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Whey proteins have implications in different fields related to human life quality. The aim of this overview was to

present the basic chemistry of β-lactoglobulin, α-lactalbumin, and lactotransferrin - main proteins of bovine whey. 
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1. β-Lactoglobulin

β-Lactoglobulin is the major bovine whey protein, accounting for approximately 10% of the total protein in bovine

milk and approximately 50% in ruminants , but it is not present in human milk. β-LG contains 162 amino acid

residues, which form nine antiparallel β-sheets . It belongs to the lipocalin family and has the ability to bind

different hydrophobic molecules , which can be useful for reducing allergenicity owing to its covalent conjugation

to flavonoids because β-LG is one of the major milk allergens responsible for cow milk allergy .

β-LG has eleven genetic variants (A, B, C, D, E, F, G, H, W, I, and J). Genetic variants A and B are most common

in bovine milk and differ in positions 64 and 118. Two bovine β-lactoglobulins I and J were isolated from bovine milk

by isoelectric focusing by Godovac-Zimmermann et al. .Moreover, various variants of β-LG translate into different

metal affinities, e.g., to nickel or cobalt complexes  .

Additionally, β-LG has two disulphide bonds (Cys-106 to Cys-119; Cys-66 to Cys-160) that maintain the structural

integrity during hydrolysis and heat treatment and one free cysteine group (Cys-121) as the binding site for d-block

metal ions, such as iron (II/III), copper (II), and silver (I) . Due to the disulphide bonds and free sulfhydryl group in

its hydrophobic core, β-LG prevents oxidation by capturing reactive oxygen species (ROS) . β-LG may be

modified by phosphorylation  or glycation , which are examples of post-translational modifications (PTMs) of the

protein after its translation by proteolytic cuts or by adding a modifying group to one or more amino acids . The

molecular weight of β-LG and of other whey proteins is dependent on post-translational modifications (Table 1). It

also can be observed that the number of significant figures in the value of molecular weight can be determined by

the precision of the analytical method applied for its analysis.

Heating causes changes in a protein’s structure, and subsequently, its properties, thus affecting the quality of food

products. De Wit summarized the thermal behavior of β-LG up to 150 °C and concluded that thermal behavior of β-

LG is dependent on pH, temperature, time of heating, and concentration . Reversible conformational changes up

to 60 °C, which are known as the Tanford transition (negligible between pH 6.5 and 7.8, accounts for 18% at pH

7.0), irreversible denaturation by unfolding and aggregation of monomers between 60 and 70 °C at pH ≥ 7.0 in the
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presence of OH  ions) have been reported by several authors . In addition, thiols oxidation between 65 and 75

°C, disulphide/thiol exchange reactions prevailing between 75 and 85 °C and induction of larger aggregates by

specific non-covalent aggregation, and unfolding of the residual protein structures above 125 °C have been

indicated in a number of publications . Liu et al. reported a loss of antioxidant activity of β-lactoglobulin as a

result of cross-linking free thiol groups upon heating (100 °C for 2 min) . Wijayanti and co-authors evaluated the

effect of lipoic acid in its acidic and reduced forms on heat-induced unfolding of β-LG and obtained results showed

that the reduced form was more effective and its effects were similar to N-ethylmaleimide (NEM) and dithio(bis)-p-

nitrobenzoate (DTNB) . In contrast to heating, the antioxidant activity of β-lactoglobulin can be enhanced by

ultrasound and enzymatic treatment, which modify its secondary structure and strengthen proteolysis .

Table 1. Different whey protein molecular weights associated with post-translational modifications (PTMs).
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Protein

Mol.

Weight

(kDa)

Theoretical

mol. Weight

(kDa)*

PTM
Method of

Isolation/Purification
Identification Ref.

β-LG

18

18.277 -

standard of β-LG

(protein content >

90%)

SDS-PAGE

MALDI-TOF-

MS18.5

β-LG

18.3

18.277

monomeric and

the dimeric forms

at pH 7.4 glycated

β-lactoglobulin

β-LG was dissolved in

9.1 mM glucose in

water, and the pH was

adjusted to 7 with 50

mM phosphate buffer

MALDI-TOF-

MS

36.6

β-LG 17.4 18.277 -

anion-exchange

chromatography

(DEAE-Sepharose)

SDS-PAGE

β-LG 19.9 18.277

proteins appeared

as strings of

spots, indicating

their different

isoforms with

different charges

precipitation via

ammonium sulphate

fractionation
2-DE

α-LA 16.2 16.247 MALDI-MS
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as a result of

PTMs occurring

prior to secretion

α-LA 14.1 16.247

small mass

differences ruled

out PTMs, such

as

phosphorylation

and glycosylation

precipitation by

ammonium sulphate

MALDI-TOF-

MS

SA

LTF

67.7

(SA)

