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 This research, drying kinetics of kiwi fruit slices was optimized using the genetic 
algorithm and the classic methods. To accomplish this, four different mathematical 

models introduced in previous research were first employed to fit the experimental data 
and then the best model fitting the drying curve of kiwifruit slices was selected. Results 

showed that the model introduced by Verma et al. was the most efficient in predicting 

the moisture ratio of dried kiwi fruit slices. Moreover, the genetic algorithm method 
was used to optimize the best experimental model. Finally, results were compared with 

those obtained from the genetic algorithm method and it was found that the genetic 

algorithm method very accurately predicted the moisture ratio of dried kiwifruit (its 
coefficient of determination was 0.9988) 

 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Mohammad Mehdi Nemat Shahi, Mohsen Mokhtarian, Asma Entezari, Optimization of Thin Layer Drying Kinetics 

of Kiwi Fruit Slices using Genetic Algorithm. Adv. in Nat. Appl. Sci.,  8(11): 11-19, 2014 

 

INTRODUCTION 

 

 The origin of kiwifruit (Actinida deliciosa) is the temperate forests around the Yangtze River in southern 

China. It was introduced to Iran in 1958 (Mohammadian and Eshagi Taymoori, 1993). Mathematical modeling 

and simulation of the drying curve under various drying conditions are necessary to achieve better control over 

the operations of the drying unit and to improve the general quality of the final product. These models are often 

used to study the parameters involved in the process, to optimize the operational factors, and to predict drying 

kinetics of the product (Garau et al., 2006). Researchers have conducted and published extensive research on 

drying and modeling food products. For example, Tavakolipour and Mokhtarian (2012) studied pistachio nut 

drying kinetics and found that, among the models they studied, the Modified Page predicted the moisture ratio 

the best. Taheri-Garavand et al. (2011) studied thin layer drying kinetics of tomato under air-dryer conditions 

and showed that the Midilli et al. model gave satisfactory results in predicting the drying curve. Guiné et al. 

(2010) studied thin layer drying behavior of pumpkin and found that the drying process could be greatly 

accelerated by increasing the temperature (drying at 30 c  took 8 hours but only 2 hours at 70 c ). Moreover, 

different models were fitted to experimental data and results showed that the Modified Page could better predict 

the moisture ratio. Diamente et al. (2010) developed a new mathematical model for thin layer drying of fruits 

and showed that their proposed model yielded better results (close to those of the Page model) in predicting 

moisture ratios of kiwifruit and apricot.  

 Nowadays, predictive and very accurate tools such as Artificial Neural Networks (ANN) and Genetic 

Algorithm (GA) enjoy a special status in predicting and optimizing drying processes of various products. 

Tavakolipour and Mokhtarian (2012) studied the application of artificial networks for predicting the moisture 

ratio of pistachio nut and found that the neural network Perceptron was able to predict the moisture ratio with 

seven neurons in the first and the second hidden layers with the determination coefficient of 0.994. Kerdpiboon 

et al. (2006) used artificial neural network analysis in predicting shrinkage and rehydration of dried carrots 

based on the input parameters of moisture content and the fractal dimensions of cell walls. Mousavi & Javan 

simulated the drying process of apples by employing an artificial neural network and Neuro-Taguchi’s method. 

Mpotokwane et al. (2008) suggested a predictive model that used a neural network to obtain on-line predictions 

of moisture kinetics during drying of sweet potato. Erenturk et al. (2007) compared the process of predicting the 

drying kinetics of carrots using a genetic algorithm and an artificial neural network and showed the artificial 

neural network could predict the drying process more accurately compared to the genetic algorithm model.    
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 The purpose of this research was to study drying kinetics of kiwifruit slices, to study the sensory 

characteristics of the final dried product, and to investigate the feasibility of optimization of the best predictive 

model for the process of drying thin layers of kiwifruit using a genetic algorithm to increase the accuracy of this 

model in predicting the drying process. 

