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Abstract: Drying kinetics of fresh Rohu (Labeo Rohita) fish was experimentally investigated and studied in this paper. The 

experiments were performed on fish cut in butterfly style at regulated temperatures of 50º C, 60º C and 70º C to determine the 

effect of drying air temperature at constant air velocity of 3.6 m/s. Twelve well established mathematical drying models were 

compared on the basis of their correlation coefficient (R), root mean square error (RMSE) and reduced chi-square (𝜒2) to 

establish a suitable model for drying of Labeo Rohita. The results showed that the correlation coefficient value was found to be 

higher than 0.99948, and the values of root mean square error and reduced chi-square were lower than 0.049446 and 0.002657 

respectively in the Midili et al. model which was concluded to be the best in describing the drying behaviour of Labeo Rohita 

followed by the Wang and Singh model.  

 

Index Terms - Mathematical models, Drying, Drying curves, Labeo Rohita   

I. INTRODUCTION 

    Drying is a process involving transient heat, mass and momentum transport (Haghi et al, 2008). In today’s market of food 

supply chain, dried foods are in high demand. In the whole of dried food industry, grains constitute the highest share followed by 

fruits, vegetables and meat. This process mainly targets on lowering and reducing the moisture content in order to avoid and slow 

down the spoilage of the food due to action of microorganism (Ahmed et al, 2013). Moreover, it provides lighter weight and 

smaller volumes for transportation and storage.  

    Labeo Rohita is known as the major Indian carp. It is a species of the carp family which is extensively used in the aquaculture. 

This fish finds widespread usage in both fresh and dried form. Removal of moisture from the flesh of the fish helps preserve it 

and edible for longer period of time. The basic principle of drying involving fish or any meat is that the action of the muscle 

catalyst and microorganism is decreased to a base through the denial of the water content in open sun drying in a traditional 

method (Marine et al, 2015). Numerical demonstrating of the drying procedure and equipment permit the structure architects to 

pick the appropriate working conditions and estimate the drying equipment and drying conditions likewise. (Gunhan et al, 2005). 

    Several studies have been made by different researchers for mathematical modelling of different drying products such as : 

Sardine fish (Darvishi et al, 2013 ), Tilapia fish (Guan  et al, 2013), Chicken meat (Juneja et al, 2007), Pork meat (Graiver et al, 

2009), Bay leaves (Gunhan et al, 2005), Sultana grape (Yaldiz et al, 2001),  Kiwifruit (Mohammadi et al, 2008), Brown seaweed 

(Fudholi et al, 2012), Eggplant (Brasiello et al, 2013), Plum (Goyal et al, 2007), Sweet potato (Diamante et al,1993 and Doymaz 

2011), Tomato (Taheri-Garavand et al, 2011).  

    The main objective of this paper is to estimate the values for constants of selected model equations and to develop a suitable 

mathematical model for drying characteristics of Labeo Rohita. 

II. MATERIALS AND METHOD 

2.1 Sample preparation 

     Labeo Rohita with average weight of 700-900g was purchased from the local fish market of Dehradun, Uttarakhand, India. 

The fish was headed & gutted such that around 500 g of it remained which was then rinsed in clean water. Prior to the drying 

experiment it was salted to retain the water out of the fish which was then blotted using an absorbent paper. It was then weighed 

in a digital weighing machine with a least count of 0.1g before starting the drying process. 

 

2.2 Drying Process 

     Experiments were performed at three temperature points of 50ºC, 60ºC and 70 °C in a laboratory sized convective hot air dryer 

(Genetic India Pvt. Ltd.) with PID-93D temperature controller of least count 0.1°C. To determine the effect of drying air  

temperature, three experiments were conducted at a constant air velocity of 3.6 m/s, which was measured by using a digital 

anemometer of least count 0.1m/s. Before starting the experiment, the system was run for at least one hour to obtain steady state 

conditions. The fish after being prepared for the drying was then spread on to a thin steel mesh with minute holes to circulate 

constant air flow for even drying of the fish which was cut in butterfly style. The weight of the fish was measured after  an 

interval of one hour and dried until  the weight measured was found to be almost constant.  
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2.3 Modelling of drying curves 

    Twelve different mathematical models with distinct expressions for defining drying crying curves as mentioned in Table 1 have 

been used to plot the drying curves to obtain the drying curves. The initial moisture content on dry weight basis of Labeo Rohita 

was found to be 190.18% and was reduced to the final moisture content of 1.14%. 

