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Fig.1 Particle size distribution of walnut

butter at different milling time
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Table 1 Size characteristics and texture of walnut butter at different ball milling time
BRI} 1] / min (Dis— D)/ BECIRIE/g  BEM/ (g9 Fi®RIi/e
Ball-milling time Dos/pm Daz/pm Des/pm pm Firmness Consistency Cohesiveness
2 20.8040.57a 8.6240.19a 79.89+8.00a 71.27+7.84a 78.9843.90a  538.03+40.99a —53.1143.86d
4 21.40+1.63a 7.9240.69b  84.77+12.92a 76.85+12.43a 24.2242.96b  154.00+£10.64b —21.25+1.42¢
8 17.74+0.94b 6.8440.34c  60.44+16.69b 53.59+16.49b 13.24+1.48¢ 84.554+9.69c  —16.87+0.53b
16 17.064+0.90b 7.0240.51c¢ 52.90+3.83b  45.88+3.58b 3.3940.48d 21.3043.95d —8.24+1.78a
24 16.57+0.23b 7.05+0.14c 37.8843.05¢ 30.8342.95¢ 2.88+0.22d 16.74+6.43d —6.55+1.24a

T A —F A A 7B R o8 22 7 W3 (P<<0.05), Note: Different letters in the same column indicated significant differences (P<C0.05).
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Fig.2 Relationship between viscosity and shear rate

of walnut butter at different ball milling time
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Fig.3 Thixotropic properties of walnut butter

at different ball milling time
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Fig.4 The effect of ball milling time on storage
modulus (G”) of walnut butter
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Fig.5 The effect of ball milling time on loss

modulus (G”) of walnut butter
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Fig.6  Appearance of ball milling treated

walnut butter at different time
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Fig.7 Fluorescence microscopy micrographs(A) and optical microscopy images(B) of ball milling
treated walnut butter at different time
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Effect of high-energy ball milling on rheological properties of walnut butter

WANG Zhongkun,GENG Mengjie,DU Linxiao,JIANG Nan, HU Hao

College of Food Science and Technology , Huazhong Agricultural University sWuhan 430070,China

Abstract Walnut butter is a semi-solid paste, which is made from ground and roasted walnut. In or-
der to obtain the product with consumer acceptability on the market,it is necessary to analyze the effect
of grinding on processing characteristics of walnut butter. In this study, the walnut kernel was ball
milled for different durations (2,4,8,16,and 24 min) to develop walnut butter products,reduce the par-
ticle size and improve rheological properties. The average particle diameter of walnut butter after ball
milling for 24 min decreased from 79.89 pm to 37.88 pm.by 53% overall. Walnut butter was a typical
non-Newtonian pseudoplastic fluid, which had the characteristics of viscoelasticity and positive thixotro-
py. The results revealed that the hardness and consistency of the walnut butter decreased,and the fluidi-
ty gradually increased during the ball milling treatment. The walnut butter ball milled for 8 minutes
showed the higher viscosity and smaller in particle size,and was suitable for processing as a spreadable
butter. As for ball milling process for 16 and 24 min exhibited the best fluidity and was suitable for the
processing of salad sauce. Results could be useful in development of the walnut butter making process
system design. Therefore,high-energy ball milling technology could be used as a technique for preparing
walnut butter,and gradually change the rheological properties of finely divided walnut butter through
the process.

Keywords high-energy ball milling; emulsion gel; rheological properties; texture; thixotropy;

walnut butter; ball milling
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