 

MATERIALS AND METHODS 

 

 Fresh Monty variety kiwifruit samples were bought in the market. Before the experiment, the fruit was 

washed and kept in a refrigerator at 5. c  During the experiment, it was peeled using a knife and sliced into 

0.13 mm thick pieces with a sharp knife on a polyethylene board. The initial moisture contents of the samples 

were determined using an oven (Memmert, model UNE 400 PA, Scheabach, Germany) at 105 c  for 48 hours 

(AOAC, 1990). The mean moisture content of kiwifruit was 86.6% (on wet weight basis). Table 1 shows some 

of the engineering characteristics of fresh kiwifruit including mean arithmetic and geometric diameters, 

sphericity (Φ ), surface area (S), volume (V), and true density )(ρp
(Mpotokwane et al., 2008). The following 

equations were used to calculate the geometric characteristics of fresh kiwifruit.         
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Table 1: Some of the engineering characteristics of fresh kiwifruit. 

Engineering characteristics Means 

Moisture content (% dry weight) 6.462 

Length (cm) 6.60 3436  

Width (cm) 4.86 0.3682  

Thickness (cm) 4.29 0.2856  

Surface area (
2

cm ) 
83.68 6.993  

Arithmetic mean diameter (cm) 5.25 0.2148  

Geometric mean diameter( cm) 5.16 0.2130  

Weight ( g) 77.68 9.520  

Volume ( 
3

cm ) 
55.45 7.953  

Sphericity (%) 78.20 3.653  

True density ( 3
cm

g
) 

1.408 0.095  

Figures show means  standard deviation 

 

Drying experiments: 

 A laboratory hot air tray dryer was used to dry kiwifruit slices. Drying experiments were conducted at three 

temperatures: 50, 60, and 70 c . The dryer was turned on 1.5 hours prior to the start of the drying process to 

modify the temperature and achieve the desired one. Air circulation inside the dryer was achieved by using a fan 

for forced air ventilation. When the fan was turned on, air moved in from the inlet port into the drying space and 

moved out through the outlet port. Loss of sample weight was determined at specified intervals by using a 

digital balance (Jewelry, AND, model FX-CT. SERIES, FX-300, Japan) with the accuracy of 0.01. At the 

beginning of the weighing process, the samples were weighed once every five minutes and then at 15 and 60 

minute intervals.  
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Modeling drying: 

 Models for thin layer drying of kiwifruit slices introduced by researchers for modeling drying curves of 

kiwifruit slices were fitted. The drying curves were fitted for four different models (Table 2).  

 
Table 2: Some kinetic models used in fitting drying curves. 

Name of the model Equation of the fitted model 

Newton model MR =  exp ( -kt) 

Logarithmic model MR = a exp( -kt) + C 

Wang and Singh model 

MR = 1 + at + 
2

bt  

Verma et al. model MR = a exp (- kt) + (1-a) exp(-gt) 

 Coefficient of determination (
2

R ) was one of the most important criteria in selecting the best-fitted model 

and, in addition to it, the reduced chi square (
2

X ), and the mean relative deviation modulus P (%), were the 

other important parameters in this selection. The model with the maximum 
2

R  and the minimum 
2

X  and P 

(%) was selected as the best model for describing the drying kinetics of kiwifruit slices (Goyal et al., 2008). The 

above-mentioned parameters were calculated as follows: 
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 In these equations, eiM R  is the moisture ratio of kiwifruit slices observed at the ith measurement,  ρiMR  

the moisture of the kiwifruit slices predicted from the model for the ith measurement, N the number of 

observations, and z the number of constant coefficients used in each model. 

