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Milk contains approximately 3.5% by weight protein, which is a highly complex system. This milk protein is usually
divided into two main fractions based on their solubility nature. Casein proteins are about 75% to 80% of the total

protein in the milk and precipitate at pH 4.6 at 20 °C, while 20% of the protein remains in the serum.

milk ultra-high temperature treatment casein whey protein immunoglobulin

| 1. Introduction

Milk is a complex biological fluid, produced in the mammary gland of female mammalian species. It is produced to
feed the neonate from birth to weaning [, It is a highly nutritious and readily digested food, i.e., rich in minerals,
proteins, and energy in an aqueous solution. This provides the neonate with essential amino acids and many other

important compounds such as hormones, growth factors, and protective agents 2,

Furthermore, milk provides quality proteins (casein and whey proteins) that cannot be obtained from any other food
material 2. Milk proteins also exhibit a high range of positive health and therapeutic benefits, such as aiding
muscle growth, promoting fat loss, and strengthening bones in both adults and children. Humans consume cow
milk primarily; however, globally, people obtain milk from many other animals, including buffalo, yaks, goats, sheep,
reindeer, and camels. Generally, cow’s milk contains 80% of casein and 20% of whey protein, and both of the
proteins always provide health benefits and are sources of a wide range of peptides with potential bioactive
properties MBIl The function of milk protein is to supply young mammals with the essential amino acids that are
required for the growth and development of the muscular body Bl. For the past centuries, humans have used milk
and dairy-derived products to supplement their diet, and these dairy products are still a major food source.
Furthermore, the physicochemical properties and textural properties of various dairy products is dependent upon
the functional properties of the milk proteins [, The properties of the milk proteins also influence the quality of
milk and milk-based products during various processing and storage conditions. However, due to the perishable
nature of milk, research efforts are focused on the investigation of different processes to improve the shelf-life of
milk for a longer period. Therefore, severe heat treatments became more popular due to their potential to enhance
the shelf-life of the milk without further requirement of refrigeration storage [l Ultra-high temperature (UHT)
includes the heating of milk at 135-145 °C for 2-3 s, which kills the spore-forming pathogenic microorganism,
resulting in a product with a shelf-life of several months when stored at room temperature (8. Due to the extended
shelf-life of UHT-treated milk, it could easily transport to remote areas without refrigeration. In comparison to
pasteurized milk, due to excessive and severe heating, UHT milk has more cooked and sulphureous flavors.

Additionally, during storage, changes in the physicochemical properties of milk can lead to off-flavors, undesirable
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browning, separation of fat, sediment formation, or gelation during the subsequent storage . Several important
factors such as processing parameters, time-temperature abuse (storage condition), and packaging type also
influence the quality characteristics and consumer acceptance. As well, Psychrotrophs can grow in refrigerated
milk, and the majority of these bacteria produce heat-stable extracellular proteases that remain active after UHT
treatment. This gives the final UHT products a bitter flavor, and also leads to gelation &. The population of
psychrotrophs in fresh raw milk obtained from healthy cows is less than 10 2 colony-forming unit (CFU) mL -1 in
acceptable hygienic conditions, accounting for 10% of the total microbiota . The ambient temperatures of
processing and storage of UHT-processed milk can vary from O °C to greater than or equal to 50 °C in cold
countries, tropical zones, and some storage facilities 19, However, these variable conditions significantly influence
the proteins of the milk products, which can undergo several changes before the product is consumed. To avoid a
declining nutritional value and to ensure the stability of the product, these changes must be understood so that the
damage to the product can be minimized 2. During processing and storage, the changes in proteins are caused
by enzymatic activity, physicochemical interactions, and microbiological contamination. Ultra-high temperature
processed milk has a shelf life of 6-9 months; however, some companies are claiming a shelf life of 12 months for
their products 8121, Moreover, there are many ways in which the product can be damaged during storage, even
under proper conditions. The legal expiry date for UHT milk in some countries is <90 days 2. In addition, milk
proteins are the most important components of the milk, which are helpful in various biological functions in the
human body; however, during storage of UHT milk, aggregates of milk proteins or protein particles of various sizes
form that ultimately influence the overall quality of the milk 4. Aggregation of milk proteins has been shown to
increase with variation in storage temperature 22, Moreover, the aggregation of milk protein is a three-dimensional
network that occurs either through enzymatic or non-enzymatic (severe heat) processes. Besides, during storage,
changes in the physicochemical properties of milk can lead to off-flavors, undesirable browning, separation of fat,
sediment formation, or gelation during the subsequent storage. Several important factors such as processing
parameters, storage condition, and packaging type also influence the quality characteristics and consumer
acceptance of the milk; however, the influence of heat treatments on milk protein is inconstant. The major protein
modifications that occur during UHT treatment are denaturation and aggregation of the protein, and chemical
modifications of its amino acids. These UHT-induced protein alterations can change digestibility and the overall
biological influence of the intake of these proteins [12IL3I14I15] Therefore, in this review, we discussed the structural
chemistry of milk proteins and their fractions. The overall quality of UHT milk and the toxicological and

