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Abstract 
Conventional or traditional methods for the use of food processing have been 
outperformed by novel approaches recently. One such promising technology 
is ultra-sonication and recent studies have shown better effects in physical 
characteristics of food which are induced by ultrasound. The previous re-
searches further emphasize that the introduction of ultra-sonication on dairy 
proteins has resulted in the improvement of their structural, physical and 
chemical properties while it is widely used in hydrocolloid systems to accele-
rate the gelation process. Therefore this theory could be useful for the gela-
tion of milk proteins in the presence of a polysaccharide. After discussing 
briefly on hydrocolloids and the theory of ultrasound, the possibility and the 
impact of ultrasound on gelation of milk protein mixtures with Carrageenan 
is highlighted in this study. The inherent characteristics of both milk proteins 
and carrageenan and properties of the ultrasound treatment have cumula-
tively effect on gelation. Therefore, there is a necessity to develop specific va-
riables depending on the type of dairy product. 
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1. Introduction 

Hydrocolloids are thermo sensible polysaccharides incorporated in many dairy 
products as stabilizers and carrageenan is the most frequently consuming hy-
drocolloid. With the increasing competitiveness in dairy industry, a strong at-
tention has been focused on emerging food technologies in order to uplift the 
quality of dairy products. Since the thermal treatment steps in the production 
process cause slight alterations in product quality, there is a trend to experiment 
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non thermal alternative methods. Ultra-sonication has been identified as an ef-
fective non thermal treatment and research findings state that it facilitates the 
gelling process in milk proteins as well as in hydrocolloids. This technique can 
be identified as a timely necessity to research on and of the studies up to date, 
the beneficial impact of ultrasound was taken into account. As a new approach, 
the authors suggest the potential of introducing a polysaccharide in milk protein 
gelation. Therefore, this study is focused on the possible impact of ultra-sonication 
in milk protein and polysaccharide mixtures. 

2. Hydrocolloids 

Hydrocolloids are a group of long chain polymers comprising with fractions of 
polysaccharides which are used in a wide range of food applications; promi-
nently as thickening and gelling agents [1]. The ability of hydrocolloids to in-
duce the stabilization of physical properties and prevention of undesirable changes 
occur through moisture migration and gas cell coalescence are the promoting 
factors to use them extensively in food industry [2]. This effect is largely en-
hanced by the presence of a large number of hydroxyl (-OH) groups which can 
increase their affinity to bind with water molecules, thus reducing the hydro-
philic compounds. Therefore, hydrocolloids possess a high potential in altering 
the physical and organoleptic properties of food products while enhancing their 
quality. Recently, the use of hydrocolloids in food industry has been increased 
remarkably due to its ability to modify the rheology of food systems. 

Commonly used types of hydrocolloids as thickeners are starch, guar gum, 
xanthum gum, locust bean gum, gum tragacanth, gum arabic etc. Hydrocolloids 
which give a gelling property are alginate, carrageenan, pectin, gelatin, gellan 
and agar. Among different hydrocolloids, the three types of carrageenan (kap-
pa-κ, lambda-λ and iota-ι) play a dominant role in food applications, especially 
in dairy based systems. Carrageenan is structurally a linear sulphated galactan 
and it is extracted from marine red algae species [3]. The presence of half ester 
sulphate groups results in the chemical reactivity of carrageenan into a great ex-
tent and strong anionic fractions are formed as a result. In milk based products, 
carrageenan is incorporated as a stabilizer to enhance milk gel formation. In ad-
dition, it prevents ice crystal formation during the storage and retards the melt-
ing down process [4].  

Depending on the sulphate group of the carrageenan, it reflects different types 
of gelling properties. For example, gels formed by ι-carrageenan are soft and elastic 
while κ-carrageenan gives strong and brittle gels. Nevertheless λ-Carrageenan 
does not gel at all. The form of gel formation occurs from coil-to-helix transfer-
ring in ι-carrageenan and respect to κ-carrageenan, formation of gel happens 
based on the double helices [5]. 

3. Interactions between Carrageenan and Milk Protein 

The interactions between carrageenan and milk protein mixtures have been 
deeply experimented [6] and the interaction’s effect on carrageenan gel forma-
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tion and rheological properties of the gel have been the key areas of researches 
throughout the past few decades [7].  

