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Fig 1 Weighing method of papaya slices in a hot-
air oven dryer.
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Table 1 Mathematical models used for modeling of hot-ajtirth of papaya slices

Model hame Equation Reference
Newton MR=exptkt) Yousefi et al. 2013
Page MR= exp(-ke) Yousefi et al. 2013
Modified page MR = exp(—kt)" Yousefi et al. 2013
Henderson and Pabis MR=aexpfkt) Yousefi et al. 2013

Yousefi et al. 2013
Zomorodian and Moradi, 2010
Zomorodian and Moradi, 2010
Zomorodian and Moradi, 2010

Two term
Exponential two term
Wang and Singh
Approximate diffusion

MR= aexp(-kt) +bexp(-kt)
MR= aexp(-kt) +(1-a) exp(-kat)
MR =1+ at +bt?
MR= aexp(-kt) +(1-a) exp(-kbt)
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Fig 2 Changes in osmotic parameters during

dehydration process
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Table 2 Mathematical modeling results for osmotic dehyidraprocess of papaya slices

Model Parametel R* RMSE
ky=2.523
Peleg e 0.992 0.179
Azuara o O3 0.992 0.179
a=0.740
Weibul £ = 44.130 0.989 0.228
s6* =11.73

Table 3 Statistical results obtained for the models at@0

Model Thickness (mm) R? RMSE
Newton 3 0.993 0.022

Page 3 0.994 0.020
Modified page 3 0.993 0.022
Henderson and Pabis 3 0.993 0.022
Two term 3 0.993 0.022
Exponential two term 3 0.995 0.018
Wang and Singh 3 0.990 0.026
Approximate diffusion 3 0.994 0.021
Newton 5 0.995 0.017

Page 5 0.997 0.013
Modified page 5 0.995 0.017
Henderson and Pabis 5 0.996 0.017
Two term 5 0.998 0.012
Exponential two term 5 0.998 0.012
Wang and Singh 5 0.992 0.023
Approximate diffusion 5 0.996 0.016
Newton 7 0.997 0.015

Page 7 0.999 0.004
Modified page 7 0.997 0.015
Henderson and Pabis 7 0.998 0.009
Two term 7 0.999 0.004
Exponential two term 7 0.999 0.005
Wang and Singh 7 0.993 0.022
Approximate diffusion 7 0.993 0.005

Table 4 Statistical results obtained for the models atGO0 °

Model Thickness(mm) R* RMSE
Newton 3 0.996 0.016
Page 3 0.996 0.015
Modified page 3 0.996 0.017
Henderson and Pabis 3 0.996 0.017
Two term 3 0.996 0.017
Exponential two term 3 0.996 0.017
Wang and Singh 3 0.990 0.027
Approximate diffusion 3 0.996 0.017
Newton 5 0.998 0.011
Page 5 0.998 0.009
Modified page 5 0.998 0.011
Henderson and Pabis 5 0.998 0.011
Two term 5 0.999 0.008
Exponential two term 5 0.999 0.008
Wang and Singh 5 0.988 0.030
Approximate diffusion 5 0.997 0.013
Newton 7 0.994 0.020
Page 7 0.998 0.009
Modified page 7 0.994 0.020
Henderson and Pabis 7 0.996 0.017
Two term 7 0.999 0.008
Exponential two term 7 0.999 0.008
Wang and Singh 7 0.995 0.020
Approximate diffusion 7 0.994 0.021
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Table 5 Statistical results obtained for the models at®0 °
Terrepce)rature Thickness (mm) Srﬁ(l)%cetlesd Parameters The highest R ng}l\h%vlvzest
Exponential k=0.013
40 3 two term a=1.503 0.995 0.188
Exponential k=0.012
40 5 two term a=1552 0.998 0.012
ko=0.013
40 7 Two term Y =0,011 0.999 0.004
b=3.971
Table 6 The best models selected for drying at 40 °C
Model Thickness(mm) R’ RMSE
Newton 3 0.993 0.022
Page 3 0.993 0.022
Modified page 3 0.993 0.022
Henderson and Pabis 3 0.994 0.019
Two term 3 0.995 0.020
Exponential two term 3 0.993 0.022
Wang and Singh 3 0.976 0.043
Approximate diffusion 3 0.993 0.023
Newton 5 0.983 0.035
Page 5 0.985 0.033
Modified page 5 0.983 0.036
Henderson and Pabis 5 0.983 0.036
Two term 5 0.983 0.037
Exponential two term 5 0.983 0.036
Wang and Singh 5 0.987 0.032
Approximate diffusion 5 0.983 0.036
Newton 7 0.994 0.020
Page 7 0.995 0.019
Modified page 7 0.994 0.021
Henderson and Pabis 7 0.994 0.021
Two term 7 0.994 0.021
Exponential two term 7 0.995 0.018
Wang and Singh 7 0.986 0.032
Approximate diffusion 7 0.994 0.021
Table 7 The best models selected for drying at 50 °C
Terrepce)r ature  Thickness (mm) Sn?(l)%%tgd Parameters  The highest R ThRe'vlloSvlvEest
50 3 Page xk=goll 0.996 0.015
ko=0.0163
Twoterm  KiZ0.0178 0.999 0.008
50 S) b =-2.909
Exponential k=0.0151
two term a=1.428 0.999 0.008
ko=0.0182
Two term k=0.01e, 0.999 0.008
50 7 b =5.279
Exponential k =0.0146
two term a=1.613 0.999 0.008
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Table 8 The best models selected for drying af60

