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Abstract— Food is a mixture of solutes and water particles. 

The properties of the food material vary by the state of 

water particles present in them. The density, viscosity are 

some of the factors that attribute to the difference in 

thermal properties between frozen and unfrozen food. 

Several studies have been made in analyzing the thermal 

properties of frozen food of different varieties from frozen 

soup pouches to frozen meat. Several properties related to 

thermic properties such as thermal conductivity, latent 

heat, heat capacity is also under consideration. For 

instance, density is found using the known volume of the 

sample, porosity using water, and so on. Thus thermal 

properties of frozen food are of immense importance for 

developmental processes. 
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I.  INTRODUCTION 

Food contains some water particles so that they can be frozen 

and preserved. For the food to be frozen and preserved, their 

thermal properties are of greater importance to get a clear idea 

on freezing properties, the shelf life of the product, and so on. 

The properties are immensely studied and noted precisely for 

designing process equipment and processing method 

development. Food is a mixture of solutes and water particles. 

Thus their freezing properties vary according to the food. 

Water is one of the major components which plays a vital role 
in the freezing operation. Water makes the food freeze and 

aids in preservation. [1]  

 Normally Water is an essential component of food. 

They are present both as inter and extracellular water. The 

properties, the behavior, the texture of the food mainly 

depends upon the amount of water present in them. The 

chemical and biological changes in food occur mainly because 

of the water present in them. Water has standard physical and 

chemical properties which will be altered upon changing their 

physical state i.e., of different forms like water vapor or liquid 

water or an ice cube. [2] 

 Frozen food is one of the most widely used food 

products around the globe. These foods can be used 

worldwide during all the seasons. The nutrients and 

availability of seasonal food for the people around the year is 

the primary purpose of processing and production of frozen 

food. Usually freezing of the seasonal food is more preferred 

rather than that of thermal preservation as thermal 

preservation leads to deterioration of its sensory and quality 

upon overheating. Thus appropriate freezing of the food can 

just inactivate the food’s quality so that it can be made fresh 

on proper heating. For understanding freezing and its effects 

on food, it is essential to know about its thermodynamic and 

kinetic properties. Now we will see about the thermal 

properties of frozen food. [3] 

The rest of the paper is organized as follows. Discussion in 

section II. Conclusion in section III Acknowledgement given 

in section IV and Reference in Section V. 

II.  DISCUSSION 

Many properties of food and water such as freezing point, 

density, thermal conductivity will be studied for understanding 

the thermal properties of frozen food. 

A.  Freezing Point– 

The Freezing point is the temperature at which the liquid 
freezes and hence changes its state from liquid to solid. 

Normally the freezing point of water is 0℃. But on 

considering the water present in food materials, the water is 

present as solute along with other food particles. Thus it can 

be concluded that a freezing point depression can be observed 

when the water is present in food along with other particles. 

Clear knowledge of the composition of food is necessary for 

determining the freezing point and evaluating the freezing 

point depreciation. [4,5] For calculating the freezing point of 

the food, according to Schwartzberg, 

           …………… (1) 

Where    xw means water mass fraction,  

xa – ash mass fraction, 
 xo – other components mass fraction. [6] 

  

On using this formula, the freezing point can be found and 

the freezing point depreciation can be found. 

 

B. Specific Heat Capacity and Latent Heat – 

It is the heat required to raise the temperature of 1 gram of a 

substance to 1 degree. Water has quite a larger amount of 

Specific Heat Capacity (cp) i.e., 4.18 J/g ◦C at 20◦C whereas 

cp of 2 J/g ◦C. In the same way, Latent heat is the energy 
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released or absorbed during a phase change of the sample. On 

considering water, the latent heat of water (melting of ice or 

crystallization of water) is 334 J/g at 1 bar, 0◦C, which is 
considerably large. [7, 8]  

 Specific heat capacity and the Latent heat being high, 

the energy required for freezing food increases with an 

increase in the amount of water present in food. For finding 

the cp of the frozen food, first, the food is considered as a 

binary solution at sub-freezing temperatures and constant 

pressure. [1] 

 

C. Density – 

The density of water is found to be 1g/cm3 whereas the 

density of ice is found to be 0.93g/cm3. It is notable that 

density decrease with an increase in volume. In the freezing 

process, the water present in the food tends to freeze thus 

expanding and decreasing the density of the food material. An 

important factor to be noted is that the freezing first occurs at 

the surface and in centre at the final. The fact that freezing 

leads to expansion plays a major role here. First, on surface 

freezing, the expansion does not have any major impact. But 
freezing at the centre portion after the surface freezing 

requires some extra space for expansion leading to the 

formation of thermal stress and cracks which has a drawback 

in the quality of the food.  