Generally gelation occurs in two stages when cooling; firstly the helix forma-
tion and then aggregation [8]. This mechanism of gelation is largely influenced 
by the low concentration of carrageenan, ionic environment, pH and the tem-
perature in the presence of milk proteins. It is apparent that carrageenan inte-
racts precisely with casein and forms the complex with a three dimensional net-
work [9]. 

Moreover, the impact of carrageenan in milk protein gelation is multifactorial, 
gelation behaviour of milk changes respect to κ-carrageenan and ι-carrageenan 
corresponding to gel setting temperature, microstructure and melting profiles [10] 
where they have further revealed that increment in gel firmness by κ-carrageenan 
is higher than that of ι-carrageenan. Similarly, κ-carrageenan had shown a high-
er complex modulus in the linear viscoelastic region than ι-carrageenan. Al-
though the role of κ-carrageenan is prominent at its lower concentration, it is 
found that gelation is less at high concentration in the presence of milk proteins 
[9] more specifically it becomes important when κ-carrageenan concentration is 
<0.018% w/w. However, κ-carrageenan has the ability to adsorb into casein mi-
celles and illustrates attractive characteristics at temperatures below Coli-helix 
transition temperature (44˚C) [11]. 

However, it is necessary to dissolve and disintegrate the solid matrix of carra-
geenan evenly throughout the milk based system for efficient functioning. Only 
λ-carrageenan is dissolved in cold water and a heat treatment should be done to 
disintegrate the kappa and iota forms. Therefore, the use of carrageenan in 
thermo sensible food products has been restricted. The strength of the gel 
formed by carrageenan increases with temperature and reaches a maximum at 
110˚C [12]. However, if the milk products are heated above 60˚C, the nutritional 
compounds, flavour and aroma compounds are lost and milk proteins are dena-
tured. Therefore, it is needed to follow an alternative method for heating to get 
the maximum outcome of carrageenan incorporated milk based products.  

4. Effect of Ultrasound Technology on Gelation 

Gelling of protein based dairy products has been a problem for a long time due 
to the heat treatment which contributes to the alteration of physical properties. 
Consequences of thermal treatments are prominent because of the destruction of 
vitamins, minerals and many nutritional factors with the denaturation of pro-
teins and ultimately sensory characteristics will be affected negatively. Because of 
the unfavourable effects of heat treatment, it restricts the application of gelation 
on different types of dairy products, extent and time of providing heat and re-
duces the efficiency of the production [13]. 

Therefore, the advancement of emerging food technology has paved the way 
to focus on cold gelation methods. One such technique is ultra-sonication and 
ultrasonic wave is produced at frequencies above 16 kHz which is a mechanical 
wave propagating by vibration of particles in the medium [14]. Research find-
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ings up to date have shown that ultrasound technique can be employed for 
processing applications such as homogenization, extraction, pasteurization etc. 
Basically, ultrasound application can be classified into low intensity (low power), 
a non-destructive way and high intensity (high power) which is considered as a 
disruptive method affecting chemical, mechanical and physical properties [15]. 
It is reported that low frequency ultrasound is appropriate to identify the 
changes of physical and chemical properties of food [14] by altering pressure, 
shear and temperature in a particular medium [16] while the latter is accounted 
to adjust acidity, firmness, sugar and ripeness. 

The frequency range and the intensity of ultrasound waves are important pa-
rameters when deciding their appropriate usage in food industry. Based on the 
frequency range, ultra-sonication has been successfully used in some food appli-
cations. See Table 1.  

Ultrasound application has been proven as an efficient way for the gelation of 
proteins as ultra-sonication produces protein conjugation and enhances the hy-
drolysis of protein enzymatically [21]. Power ultrasound processing has been 
successfully used for the gelation of κ-carrageenan [22] and it is believed that ul-
trasound waves cause disruption of macro molecules to disintegrate them firmly. 
Ultrasound has a mixing power and depolymerisation of macro molecules take 
place due to physical and chemical effects accompanied by cavitation which is 
described as forming and collapsing of small bubbles in a liquid due to acoustic 
pressure fluctuation [23] [24]. 

The application of ultrasound assisted gelation on milk based systems has 
been experimented and it reveals that casein and whey protein show different 
responds towards ultra-sonication depending on their protein fraction and deli-
vered energy density [25]. The study done by [26] shows that irrespective to the 
pH values, the gelling capacity of concentrates from whey proteins induced by 
ultrasound has become stronger, turned in reducing syneresis and observed dif-
ferences in gel microstructure, when compared with non-treated samples from 
ultra-sonication. Further studies suggest that the application of ultrasounds in 
dairy industry improves the emulsification [13] and stabilisation [27] capacities. 
 