 

Determination of the coefficient of moisture diffusion: 

 The experimental data was used to determine diffusion coefficient according to Fick’s second law. The 

analytic solution of Fick’s second law for an infinite slab is expressed as follows (Van Arsdel & Copley, 1963): 
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 In the above equation, MR, , oX,tX  and eX  represent moisture ratio (dimensionless), moisture content at 

time t, initial moisture content, and equilibrium moisture content (dry weight) , respectively, and effD  is the 

effective diffusion coefficient ( 
1

s
2

m


), L the half-thickness of the sample (m), and t the drying duration 

(min). We can use the first term of the above expansion (equation 8) with good approximation. Therefore, by 

replacing n = 1 and by taking the log of both sides of equation 8, we have: 

t
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 Coefficients of effective diffusion are obtained by drawing the lnMR diagram against t. According to 

equation 9, a straight line is derived from the lnMR diagram against t with the slope ( α  ), which is defined as 

follows: 
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The optimization process of the genetic algorithm: 

 Genetic algorithm is a complicated optimization technique that studies a set of various defined 

characteristics to reach an optimal value through replication of evolutionary biological processes based on 

mutation and integration similar to what happens in genetics. This method has been used successfully in 

investigating various problems (Goldberg et al., 1989). In general, many parameters including population size, 

number of generations, number of data items, etc. influence the optimization method. The optimal values of 

these parameters can be obtained through the trial and error method. The following characteristics were 

employed for optimizing data: number of generations between 8 and 200, population size 100, number of 

mutations 2, and survivors per generation 50. Genetic generations 8, 29, 42, 87, 110, 154, and 200 were 

considered in the selection of the best number of genetic generations for optimizing model coefficients, and the 

effects of these generations on the coefficient of determination (
2

R ) were evaluated.     

 

Sensory evaluation test: 

 A sensory evaluation group consisting of 10 food industry experts conducted the sensory evaluation test. 

All evaluations were carried out using the single stimulus method employing the 4- point hedonic scale. 

Questionnaires were prepared and each evaluator was asked four questions with five possible answers for each 

question. The questions were about color, aroma/taste, appearance, and chewiness (texture) acceptability. Each 

evaluator marked one of the options of very good, good, average, bad, and very bad according to his/her liking. 

Each option was given a score (very good = 5, good= 4, average=3, bad= 2, and very bad=1). The collected data 

was analyzed using SAS Version 9.1 and Duncan’s multiple range test at the level of one percent probability 

(Mirzaei Moghaddam et al., 2006). 

 

RESULTS AND DISCUSSION 

 

Fitting drying data: 

 Four models for drying thin layer kiwifruit slices were fitted at temperatures of 50, 60, and 70 c


. The 

tested statistical parameters included
2

R , 
2

X  and P (%). A summary of the values obtained in the statistical 

analysis of each parameter is presented in Table 3. In all cases, 
2

R values for all the fitted models were more 

than 0.619. Results of statistical analysis showed that the Verma et al. model had the maximum 
2

R  and the 

minimum 
2

X  and P (%). Therefore, given the higher 
2

R  value and the lower 
2

X  and P (%) values of the 

Verma and et al. model, it was selected as the best-fitted model. Comparison of the experimental and predicted 

data concerning moisture ratio for the best-fitted model at the temperature range of 50-70 c


 is presented in 

Figure 1. The diagram of values of the predicted moisture ratio against the values of the experimental moisture 

ratio is a straight line, which suggests the selected model can describe the drying characteristics of kiwifruit 

better. Tavakolipour and Mokhtarian (2012) and Doymaz & Ismail (2011) reported similar results. 

 

 
 

Fig. 1: Comparison of the experimental and predicted values for moisture ratio in the best model for thin layer  

drying of kiwifruit. 
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Table 3: Statistical results of various models for thin layer drying of kiwifruit slices at various temperatures. 

P (%) 2
X  

2
R  Temperature ( c


( 

Name of the model 

25.49 0.00092 0.992 50  
Newton 12.31 0.00021 0.998 60 

36.34 0.01176 0.784 70 

15.28 0.00040 0.997 50  

Logarithmic 4.399 0.00011 0.999 60 

22.86 0.00331 0.945 70 

84.69 0.01281 0.903 50  
Wang and Singh 68.71 0.00794 0.933 60 

43.08 0.02183 0.619 70 

14.52 0.00040 0.997 50  

 
Verma et al. 