Temperature (°C)  Thickness (mm) Selected models Parameters The highest R

=0.035

60 3 Two term a=9234 0.995 0.020
b=-83

60 5 Wang and Singh ba:_i%gé% 0.987 0.032
Exponential two  k=0.018

60 7 term a=1484 0.995 0.018

Table 9 Influence of temperature on the color parametedsshrinkage

The lowest RMSE

*

*

*

Shrinkage% AE b a L Temperature (°C)
55.46+2.04 -2.03+0.64 50.42+1.2% Control
25.16+3.48 9.31+0.48  60.83+2.18 -6.39+0.89 56.65+2.0% 40
27.91+1.0% 8.34+0.56 58.47+1.87 -5.79+0.83 57.23+1.43 50
34.85+2.27 9.75+0.7% 61.36+1.92 -6.55+0.78 56.73+1.08 60
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In this research, the drying process of papayasheas conducted at three temperature levels of 40,
50 and 60 °C and three thicknesses of 3, 5 and 7irmanhot-air oven. The velocity, relative and
absolute humidity of the hot-air used were 1+0.15,n80% and 0.6+0.02 g water/kg dry air,
respectively. An osmotic solution containing 50%rsge solution was used for dehydration of papaya
sliceswith 5 mm thickness. The osmotic parameters of mat& (WL), solid gain (SG) and weight
reduce (WR) increased with increasing immersionetinihe osmotic dehydration process was
modeled by Plege, Azuara and Weibull models. Iritantdthe kinetics of hot-air drying was modeled
by 8 well-known thin layer mathematical models. Titesults demonstrated that the Plege and
Azuards models with Rand RMSE amounts of 0.992 and 0.179, respectitelg, more precision to

predict the SG values. Also, the two terms and e&ptal two terms models had the highest and
lowest amounts of Rand RMSE, respectively, to estimate the MR (moéstatio) values during hot-
air drying. Increase in temperature resulted inrenease in the effective diffusivity coefficiersip
that this coefficient reached to 7.58%4®%s at 60 °C from the initial value of 2.28x1%n’s at 40

°C. The activation energy {Ecalculated for the papaya slices were 48.61 Kl/woalysis of
variance results showed that the drying temperatacka significant effect on the color parameters
compared to the control sample, and also the infleeof temperature on shrinkage was significant
(p<0.05).

Keywords: Papaya, Mathematical modeling, Osmotic solutiont-&lr oven, Thin layedrying
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