physicochemical changes of UHT-treated milk proteins during processing and storage are elaborately discussed.

| 2. Milk Proteins and Their Fractions

Milk contains approximately 3.5% by weight protein, which is a highly complex system. This milk protein is usually
divided into two main fractions based on their solubility nature. Casein proteins are about 75% to 80% of the total
protein in the milk and precipitate at pH 4.6 at 20 °C, while 20% of the protein remains in the serum. In the serum,
about 15% are whey proteins, which are soluble under the above-mentioned conditions. The rest of the proteins
found in milk are trace fractions of glycoproteins [28l. Proteins are made up of a polypeptide chain of amino acid

residues joined together by peptide bonds and cross-linked by disulfide bonds. An acid carboxyl group and a weak

https://encyclopedia.pub/entry/14762 2/9



Ultra-Heat Treatment on Milk Proteins | Encyclopedia.pub

basic amino group are both joined by a hydrocarbon chain that is unique to each amino acid 4. However, the
casein micelle is spherical and made up of smaller units known as submicelles. Herein, the submicelles vary in
composition, consisting of k-casein and o s -casein, or a s -casein and [3-casein. They are linked together by small
calcium phosphate cluster bridges 1. Moreover, quaternary, secondary, and tertiary structures are all part of the
three-dimensional organization of proteins. The three-dimensional arrangement of amino acid residues that are
close to each other in the linear sequence is referred to as a secondary structure. Secondary structures rising from
regular and periodic steric linkages include the helix and pleated sheet. The tertiary structure refers to the spatial
arrangement of amino acid residues that are wide apart in the linear sequence, allowing for more folding and
coiling to occur (281, A protein is considered a globular protein if it is tightly coiled and folded into a spherical shape,
and a fibrous protein if it is made up of long peptide chains that are intermolecularly connected. When proteins with
two or more polypeptide chain subunits are linked, they form a quaternary structure 2. The milk proteins include o
sl -casein, a s2 -casein, [3-casein, k-casein, o-lactalbumin (aLA), and [-lactoglobulin (BLG), which are the main

components of milk and whey products.

K-casein is responsible for the stability of casein micelles, and it is very resistant to calcium precipitation. The
Rennet cleavage at the Phel05-Met106 bond eliminates the stabilizing ability by leaving the hydrophobic portion,

para-k-casein, and a hydrophilic portion, called k-casein glycomacropeptide 18],

Whey proteins, also known as serum proteins, are globular proteins that contribute 20% of the total protein in
bovine milk and practically all of the protein in whey. They are complex structured proteins with a high level of
secondary and tertiary protein structures. Moreover, whey proteins are further fractionated in various important
fractions, such as B-lactoglobulin (55%), a-lactalbumin (20%), immunoglobulins (13%), and Bovine serum albumin
(BSA) (7%), which are minor proteins (5%) [19], B-lactoglobulin, which is the major whey protein in bovine milk, is
highly structured with a-helices or B-sheets, forming a packed globular structure with strong internal disulfide (S-S)

bridges. The physical properties of whey proteins are shown in Table 1 29,

Table 1. Physical properties, molecular weight, and concentration of whey proteins in milk.