 One of the best methods for the determination of the 

density of the food sample is using Pycnometer. [9, 10] 

 

D. Enthalpy – 

Enthalpy of food is the combination of all the energy present 

in food. Enthalpy is mainly considered for developing a model 

for the food product. The internal energy differs for frozen and 

unfrozen food. Thus on finding the enthalpy H, the food can 

be precisely designed and frozen and preserved. The enthalpy 

of the sample can be found using the formula (2) 

 

                   H (T) =          ……………… (2) 

 

Where H is the Enthalpy, T is the ambient temperature, Tref is 

the reference temperature and cp is the specific heat of the 

food. [11-13] 
 

 

E. Thermal Conductivity – 

Thermal conductivity is the amount of heat that can be 

transferred through the thickness in a direction normal to the 

surface. In the case of food, the thermal conductivity rate 

mostly depends on the water present. Generally, notably, that 

the thermal conductivity of water is greater than the other food 

matrix such as Protein, fat, etc. For determining the thermal 

conductivity of frozen food, some assumptions are to be made 

on structure. [11,14] But for the precise calculation of the 
thermal conductivity, Choi’s and Oko’s method for the 

prediction of the thermal conductivity is used by considering 

the moisture content of the frozen food sample rather than 

considering the structure of the food. The formula used goes 

as follows,[15]  

K = 0.58 Xw + 0.155 Xp + 0.25 Xc + 0.16 Xf + 0.135 Xa  
W/m ºK     

…………… (3) 

Where Xw is the Water fraction 

           Xp is the Protein fraction 

           Xc is the Carbohydrate fraction 

           Xf is the Fat fraction and 

           Xa is the Ash fraction. 

The Thermal conductivity of food is found to 

determine its shelf life in various atmospheric conditions. If 

the thermal conductivity of the food is less, the heat transfer to 

the frozen food will be less so that it can be kept at normal 
room temperature and thus its thawing takes a longer time, 

whereas the food with higher thermal conductivity will be 

thawed very quickly at normal room temperature and its 

preservation will be at a risk. So frozen food with a lower 

thermal conductivity rate will me much preserved. [16, 17] 

 

F. Thermal Diffusivity – 

It is the rate at which the heat can be transferred from one end 

to the other end per volume of the sample. This also plays a 

role in designing the food product for preservation. It comes in 

relation to thermal conductivity, density, and specific heat of 

the food product. The calculation of the thermal diffusivity is 

very easy and simple as compared to that of all the other 

thermal properties. It is as follows, 

                                    ………..(4) 

 

Where α is thermal diffusivity, 

            k is thermal conductivity, 

            ρ is density, and  

            c is specific heat. [18-20] 

 As same as thermal conductivity, the thermal 

diffusivity plays its role in the designing and modelling of 

food products. 
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G. Surface Heat Transfer Coefficient – 

The Surface Heat Transfer Coefficient (h) is determined for 

predicting the time taken for freezing of the food product 

during the freezing processes. Since the freezing is done by an 

external body, the surface heat transfer coefficient ensures the 

time taken by the food to freeze considering the shape, surface 

of the product, etc. The packaging material also comes into 

consideration for determining h, since even if the food takes 

lesser time to freeze, the packaging material will have its h 
value and it may take some more time to freeze. Thus food 

products should be frozen separately and vacuum packed in a 

material of high h value so that it will be heat stable and will 

have a longer shelf life. [1, 21] 

 

III. CONCLUSION  

Determination of the several thermal properties of food helps 

in designing and modelling of food products and development 

of techniques for the production and preservation of food by 

the freezing method. Freezing is one of the best methods to 

preserve the food for a longer time and determination of the 

thermal properties of frozen food aids in finding its shelf life 
and its nature to resistance to normal ambient temperatures. It 

is proven to be that frozen and preserved food tends to retain 

the nutrient quality and the natural texture of the food than that 

of the heat preserved food. So it would be recommended that 

the food can be more preserved by freezing method rather than 

that of the heating method for retaining the sensory and 

physical quality of the processed food. And that the thermal 

properties of frozen food help in determining the time for the 

preservation of the sensory and physical quality of the same. 

Frozen food will be available for a long time and thawing 

helps in bringing the food to normal condition. Thus Thermal 
Properties of Frozen food are found to evaluate its time period, 

quality and preservation capacity.  [1, 2, 22, 23] 
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