5.292 0.00012 0.999 60 

18.90 0.00315 0.947 70 

 
Table 4: Values of the obtained constants for the models used in modeling kiwifruit under different conditions. 

g l c b a n 

K (
1

min


) 

Temperature 

( ) 

Name of the model 

- - - - - - 0.00611 50  

Newton - - - - - - 0.00830 60 

- - - - - - 0.02230 70 

- - 0.0462 - 0.9585 - 0.00684 50  
Logarithmic - - 0.0256 - 0.9838 - 0.00888 60 

- - 0.1468 -- 0.7845 - 0.0304 70 

- - - 

2.6
6

10


  

-0.0033 - - 50  

Wang and Singh 

- - - 

6.7
6

10


  

-0.0053 - - 60 

- - - 

5.5
5

10


  

-0.0148 - - 70 

0.00022 - - - 0.9465 - 0.00682 50 Verma et al. 

0.00085 - - -- 0.0066 - -0.00249 60 

0.0940 - - -- 0.5737 - 0.0106 70 

 

 
 

Fig 2: The curve of changes in moisture ratio of kiwifruit with time at different temperatures (▭= 50, ▲= 60  

and O= 70 c


). 

 

Results showed that drying temperatures significantly affected drying durations. This is clearly observed in 

the drying curve (Figure 2). The diagram shows the necessary drying durations for kiwifruit from the initial 

moisture of 86.6% (wet weight) to the final moisture of 5% (wet weight) for 50, 60, and 70 c


 were 960, 600, 

and 360 minutes, respectively. Other researchers have observed similar results in vegetables (Doymaz & Ismail, 

2011).    
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 Values of effective diffusion of moisture at 50, 60, and 70 c


 were 4.55
11

109.12,
11

10





 , and 

21.27
11

10


 , respectively. It is observed that, under similar conditions, values of moisture diffusion at 70 c


 

are higher compared to 60 c


, which is explained by mass movement or transfer through capillary pores of the 

foodstuff. Similar results for various vegetables and fruits are presented in Table 5.  

 
Table 5: Comparison of effective moisture diffusion in kiwifruit and other products. 

Product 

)
s

2
m(effD  

Temperature range ( c


) 

Sources 

Carrot 

0.77-9.33
9

10


  

50-70 5 

Apricot 

6.76-12.6
10

10


  

55 6 

Sour cherry 

1.54-5.68
10

10


  

60-75 7 

Kiwifruit 

4.55-21.27
11

10


  

50-70 This article 

 

Sensory analysis of kiwifruit slices during drying: 

 Results of sensory analysis of kiwifruit slices at different temperatures are presented in Figure 3.They 

suggest that there were no statistically significant differences in the acceptability of color, aroma, taste, and 

texture (chewiness) at the 99% probability level in Duncan’s multiple range test. There were no statistically 

significant differences in color acceptability, but the sample dried at 70 c


 had a higher sensory score because 

of the browning reactions that changed sample color (and evaluators specified it well). Results revealed that 

there were no significant differences in the acceptability of aroma and taste, but that the sample dried at 70 c


 

enjoyed the highest statistical score. There were statistically significant differences in appearance acceptability 

of dried slices at 50, 60, and 70 c


  and the sample dried at 70 c


 had the highest sensory score; and, 

concerning texture (chewiness) acceptability, there were no statistically significant differences between the 

samples at the 99% level of probability, although the sample dried at 60 c


 had a higher statistical score.  

 

 
 

Fig. 3: Results of sensory evaluation of kiwifruit slices during dying. 
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Efficiency of the genetic algorithm in predicting the drying curve: 

 
Fig. 4: Evaluation of the effects of increasing the number of genetic generations on the coefficient of  

determination for predicting the equilibrium temperature of dried kiwifruit slices 

 

The genetic algorithm model was used to optimize the coefficients of the best experimental model (that is, 

the Verma et al. model) in predicting the equilibrium moisture of kiwifruit slices. Characteristics such as the 

number of generations between 8 and 200, the population size of 100, the number of mutations of 2, and the 

number of survivors per generation of 50 were used to optimize the data. The best number of genetic 

generations (from among 0, 8, 29, 42, 110, 154, and 200) for estimating the model coefficients was determined 

using the trial and error method. Results are presented in Figure 4. 

