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Effect of Water Addition on Hydration and Structure of Gluten Protein

XIE Xinhua WU Xiuyuan SHEN Yue ZHANG Bei XU Chao ZHANG Yanjie
(College of Food Science and Technology, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: Effect of water addition ongluten protein was investigated by using nuclear magnetic resonance
(NMR ), scanning electron microscopy ( SEM ), Fourier transform infrared spectroscopy ( FITR),
differential scanning calorimeter ( DSC) and rotational rheometer (DHR). The results showed that the
amount of water had a significant effect on the hydration, structure and functional properties of gluten
protein. With the increase of water addition, the bound water content of gluten protein was decreased
significantly from 22.42% to 17.27% , the free water content was increased significantly from 0. 04% to
8.25% , and the weakly bound water content was increased first and then decreased, and the water was
preferentially converted into bound water and weakly bound water. The gluten protein network had more
dense pores and smaller pore size, but when the water was added more than 160% , the strength of the
network was weakened. The secondary structure of gluten protein showed that when the water addition
amount was not more than 130% , the B-turn angle and the random curl was decreased significantly with
the increase of water addition, and the a-helix and B-folding were increased remarkably. When the water
addition amount was more than 130% , the secondary structure change of gluten protein was slowed
down, and there was no obvious changing rule. The heat denaturation temperature of the protein was
firstly increased and then decreased. When the water addition amount reached 150% , the maximum
value was 82.4°C , indicating that the thermodynamic stability was increased with the increase of water.
The storage modulus G’ and the loss modulus G" of gluten protein all showed a downward trend. After the
water addition was more than 130% , the downward trend was slowed down. When the water content was
150% , the elasticity was higher than 140% . The above results indicated that 150% may be the better
water content of gluten protein, which also laid a foundation for further revealing the mechanism of water
addition to wheat dough.

Key words: gluten protein; amount of water; water distribution; protein structure ; rheological property
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Fig. 1  Effect of water addition on gluten protein T,
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Tab.1 Effect of water addition on relative water

contents of gluten protein %
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120 (21.04 £0.26)" (78.74 £0.29)>  (0.22 £0.05)*°
130 (19.45£0.18)° (79.77 £0.29)" (0.78 +0.12)*
140 (18.36+0.16)° (80.38 +0.19)* (1.26 £0.30)"
150 (18.26 £0.44)° (79.31 £0.46)™ (2.44 +0.14)°
160 (18.34 +0.68)° (77.25+0.44)° (4.41+0.30)°
170 (18.17 £0.22)* (75.76 £0.24)"  (6.07 +0.31)°
180 (17.67 +0.50)% (73.89+0.31)° (8.43+0.19)"
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Tab.2 Effect of water addition on secondary structure of gluten protein %
ok & -2 B-r& B-¥ iy To AL ith
110 (11.81 £0.10)° (49.56 +0.06)° (12.72£0.11)*° (25.91£0.15)°
120 (12.77 £0.16)" (49.39 +0.80)" (12.60 £0.08)* (25.24 £0.72)°
130 (24.31 £0.04) (50.94 £0.21)°" (11.95 £0.14)°" (12.80 £0.12)"
140 (24.23 £0.07) (51.57 £0.16)" (11.68 £0.12)" (12.52 £0.21)"
150 (24.35 £0.08) (51.95 £0.23)°" (11.39 £0.14)°" (12.32 £0.09)"
160 (23.90 £0.17)°¢ (52.37 £0.43)" (11.17 £0.02)° (12.56 0.28)"
170 (24.42 £0.13)¢ (51.43 £0.14)°" (11.65 £0.06)" (12.51 £0.07)"
180 (24.27 £0.03) (51.61 £0.05)" (11.77 £0.01)" (12.34 £0.04)"
190 (24.20 £0.10) (51.25 £0.02)" (11.76 £0.02)" (12.80 £0.08)"
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Tab.3 Effect of water addition on thermodynamic

properties of gluten protein

MoK /% Ty/C T,/C AH/(J-g7")
110 (40.95 +0.57)" (72.80+0.79)" (6.42+0.52)"
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Fig. 6 Effect of water addition on dynamic rheological

properties of gluten protein
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