Milk Proteins % of Whey Isoelgctnc Concentration Mole_ct:‘Iar "
(Whey Proteins) Protein el (g/L) peigh Malllidass
(p1) (kDa)

B-lactoglobulin 55-65 5.35-5.49 3.3 18.4 [2]20]

o-lactalbumin 15-25 4.2-45 1.2 14.2 [21[20]

Bovine serum albumin [2][20]

(BSA) 5-6 5.1 0.3 66.3
Immunoglobulins 10-15 5.5-8.3 0.5 80-900 [2][20]
Proteose peptones 10-20 5.1-6.0 0.2 4.1-80 [2][20]
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Milk contains several minor proteins, including about 60 indigenous enzymes, such as oxidoreductase, xanthine,
lactoperoxidase, phosphatases, proteinase, and lipoprotein lipase. These are scientifically important. Most of the

minor proteins have biological functions and probably play very significant roles 21,

| 3. Types of UHT Processing Systems for Milk

Generally, UHT processing of food is a combination of heat treatment with aseptic packing, which provides a shelf-
life to a food product with minimal chemical damages as compared to in-container sterilized food products. Despite
the fact that UHT milk has a shelf-life of up to 12 months, pasteurized milk has a larger sector of the milk market,
as it is utilized as a convenience product [22. UHT milk may require long-term stability, but in the latter scenario, the
desired shelf life may be shorter than three months. To obtain ‘commercial sterility’, i.e., unlikely to grow bacteria in
the product under typical storage conditions, UHT treatment in the range of 135-150 °C is used in combination with
proper holding times [22], In practice, the products are checked for sterility by incubating at 55 °C for 7 days or at 30
°C for 15 days, and testing for bacterial growth. UHT processing mainly consists of two types, which are direct and
indirect heat treatments. The saturated steam is directly mixed with milk, and with the help of a vacuum flash
vessel, the steam (added water) is removed from the milk in the direct heating method [24. On the other hand, the
heating medium, namely hot water or steam, is used to heats the milk indirectly by convection or conduction
through a barrier in the form of a heat exchanger in the indirect method, as shown in Figure 1 . The main
difference between these two methods is that the effect on milk proteins can be differentiated in the temperature
and time profiles. In the direct method of heating, the milk is heated and cooled very quickly from the sterilization
temperature when compared with the indirect method of heating. Because of this reason, the direct method of
heating would produce fewer chemical changes than the indirect method of heating. When the milk is processed by
the direct method of UHT treatment, the formation of sediment occurs more as compared to the sedimentation that
occurs in milk from indirect systems, and the rate of sedimentation is directly proportional to an increase in heat
load and storage temperature 22, Sterilization during aseptic packing of the milk is employed by the UHT process,
and this operation enables UHT milk to be packaged without contamination, which provides a long shelf life to milk

at an ambient temperature 23],

as-Casein BCase k-Casein

¥
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Figure 1. Polymeric structure of different fractions of casein protein. Casein exists in fresh milk in the form of a
micelle structure, which is a complex aggregate of proteins (ag;-casein, og,-casein, B-casein, k-casein, and several

minor proteins) and colloidal phosphate calcium.

