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Introduction
Osmotic Dehydration (OD) is a food preservation method that involves 

the removal of water from food by placing it in a hypertonic solution, typically a 
sugar or salt solution. During this process, water moves out of the food while 
solutes (like sugars or salts) diffuse into the food. This method is commonly 
used in the preservation of fruits, vegetables, and meat products, including 
fish fillets. In recent years, there has been growing interest in using osmotic 
dehydration for shark fillets due to its ability to improve shelf life while retaining 
essential nutrients and flavours. The mathematical modeling of osmotic 
dehydration provides a systematic approach to understanding and optimizing 
the process. In this article, we explore how mathematical models can describe 
the osmotic dehydration of shark fillets, predict moisture loss, solute uptake, 
and optimize processing parameters. Osmotic dehydration is a widely used 
technique for the preservation and enhancement of fish products. This study 
develops a mathematical model to describe the osmotic dehydration process 
of shark fillets.

Description
Higher osmotic solution concentration and temperature both led to 

faster moisture loss and greater solute uptake. However, excessively high 
temperatures (over 60°C) resulted in a negative impact on the texture of 
the fillets. Longer osmotic treatment times increased moisture loss but also 
resulted in greater solute absorption, potentially altering the flavor and texture 
of the final product. The model was able to predict the optimal time and solution 
concentration to achieve a desired moisture content while minimizing excessive 
solute uptake, which could impact the taste or safety of the product. Modelling 
the osmotic dehydration of shark fillets mathematically involves understanding 
the mass transfer processes that occur during the dehydration process. 
Osmotic dehydration is a method used to remove water from food products by 
immersing them in a hypertonic solution, causing water to move out of the food 
matrix. This process is influenced by various factors including temperature, 
concentration of the osmotic solution, size and shape of the food particles, 
and duration of the process, To incorporate the effect of osmotic solution, we 
can use a mass balance equation, considering the transfer of water from the 
shark fillets to the surrounding solution. This equation represents the diffusion 
of water within the shark fillets and the mass transfer between the shark 
fillets and the osmotic solution. The boundary and initial conditions need to 
be specified based on the experimental setup. Solving this partial differential 
equation numerically or analytically will provide the moisture content profile of 
the shark fillets over time during osmotic dehydration [1,2].

Solving the coupled diffusion equations analytically can be quite complex 
due to the varying concentration gradients over time and space. Therefore, 
numerical methods such as finite difference or finite element methods are 

commonly employed to approximate the solutions. These methods discretize 
the equations into smaller time and space intervals, allowing the simulation 
of the osmotic dehydration process over time. Results from this model can 
be used to design efficient dehydration systems, enhancing the preservation 
and shelf life of shark fillets. Osmotic dehydration is a non-thermal food 
preservation technique that uses a hypertonic solution to draw water out of 
food products. This method is often employed to reduce the moisture content of 
fish fillets, thereby increasing their shelf life and improving textural properties. 
Shark meat, due to its high protein and water content, benefits significantly 
from osmotic dehydration, which can also enhance its flavor and texture by 
concentrating the solutes [3,4].

This paper presents a mathematical model to simulate the osmotic 
dehydration of shark fillets, aiming to predict key parameters like moisture 
loss, solute uptake, and processing time. By understanding these dynamics, 
it is possible to optimize osmotic dehydration conditions for shark fillets, 
ensuring better quality control and more efficient processing. To validate 
the model, experimental data on the osmotic dehydration of shark fillets 
were obtained by immersing fillets in a hypertonic solution of salt or sugar 
at different concentrations, temperatures, and durations. This model can 
be further refined by considering additional factors such as temperature 
dependence, concentration gradients, and other process parameters. 
Experimental validation and parameter estimation are essential steps to 
validate the model's accuracy and applicability. The rate of mass transfer and 
diffusion coefficients can be temperature-dependent. This can be incorporated 
by modifying the diffusion coefficient D and the mass transfer co-efficient k as 
functions of temperature. The concentration gradient between the shark fillets 
and the osmotic solution plays a significant role in driving the mass transfer. 
This can be accounted for by considering the concentration profiles within the 
shark fillets and the osmotic solution. Geometry of the shark fillets affects the 
diffusion path length and surface area available for mass transfer. Models can 
be adapted to account for different shapes and sizes of the fillets, in some 
cases, the osmotic dehydration process may exhibit non-linear behaviour, 
particularly at high concentrations or extended durations. Non-linear models or 
empirical correlations may be necessary to capture such effects [5].

Mathematical modelling of the osmotic dehydration process for shark 
fillets offers a powerful tool for understanding and optimizing this preservation 
technique. By incorporating factors such as temperature dependence, 
concentration gradients, size and shape effects, non-linear behaviour, solute 
interactions, and mass transfer limitations, the model can provide insights into 
the complex dynamics of water removal from the fillets. Through numerical 
or analytical solutions of the governing equations and validation against 
experimental data, the model can be refined to accurately predict moisture 
content profiles and optimize process parameters. This facilitates efficient use 
of resources, minimizes processing time, and ensures the quality and safety 
of the dehydrated shark fillets. Furthermore, sensitivity analysis can identify 
critical parameters, guiding experimental efforts and focusing attention on 
areas where improvements are most needed. Ultimately, a well-developed 
mathematical model enhances our understanding of osmotic dehydration 
processes, supporting the development of effective preservation strategies for 
shark fillets and other food products.

Conclusion
The mathematical model developed in this study provides a robust 

framework for simulating the osmotic dehydration process of shark fillets. 
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By incorporating key variables such as osmotic solution concentration, 
temperature, and time, the model can predict the moisture loss and solute 
uptake during the dehydration process. These predictions can help optimize 
the osmotic dehydration conditions, improving the quality and shelf life of shark 
fillets. Future work could focus on refining the model for different types of fish 
and developing a more complex model that accounts for variations in fillet 
structure and composition. The mathematical analysis of laminar dispersion 
in capillaries provides a foundational framework for understanding and 
predicting solute transport phenomena in confined geometries. By integrating 
theoretical, numerical, and experimental approaches, researchers can 
advance our understanding of dispersion processes and develop innovative 
solutions to address challenges in fields ranging from chemical engineering to 
environmental science.
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