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Drying Characteristics and Mathematical Models of Chinese
Wolfberry in DC High Voltage Electric Field

DING Changjiang YANG Maosheng
(College of Science, Inner Mongolia University of Technology, Huhhot 010051, China)

Abstract: Aiming to explore the new drying technology of Chinese wolfberry, improve the quality of dried
Chinese wolfberry, and find suitable mathematical model, the drying experiments were carried out for
Chinese wolfberry fruits with a multiple needle-to-plate electrode at 0 kV, 22 kV, 28 kV, 34 kV, 40 kV
and 45 kV at the same temperature and humidity in DC high voltage electric field. The shrinkage rate,
rehydration rate, polysaccharides and vitamin C content of the dried wolfberry fruits were measured. The

mass transfer enhancement factor, the effective moisture diffusion coefficient ( D) and the specific

s
energy consumption were also calculated. Ten mathematical models were then appliefd to simulate drying
curves based on three statistical parameters. The results showed that the drying rate of Chinese wolfberry
fruits in the DC high voltage electric field was higher than that of the control. Under the same voltage,
the drying rate of the Chinese wolfberry was gradually changed with the prolonging of drying time. The
drying rate and specific energy consumption were increased with the increase of voltage. By ANOVA | the
results showed that Chinese wolfberry fruits in the DC high voltage electric field had a significant effect on
rehydration rate compared with control (p <0.05), but there were no significant differences in shrinkage
rate of dried Chinese wolfberry fruits (p >0.05). DC high voltage electric field drying could keep more
polysaccharides and vitamin C content compared with oven drying. The mass transfer enhancement factor
was heightened with the increase of voltage, and the effective moisture diffusion coefficient (D) values
were increased with the increase of voltage. It was clear that all ten mathematical models could
satisfactorily describe drying curves of Chinese wolfberry fruits treated by DC high voltage electric field.

From the statistical result, the Midill and Kucuk model was selected as the best model to represent the
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drying characteristics of Chinese wolfberry fruits in the DC high voltage electric field. Microstructure

detection indicated that the microstructure of Chinese wolfberry fruits was changed in the DC high voltage

electric field. Those results may provide some clues and practical guidance for optimizing the process of

drying Chinese wolfberry fruits in DC high voltage electric field drying system, improving the drying

efficiency and promoting the development of Chinese wolfberry fruits drying technology.

Key words: Chinese wolfberry fruits; high voltage electric field drying; drying rate; rehydration rate;

mathematical models
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Fig.1 Equipment diagrams of high voltage electric field drying
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Tab.1 Mathematical models used to simulate drying curves

WA 75 L 4 FR AL J5 SCHk T 5
1 Lewis ( Newton) My =exp( - kt) [17]
2 Henderson and Pabis My =aexp( —kt) [18]
3 Logarithmic My =aexp( —kt) +b [19]
4 Parabolic ( Polynomial ) My=a+bt+ c? [20]
5 Page My =exp( - k") [21]
2
6 Taghian Dinani My =aexp ( - ( ! ; b ) ) [14]
7 Wang and Singh M, =1 +at +bi® [22-23]
8 Modified Page My =exp( - (kt)") [24]
9 Midilli and Kucuk My =aexp( —ki") +bt [25]
10 Weibull

MR:eq)(— (%})”) [26]
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Fig.2 Effects of drying methods on wolfberry products
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Fig.3 Variation curves of drying rate of Chinese

wolfberry treated at different direct voltages
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Fig.4 Variation curves of moisture ratio of Chinese

wolfberry treated at different direct voltages
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Fig.5 Effect of different voltages on rehydration

rate of dried Chinese wolfberry fruits
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Fig. 6  Effect of different voltages on shrinkage rate of

dried Chinese wolfberry fruits
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Fig.7 Comparison of mass transfer enhancement factor

under different voltages
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Tab.3 Results of statistical analyses on modeling of moisture ratio and drying time

