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Cow’s milk is considered an excellent protein source. However, the digestibility of milk proteins needs to be

improved. The milk protein content was reduced as the microwave processing time and the temperature increased.

The final milk protein available in the sample was lower when microwave processing was conducted at 75 °C and

90 °C compared to 60 °C, whereas the ultrasound treatment significantly improved the protein content, and no

particular trend was observed for the thermosonicated samples. Thus, ultrasound processing shows a potential

application in improving the protein quality of cow’s milk.
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1. Introduction

Cow’s milk is considered an excellent food source for human body growth due its high content of minerals (calcium

and phosphorous) and protein. Cow’s milk can provide all essential amino acids including a high level of lysine,

which can help in synthesizing important proteins important for human health . Milk proteins perform several

functions such as immune system stimulation, shielding the human body against different types of bacteria,

viruses, and fungi, and gut development . However, the protein quality of cow’s milk still nees to be improved

through various food-processing techniques due to these proteins’ low digestibility and their allergenicity, which

could lead to gastrointestinal discomfort, respiratory failure, as well as anaphylactic shock .

Thermal processing of milk aids in the extension of its shelf life and in the reduction of microbial activity .

However, thermal process is known to induce some structural changes in milk, such as protein denaturation. It can

further cause the permanent unfolding of protein and even might expose hydrophobic groups and reduce

disulphide bridges . A study reported that a microwave treatment caused a decrease in the content of lactose,

fat, and protein in cow’s milk, whereas milk’s average density was increased . There was a decrease in α-helixes

and β-sheets when milk was treated with microwaves above 50 °C . In recent years, non-thermal processing

has received high attention because it can retain the original characteristics, freshness, and nutritional value

compared to thermal treatment . Studies reported that ultrasounds had a minor effect on the secondary structure

and hydrophobicity of a whey protein concentrate . In sodium caseinate (biochemical name of casein protein),

study also concluded that during ultrasound treatment, there were no major structural deviations, but a slight

deviation was observed for lactoferrin . Moreover, during ultrasonication, there was minimal loss in flavor, and

this processing technique exhibited higher consistency in terms of homogenization and viscosity compared to other
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non-thermal techniques . In addition, ultrasound processing has a lower operating cost and an effective power

output .

2. FTIR Analysis

FTIR spectroscopy was used to investigate the structural changes in protein due to the processing techniques.

Among all regions, the Amide I band ranging from 1700 to 1600 cm  was chosen for the study, as it is considered

a sensitive region for the study of conformational changes occurring in a protein secondary structure. The Amide I

band consist of C=O stretching vibrations (almost 80%) in addition to C–H stretching modes and in-plane N–H

bending. The C=O stretching vibrations are the result of changes in the secondary structure of the protein as well

as of inter- or intramolecular effects. The hydrogen bonding pattern and geometry of a molecule are also

sometimes responsible for these vibrations . The Amide I band consists of various secondary structural

components such as β sheets, random coils, α helices, and β turns . 

Figure 1a shows the percentage peak areas obtained for microwave-processed samples at 60 °C, 75 °C, and 90

°C for 1, 3, and 5 min, respectively, within the Amide I region. Figure 1b,c shows the peak areas obtained for milk

processed with ultrasonication and thermosonication for 1, 3, 5, 7, and 9 min, respectively.
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Figure 1.  Variations in relative areas of the bands fitted to the normalized FTIR spectra of the Amide I region

(1700–1600 cm ) of microwave-processed (a), ultrasound-processed (b), and thermosonication-processed (c)

cow milk. Note: the error bar means standard error of the mean.

The results for thermal treatment showed a decrease in the α helix structure for all temperature–time combinations

and, due to the relocation of the α helix structure, there was an increase in β-sheets and turns. These trends were

also reported in previous studies  and suggested that the reduction in α helices exposed the free thiol group,

Cys-121; this group causes aggregation of whey protein, which in turn increases the viscosity of milk. The increase

in turns can contribute to the increased involvement of casein in forming aggregates, whereas the increase in β-

sheets can be due to interactions between proteins and lipids, which tend to change the physical state of milk fat

when stored at high temperatures . Therefore, further research needs to be focused on the effect of

ultrasound and thermosonication on protein structure and allergenicity, as deviations in protein structural affect

functionality and hence allergenicity. Moreover, more stable α helix structures were found in ultrasonicated and

thermo-sonicated samples, suggesting that non-thermal processing techniques do not affect the stability of

proteins’ secondary structure.

3. Effect of Processing on Protein Digestibility

In vitro digestion was carried out with pepsin and pancreatic enzymes in microwave-treated, ultrasound-treated,

and thermosonicated samples. Figure 2a–c represents the soluble protein content of initial, intermediary, i.e., after

pepsin digestion, and final, i.e., after pancreatic digestion, samples treated with microwaves, ultrasound waves,

and a combination of thermal treatment and ultrasound waves. In Figure 2a, the initial soluble protein content in

microwave-treated samples at 60 °C for 1, 3, and 5 min was significantly higher compared to the initial protein

content at 75 °C and 90 °C. This could be because at higher temperatures, protein denatures, leading to the

release of hydrophobic cores that expose hydrophobic residues to the surroundings. Furthermore, no trend was

observed in protein content determined after pepsin digestion, but protein content was reduced after pancreatic

digestion at 60 °C and 90 °C (except for some variations) and increased at 75 °C.
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Figure 2. Protein content changes of microwave-processed (a), ultrasound-processed (b), and thermosonication-

processed (c) cow milk under different conditions (pre-digestion, after pepsin digestion, and after pancreatic

digestion).

In Figure 2b, it can be observed that the initial soluble protein content was higher when the samples were treated

with ultrasound compared to untreated samples. The increase in the soluble protein content could result from
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cavitation effects which lead to the transformation between soluble and insoluble proteins during ultrasound

processing. The protein content after pepsin digestion showed an increase when the treatment time was increased

from 1 min to 3 min, after which there was a slight decrease when the treatment time was raised to 5 min. The

protein content after pepsin digestion again showed a raise as the treatment time increased to 7 min and 9 min.

The final protein content after pancreatic protein digestion showed a different trend. The protein content values

gradually increased from 1 min to 9 min, with the higher peak observed at 7 min.  Figure 2c shows the pre-

digestion, after-pepsin-digestion, and after-pancreatic-digestion protein content of the thermosonicated samples. It

can be observed that the initial protein content increased after treatment for 1 min to 5 min, after which it showed a

decrease at 7 min and a gradual increase at 9 min. The protein content after pepsin digestion showed an

increasing trend, with slight variations when the treatment time was increased from 1 to 9 min. Furthermore, no

particular trend was observed in protein content after pancreatic digestion for all treated samples.

4. Conclusions

Secondary structural changes in milk proteins due to microwave processing, ultrasonication, and thermosonication

were evaluated using Fourier Transform Infrared spectroscopy (FTIR). As the applied temperature and time were

raised in microwave processing, rearrangement in α-helices occurred, and as a result there was an increase in

turns and β-sheets in the proteins. The highest protein digestibility was reported when the milk was treated at 75 °C

for 1 min. In the case of ultrasonication, no major changes in secondary structures were observed, except when

milk was treated for 9 min, which showed a small rearrangement of α-helix structures. However, no significant

changes were observed in the in vitro protein digestibility after ultrasound processing. Very few studies have been

conducted on the effect of combined thermal treatment and ultrasound waves, but it is clear that the

thermosonicated samples showed poor digestibility, ranging from 68.76 to 78.81%, compared to the microwave

samples (72.56–93.4%) and the ultrasound samples (90.20–94.41%), which exhibited higher digestibility.
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