Table 1. Properties of ultrasound in food application; data adapted from [17]. 

Category  
of ultrasound 

Properties   

Frequency range Intensity Effect of ultrasound Appropriate application Reference 

Low-frequency, high-power 
ultrasound 

20 - 100 kHz Above 1 W/cm2 
Physical, chemical  

& biochemical effects  
influenced by strong cavitation 

Emulsification  
& homogenization 

[18] 
[19] 

Intermediate  
frequency-medium  
power ultrasound 

100 kHz - 1 MHz 1 W/cm2 Peak sonochemical effects 
Initiate chemical modifications 

in food systems 
 

High-frequency, low power 
ultrasound 

1 - 10 MHz Below 1 W/cm2 Gentle physical effects 

Non-invasive analysis 
Monitoring food materials 

Separations of  
multi-component mixtures 

[20] 
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Therefore, there is a heavy potential of utilizing ultrasound as an emerging 
technology on polysaccharide-protein mixtures to enhance their techno func-
tionalities. In addition, this particular technology can be used in innovative food 
product development focussing on polysaccharide—protein matrix. 

5. Potential Benefits of Introducing Ultrasound Gelation in  
Polysaccharide—Protein Mixtures 

Texture, aroma, flavour and taste are very important sensory parameters that 
decide upon consumer’s purchasing decision. Therefore, the means of improv-
ing the physical characteristics of a product is very useful when targeting the 
customers. Formation of gels with the use of high intensity ultrasound in order 
to improve the rheology of whey proteins matrix has been attentively explored 
by many researchers [28] [29] [30].  

According to the research findings, high-intensity ultrasound treatment has 
resulted in improving textural characteristics like reducing syneresis and water 
holding capacity [16] [31] [32].  

The study conducted by [32] shows that the use of ultra-sonication paves the 
way to improve the structure of the gel matrix and scanning electron microscop-
ic images had been observed as honeycomb structures. Images of thermo sonicated 
yoghurt samples had exhibited more spores compared to non-sonicated samples. 
See Figure 1. 

 

 
(A1)                                     (A2) 

 
(B1)                                     (B2) 

Figure 1. Electron micrographs of yoghurts from conventionally (A) heated and (B) 
thermosonicated milk (1.5% fat). (Magnification: A1, B1 × 500; A2, B2 × 5000); adapted 
from [32]. 
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Acid gels prepared from sonicated casein solutions at 24 Hz and 130 Hz 
proves that ultrasound frequencies could lower the pH value of gelation point 
which resulted in enhancing the structure by reducing the size of the protein ag-
gregates [33]. On the other hand, the use of heat and ultrasound under moderate 
pressure which is known to be thermo sonication was found to increase the gel 
strength of the yoghurt [34] and also the rheological properties of yoghurt gels 
[32] [35]. The fact that insufficient heat treatment causes in weakening the gel 
structure as whey proteins are not denatured in milk sufficiently, implies that al-
ternative methods of using ultrasound with a polysaccharide could overcome 
these drawbacks. 

Moreover, the sensory profile and volatiles of the ultrasound-induced yog-
hurts could improve because of the increment of relevant aldehydes, ketones, 
carboxylic acids and dimethylsulphide molecules [36]. Thus, it can be advanta-
geous in using the technique of ultrasound in the process of milk protein mix-
tures. Nevertheless, there is proof of undesirable effects of ultrasound with high 
intensity due to the formation of compounds causing off odours and flavours 
which implies the necessity in identifying the most appropriate profile of ultra-
sound. 

Further, the addition of polysaccharides like carrageenan could enhance the 
gelation of milk proteins as ultrasound causes to unfold the peptide chains 
within the milk proteins and encourage the bonding of polysaccharide-casein 
aggregates and whey protein-casein aggregates and subsequent bond formation 
of whey protein itself. The potential for enhancing the texture of milk protein 
mixture in such conditions is very promising. However, specific variables of ul-
trasound (amplitude, frequency respect to the concentration of carrageenan) for 
each type of product should be identified.  

6. Conclusion 

Ultra-sonication is a productive mechanism in industrial food applications re-
lated to gelation of polysaccharides incorporated with protein mixtures. There-
fore it will be a smart solution for consequences due to high temperature treat-
ments in food industry. However, to get the maximum output it is required to 
identify the unique variables of ultrasound specifically for each product. 
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