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Abstract: This paper is based on the establishment of mathematical modelling of drying of Roopchand (Chinese silvery Pomfret/ 

Pampus chinensis). All the experiments were performed in laboratory of department of physics. At three different constant drying 

temperatures viz. 500C, 600C and 700C and at constant wind speed, experiments were performed. The migrations of moisture 

content were measured at an interval of one hour to find the drying moisture ratios. On the basis of different statistical parameters 

viz. correlation coefficient(R), root mean square (RMS), reduced chi-square, moisture ratio, drying efficiency and mean bias error 

(MBE) suitable model has been proposed. The estimation of these parameters was based on the different available well 

established mathematical models. A result shows that the Midilli model could describe the drying behaviour of Pampus chinensis 

and Kucuk model with close approximation. 
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I. INTRODUCTION 

         Drying is a method used to sustain food by decreasing moisture content to a level so that the microorganisms won’t be able 

to grow and reaction rate decreases. Dehydration (or drying) been used over the world from a very long time to prolong food 

items and agricultural products. Nowadays, the drying process is one of the popular procedures of preserving food (Saguy et al, 

1980). 

        Drying is the process in which heat and mass transfer occurs at the same instant through the moisture removal from the 

product into the surrounding medium. That leads to decrease in mass and volume of product resulting in minimum costs for 

storing, packaging and transporting (Vega-Gálvez et al., 2010). It is the common and ancient method of preserving food, 

providing longer storage, light weight for transporting to different places and small space for storage. In this way, the product’s 

microbial metabolism decreases and chemical changes while storage becomes minimum (Erteken et al, 2004, Sagar et al, 2010).  

          Pampus chinensis is a sea water fish found in the Atlantic, Indian, and pacific oceans. Fish is an easily spoilt food item and 

becomes uneatable in few hours at very hot and humid temperatures (Fellows et al, 1992). However, fish is well known to contain 

high value of nutritional protein which comprises important amino acids and minerals (Chukwu, 2009; Jain and Pathare, 2007; 

Sarower-E-Mahfuj et al., 2012) 

          The mathematical modelling is based on the outline of collection of equations describing the system as precise as possible 

(Celma et al, 2011). A mathematical model also being frequently used to evaluate the variables which involves in the drying 

process, to predict drying dynamics and to elevate the operating limit and conditions (Karathanos et al, 1999, Chinnan, 1984, 

Doymaz, 2004, Kashaninejad et al, 2004, Madamba et al., 1996, Palipane et al, 1994, Sharaf-Elden et al., 1980, Syarief et al, 

1984, White et al, 1981). 

         In the present study different constants involve in different selected models has been estimated and suitable model for 

drying behaviour of Pampus chinensi has been proposed.  

  
2. MATERIAL AND METHOD 

2.1 Sample preparation and drying conditions 

         The samples of Pampus chinensi, undertaken in this experiment were collected from the local fish market. The selected 

Pampus chinensi fish were first simply cut into shape somewhat like a butterfly and then cleaned properly with water to remove 

all the blood, dirt, dust and other impurities from its surface and surface water from the sample was soaked using an absorbent 

paper. After this some amount of salt was rubbed onto sample’s surface. The drying experiment was performed in an incubator, 

which is developed for this purpose only. 

        The incubator was switched on for about one hour to achieve the desirable stable temperature. Sample was spread onto the 

tray and placed into the incubator. The changes in weight of sample were monitored throughout the experiment by weighing 

periodically using an electronic balance. Weighing of fish samples was carried out after every one hour. And the weighing 

process continued for the other two temperatures.  

 

2.2 Mathematical modelling of drying curves 

          Twelve different well established models which are used to estimate the suitable drying behaviour of Pampus chinensi has 

been given in Table 1. On the basis of drying curve obtained from the experiment conducted at three constant temperatures and 

constant wind speed were fitted in different models and estimated statistical parameters. 
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Table 1: Mathematical models used for the drying curves of drying Pampus chinens. 

 
 

2.2.1. Correlation Coefficient (R)  

 
2.2.2 Mean Bias Error (MBE) 

 
2.2.3 Root Mean Square Error (RMSE) 
  

 
2.2.4. Reduced chi-square (χ𝟐)  

 
2.2. 5. Efficiency (EF)  

 
2.2.6 Moisture ratio (MR)  

 
 

III. RESULTS AND DISCUSSIONS: 

          The statistical parameters estimated by using different models have been shown in Table 2, Table 3 and in Table 4. On the 

basis of the maximum value of R2 and lowest value of χ2 and RMSE values, suitable drying behaviour of Pampus chinensis has 

been proposed. Among the twelve drying mathematical models, Midilli gives the maximum value of R2 (0.99938) at  50℃, 
0.99970 at 60℃ and 0.99815 at 70℃, lowest value of χ2, (0.001) at 50℃, 5E-05 at 60℃ and 0.0005 at 70℃ 𝑎𝑛𝑑  the lowest 

RMSE value of 0.01 at 50℃, 0.0065 at 60℃ and 0.002 at 70℃. The variation of moisture ratio with time at different constant 

temperatures has been shown in Figure 1. From the figure, one may predicts that drying rate decreases gradually with the 

increment of drying time. The variation of moisture ratio with time at different constant temperature of drying Pampus chinensis 

fish has been shown in Figure 2, Figure 3 and Figure 4 respectively. These results show that, as usual high air drying temperature 

decreases drying time and increase the drying rate. Experimental versus predicted moisture ratio in case of Midilli at different 

temperatures viz. 500C, 600C and 700C of drying Pampus chinensis are shown in Figures 5, Figure 6 and Figure 7 respectively. 
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Table 2: Model constants and parameters on the modelling of Pampus chinensis drying at 50℃ 

 
 

Table 3: Model constants and parameters on the modelling of Pampus chinensis drying at 60℃ 

 
 

Table 4: Model constants and parameters on the modelling of Pampus chinensis drying at 70℃ 
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Figure 1: Variation of drying rate with time at different temperature of Pampus chinensis. 

 

 
Figure 2: Variation of Moisture Ratio and drying time at 50℃. 

 

 
Figure 3:  Variation of Moisture Ratio and drying time at 60℃ 

 

 
Figure 4: Variation of Moisture Ratio and drying time at 70℃ 
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Figure 5: Experimental versus Predicted moisture ratio in case of Midilli at 50℃ of drying Pampus chinensis 

 

 
Figure 6: Experimental versus Predicted moisture ratio in case of Midilli at 60℃ of drying Pampus chinensis 

  

 
Figure 7: Experimental versus Predicted moisture ratio in case of Midilli at 70℃ of drying  Pampus chinensis 

 

 

IV. CONCLUSION 

          In this research paper, thin layer drying of fish Pampus chinensis was examined and discussed at different drying 

temperatures of 50℃, 60℃ 𝑎𝑛𝑑 70℃. It was concluded that the drying of fish was described by the decreasing drying period. 

Both the drying rates and moisture ratio of the fish decreased with time. Twelve selected drying models among which the Midilli 

et al. model was the appropriate fit describing the fish drying for all the temperatures. The results justify that the Midilli et al. 

Model was ideal for predicting the drying curve of Pampus chinensis. Further, Midilli was validated by differentiating predicted 

moisture ratio against experimental moisture ratio.  
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