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ABSTRACT: In this paper number of mathematical models describing fish drying are developed and discussed. In this perspective, 

drying experiments were performed to evaluate the drying characteristic of Magur fish (Clarius Batrachus). An incubator was used 

for this experiment at three different temperatures viz. 50°C, 60°C, 70°C and at constant air velocity of 3.6 m/s. The changes in the 

mass of fish and principle drying parameters were recorded continuously every one hour interval from morning to evening in each test 

day. The test on these models was investigated by comparing the coefficient of determination (𝑅2), reduced chi-square (χ2) and root 

mean square error (RMSE) between the observed and predicted moisture ratio. On the basis of highest value of (𝑅2) and lowest value 
of reduced chi-square (χ2) and root mean square error (RMSE) the Midli et al. drying model was found to be satisfactorily describing 

drying curves of fish. 

 

Index Terms - Mathematical modeling, Drying, Magur fish  

I. INTRODUCTION 

      Drying is the process of heat and mass transfer followed by removal of water and other solvent by evaporation (Haghi et al, 2008).  

Worldwide, huge  amount  of  food  products  are  dried  to improve product  quality, reduce packaging  costs  and their storage for 

long duration (Bala and Mondol, 2001). In addition, the main goal of modern drying is to improve drying processes by reducing 

energy consumption and providing high quality with minimal increase in economic input (Raghavan et al, 2005). Mathematical 

modeling of any drying process develops a better understanding for the controlling parameters of this complex process. Mathematical 

modeling  is also necessary for anticipating the drying time and product moisture content, developing new products, designing the 

appropriate equipment and optimization of the process, new designing or for improvement in existing drying systems or even for the 

control of the drying process (Erbay et al, 2010).  
       Fish is an important source of high quality protein necessary in human diet. Although, fish have a very short span of shelf life is 

highly perishable food and (Jain, 2006). Jain et al, (2007) reported in their study that drying is very important as well as necessary 

preservation technique to maintain the fish quality and preserve fish from spoilage. Drying of fish inactivates enzymes and removes 

the moisture which causes bacteria and mold growth (Bellagha et al, 2002, Bala et al, 2001, Daun, 2004). 

      The present study is proposed to establish a suitable mathematical model of drying of Magur fish (Clarius Batrachus) on the basis 

of some experiments. 

II. MATERIALS AND METHOD: 

2.1 Methodology 

      The fresh Clarius Batrachus fish samples were used in this study and obtained from local market. The selection of fish was based 

upon the availability of species in local area. The choosen samples of fish were cleaned with tap water .Surface water was removed by 

blotting with absorbent paper. Drying experiments are carried out at temperatures 50°C, 60°C and 70°C in an Incubator having 
temperature controller (Thermotech PID-93D) and at constant air velocity of 3.6m/s.  The air velocity of Incubator was measured by 

Anemometer (AM-4201) having least count 0.1 m/s. At suitable time intervals the weight loss is measured by means of a digital 

balance (ATOM-A122) having an accuracy 0.1 gm. Before starting the experiments, the system was run for at least one hour to obtain 

steady state conditions.  

 

2.2 Mathematical modeling of drying curves 

        The drying curves obtained were processed to find the most convenient one among twelve different expressions defining drying 

rates, as given in Table 1, by several investigators. The initial moisture content of Clarius Batrachus was found to be 80.67% and was 

reduced to the final moisture content of 0.28%. In the literature, there are several statistical test methods used to evaluate statistically 

the performance of the drying models. Among these, the correlation coefficient (R2), the mean bias error (MBE), the root mean square 

error (RMSE) and the reduced chi-square (χ2) are the most widely used ones (Togrul et al, 2002, El-Sebaii et al, 2002, Akpinar et al, 

2003, Lui et al, 1997).  
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Table 1: Mathematical models used for obtaining drying curves of Clarius Batrachus 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.1 Moisture ratio (MR) 

The moisture ratio in these model equations is defined as follows (Sacilik et al, 2005)                                    

   𝑀𝑅 =
𝑀 − 𝑀𝑒𝑥𝑝

𝑀0 − 𝑀𝑒𝑥𝑝

                                                                                        (1) 

Which was then simplified to 𝑀 𝑀0⁄  because 𝑀0 was much larger than 𝑀𝑒𝑥𝑝 (Goyal et al, 2007) 

  

2.2.2. Correlation coefficient (R) 

The correlation coefficient, R can be used to test the linear relation between measured and estimated values, which can be calculated 

from the equation  

𝑅2 =  
∑ (𝑀𝑟𝑖

− 𝑀𝑟𝑝𝑟𝑒,𝑖) ∗ (𝑀𝑟𝑖−𝑀𝑟𝑒𝑥𝑝,𝑖)
𝑁
𝑖=1

[∑ (𝑀𝑟𝑖
𝑁
𝑖=1 −𝑀𝑟𝑝𝑟𝑒,𝑖)

2] ∗ [∑ (𝑀𝑁
𝑖=1 𝑟𝑖 − 𝑀𝑟𝑒𝑥𝑝,𝑖)

2]
                             (2) 

Where, R2 is called the coefficient of determination, Mr exp,i stands for the experimental moisture ratio found in any measurement, 

Mrpre,i is the predicted moisture ratio for this measurement and N is the total number of observations.  

