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Table 1 Regression models for color parameters

Reference Mathematical equation Model Model No.
[17] C=(ast+ay) First order 1
[24] C=a,t’+a,t+ a; Second order 2
[15] C=a,exp(-a,t) Exponential 1 3
[24] C=(ast+ay)exp(-ast) Exponential 2 4
[24] C=a;exp(-a,t)+as Exponential 3 5

Table 2 Regression models for shrinkage parameters

Reference Mathematical equation Model Model No.
[17] Dg = K1X+ K- Linear 1
[24] Dp = K; + KX + K3X2 + K X3 Third order 2
[15] Dg = Kq(1 + xF2) Power 3
Dr= (Kit+Ky) exp(-KzX) Pz Exponential 1 4
[17] Dy = Kyexp(—K.X) + K X Exponential 1 5
[17] Dy = exp(KX + K;) Exponential 1 6
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Fig 1 Brightness changes of sugarbeet samples during drying, (a) hot air, (b) vaccum (c) microwave and (d) freeze
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Fig 2 Redness changes of sugarbeet samples during drying, (a) hot air, (b) vaccum (c) microwave and (d) freeze
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Fig 3 Yellowness changes of sugarbeet samples during drying, (a) hot air, (b) vaccum (c) microwave and (d) freeze
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Table 3 Coefficients and indices of the best fitted model (Exponential model, No. 3) on the color indices

Microwave method

RMSE tSJSE R RMSE éSE R RMSE SLSE R

0.0071 0.004 0.877 0.02605 0.00543 0.925 0.0927 0.0688 0.975 W180

0.0041 0.00531 0.974 0.00451 0.00442 0.989 0.1387 0.0577 0.962 W360

0.00211 0.00068 0.995 0.00341 0.000695 0.993 0.0432 0.01858 0.989 W600
Hot air drying method

0.002685 0.0014 0.981  0.002173 0.000708 0.987  0.05081 0.3878 0.989 50 °C

0.005122  0.03935 0.960 0.02146 0.00689 0.970  0.00529 0.00423 0.988 70 °C

0.004826  0.02141 0.971 0.01519 0.0023 0.961  0.05709 0.03259 0.984 90 °C
Vacuum drying method

0.00535 0.000332  0.996 0.00619 0.002141 0.988  0.09366 0.02631 0.975 50 °C

0.002901 0.002114 0.974 0.00105 0.000221 0.992  0.07122 0.01432 0.990 70 °C

0.004861  0.00221 0.983 0.00231 0.003081 0.972  0.08381 0.02513 0.986 90 °C
Freeze drying method

0.001048  0.00227 0.987 0.02182 0.001904 0.969  0.02655 0.000281 0.991 -50°C
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Fig 5 Shrinkage changes of sugarbeet samples during drying, (a) hot air, (b) vacuum (c) microwave and (d) freeze
drying
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Table 4 Coefficients and indices of the best fitted model (Exponential model, No. 1) on the shrinkage

b a L
Microwave method
RMSE SSE R® RMSE SSE R® RMSE SSE R®
0.00099 0.00024  0.9826  0.00019 0.00031 0.9867 0.00176 0.000219  0.9965 W180
0.00981 0.01591 0.9889  0.01241 0.00384 0.9681 0.02716 0.01033 0.9894 W360
0.00993 0.05514  0.9565 0.01136 0.00318 0.9781 0.03155 0.00099 0.9878 W600
Hot air drying method
0.0014 0.03571 0.9855  0.00634 0.008496  0.9693 0.03443 0.001893  0.9871 50 °C
0.0078 0.0091 0.9711  0.00636 0.008507 0.9794  0.06225 0.05037 0.9641 70 °C
0.00341 0.00747 0.9811  0.00724 0.008847  0.9659 0.04755 0.01809 0.9783 90 °C
Vacuum drying method
0.00987  0.008142 0.9693  0.00446 0.00419 0.9897 0.01199 0.000326  0.9992 50 °C
0.00951 0.008701 0.9893  0.00411 0.00404 0.9905 0.03551 0.003781  0.9912 70 °C
0.01401  0.009575 0.9772  0.00634 0.00849 0.9713 0.02332 0.000481  0.9917 90 °C
Freeze drying method
0.0087 0.01584  0.9588  0.00645 0.8831 0.9350 0.00514 0.01323 0.9714 -50°C
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Drying is one of the most important post-harvesting processes with the aim of increasing the storage time.
The present study investigates and compares color changes and shrinkage of red beetroot thin layers in
four different drying methods (hot air flow, microwave, vacuum and freeze drying). The process of
changing these two parameters was simulated by fitting to different models. The experiments were carried
out in hot air and vacuum air dryers at three temperature levels (50, 70 and 90 °C), in microwave dryer at
a power level of 180, 360 and 600 W, and in a freeze dryer at -50 °C.The results showed that the changes
in the brightness index (L) and yellowness (b) relative to the time were increasing and the trend of
changes in the red index (a) was decreasing. The slightest changes in the parameters of brightness,
redness and yellowness occurred in freeze drying, microwave and vacuum, respectively. The overall
results showed that the highest amount of color change (AE) was 1.59 in drying by microwave and at 180
W, and the lowest drying rate was 0.76 in freeze drying. Also, shrinkage changes in sugar beet samples
showed that the use of freeze dryer reduced the amount of shrinkage by 10-25% compared to the other
three methods of drying. Also, modeling of color parameters and shrinkage showed that exponential
models have higher ability to predict the process of color variation and shrinkage.
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