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smooth products throughout the shelf life. However, the processing parameter and 

recipe is not only the importance for the quality of the product but also during 

storage and transportation of the ice cream from the factory via the shop and then to 

the consumer despites a high risk of applying heat-shock with concomitant quality 

loss exists (Hanne K., 2011). 

Consumer nowadays demands on healthy clean-label and nutritious food. Food 

products have being put additional demands on milk protein to deliver its functional 

properties such as emulsification, viscosity building, gelation and foaming. Trend of 

the improvement of textural properties of food products is continuously increasing, 

which has long focussed on the creation of low fat products. The innovation towards 

low calorie and low salt products is now become more recent trends in the food 

industry besides the great demand for high-protein products. To meet the nutritional 

demands without compromising flavour, stability and texture of the products, all of 

these trends create increasing challenges in the food industry. Through some 

research, polysaccharide based stabilizers is used as a convenient solution for texture 

improvement especially, so it become under increasing pressure, due to consumer 

demands for additive free, and clean label food products (Huppertz et al., 2011). 

Facts showed that consumer nowadays demands on nutritious clean-label products, 

protein functionality become very important in food industry in achieving its goals. 

There are many processing technologies of food being produced, such as ultrasound 

and pulsed electric fields and treatment with high pressure processing (HPP). In the 

industry of producing ice cream, pasteurization technique were commonly been 

used. Some particularly promising results in this respect have been reported for HPP 

for structuring proteins in ice cream application. HPP normally involved in both 

batchwise and semi continuous treatment. HPP can be conducted in pressure ranging 
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CHAPTER2 

LITERATURE REVIEW 

This section literature review based on journals and other resources related to ice 

cream in all view from composition until final products. 

2.1 Ice cream properties 

Ice cream known as the complexity system of foam, containing a gas which is air 

dispersed as small cells in a partially frozen continuous phase. In continuous phase, 

fat is dispersed in the emulsion known as inner phase. This is where the stabilizers 

and milk solids are in colloidal solution and sugar and salts will form a true solution. 

The main ingredient in ice cream mix is first prepared which contains fat, 

sweeteners, stabilizer, milk solids non-fat (MSNF) and emulsifier. Typically, the 

initial process of the mix involves formulation, homogenization and pasteurization. 

The process continues with aging for at least four hours at 4 °C or lower. During this 

process, sufficient crystallization of the fat being induced and the emulsion droplet 

surface is restructuring during freezing to facilitate sufficient partial coalescence of 

fat droplets. Then, the aged mix is simultaneously frozen and aerated. Continuous 

scraped-surface ice cream freezer is typically used (Huppertz et al., 2011). 
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2.2.5 Overrun ice cream 

In ice cream, air is an important component that affects the physical and sensory 

properties as well as storage stability. Ice cream has around I 00% overrun 

normally, meaning that air makes up 50% of the ice cream volume. The amount of 

air occupied into the mix determined the sensory attribute or properties of the ice 

cream. The resulting ice cream is dense, heavy and more cold eating if lower 

amount of air is applied. While, if a higher amount of air is used, resulting the 

texture of ice cream to become lighter, creamier and more warm eating. The 

overrun in production of ice cream is very important for the cost saving but the 

perceived quality by the consumer has to be the priority. The sensory attributes like 

smoothness, creaminess, resistance to shrinkage and melting cannot be 

compromised because the properties are very closely linked to consumer demands. 

The distribution of air cells in the ice cream involved creaminess as well as the 

melting resistance. Air cells that uniformly distributed in the ice cream results in a 

slower melting ice cream and creamier. Emulsifiers such as mono and diglycerides 

are well known for their positive influence in this respect (Hanne.k, 2011) 
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Figure 3. 2 : Flow diagram for sample preparation by replacing pasteurization 
process with HPP 

3.1.1 Experiment location 

Preparation of ice cream samples were conducted in the Food Processing Quality 

Lab, Faculty of Engineering, University Putra Malaysia (UPM) and High Pressure 

Processing Lab in MARDI, Serdang. 
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melting. Network of fragments of casein micelles is probably responsible for the 

increased in the viscosity of the ice cream mix and structure of the ice cream. The 

better resistance to melting contribute to improving the texture, moutbf eel of the ice 

cream and limit the ice crystal growth (Goff, 2003). So it is proved that ice cream 

mix that undergo HPP treatment have lower melting rate than ice cream undergo 

conventional pasteurization. Ice cream mix that undergo HPP treatment melt very 

slow compared to the ice cream mix undergo conventional pasteurization because of 

the fat destabilization factor and also presence of intact micelles in fat and sucrose. 

