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ABSTRACT  

 
A study was conducted in the Department of Agricultural Mechanization, 
Faculty of Crop Production Sciences, University of Agriculture, Peshawar, 
Pakistan during 2012 to dry persimmons and decrease the moisture content to 
a level that allows safe storage over an extended period of time. For this 
purpose persimmons were dried using a flat plate solar collector connected to 
a dehydrator under three different drying temperatures (40, 50 and 60°C). 
Persimmons slices were dehydrated from 82 percent to less than 10 percent 
moisture content. Persimmons dried at high temperature of 60oC took 16 hours 
of drying period followed by 50°C (20 hours) and 40°C (26 hours). The drying 
data were then fitted with 12 existing and already published thin layer drying 
models. For selection of the best model these models were investigated by 
comparing determination of coefficient (R2) and reduced root mean square 
error (RMSE) between the experimental and predicted values. The results 
showed that model [aexp(-ktn) + cexp(-gtn)] was found as the best model that 
described the drying kinetics of persimmons at all three drying temperatures 
with R2 and RMSE values of 0.999 and 0.023 for 40oC, 0.989 and 0.021 for 50oC 
and 0.988 and 0.021 for 60oC respectively. In the light of regression analysis it 
was concluded that same model was proved as the best model describing 
drying kinetics of persimmons. 
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INTRODUCTION 

  
Dehydration of agricultural products has always been of great importance for 
the preservation of food by human beings. Earliest methods used the sun 
light for drying of agricultural products as it needs low capital and operating 
costs. However, this process has several disadvantages, such as undesirable 
changes in the quality of food products, a lack of control drying environment 
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during the drying process, long drying times and contamination of the product 
by pathogens like bacteria and fungus, which necessitate the introduction of 
solar drying technologies (4). Drying of persimmon is a complicated process 
with simultaneous heat and mass transfer, and food drying is especially very 
complex because of the differential structure of products. In practice, a food 
dryer used for drying persimmons is considerably more complex than a 
device that merely removes moisture. Effective models are necessary for 
process design, optimization, energy integration, and control. To facilitate 
drying and improve drying process of persimmons, solar collectors were 
develop which provide controlled drying environment safe from pathogen 
attack (6). 
 
Thin layer equations explain the drying experience in a unified way, 
regardless of controlling system. They have been used to estimate drying 
times of fruits like apricots, apples and persimmons and to generalize drying 
curves (13). All flow dryers are designed on thin-layer drying principles 
because; thin-layer drying simulation is the best principle to model the fruit 
drying process (1). Modeling studies in food drying are important, there is no 
theoretical model which may be practical and unify the calculations. 
Therefore, experimental studies prevent their importance in drying and thin 
layer drying equations are important tools in mathematical modeling of food 
drying. These tools are practical and give sufficiently good results (10). 
 
The aim of present study was to dry the persimmons and decrease the 
moisture content to a level that allows safe storage over an extended period 
of time and could be safe from pathogen attack. 
 

MATERIALS AND METHODS 
 

The study was conducted in the Department of Agricultural Mechanization, 
Faculty of Crop Production Sciences, University of Agriculture, Peshawar, 
Pakistan during the year 2012. persimmons were bought from the local 
market and only good quality persimmons were used in the experiments. 
About 2 kg of persimmons were cut into slices and blanched for three 
minutes in hot water at 80oC. Samples were then pretreated with one percent 
sodium benzoate solution for two minutes. The initial moisture content was 
determined by oven-drying method. Persimmons were then put on trays of 
drying unit having 80 percent perforation and dried until the consecutive 
weights of samples remained constant i.e. the moisture content of 10 percent 
on wet basis was achieved. All experimental observations were made after 
transient state when the drier attained the steady state condition.  
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Mathematical modeling of the drying curves 
 
Drying  curves  were  fitted  with different moisture ratio models given in 
Table 1. These models are generally derived by simplifying the general series 
solutions of Fick’s second law and considering a direct relationship between 
the average water content and drying time (3). The moisture ratio of fruits 
during the drying experiments was found using Eq. A 
 
Table 1. Thin-layer drying models tested for moisture ratio values of persimmons. 
 

Model Equation Reference 
Newton MR = exp(-kt) O’Callaghan et al. (1971) 
Page MR = exp(-kt n) Ibrahim (2012) 
Henderson and Pabris MR = a exp(-kt) Henderson &Pabis (1961) 
Logrithemic MR = a exp(-kt) + c Yagcıoglu et al (1999) 
Midili and Kucuk MR = exp(-kt n) + bt Midilli and Kucuk (2003) 
Wang et al MR = 1 + at + bt2 Wang et al, (2007) 
Demir et al MR = a exp[(−kt)]n + b Demir et al (2007) 
Kaleemullah MR = exp − cT+ b(pT+n) Kaleemullah (2006) 
Two Term MR = a exp(-kt) + c exp(-gt) Henderson (1974) 
Hii et al. MR = a exp(-ktn) + c exp(-gtn) Hii et al(2008) 
Verma et al. MR = a exp(-kt) + (1-a) exp(-gt) Verma et al (1985) 
Diffusion approach MR = a exp(-kt) + (1-a) exp(-Kgt) Yaldiz et al(2001) 

 
   Mc - Me 

MR = ———————   (A) 
  Mi - Me 

Where  
 

MR =  moisture ratio, 
Mc  =  moisture content at any time (gw gdm-1), 
Me  =  equilibrium moisture content (less than 10%) (gw gdm-1) and  
Mi   =  initial moisture content (gw gdm-1).  
 