79.8

(LTF)

 

69.0

(SA)

78.0

(LTF)

69.367

glycosylation of

specific milk

proteins was

shown to vary

during lactation;

no potential N-

glycosylation and

O-linked glycans

(SA), known N-

linked

glycoprotein (LTF)

0.5 mL of raw milk was

centrifuged at 4 °C for

30 min, fat and cellular

layers were removed;

residual lipids were

removed by addition of

three volumes (1.5 mL)

of 2:1

chloroform/methanol,

agitation, retaining of

supernatant; protein

was precipitated from

supernatant with

ethanol overnight at 4

°C, followed by

centrifugation;

precipitate was re-

suspended in 50 mM

ammonium

bicarbonate buffer (pH

7.5); glycans were

separated by SDS-

PAGE and extracted

for MALDI-MS analysis

MALDI-MS

78.056

      LC–MS/MS

LTF 80.002 78.056 - milk was defatted by

centrifugation, and the

RP-LC–

MS/MS
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*values of theoretical molecular weight of the proteins from the Uniprot database (bovine, and for SA-human);

Uniprot KB: α-LA—P00711; LTF—P24627; SA—P02768, the value for β-LG accounts for form B from publication

of Eigel et al. .

Interestingly, Mercadante et al.  reported the ability of bovine β-LG to form dimers and studied the dissociation

equilibrium and rate constant over the pH range of 2.5–7.5. The equilibrium constant increased with an increase in

|pH-pI|, thus indicating the major role of the hydrophobic effect in the stabilization of the dimer and suggesting that

electrostatic repulsion destabilizes the dimer, especially at low pH.

2. α-Lactalbumin

α-Lactalbumin consists of 123 amino acids, except for rat α-lactalbumin, which contains 17 more amino acids and

is an extension of the carboxyl end enriched with proline . α-LA constitutes approximately 22% of the total protein

of human milk and approximately 36% of whey protein in human milk, and it constitutes approximately 3.5% of the

total protein and approximately 17% of the whey protein in bovine milk .

The native α-LA consists of two domains: a large α-helical domain and a small β-sheet domain connected by a

calcium-binding loop. α-LA possesses a strong calcium-binding site with residues of Lys79, Asp82, Asp84, Asp87,

and Asp88 . Calcium-binding has a significant influence on the molecular stability of LA. Moreover, it is required

for the refolding and formation of a native disulphide bond in the reduced, denatured protein . The nuclear

magnetic resonance (NMR) and circular dichroism (CD) pH titration studies reported by Kim et al. suggested that

critical electrostatic interactions concentrated in the calcium-binding region contribute to the denaturation of the

protein by determination of the pK  values of individual functional ionizable groups . When calcium ions

dissociate from α-LA at an acidic pH, the protein adopts the molten globule conformation, which has been

described as a compact state with a significant degree of secondary structure in the native protein but with a

fluctuating tertiary structure . The molten globule has a weakly folded α-helix domain and a domain with a

disordered β-sheet domain . The removal of calcium (II) ions resulted in conformational changes, as indicated by

spectral (fluorescence and absorbance) changes . Interestingly, the work of Noyelle and co-authors showed that

magnesium (II) binding occurred more likely via interactions with the residues belonging to the zinc (II)-binding site

in contrast to its expected binding to the calcium (II)-binding site . A study by Wehbi et al. demonstrated that

binding of calcium to bovine α-LA increases the resistance of the protein structure to thermal treatment .

pH was then adjusted

to 4.6 using

hydrochloric acid;

precipitated casein

was removed by

centrifugation
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α-LA is stabilized by four disulphide bonds between the cysteine residues (Cys-6 to Cys-120, Cys-61 to Cys-77,

Cys-73 to Cys-91, and Cys-28 to Cys-111) . The active molecular form of α-LA may have various post-

translational modifications in contrast to the native form . Moreover, for structural reasons, the α-LA has a metal

affinity to ions of s-block elements, such as magnesium (II) and transition metal ions, e.g., zinc (II), which is

especially promoted in the reaction with β4-galactosyltransferase, according to immobilized metal-affinity

chromatography (IMAC) . In addition, calcium ions increase the stability of α-LA in its native state . Zinc ions

may also bind to the calcium-binding site, thus increasing its absorption and bioavailability. In this way, the α-LA

complex of zinc can be used as a natural carrier for the supply of zinc in food systems .

3. Lactoferrin

Lactoferrin (LTF) is a highly glycosylated protein of the transferrin family  that has a molecular weight of

approximately 80 kDa, depending on its post-translational modifications . Wei et al. suggested the presence of

five N-glycosylated sites of bovine LTF-a (bLTF-a): -Asn-233, -281, -368, -476, and -545 . The degree of

glycosylation may vary and thus determines the rate of resistance to proteases or to very low pH .