| 4. Effects of UHT Processing on Milk Proteins

There are many indications of milk proteins present in the UHT milk, and milk products are changed during
processing and storage. Thermal treatments have a large range of impacts on milk components, depending on
how intense they are, but they are usually associated with undesirable changes in product color, texture, and

nutritional properties 23],

Most of the major whey proteins are highly ordered globular proteins, and thus they are very heat sensitive as they
are liable to structural damage at the time of processing treatments in the dairy industries (e.g., high-pressure
homogenization, and heat treatments). Generally, whey proteins tend to unfold from their original structure,
revealing amino acids such as cysteine, which contains a free sulfhydryl (-SH) group when they are exposed to
temperatures greater than 65 °C [28. Moreover, the exposed free sulfhydryl group is now readily available and
highly reactive, allowing other denatured whey proteins and proteins that contain the exposed sulfhydryl groups
(e.g., k-casein) to interact and aggregate to form a new (S-S) disulfide bond (7. Whey protein fractions are
composed of several proteins such as lactoferrin (LTF), o-lactalbumin (a-LA), B-lactoglobulin (B-LG) a small
amount of lactoperoxidase (LP), bovine serum albumin (BSA), and immunoglobulin (IG). The structures of a-LA, -
LG, and BSA have been shown in Figure 2 . Moreover, 3-LG has two disulfide bonds which maintain the structural

integrity during the heat treatment and hydrolysis treatment, and one free cysteine group.

Figure 2. The polymeric structure of whey proteins and their fractions. B-lg belongs to the lipocalin family of
proteins, which all contain a 3-barrel composed of antiparallel B-sheets. In 3-Ig, each 3 sheet has one hydrophobic

side and one hydrophilic side. The two hydrophobic sides face each other, creating a hydrophobic cavity. The a-
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lactalbumin (a-1a) is a globular 123-amino acid, 14.2 kDa protein. A, B, and C are considered as genetic variants,
and BSA is a 582-amino acid residue protein. The structure consists of three domains stabilized by 17 disulfide
bonds and one free thiol group 18],

Whey proteins are more susceptible to heat denaturation, and their susceptibility depends upon the structural
chemistry of the proteins. Immunoglobulins are the most heat-sensitive whey proteins, which are followed by
bovine serum albumin (BSA), B-lactoglobulin (B-Lg), a-lactalbumin (a-La), and proteose peptones, though the last
are not affected by heat. Mostly, the UHT treatments denature the immunoglobulins and most of the bovine serum
albumin (BSA) because these proteins are present in lower concentrations than B-lactoglobulin and a-lactalbumin.
The structure of immunoglobulins is explained in Figure 3 . The effects of denaturation and interaction with other
proteins are minor as compared to B-lactoglobulin and a-lactalbumin, whereas, in the milk, the denaturation of
whey proteins is dominated by the denaturation of p-lactoglobulin, which is about 50% of the whey proteins.

However, o-lactalbumin is also important 28],

Secretary protein

Disulfide bond

Figure 3. The polymeric structure of different types of immunoglobulins present in milk.

In addition, the denatured whey proteins can interact with casein fractions and form a composite of whey protein
and k-casein either in the serum phase or on the surface of the casein micelle 8. This composite formation may
prevent the dissociation of a s -casein and B-caseins with increasing temperature 28, and thus lowers their levels
in the serum of UHT milk when compared with pasteurized milk. The dissociation of k-casein from the casein
micelle is an important factor related to the denaturation of B-lactoglobulin. During the UHT processing of skim milk
(total solids 12-15%), the total percentage of k-casein from the casein micelle at pH 6.6 was 30-60% [23],
Therefore, k-casein interacts with denatured -lactoglobulin in either part of the casein micelle or serum phase. The
release of k-casein from the casein micelle led to the denaturation of B-lactoglobulin 28, Another important element
is determining how much denatured whey protein is bound to k-casein in the casein micelle and how much is
associated with k-casein in the serum phase 9. When the milk is heated at a pH of 6.5, the denatured whey

proteins are favorably attached to the casein micelle, whereas, at a greater pH > 6.8, most of the whey proteins or
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serum proteins are attached to the k-casein, and they are found in the serum. The amount of attached whey

proteins or serum proteins is highly sensitive to minor changes in the pH. The relative amounts of 3-Lg and a-La

that become attached to the micelle are also influenced by the heating process. Rapid heating, such as that used

in indirect UHT processing, generates a large B-Lg: a-La ratio, but slower heating, such as that used in indirect

UHT treatments, produces a lower ratio, indicating that more a-La and less B-Lg become attached [31132],

References

1.

