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Mathematical Modeling of Thin-layer Drying of Red Dates (Ziziphus jujuba Mill)

LIU Kun?!, LU Zhou-min?*, BAO Rong? ZHAO lJia-qi’>, JIAO Wen-yue?
(1. College of Food Science and Engineering, Northwest A&F University, Yangling 712100, China;
2. College of Forestry, Northwest A&F University, Yangling 712100, China)

Abstract: In order to explore the drying regularity of red dates and provide a theoretical foundation for the drying of red dates,
the drying characteristics of red dates were evaluated in a laboratory scale dryer. The drying experiments were carried out at 50,
60 ‘C and 70 'C at a constant air velocity. Seven commonly used thin-layer drying mathematical models were selected and used
to fit the experimental data using non-linear regression analysis for establishing a suitable mathematical model that describes the
drying of red dates. The results indicated that the drying process involved two stages, acceleration phase and deceleration phase,
without a constant-rate phase. The performance of different drying models was investigated by comparing their coefficients
(R?), chi-square values (x?2) and root mean square errors (RMSE). Among these models, the Page model was the most suitable
model for describing the drying curve of red dates with a R? of 0.99921, x?2 of 0.0088687 and RMSE of 0.0082514. The effect
of drying air temperature on the rate constant and coefficient of the Page model was also explored. Therefore, this model can adequately
describe the change regulation of water content according to the comparison of experimental values and predicted values.
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Table 1 Commonly used mathematical models of thin-layer drying
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Fig.1 Drying curves at different temperatures
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Fig.3 Relationship between drying rates and water contents at
different temperatures
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Table 2 Fitting results of different thin-layer drying models

FLRL W IC PR E R? X2 RMSE
50  k=0.0297357 0.99006 0.36641 0.049774
1 60  k=0.0429457 0.99019 0.25814 0.050880
70 k=0.0696662 0.99445 0.10662 0.039946
50  k=0.00881782 n=1.342982 0.99879 0.014656 0.010491
2 60  k=0.01391682 n=1.354540 0.99924 0.0061517 0.0083922
70 k=0.03329540 n=1.268761 0.99960 0.0057982 0.0058707
50  a=1.095946 k=0.0328395 0.98478 0.21692 0.037586
3 60  a=1.098757 k=0.0475333 0.98487 0.14866 0.037923
70 a=1.084311 k=0.0757602 0.99156 0.052727 0.028427
50  a=1.358446 k=0.0193597 c= — 0.321382 0.99813 0.037748 0.012541
4 60  a=1.346952 k=0.0286665 c= — 0.304329 0.99768 0.030528 0.014125
70 a=1.173810 k=0.0586806 c= — 0.123440 0.99656 0.032888 0.017269
50  a=— 0.0223405 b=0.000123378 0.99903 0.020954 0.011647
5 60  a=— 0.0323024 b=0.000258871 0.99867 0.018425 0.014010
70 a=—0.0541210 b=0.000782701 0.99920 0.0056243 0.011865
50  a= — 102.92847 b=103.911999 k:=0.0583291 k:=0.0578609 0.99858 0.021652 0.011308
6 60  a= — 74.79359 b=75.781917 k:=0.08486430 ki=0.0839223 0.99895 0.0110649 0.0098334
70  a= — 55.28584 b=56.290076 k:=0.1273030 ki=0.1256768 0.99961 0.0049095 0.0058051
50  a=1.8776912 k=0.0445128 0.99777 0.037587 0.014058
7 60  a=1.8923190 k=0.0647874 0.99829 0.020400 0.012575
70 a=1.8307903 k=0.1005394 0.99956 0.0042205 0.0061684
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Fig.4 Comparison between experimental values and predicted values
from Page model at different temperatures
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