 The figure shows that the determination coefficients exhibited an ascending trend with increases in the 

number of genetic generations from zero to 200 (at all temperatures) so that changes in the values of this 

coefficient followed a parabolic curve. Raising the number of genetic generations from zero to 42 genetic 

generations substantially increased the coefficient of determination at all temperatures, while the rise in the 

number of genetic generations from 42 to 200 had no considerable effect. In other words, the curve of changes 

in the coefficient of determination resulting from raising the number of genetic generations from 42 to 200 were 

almost in the shape of a straight line. Generally, given the obtained results, the number of genetic generations 

found for optimizing the coefficients of the model was 42. Table 6 shows the values of the constant coefficients 

of the model together with determination coefficients for the best-fitted model of equilibrium moisture for dried 

kiwifruit slices (that is, the Verma et al. model) at the optimized number of genetic generations  

 
Table 6: Constant coefficients in the Verma et al. model after corection by the genetic algorithm method. 

Drying temperature 

( c


 ) 

Constants 

K(
1

min


) 

a G 2
R  

50 0.007119 0.91397 0.00020 0.9985 

60 -0.002464 0.00670 0.00826 0.9997 

70 0.01094 0.56792 0.09170 0.9566 

 

 Results of this research indicated that the non-destructive genetic algorithm method had great ability in 

predicting the equilibrium moisture of dried kiwifruit slices so that the genetic algorithm model, after correcting 

the coefficients of the Verma et al. model, could increase the accuracy of the model in predicting the 

equilibrium moisture ( Tables 3 and 6). Comparison of results obtained from various models is presented in 

Table 7. Erenturk et al. (2007) used neural network and genetic models to predict moisture ratio in drying single 

layer apricots and observed similar results. They compared results obtained from these models with those from 

experimental modeling (including the Newton, Page, modified Page, and Henderson and Pabis models) and 

concluded that the neural network model could predict the moisture ratio of dried apricots with the highest 

accuracy. 
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Table 7: Comparison of various models used in predicting moisture ratio of kiwifruit slices. 

Predictive method 2
R  

2
X  

P (%) 

Experimental modeling ( the Verma et al. method) 0.9909 0.00095 1.872 

Optimized with the help of genetic algorithm 0.9988 0.00013 0.764 

 

 Figure 5 shows the diagram of predicted values against the experimental values of the genetic algorithm 

method in predicting the equilibrium moisture. The data is scattered randomly around the regression line. 

Examination of the diagram indicates that the degree of scatter of the data is less and the points are located 

almost on the regression line, which in itself is a proof of the more accurate evaluation of the genetic algorithm 

in predicting the equilibrium moisture. 

 

 
 

Fig. 5: Predicted values against experimental values of the moisture ratio of dried kiwifruit with the help of the  

genetic algorithm method. 

 

Conclusions: 

 In this research, the effects of temperature on drying characteristics of kiwifruit were studied. Raising 

drying temperature reduced drying duration and increased the speed and degree of effective diffusion. Statistical 

analysis of the model showed that, among the fitted models, the Verma et al. model was the best because it had 

the maximum 
2

R  and the minimum 
2

X  and P (%); therefore, it was selected as the best model for thin layer 

drying of kiwifruit. Moreover, the sensory characteristics of the product was evaluated by trained evaluators. 

Results suggested that there were no statistically significant differences in the acceptability of color, aroma, 

taste, and texture (chewiness) at the 99% probability level. The genetic algorithm model was employed for the 

feasibility study of optimizing the moisture ratio of dried kiwifruit. Results indicated the non-destructive genetic 

algorithm method had great ability in predicting the equilibrium moisture of kiwifruit slices so that the genetic 

algorithm model, after correcting the coefficients of the Verma et al. model (as the best predictive experimental 

model), could increase the accuracy of the model in predicting the equilibrium moisture. Examination of the 

coefficients of determination showed that the genetic algorithm model could correct the coefficients of 

determination of the model at 50, 60, and 70 c


 from 0.9970, 0.9990, and 0.9470 to 0.9985, 0.9997, and 0.9566, 

respectively.       
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