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Figure 1- Impact of microwave pretreatment on drying time of orange slices in infrared dryer.
Different letters above the columns indicate significant difference (p<0.05).
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Figure 2- Impact of microwave pretreatment on moisture loss rate of orange slices during drying process in
infrared dryer
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Figure 3- Impact of microwave pretreatment on effective moisture diffusivity coefficient of orange slices in infrared

dryer.

Different letters above the columns indicate significant difference (p<0.05).
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Table 1- The coefficients of Page model for calculating moisture ratio values of orange slices during drying by
infrared dryer

Microwave K nt Sum of squared error  Correlation coefficient Root mean square error
time (SSE) (n (RMSE)
0 min 0.0062  1.4202 0.0058 0.9980 0.0105
1 min 0.0079  1.4393 0.0114 0.9985 0.0153
2 min 0.0093  1.4097 0.0096 0.9986 0.0145
3 min 0.0076  1.4753 0.0092 0.9988 0.0142
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T The coefficients of Page model (MR=exp(-kt"))
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Table 2- The coefficients of Wang and Singh model for calculating moisture ratio values of orange slices during
drying by infrared dryer

Sum of

. . 1 1 Correlation Root mean square error
Microwave time a b squa(rSeSdEe)rror coefficient (r) (RMSE)
0 min -0.0183 0.0000 0.0144 0.9980 0.0160
1 min -0.0235 0.0001 0.0078 0.9990 0.0128
2 min -0.0248 0.0001 0.0058 0.9992 0.0114
3 min -0.0242 0.0001 0.0109 0.9985 0.0154

T The coefficients of Wang and Singh model (MR=1+at-+bt?)
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Table 3- The coefficients of Henderson and Pabis model for calculating moisture ratio values of orange slices during
drying by infrared dryer

Microwave time al KL s?qtrgr(e):; Cor_re_lation Root mean square error
error (SSE) coefficient (r) (RMSE)
0 min 1.0987 0.0294 0.0765 0.9893 0.0384
1 min 1.1030 0.0376 0.1031 0.9866 0.0465
2 min 1.0977 0.0391 0.0847 0.9881 0.0433
3 min 1.1110 0.0398 0.1063 0.9856 0.0487

T The coefficients of Henderson and Pabis model (MR=aexp(-kt))
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Table 4- The coefficients of Approximation of diffusion model for calculating moisture ratio values of orange slices
during drying by infrared dryer

Sum of Correlation Root mean square
Microwave time al k! b! squared Fficiont RM%E
error (SSE) coefficient (r) error ( )
0 min -9.9827 0.0598 0.8929 0.0077 0.9989 0.0120
1 min -21.0033 0.0717 0.9573 0.0168 0.9979 0.0187
2 min -13.2233 0.0748 0.9370 0.0131 0.9982 0.0171
3 min -27.9267 0.0768 0.9622 0.0154 0.9979 0.0186

! The coefficients of Approximation of diffusion model (MR=aexp(-kt)+(1-a)exp(-kbt))
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Table 5- The coefficients of Newton model for calculating moisture ratio values of orange slices during drying by
infrared dryer
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Microwave time S SueTrgf' s(ggaEr)ed ngf';'i'g::to(?) Root mean square error (RMSE)
0 min 0.0258 0.1538 0.9783 0.0541
1 min 0.0334 0.5078 0.9772 0.0599
2 min 0.0349 0.1462 0.9793 0.0564
3 min 0.0351 0.1858 0.9747 0.0637

T The coefficients of Newton model (MR=exp(-kt))

Erw9d (SSWd L (3, SSls (b JW5 3 gy 2 Cugb ) Cond 3l dprlone (5152 (hdee Jobo o =1 Jga
Table 6- The coefficients of Midilli model for calculating moisture ratio values of orange slices during drying by

infrared dryer

Microwave al KL nt bt Sum of squared Correlation Root mean square
time error (SSE) coefficient (r) error (RMSE)
0 min 1.0048 -0.0220 0.9868  -0.0285 0.0018 0.9997 0.0060
1 min 1.0016 -0.0218 0.9557  -0.0339 0.0012 0.9998 0.0049
2 min 1.0070 0.0135 1.1997  -0.0039 0.0007 0.9999 0.0042
3 min 1.0023 -0.0132 1.0619  -0.0237 0.0010 0.9999 0.0048

T The coefficients of Midilli model (MR=aexp(-kt")+bt)
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Figure 4- Impact of microwave pretreatment on shrinkage of dried and rehydrated orange slices.
Different letters above the columns indicate significant difference (p<0.05).
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Figure 5- Impact of microwave pretreatment on color indexes of dried orange slices.
Same letters above the columns indicate no significant difference between means (p>0.05).
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Figure 6- Impact of microwave pretreatment on color indexes of rehydrated orange slices.
Same letters above the columns indicate no significant difference between means (p>0.05).
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Figure 7- Impact of microwave pretreatment on total color difference index of dried and rehydrated orange slices.
Same letters above the columns indicate no significant difference between means (p>0.05).
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Figure 8- Impact of microwave pretreatment on rehydration ratio of dried orange slices by infrared dryer.
Different letters above the columns indicate significant difference (p<0.05).
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Abstract

Introduction: Microwave heating is a form of dielectric heating by which it is possible
generate heat in materials of low electrical conductivity by an applied high-frequency electric
field. Drying by the use of infrared radiation is a method that offers lower energy loss as
compared to the convective drying, since the energy in an electromagnetic wave is directly
absorbed by the product.

Materials and Methods: In order to apply microwave pretreatment, the oranges were placed
in the microwave for 0, 1, 2, and 3 min, and after the treatment, slices with a thickness of 0.5
cm were prepared from the oranges and, then the slices were dried using an infrared lamp
with a power of 250 W. In this research, the effect of microwave pretreatment on mass
transfer rate, effective moisture diffusivity coefficient, shrinkage, color indexes, and
rehydration of orange slices dried by infrared method was investigated and its drying Kinetics
was modeled.

Results: By increasing the microwave treatment time from 0 to 3 minutes, the effective
moisture diffusivity coefficient was increased. Kinetic modeling results of the experimental
data of drying orange slices showed that the best model for this process with the highest fit,
the highest value of correlation coefficient, and the lowest error is Midilli's model. The
application of microwave had a significant effect on the change of surface shrinkage of dried
and rehydrated orange slices (p<0.05) and application of this pretreatment reduced the surface
shrinkage of the product. Application of microwave had no significant effect on the change of
color indexes (yellowness, redness, lightness, and total color change) of dried and rehydrated
orange slices (p>0.05). By increasing the microwave treatment time from 0 to 3 min, the
average rehydration of dried orange slices in the infrared dryer increased from 154.25% to
212.85%.

Conclusion: In general, the use of microwave pretreatment before drying orange slices due to
increasing mass transfer rate, reducing surface shrinkage, and increasing rehydration, is
recommended.
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