 

Table 1: Mathematical models used for obtaining drying curves of Labeo Rohita 

 
 

 

      In the literature, there are few measurable test methods used to factually assess the performance of the drying models ( 

Gunhan et al, 2005). The formulas used for calculations are as follows:  

2.3.1 Moisture Ratio 

       The percentage of moisture ratio was determined on dry weight basis using the formula  

   𝑀𝑅 =
𝑀 − 𝑀𝑒𝑥𝑝

𝑀0 − 𝑀𝑒𝑥𝑝

                                                                                            (1) 

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

2.3.2 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) 

the experimental moisture ratio is denoted by Mr exp,i, the predicted moisture ratio is denoted by Mr pre,i  and N is the total 

number of observations. 𝑅2 is the coefficient of determination. 

2.3.3 Mean Bias Error (MBE) 

       The mean bias error is given as: 

𝑀𝐵𝐸 =
1

𝑁
∑(𝑀

𝑁

𝑖=1

𝑟𝑝𝑟𝑒,𝑖 − 𝑀𝑟𝑒𝑥𝑝,𝑖)                                                                 (3) 

2.3.2 Root Mean Square Error (RMSE) 

       The root mean square error may be calculated by the following equation. The value of RMSE is always positive, where zero 

is the value obtained in the ideal case. 

𝑅𝑀𝑆𝐸 = √[
1

𝑁
∑ (𝑀𝑁

𝑖=1 𝑟𝑝𝑟𝑒,𝑖−𝑀𝑟𝑒𝑥𝑝,𝑖)
2]                                                           (4)                 

2.3.3 Reduced Chi-Square ( 𝝌𝟐 )  

       The reduced chi-square may be calculated by the following equation. The better fitness of  the model is defined by lower 

value of reduced  𝜒2,. 

𝜒2 =  
∑ 𝑀𝑁

𝑖=1 𝑟𝑒𝑥𝑝,𝑖−𝑀𝑟𝑒𝑥𝑝,𝑖) 2  

𝑁−𝑛
                                                                                    (5)                                                                                               

2.3.4 Model Efficiency (EF)  

       The efficiency of the model is calculated using the following equation (Mohammadi et al, 2008) 

                𝐸𝐹 =
∑ (𝑀𝑅𝑖,𝑒𝑥𝑝−𝑀𝑅𝑖,𝑒𝑥𝑝𝑚𝑒𝑎𝑛)2−∑ (𝑀𝑅𝑖,𝑝𝑟𝑒−𝑀𝑅𝑖,𝑒𝑥𝑝𝑚𝑒𝑎𝑛)2𝑁

𝑖=1
𝑁
𝑖=1

∑ (𝑀𝑅𝑖,𝑒𝑥𝑝−𝑀𝑅𝑖,𝑒𝑥𝑝𝑚𝑒𝑎𝑛)
2𝑁

𝑖=1

              (6)      

                                        

The acceptability of a model depends on the higher value of efficiency. 
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III. RESULT AND DISCUSSION 

Figure 1 shows the changes in the moisture proportions of Labeo Rohita with drying time. From Fig.1 it is clear that the moisture 

content decreases with time. The drying of fish mainly occurred in the falling rate period. In the initial few hours of starting the 

experiment, the moisture content of the fish decreased more compared to the final hours where the difference in weight of the fish 

was found to be only a few grams if not consistent, indicating not much moisture had remained in the fish. From Fig.2 it can be 

observed that the higher drying temperature decreased the time required for drying from 50 h to 17 h. 

 
Fig.1. Relation between moisture ratio and drying time at various temperatures 

 

 
Fig.2. Drying rate versus drying time of Rohu fish 

 

The moisture ratio of dried Labeo Rohita fish at various drying air temperatures were fitted in twelve mathematical models and in 

the several statistical test methods results of statistical analysis. The acceptability  of drying model was based on the low values of 

chi-square ( χ2) and Root Mean Square Error (RMSE) and higher value of correlation coefficient (R). The results showed that in 

all drying temperatures the models that best fitted the mentioned conditions were the Midili drying model and Wang and Singh 

model which was in agreement to previous studies conducted on different fish species by Darvishi et al (2013) and Bello et al 

(2016). The statistical regression results including model constants, correlation coefficient, root mean square error and reduced 

chi-square obtained using the Midili model and Wang and Singh model have been shown in Table 2 and Table 3 respectively. The 

average correlation coefficient of Midili model 0.9997033 was 1.00041359 times as much as that of Wang and Singh model 

0.99929.  Therefore it was concluded that Midili model was superior to the Wang and Singh model in explaining the drying 

process of Labeo Rohita. Figure 3-5 depicts the relation between experimental moisture ratio and predicted moisture ratio in case 

of Midlil model at the three temperature points. The calculated values obtained using various models at the three temperatures has 

been arranged in Table 4-6.  