10.

11.

12.

Figueiredo, B.; Dias, C.C.; Brand&o, S.; Canario, C.; Nunes-Costa, R. Breastfeeding and
postpartum depression: Review of the state of the art. J. Pediatr. 2013, 89, 332—-338.

. Fox, P.F.; Uniacke-Lowe, T.; McSweeney, P.L.H.; O’'Mahony, J.A. Milk proteins. In Dairy Chemistry

and Biochemistry; Springer: Cham, Switzerland, 2015; pp. 145-239.

. Moughan, P.J. Milk Proteins—A Cornucopia for Developing Functional Foods. In Milk Proteins;

Academic Press: Cambridge, MA, USA, 2014; pp. 525-539.

. Anema, S.G. Storage stability and age gelation of reconstituted ultra-high temperature skim milk.

Int. Dairy J. 2017, 75, 56—67.

. Dupont, D.; Tomé, D. Milk proteins: Digestion and absorption in the gastrointestinal tract. In Milk

Proteins; Academic Press: Cambridge, MA, USA, 2020; pp. 701-714.

. Lewis, M.; Grandison, A.; Lin, M.; Tsioulpas, A. lonic calcium and pH as predictors of stability of

milk to UHT processing. Milchwissenschaft 2011, 66, 197—-200.

. Rauh, V.M.; Johansen, L.B.; Bakman, M.; Ipsen, R.; Paulsson, M.; Larsen, L.B.; Hammershgj, M.

Protein lactosylation in UHT milk during storage measured by liquid chromatography—mass
spectrometry and quantification of furosine. Int. J. Dairy Technol. 2015, 68, 486—494.

. Bimbo, F.; Bonanno, A.; Liu, X.; Viscecchia, R. Hedonic analysis of the price of UHT-treated milk

in Italy. J. Dairy Sci. 2016, 99, 1095-1102.

. Decimo, M.; Morandi, S.; Silvetti, T.; Brasca, M. Characterization of gram-negative psychrotrophic

bacteria isolated from Italian bulk tank milk. J. Food Sci. 2014, 79, M2081-M2090.

Chavan, R.S.; Chavan, S.R.; Khedkar, C.D.; Jana, A.H. UHT milk processing and effect of
plasmin activity on shelf life: A review. Compr. Rev. Food Sci. Food Saf. 2011, 10, 251-268.

Gaucher, I.; Mollé, D.; Gagnaire, V.; Gaucheron, F. Effects of storage temperature on physico-
chemical characteristics of semi-skimmed UHT milk. Food Hydrocoll. 2008, 22, 130-143.

Orcajo, J.; de Marafion, I.M.; Lavilla, M. Antigenic response of bovine (3-lactoglobulin influenced
by ultra-high pressure treatment in combination with high temperature. Clin. Transl. Allergy 2015,
5, P49.

https://encyclopedia.pub/entry/14762 7/9



Ultra-Heat Treatment on Milk Proteins | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Pizzano, R.; Manzo, C.; Adalgisa Nicolai, M.; Addeo, F. Occurrence of major whey proteins in the
pH 4.6 insoluble protein fraction from UHT-treated milk. J. Agric. Food Chem. 2012, 60, 8044—
8050.

Agarwal, A.; Pathera, A.K.; Kaushik, R.; Kumar, N.; Dhull, S.B.; Arora, S.; Chawla, P.
Succinylation of milk proteins: Influence on micronutrient binding and functional indices. Trends
Food Sci. Technol. 2020, 97, 254-264.

