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Abstract: The creep-recovery test was used to analyze the rheological properties of black bean-wheat flour
blends in linear and nonlinear viscoelastic regions. After adding black bean powder to wheat flour, the water
absorption rate and development time of the dough were both increased, and the stable time of the dough
showed atrend of increasing first and then decreasing. Creep and recovery data fitted well with the 4-element
Burgers model (R*>0.94). During the creep time of  3.5.10 and 15 min, the 4. gt~ J~ ad J,,.. Of the dough
gradually increased, the J,, and the recovery rate gradually decreased. J,,« J,o~ J., generally showed a
decreasing trend. After the deformation, the recovery rate of the dough in the recovery timeof 3.5.10and 15min
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was 63.51%~73.6%. Under the shear stress of 150, 250. 500 and 1 000 Pa, the /., J.,, and J,.. of the dough
gradually increased, u.- J,,~ A and recovery rate dropped from 89.99% to 32.36%. When the amount of black
bean flour added in wheat flour was 10%, the weakening of the dough was the smallest and the stable time
was relatively longer. The Linear creep-response analysis results showed that the dough had reached steady

shear during the creep time of 3 min, prolonging of the creep time affected the elastic recovery and recovery

speed of the dough, and the elastic network of the dough was broken partially; the recovery rate of the dough

was 73.6% at the recovery time of 10 min. The nonlinear creep-analysis results showed that the dough was

sensitive to shear stress outside the linear viscoelastic region, but it still had typical viscoelastic properties,
improved the shear stress, reduced the steady shear viscosity of the dough, and accelerated the delayed elastic

recovery.

Key words: wheat flour; black bean powder; creep-recovery; viscoelasticity; Burgers model; elastic network
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Fig. 1 Typical curve of creep-recovery characteristic
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Table 1 The effect of black bean flour content on
farinograph parameters of wheat flour
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10% 625 1.7 8.9 44 101
15%  63.6 5.7 7.7 70 95
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Fig.2 Creep-recovery curve of mixed dough at various stress levels
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Fig. 3 Effect of creep time on creep-recovery
characteristics of mixed dough
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Table 2 Effects of creep times on various parameters of the Burgers model for mixed dough
A0 25 % 5

Bl/min ;107 Pat  JJ10°Pat Ads ulPas

Jud10° P R?

JJ10° Pt /1070 Pt ls R? K%

3 68.32+0.05d 35.02+0.01d 38.01+1.04d 285.21+2.96d 140.73+1.01d 0.99901 59.27+0.89a 30.31+0.0lcd 23.38+0.64c 0.97997 63.65
5 61.63+0.20c 47.27+0.15c 51.87+0.62c 354.83+1.47c 160.35+1.35c 0.999 70 39.64+0.45b 29.99+0.0lc 16.80+0.84d 0.95185 43.42
10  179.58+0.01b 66.71+0.25b 103.28+1.86b 566.88+4.07b 175.37+0.97b 0.99917 24.63+0.24c 45.58+0.21b 146.67+1.64b 0.97310 40.04
15  21557+0.13a 86.22+0.07a 153.62+2.86a 620.20+4.36a 224.08+1.34a 099916 10.01+1.32d 4851+0.15a 15250+1.21a 0.986 70 26.12
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Fig. 4 Effect of recovery time on creep-recovery
characteristics for mixed dough
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Table 3 Effect of recovery time on various parameters of the Burgers model for mixed dough

[ 42 It Ly

CIE=3 mE=s

B/min ;1107 Pat ), /100 Pat  Als 1/Pa:s

Jua 108 Pat R2

J,/10° Pat J,/10°Pat  AJs R Fl%

3 29.29+0.01b 61.21+0.01d 23.65+0.34b 390.87+3.82b 141.86+1.30c 0.998 09 58.14+0.45b 31.96+0.17d 35.97+0.38d 0.970 08 63.51
5  37.45+0.03a 65.27+0.04c 22.86+0.34d 355.40+3.40c 144.14+0.56b 0.997 92 55.86+0.47c 35.97+0.15b 78.56+0.86c 0.976 19 63.71
10 25.89+0.06c 64.36+0.34b 24.73+0.35a 391.77+4.14a 137.26+0.44d 0.998 13 62.74+1.20a 38.28+0.22a 119.61+1.44a0.962 89 73.60
15 23.37+0.13d 71.68+0.38a 23.58+0.30bc 354.12+3.26cd 145.33+0.89a 0.998 39 54.67+1.08d 35.92+0.21bc 91.82+0.85b 0.970 91 62.33
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characteristics of mixed dough

4 BIYIR N3 Burgers A NS HAIFN

Table 4 Effect of shear stress on various parameters of the Burgers model for mixed dough
Y s [il5L [l
AP 1107 Pat J,J10°Pat  Ads ol 10°PEr R? JJ10°Pat J,/10°Pat  Lls R RI%
150 29.40+0.10d 18.47+0.13d 27.05+0.46a 686.94+4.61a 115.34+2.14d 0.998 97 84.66+0.57a 19.14+0.11c 150.91+1.52a 0.978 68 89.99
250 37.00£0.57c 21.34+0.16c 23.64+0.43cd 541.54+3.28b 117.28+2.03c 0.998 71 82.72+0.35b 18.87+0.10cd 119.08+1.39b 0.964 93 86.62
500 48.39+0.41b 32.03+0.36b 23.95+0.64c 306.58+2.34c 130.76+1.15b 0.997 85 69.24+0.24c 30.16+0.19b 85.26+0.94c 0.962 56 76.02
1000 154.32+0.01a106.26+0.01a 26.55+0.46ab 101.72+0.59d 213.33+1.352 0.999 09 1.68+0.04d 67.35+0.53a 82.56+1.14d 0.94169 32.36
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