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Analysis of Cheddar and Mozzarella Cheese  
by TGA and DSC
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ABSTRACT

Cheese is a dairy product that has been manufactured since 
olden times and its consumption has been increasing throughout 
the years. A large variety of cheeses are available, in which the 
composition and manufacturing process are the differentiation 
factors. Thermal processes are crucial in the cheesemaking 
industry in order to reach the optimal quality and safety; two useful 
techniques to consider when analyzing composition and structure 
behavior in materials are TGA and DSC. Commercial Cheddar and 
Mozzarella cheeses showed three main weight losses when tested 
in TGA and melting and crystallization events when tested in DSC. 
Test methods and results are discussed in this study.

INTRODUCTION

Humankind has enjoyed cheese since the earliest civilizations, 
when the domestication of dairy animals such as cattle, goats, 
and sheep allowed the consumption of milk and the exploration 
of its different products. Cheese production occurred only at an 
artisanal level until the mid- nineteenth century, it spread initially 
throughout Europe and the Middle East, and later to the Americas 
and Oceania. More than 1500 cheese varieties are produced 
and although much cheese is still artisanal produced, the main 
varieties are produced in large highly mechanized factories with 
developed technology [1][2].

Among the most popular variety of cheeses are Cheddar and 
Mozzarella cheeses. Cheddar cheese was originally produced 
around the village of Cheddar, in Somerset, England; mozzarella 
cheese originated in southern Italy and was made from buffalo milk. 
Mozzarella is still made in Italy, but the world-wide manufactured 
type of mozzarella cheese is made from pasteurized and partly 
skimmed cows’ milk and is often known as Pizza cheese. Cheddar 
(American) cheese has a composition of 32% fat, 63% total solids, 
25% total protein, 1.5% salt and 4.1% ash. Mozzarella cheese 
contains 18% fat, 46% total solids, 22.1% total protein, 0.7% salt 
and 2.3% ash [1]. The moisture content in cheeses varies and 
determines their classification, firm cheeses may have a moisture 
content as low as 30%, whereas moisture content in soft or fresh 
cheeses may be as high as 80% [4].

Cheesemaking process involves several thermal and mechanical 
steps. Studying and understanding the thermal behavior in 
cheesemaking have led to some factors such as improved 
and consistent quality, and storage and consumption safety. 
Thermogravimetric analysis and differential scanning calorimetry 
are important tools for measuring cheese composition and 
structure properties and will be the topic of this paper. 

EXPERIMENTAL

Commercial cheddar and mozzarella cheeses were used as 
example samples for all tests. TA Instruments TGA 5500 and  
DSC 2500 equipped with a Refrigerated Cooling System  
(RCS) 120 were the chosen instruments to study the thermal 
properties of these cheeses.

The TGA tests were conducted using a temperature ramp at  
10 °C/min heating rate from room temperature to 1000 °C. The 
sample atmosphere (purge gas) used was nitrogen using a flow 
rate of 25 ml/min. A sample size of around 30 mg and a platinum 
pan were used.

The DSC tests were conducted using a heat-cool-heat procedure, 
in which the sample was subject to a temperature ramp at  
10 °C/min from -60 °C to 70 °C (heating) and 70 °C to -60 °C 
(cooling). The sample atmosphere used was nitrogen using a 
flow rate of 50 ml/min. A sample size of around 5 mg and Tzero 
hermetic pans were used. 

All tests were done in duplicate.

RESULTS & DISCUSSION

Evaluation of the thermogravimetric curves and their first 
derivatives shows that over the temperature range of 20 –  
200 °C, water loss occurs in two overlapping steps corresponding 
to a series of interactions between the water and other components 
present in the matrix [3]. Free and bound water are therefore 
present, free water is bound with less energy to the matrix and 
evolves between 30 to 100 °C. Bound water is strongly linked to 
the matrix and is released over the temperature range of 100 –  
200 °C. The decomposition of the anhydrous sample until ash 
occurs then beyond 200 °C up to 1000 °C (Figure 1 and 2).
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Figure 1. TGA thermogram of cheddar cheese

Figure 2. TGA thermogram of mozzarella cheese

The DSC thermograms for cheddar and mozzarella cheeses are 
presented in figures 3 and 4 respectively. Cheddar cheese shows 
an endothermic peak over the temperature range -30 °C to 40 °C 
that occurs on heating, and an exothermic peak at a temperature 
range of -40 °C to 20 °C that occurs on cooling. These peaks may 
correspond to melting and freezing of water and fat. Melting of 
fat in cheddar cheese can be attributed to the endothermic area 
between 0 to 50 °C [5].

Figure 3. DSC heat-cool-heat thermogram of cheddar cheese

The DSC thermogram for mozzarella cheese showed a self-heating 
effect on the cooling cycle, which is due to the fast-energetic 
crystallization of water. The loop observed occurs when 

the sample generates heat faster than it can be removed, the 
sample therefore self-heats. Crystallization is an exothermic, 
kinetic, multi-step process that comprises two major steps, the 
initial crystal formation known as nucleation and crystal growth [7]. 
For water, once the nuclei forms, the crystal growth is so fast that 
the energy cannot be conducted away from the sample to maintain 
the desired cooling rate. In order to calculate the enthalpy of the 
crystallization, the thermogram must be plotted vs time instead of 
vs temperature (Figure 4a).

Figure 4. DSC heat-cool-heat thermogram mozzarella cheese

Figure 4a. DSC heat-cool-heat thermogram of mozzarella cheese (plotted 
vs. time and analyzed)

CONCLUSIONS

Thermoanalytical techniques such as TGA and DSC provide 
detailed information on materials composition and physicochemical 
structure, and can aid for modeling and defining factors such as 
optimal temperature for storage conditions, cheese retention of 
quality and safety. The Tzero technology of TA Instruments DSC’s 
allows the detection and quantification of fast-energetic processes 
such as self-heating and self-cooling events in materials.
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