e i JE/kV k n a b c E s R? Y
22 0.047 5 0.028 188 0.993 34 0.000 812
28 0.0529 0.031 942 0.986 43 0. 001 042
Lewis 34 0.064 0 0. 045 495 0.972 83 0.002 126
40 0.0779 0.051 853 0.972 89 0. 002 766
45 0.097 4 0. 048 106 0.973 29 0. 002 389
22 0.0522 1.072 8 0.016 879 0. 995 96 0. 000 298
28 0.0572 1.078 5 0. 022 443 0.993 15 0. 000 526
Henderson and Pabis 34 0.070 1 1.095 4 0. 037 669 0.98176 0.001 496
40 0.0893 1.1317 0.037 804 0.982 82 0.001 513
45 0.1134 1.1590 0. 024 240 0.992 77 0. 000 631
22 0.0417 1.1392 -0.103 39 0. 004 543 0.999 70 0. 000 022
28 0.0439 1.1499 -0.117 50 0. 007 586 0.999 20 0. 000 061
Logarithmic 34 0.044 1 1.247 4 -0.228 45 0.013 429 0.997 62 0. 000 195
40 0. 060 6 1.2228 -0.170 38 0.007 272 0.999 35 0. 000 058
45 0.0900 1.196 9 -0.093 02 0.003 576 0.999 84 0.000014
22 0.996 6 -0.037 54 0.000 38 0.014 304 0.997 03 0.000 219
28 0.9920 -0.03969 0.000 42 0.012 441 0.997 85 0. 000 165
Parabolic 34 0.9873 -0.04551 0.000 52 0.016 720 0. 996 39 0. 000 303
40 1.0009 -0.05662 0.000 80 0.015 652 0.997 17 0. 000 249
45 1.029 3 -0.07591 0.00143 0.015111 0.996 29 0. 000 325
22 0.0295 1.160 5 0.017 059 0.998 22 0.000 131
28 0.030 1 1.1848 0.011 187 0.997 28 0. 000 209
Page 34 0.0316 1.2247 0.014 199 0.989 98 0. 000 821
40 0.0351 1.3010 0.027916 0.992 34 0. 000 675
45 0.0459 1.307 9 0. 025 242 0.997 81 0. 000 684
22 4.662 2 -71.0922 57.7970 0. 000 857 0.998 93 0. 000 079
28 2.6367 -44.8759 45.8821 0.010 321 0.998 52 0.000 114
Taghian Dinani 34 1.5334 -20.3091 30.7573 0. 022 368 0.993 39 0. 000 542
40 1.5951 -16.6646 24.8038 0.020 763 0. 994 66 0. 000 470
45 2.5621 -21.5275 23.0388 0. 008 809 0.999 01 0. 000 087
22 -0.0378 0.000 387 0.014 344 0.997 08 0. 000 215
28 -0.0403 0.000 432 0.012 563 0.997 81 0. 000 165
Wang and Singh 34 -0.0468 0.000 552 0.017 008 0.996 28 0. 000 305
40 -0.0565 0.000 794 0.015113 0.997 25 0. 000 242
45 -0.0719 0.001 320 0.019 316 0.995 41 0. 000 401
22 0. 047 94 1.1605 0.011 187 0.998 22 0.000 131
28 0.05198 1.184 8 0.014 998 0.997 28 0. 000 209
Modified Page 34 0. 062 28 1.2447 0.027916 0.989 98 0. 000 821
40 0.076 12 1.3011 0. 025 242 0.992 34 0. 000 675
45 0.094 83 1.3079 0.013 335 0.997 81 0.000 191
22 0.054 10 0.936 8 1.058 4 -0.00198 0. 002 744 0.999 88 0. 000 008
28 0. 049 25 0.992 8 1.038 6 -0.00178 0.007 815 0.999 13 0. 000 067
Midill and Kucuk 34 0.079 92 0.8428 1.077 8 —-0.005 23 0.011932 0.998 07 0.000 159
40 0.073 67 0.978 1 1. 067 6 —-0.003 61 0.007 393 0.999 30 0. 000 061
45 0. 081 50 1.072 1 1.0803 -0.001 94 0. 003 294 0. 999 86 0.000 013
22 1.1605 20. 859 25 0.011 187 0.998 22 0.000 131
28 1.184 8 19. 238 48 0.014 150 0.997 28 0. 000 209
Weibull 34 1.2447 16. 05551 0.027916 0.989 98 0. 000 821
40 1.3011 13. 137 04 0. 025 242 0.992 34 0. 000 675
45 1.3079 10.545 18 0.013 335 0.997 81 0.000 191
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predicted value of Chinese wolfberry fruit samples from Fig.9  Specific energy consumption and total drying

Midill and Kucuk model time under different voltages
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