2.2.3. Mean Bias Error (MBE) 

The mean bias error is given as: 

𝑀𝐵𝐸 =
1

𝑁
∑ (𝑀𝑁

𝑖=1 𝑟𝑝𝑟𝑒,𝑖 − 𝑀𝑟𝑒𝑥𝑝,𝑖)                                                                (3) 

2.2.4. Root Mean square error (RMSE) 
The root mean square error may be calculated by the following equation. It provides the information on the short term performance. 

The value of RMSE is always positive, represented as zero in the ideal case. 

𝑅𝑀𝑆𝐸 = [
1

𝑁
∑(𝑀

𝑁

𝑖=1

𝑟𝑝𝑟𝑒,𝑖−𝑀𝑟𝑒𝑥𝑝,𝑖)
2  ]

1

2                                                        (4) 

2.2.5. Reduced chi-square ( 𝝌𝟐 ): 
The reduced chi-square may be calculated by the following equation where n is the number of constants. The lower are the values are 

the values of the reduced chi-square,the better is the goodness of fit. 

𝜒2 =  
∑ (𝑀𝑁

𝑖=1 𝑟𝑒𝑥𝑝,𝑖−𝑀𝑟𝑒𝑥𝑝,𝑖)2

𝑁−𝑛
                                                                               (5) 

2.2.6. Efficiency (E.F.): 

 The model efficiency may be calculated by the following equation. 

EF=
∑ (𝑀𝑅𝑖,𝑒𝑥𝑝−𝑀𝑅𝑖,𝑒𝑥𝑝𝑚𝑒𝑎𝑛

)
2

−∑ (𝑀𝑅𝑖,𝑝𝑟𝑒−𝑀𝑅𝑖,𝑒𝑥𝑝
)

2
𝑁
𝑖=1

𝑁
𝑖=1

∑ (𝑀𝑅𝑖,𝑒𝑥𝑝−𝑀𝑅𝑖,𝑒𝑥𝑝𝑚𝑒𝑎𝑛
)

2
𝑁
𝑖=1

                                  (6) 
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III. RESULT & DISCUSSION: 

      Figure 1 shows the variation of moisture ratio with drying time of drying Clarius Batrachus. From the graph one can predict that 

the removal of moisture from the product at different temperature is exponential i.e. moisture is decreasing within the product with the 

passage of time. Drying time of Clarius Batrachus at 500C is approximately 3.5 times in compare to 700C. The curves between the 

drying rate and drying time at different temperatures are shown in the Figure 2 and the observations shows that drying rate is faster at 

higher temperature as compared to low temperature.  

      Curve fitting calculations have been done on the twelve drying models relating the drying time and moisture proportion with the 

test condition for drying temperatures of 50°C, 60°C, and 70°C and steady drying air speed of 3.6m/s. The results based on these 

statistical analysis models are shown in Table 2 -4. The acceptability of the drying model has been based on a value for the chi square 

and root mean square error (RMSE) should have low values, and high values for Efficiency. According to this, the most suitable 

model in describing drying process of Clarius Batrachus is the Midilli et al. model with root mean square error (RMSE), Chi Square 

and Efficiency as 0.0086, 8.00E-05and 0.9988 at 50°c respectively and 0.0067, 6.00E-05, 0.9995at 60°c, 0.0073, 7 E-05, 0.9993 at 

70°c respectively. The changes in the moisture ratio and drying time are shown in the given Fig 1. This observation is accounted by 

the fact that on the initial stage of drying there is rapid decrease in moisture while at later stages the moisture content was almost 

negligible which was concluded by the fact that the weight was decreasing at a constant rate. 

 

 
Fig.1.Relationship between the moisture ratio and drying time of drying Clarius Batrachus 

 

 
Fig 2.Drying rate of Clarius Batrachus versus drying time 
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Table 2 Result of statistical analysis on the modeling of Clarius Batrachus at 50°C 

 
 

Table 3 Result of statistical analysis on the modeling of Clarius Batrachus at 60°C 

 

Table 4 Result of statistical analysis on the modeling of  Clarius Batrachus at 70° 
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Fig.3.Experimental and predicted moisture ratio at 50°C for Midili et al 

 

 
Fig. 4.Experimented and predicted moisture ratio at 60°c for Midili et al. 

 

 
Fig.5. Experimented and predicted moisture ratio at 70°c for Midili et al. 
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IV. CONCLUSION: 

In this experimental study the drying behavior of Clarius Batrachus was investigated. The drying behavior of Clarius Batrachus was 
described by twelve drying models. The observed data for Midlii et al. model found best in describing the drying behavior of 

ClariasBatrachus. The choice of model  was based on the factor of  high values of Efficiency  i.e. approximately equal  to  one  and  

low  value  for  root  mean  square  error(RMSE)  and chi-square (𝜘2).The drying  of  Clarius Batrachus took  place in the falling 
drying rate. The observed data was compared with previous papers to choose the best suitable model for drying. 
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