4.2 Analysis on firmness of ice cream 

Firmness test for ice cream is very important since it affect the difficulty of the 

scoop-ability of the ice cream. Harder ice cream has high scoop- ability difficulty 

while it is easier to scoop for lower soft ice cream. If the customer directly taken out 

the ice cream from the cold freezer, it is found that it is harder to scoop the ice cream 

because the firmness of the ice cream is very high at that condition. Therefore, 

customers should leave the ice cream for a while at room temperature to warm the 

ice cream. For easier scooping, surface ice has to be melted so that the firmness of 

ice cream can be reduced. The cold temperature indicates high phase volume, which 

can disturb penetration of the spoon into the product. From the figure 4.4, the high 

firmness value recorded from the sample of the conventional pasteurization process 

rather than sample for HPP treatment process. 
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Figure 4. 4 : Finnness of ice cream 

Firmness of ice cream is measured as the resistance of the ice cream to deformation 

when an external force is applied. The firmness of ice cream is affected by many 

factors such as ice crystal size, ice crystal size, overrun and extent of fat 

destabilization. An inversed relationship between finnness and overrun has noted by 

many researches (Tanaka et al., 1972). High overrun of ice cream will increase the 

firmness of the ice cream thus slowing down the melting rate. The viscosity of the 

ice cream also will affect the firmness of the ice cream. Tharp et al ( 1998) suggest 

that firmness of ice cream also could be increase as the level of fat destabilization 

increase. Sakurai et al. ( 1996) found that large ice crystals of ice cream were high in 

firmness than ice cream that has fewer large crystals. Wilbey et al. ( 1998) states that 

firmness of ice cream was exponentially related to the ice phase volume. 

Based on the figure 4.3 above, it shows that ice cream undergone conventional 

pasteurization process has greater firmness compared to ice cream undergone HPP 

treatment process. The result shows different from the previous studies. Based on the 
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Figure 4. 5 : Ovemm of ice cream 

_J 

High overrun ice cream melted slowly and has a good melting resistance compared 

to ice cream with lower overruns that melted very quickly. The high overrun with 

slower melting rate of ice cream was because of the reduced rate of heat transfer due 

to larger volume of air but may also due to the more tortuous path which the fluid 

must flow. Figure 4.5 above shows that ice cream mix using HPP treatment has 

lower overrun compared to ice cream mix using conventional pasteurization process. 

Overrun can determine the hardness of the ice cream. Willbey et al (1998) suggests 

that ice cream with high overrun is softer. The study shows that the hardness of ice 

cream decrease as the overrun increased in agreement with the results of (Willbey et 

al., 1998). The larger volume of compressible dispersed phase led to less resistance 

to an applied force (Hartel et al., 2003 ). Overrun also effect the melting rate. Sakurai 

et al ( 1996) and Sofjan (2002) in their research showed that ice cream with lower 

overruns had faster melting rates. 

However, this study showed that the lower overrun of ice cream with HPP treatment 

has lower melting rates of the ice cream with conventional pasteurization. Besides, 
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based on the test, data shows that high overrun of ice cream mix for conventional 

pasteurization produce harder ice cream. Although many factors have been shown to 

influence the melting rate and firmness of ice cream, the understanding of these 

factors is not complete. Theoretically, high ovemin of ice cream will produce harder 

ice cream thus have lower melting rate. The overrun in this study did not appear to 

have a significant effect on melting rate and firmness of the ice cream. Previous 

studies show that overrun has been found to affect the melting rate of the ice cream, 

but it did not appear as the factor in this study because of the error of the overrun 

mainly due to the gelation of the ice cream mix after done the HPP treatment. 

Further discussion of the ice cream was discussed detail in the hardness, viscosity 

and melting rate analysis section. 

4.4 Analysis on density of ice cream 
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Figure 4. 6: Density of the ice cream 

The density of both sample are shown in figure 4.6 above. The density for ice cream 

mix that undergone HPP treatment is higher compared to density of the ice cream 

mix that undergone conventional pasteurization. From the results, ice creams that 
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undergo HPP treatment have a density of 0.900 g/ml while ice creams with 

conventional pasteurization process have 0.742 g/ml. It was assume that density was 

affected by the weight after the HPP treatment. 

The results show was affected by the amount of fat content of ice cream for both ice 

cream samples. Fat destabilization was discussed on the melting rate. Increased 

levels sugar and stabilizer increased the density while increased fat decreases mix 

density (Baj ad et al., 2016). So it shows that ice cream mix undergone HPP 

treatment has higher density than ice cream mix undergone conventional 

pasteurization. The amount of air also has a huge effect on the density of ice cream. 

The overrun of the ice cream will affect the density reading. So, the reading of the 

density was not accurate enough due to the non-consistent reading of the overrun. 

4.5 Analysis on viscosity of ice cream mix 

Viscosity of ice cream is one of the important attribute from the engineering and 

consumer viewpoint. Fat is important in the ice cream structure stabilization 

especially as partially coalesced fat is responsible for its foam structure and for 

stabilizing the air bubbles (Koxholt et al., 200 I). Figure 4. 7 below shows the results 

of average for viscosity of ice cream mix by the conventional pasteurization process 

and HPP treatment process. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

This chapter summarizes the project work done. The main objectives to determine 

the effects of high pressure pasteurization of ice cream mixture on viscosity and 

compare with the one pasteurized conventionally and to determine the effects of high 

pressure pasteurization of ice cream mixture on the overrun, melting rate, firmness 

and density of the ice cream produced. Different test were done to study the 

differences between ice cream that undergo conventional pasteurization and ice 

cream undergo high pressure pasteurization including melting rate test, firmness test, 

viscosity test, density test and overrun test. The recommendation is also included in 

this chapter. 

S.l Conclusions 

High pressure pasteurization processing treatments leads to beneficial changes in 

proteins structure which helps to improve the mouthfeel. High pressure 

pasteurization of the ice cream mixture produced dense ice cream with slower 

melting rate, low overrun, and reduced firmness. These properties resemble the 

properties of premium ice cream. 

High pressure processing gave impact to the quality of the ice cream. The results 

showed that ice cream mix that undergone conventional pasteurization and high 
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