 

Table 2: Values of the drying constants and coefficients of the Midili et al. model 
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Table 3: Values of the drying constants and coefficients of the Wang and Singh model 

 
 

 
Fig. 3. Experimental and predicted moisture ratio at 50ºC air temperature for Midili et al, model 

 
Fig. 4. Experimental and predicted moisture ratio at 60ºC air temperature for Midili et al, model 

 
Fig. 5. Experimental and predicted moisture ratio at 70ºC air temperature for Midili et al, model 
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 Table 4:  Results of statistical analysis on the modeling of drying Labeo Rohita at 50ºC. 

 
 

Table 5: Results of statistical analysis in the modelling of Labeo Rohita at 60ºC 

 
 

Table 6: Results of statistical analysis in the modelling of Labeo Rohita at 70ºC  

 
 

 

 

IV. CONCLUSION 
In this study a model has been developed to predict heat and momentum transfer in Labeo Rohita.  The data obtained were fitted 

into twelve different drying models. On comparing outcomes obtained by different models the results showed that the correlation 

coefficient value was found to be higher than 0.99948 and the values of root mean square error and reduced chi-square were lower 

than 0.049446 and 0.002657 respectively in the Midili et al. model . Thus it was concluded that Midili et al. model satisfactorily 

explained the drying behaviour of Labeo Rohita at constant air velocity of 3.6m/s. Another model worth mentioning is the Wang 

and Singh model which also gave optimum result while the model that was found to be least fitting was Verma et al. model . 
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23. OÕCallaghan, J.R., Menzies, D.J. and Bailey, P.H. 1971. Digital simulation of agricultural dryer performance. J. Agricul 

Eng Res, 16, 223–44. 

24. Overhults, D.D. 1973. White GM, Hamilton ME, Ross IJ. Drying soybeans with heated air. Trans ASAE, 16, 195–200.  

25. Rahman, M.S., Perera, C.O. 1998.  Theband C. Desorption isoterm and heat pump drying kinetics of peas. Food Res 

Int.30, 485–91.  

26. Sharaf-Elden, Y.I., Blaisdell, J.L., Hamdy, M.Y.1980. A model for ear corn drying. Trans ASAE, 23, 1261–5. 

27. Taheri-Garavand, A., Rafiee, S. and Keyhani, A. 2011. Mathematical modelling of thin layer drying kinetics of influence 

of air drying conditions. Int Trans. J. Eng. Manage. Sci. Tech, 2, 147-160 

28. Verma, L.R., Bucklin, R.A., Endan, J.B., Wratten, F.T.1985. Study on effects of drying air parameters on rice drying 

models. Trans ASAE, 28, 296–301.  

29. Wang, C.Y., Singh, R.P. 1978. A single layer drying equation for rough rice. ASAE Paper No. 3001, 11, 582–6.  

30. White, G.M., Ross, I.J., Ponelert, R. 1981. Fully exposed drying of popcorn. Trans ASAE, 24, 466–8.  

31. Yaldiz, O., Ertekin, C. and Uzun, H. I. 2001. Mathematical modelling of thin layer drying (solar) of sultana 

grapes. Energy, 26(5), 457-465.   

32. Yagcioglu, A., Degirmencioglu, A., Cagatay, F. 1999. Drying characteristic of laurel leaves under different conditions. 

In: Bascetincelik A, editor. Proceeding of the seventh worldwide congress on agricultural mechanization and energy, 26– 

27 May, Adana, Turkey. Faculty of Agriculture, Cukurova Universty, 565–9.  

33. Zhang, Q., Litchfield, J.B. 1991. An optimization of intermittent corn drying in a research center scaler thin layer dryer. 

Drying Technology, 9, 383–95.  

 

http://www.jetir.org/