Lactoferrin consists of a single polypeptide chain with approximately 700 amino acids folded into two symmetrical

lobes: a N-lobe and C-lobe. These are homologues with respect to each other (33%–41% homology). Each lobe

consists of two domains, such as C , C , N , and N . Both lobes contain approximately 345 residues, and their

disposition in each lobe creates an interdomain pocket with a high affinity to iron; the binding is accompanied by

synergistic binding of carbonate ions . In more details, in each lobe, a single Fe atom is coordinated by amino

acid side chains that are dispersed in each domain and connecting region because of the changes in

conformations occur, causing domains to come together. A distorted octahedral coordination sphere is formed by

coordinating ligands as carboxylate-O (Asp), two phenolate-O (Tyr), and imidazole-N (His), which is completed by

bidentate binding of carbonate or bicarbonate ion. Carbonate is considered as synergistic since its presence is

essential for iron binding. The stability constant for iron (III) complex is high (logβ 28 at pH 7.4) .

LTF can exist in two forms, apo-Lf and holo-Lf, depending on whether it binds iron (III) or not . In addition to iron,

LTF is capable of binding other ions, such as aluminum (III), gallium (III), manganese (III), cobalt (III), copper (II),

and zinc (II), but with lower affinity . It was reported that LTF releases iron in acidic conditions (pH below 4) ,

and diferric transferrin readily loses iron at pH < 6.7 . It is also very important to consider the iron saturation and

concentration at low pH, especially in places of infection and inflammation, where, as a result of metabolic activity

of bacteria or stimulated leucocytes, the pH may be lower than 4.5 .
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Bouhallab; Heating and glycation of β-lactoglobulin and β-casein: Aggregation and in vitro
digestion. Food Research International 2014, 55, 70-76, 10.1016/j.foodres.2013.10.030.

11. Matthias Mann; Ole N. Jensen; Proteomic analysis of post-translational modifications. Nature
Biotechnology 2003, 21, 255-261, 10.1038/nbt0303-255.

12. J.N. De Wit; Thermal behaviour of bovine β-lactoglobulin at temperatures up to 150°C. a review.
Trends in Food Science & Technology 2009, 20, 27-34, 10.1016/j.tifs.2008.09.012.



Whey Proteins | Encyclopedia.pub

https://encyclopedia.pub/entry/464 7/9

13. H.C. Liu; W.L. Chen; S.J.T. Mao; Antioxidant Nature of Bovine Milk β-Lactoglobulin. Journal of
Dairy Science 2007, 90, 547-555, 10.3168/jds.s0022-0302(07)71538-2.

14. Heni B Wijayanti; H Eustina Oh; Ranjan Sharma; Hilton C Deeth; Reduction of aggregation of β-
lactoglobulin during heating by dihydrolipoic acid. Journal of Dairy Research 2013, 80, 383-389, 1
0.1017/s0022029913000332.

15. A. Medrano; C. Abirached; L. Panizzolo; P. Moyna; M.C. Añón; The effect of glycation on foam
and structural properties of β-lactoglobulin. Food Chemistry 2009, 113, 127-133, 10.1016/j.foodch
em.2008.07.036.

16. Ranjit Aich; Subhasis Batabyal; S. N. Joardar; Isolation and purification of beta-lactoglobulin from
cow milk. Veterinary World 2015, 8, 621-624, 10.14202/vetworld.2015.621-624.

17. Caroline J. Hogarth; Julie L. Fitzpatrick; Andrea M. Nolan; Fiona J. Young; Andrew R. Pitt; P.D.
Eckersall; Differential protein composition of bovine whey: A comparison of whey from healthy
animals and from those with clinical mastitis. PROTEOMICS 2004, 4, 2094-2100, 10.1002/pmic.2
00300723.

18. M Svensson; H Sabharwal; A Håkansson; A K Mossberg; P Lipniunas; H Leffler; C Svanborg; S
Linse; Molecular characterization of alpha-lactalbumin folding variants that induce apoptosis in
tumor cells.. Journal of Biological Chemistry 1999, 274, 6388–6396.

19. John W. Froehlich; Eric D. Dodds; Mariana Barboza; Erica L. McJimpsey; Richard R. Seipert; Jimi
Francis; Hyun Joo An; Samara Freeman; J. Bruce German; Carlito B. Lebrilla; et al. Glycoprotein
Expression in Human Milk during Lactation. Journal of Agricultural and Food Chemistry 2010, 58,
6440-6448, 10.1021/jf100112x.

20. Bertram Y. Fong; Carmen S. