° 8.67 +1.53* 16.33 £2.08" 77.64 £2.79"
10 14.19 £ 1.31* 10.67 £ 0.58" 7.50 £ 0.87* 6.33 £0.58" 6.67 = 1.15" 8.33 £0.58" 16.00 + 1.73* 70.02 + 3.35"
15 12.81 £ 1.31" 10.83 £2.25* 7.67 £2.25* 5.67 £0.58" 5.67 £0.58" 7.67 +0.58* 15.33 £3.06* 65.31 +7.80°
20 14.44 £1.56* 9.00 + 1.73* 5.83 £1.61" 433 +0.58° 5.00+1.00" 7.67+0.58" 15.33 +2.08" 62.61 +3.81°
2.5 o] 6 ’
, 5
6, 6 ; , , TPA
[22]
b 2-6
, =, C—Cell .

[20]

. TPA 1 N )
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6
Table 6 Effect of superfine grinded whole black kidney bean powder on the texture of steamed bread
1% IN /m] /N
0 8.20 = 0.75¢ 0.32 +0.02" 0.70 £ 0.01* 0.84 +0.03 4.85 £ 0.56° 0.39 +0.01*
5 11.50 +0.79° 0.20 + 0.02 0.71 £0.03* 0.82 +0.02 6.69 +0.38" 0.39 +0.01°
10 15.63 £0.12" 0.16 £ 0.02* 0.72 +0.02 0.84 +0.01° 9.37+0.22 0.40 + 0.02*
15 17.27 £ 1.80" 0.30 £0.03™ 0.71 £ 0.02* 0.84 £ 0.02° 10.24 £ 0.92* 0.38 £ 0.01*
20 18.63+091°  0.56+0.14° 067004  082+00° 1032055 038003
23]
C-Cell o
b [24] ’ 9 b b
b 7 o b o 7 b N
7 b b b b
, 1
(0~255), 7 , o
7
Table 7 Effect of superfine grinded whole black kidney bean powder on internal texture of steamed bread
/ / /
1%
px px Ipx px!
0 145.20 + 0.817 + 3867 + 244 + 6.76 + 0.074 + 3.62 1.51 + 0.027 +
1.08° 0.005* 99 0.03¢ 0.40 0.012" 0.28° 0.03* 0.001*
5 97.03 = 0.805 = 3477 + 2.57 = 7.82 % 0.089 =+ 4.40 = 1.54 = 0.022 =
2.24" 0.007* 105" 0.07" 0.29° 0.023" 0.19" 0.01* 0.001"
10 66.13 + 0.713 = 3149 + 2.61 7.80 £ 0.102 £ 5.19 + 1.53 + 0.022 +
5.58° 0.016" 158¢ 0.11* 0.86° 0.037* 0.79" 0.03* 0.002"
15 63.20 £ 0.701 = 2818 2.60 + 7.96 £ 0.104 + 535+ 1.51+ 0.022 +
5.51° 0.011" 1814 0.03* 0.62° 0.021* 0.30" 0.01* 0.001"
20 49.23 0.611 = 2826 + 2.72 + 8.14 = 0.136 £ 6.71 + 1.51 0.021 £
0.86" 0.016° 97 0.11° 0.21° 0.040° 0.99° 0.02" 0.002"
:px , Ipx 0.147 mm,,
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Effect of Superfine Grinded Whole Black Kidney Bean Powder on Rheological Properties of
Flour Dough and Quality of Steamed Bread

Wang Jun'? Cheng Jingjing® Wang Zhouli' Yuan Yahong' Guo Kangquan®* Yue Tianli”
(College of Food Science and Engineering, Northwest A&F Uniwersity, Yangling 712100, Shaanxi
*College of Food and Bioengineering, Xuchang University, Xuchang 461000, Henan
*College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, Shaanxi
“Shaanxi Engineering Research Center for Agricultural Equipment, Yangling 712100, Shaanxi)

Abstract Wheat flour was substituted with superfine grinded whole black kidney bean powder, and the effect of the
substitution on rheological properties of flour dough and quality of steamed bread made of black kidney bean was investi-
gated. The results revealed that: With the increase of the content of whole black kidney bean powder, all viscosity rele-
vant parameters and time to peak viscosity of the blending flour decreased significantly, and the pasting temperature in-
creased. The water—absorption capacity of the flour increased and the development time, the stability time and farinograph
quality number of the flour dough increased first and then decreased. The area under the curve and resistance to exten-
sion increased first and then decreased, and the extensibility decreased significantly. The optimum resistance—extensibility
ratio was 1.2-1.3. The score of appearance, internal structure, color and elasticity and toughness decreased because of the
addition, and specific volume, viscosity and smell and taste didn’t change significantly. The hardness and chewiness of
steamed bread increased significantly, the adhesiveness decreased first and then increased, and there was no significant
change in cohesiveness, springiness and resilience. Except cell elongation, all internal texture relevant parameters changed
significantly. Image analysis could describe the internal texture of steamed bread quantitatively and the evaluation would

be more accurate and objective. The optimum content of whole black kidney bean powder was 5%-10%.

Keywords black kidney bean; superfine grinded whole powder; rheological properties; steamed bread; image anal-

ysis