Karlsson, M.A.; Langton, M.; Innings, F.; Malmgren, B.; Hojer, A.; Wikstrom, M.; Lundh, A.
Changes in stability and shelf-life of ultra-high temperature treated milk during long term storage
at different temperatures. Heliyon 2019, 5, e02431.

Walstra, P. Casein sub-micelles: Do they exist? Int. Dairy J. 1999, 9, 189-192.

Hazlett, R.; Schmidmeier, C.; O’'Mahony, J.A. Milk Proteins. In Encyclopedia of Food Chemistry;
Elsevier Science & Technology: Amsterdam, Netherlands, 2018; p. 138.

Fox, P.F.; Uniacke-Lowe, T.; McSweeney, P.L.H.; O’'Mahony, J.A. Heat-induced changes in milk. In
Dairy Chemistry and Biochemistry; Springer: Cham, Switzerland, 2015; pp. 345-375.

Boland, M. Whey proteins. In Handbook of Food Proteins; Woodhead Publishing: Cambridge, UK,
2011; pp. 30-55.

O’mahony, J.A.; Fox, P.F. Milk proteins: Introduction and historical aspects. In Advanced Dairy
Chemistry; Springer: Boston, MA, USA, 2013; pp. 43-85.

Wynn, P.C.; Sheehy, P.A. Minor proteins, including growth factors. In Advanced Dairy Chemistry;
Springer: Boston, MA, USA, 2013; pp. 317-335.

Deeth, H.C.; Lewis, M.J. High Temperature Processing of Milk and Milk Products; John Wiley &
Sons: Hoboken, NJ, USA, 2017.

Robertson, G.L. Heat Treatment of Milk: Ultra-High Tempterature Treatment (UHT: Aspect
Packaging. In Encyclopedia of Dairy Sciences; John, W.F., Patrick, E.F., Paul, L.H., Eds.;
Academic Press: Amsterdam, The Netherlands, 2011; pp. 708-713.

Brew, K. a-Lactalbumin. In Advanced Dairy Chemistry; Springer: Boston, MA, USA, 2013; pp.
261-273.

Deeth, H.C. The effect of UHT processing and storage on milk proteins. In Milk Proteins;
Academic Press: Cambridge, MA, USA, 2020; pp. 385-421.

Wijayanti, H.B.; Brodkorb, A.; Hogan, S.A.; Murphy, E.G. Thermal denaturation, aggregation, and
methods of prevention. In Whey Proteins; Academic Press: Cambridge, MA, USA, 2019; pp. 185-
247.

https://encyclopedia.pub/entry/14762 8/9



Ultra-Heat Treatment on Milk Proteins | Encyclopedia.pub

27.

28.

29.

30.

31.

32.

Singh, H.; Creamer, L.K. Influence of concentration of milk solids on the dissociation of micellar k-
casein on heating reconstituted milk at 120 °C. J. Dairy Res. 1991, 58, 99-105.

Anema, S.G. On heating milk, the dissociation of -casein from the casein micelles can precede
interactions with the denatured whey proteins. J. Dairy Res. 2008, 75, 415-421.

Wijayanti, H.B.; Bansal, N.; Deeth, H.C. Stability of whey proteins during thermal processing: A
review. Compr. Rev. Food Sci. Food Saf. 2014, 13, 1235-1251.

Anema, S.G.; Li, Y. Effect of pH on the association of denatured whey proteins with casein
micelles in heated reconstituted skim milk. J. Agric. Food Chem. 2003, 51, 1640-1646.

Oldfield, D.J.; Singh, H.; Taylor, M.W. Association of 3-lactoglobulin and (3-lactalbumin with the
casein micelles in skim milk heated in an ultra-high temperature plant. Int. Dairy J. 1998, 8, 765—
770.

Anema, S.G. Effect of milk solids concentration on the pH, soluble calcium and soluble phosphate
levels of milk during heating. Dairy Sci. Technol. 2009, 89, 501-510.

Retrieved from https://encyclopedia.pub/entry/history/show/34742

https://encyclopedia.pub/entry/14762 9/9