Two criterions were used to determine best fit correlation coefficient (R2) and 
root mean square error (RMSE) as given in Eq. B (10) and Eq. C (13). 

 

R2 = 1-      (B) 

           

RMSE= 1/2     (C) 
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Where 
R2 = Correlation coefficient 
RMSE = root mean square error 
MRexp,i = ith experimental moisture ratio,  
MRpred,i = ith predicted moisture ratio,  
           N = number observations  
           N = the number of drying constants. 

 

The best fit that could describe the thin-layer drying characteristics of 
persimmons fruit was selected as the highest value of correlation coefficient 
(R2), and the lowest value of RMSE. 
 

 

RESULTS AND DISCUSSIONS 
 

Drying curves 
 

Fig. 1 shows drying rate versus drying time curves of persimmons at three 
temperature levels. Persimmons dried at high temperature of 60oC took 16 
hours of drying period followed by 20 and 26 hours taken at 50 and 40oC 
respectively. Increase in drying temperature decreases drying time that’s why 
persimmons took 38 percent lesser time when dried at 60oC as compared to 
the slices dried at 40oC. Similarly persimmons took 23 percent lesser time 
when it was dried at 50oC as compared to the slices dried at 40oC. It is 
obvious that at high temperature levels, the difference between total drying 
time is the lowest compared to low temperature. These results are in 
accordance with Ibrahim (10) and Hanif et al (5).  
 

 
 

Fig. 1. Drying curves of different persimmons slices dried at different 
temperature levels.  
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Mathematical modeling 
 
The regression analysis (Table 2) showed that model which best described 
the thin layer drying characteristic is the one that gives the highest R2 and the 
lowest RMSE value. Based on two criteria, Hii et al (7), model best described 
the drying curves with R2 and RMSE values of 0.999 and 0.023 for 40oC, 
0.989, and 0.021 for 50oC and 0.988 and 0.021 for 60oC respectively. The 
second best fitted models were found to be the two-term model with R2 and 
RMSE values of 0.998 and 0.034 for 40oC, 0.988 and 0.031 for 50oC and 
0.987 and 0.031 for 60oC. These results are strongly related with the findings 
of Ibrahim (10) and Hii et al (7). 
 

Table 2. Thin-layer drying models tested for moisture ratio values of persimmons. 
 

 40oC 50oC 60oC 
Model R2 RMSE R2 RMSE R2 RMSE 
Newton 0.969 0.066 0.959 0.060 0.958 0.059 
Page 0.975 0.049 0.966 0.045 0.965 0.044 
Henderson and Pabris 0.971 0.059 0.961 0.054 0.960 0.053 
Logrithemic 0.971 0.052 0.962 0.047 0.961 0.047 
Midili and Kucuk 0.985 0.038 0.975 0.035 0.974 0.034 
Wang 0.956 0.078 0.947 0.071 0.946 0.070 
Demir et al 0.987 0.031 0.977 0.028 0.976 0.028 
Kaleemullah 0.978 0.045 0.968 0.041 0.967 0.041 
Two Term 0.998 0.034 0.988 0.031 0.987 0.031 
Hii et al. 0.999 0.023 0.989 0.021 0.988 0.021 
Verma et al. 0.982 0.041 0.972 0.037 0.971 0.037 
Diffusion approach 0.982 0.041 0.972 0.037 0.971 0.037 

 

 
 

Fig. 2. Comparison of experimental moisture ratio with 
predicted moisture ratio using the Hii et al. model 
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Fig. 2 shows the comparison of predicted and experimental values of drying 
models applied at different temperature levels. The prediction using the Hii et 
al., (7) model showed MR values banded along the straight line. This model 
showed better fitting as compared to the other models and this can be seen 
from the higher R2 value obtained for this model. Nevertheless, the Hii et al, 
(7) model was found best to describe the drying kinetics of persimmons. 

 
CONCLUSION 

 
The study concludes that the Hii et al, model proposed in this study was able 
to describe the drying kinetics of persimmons with R2 and RMSE values of 
0.999 and 0.023 for 40oC, 0.989, and 0.021 for 50oC and 0.988 and 0.021 for 
60oC respectively. 
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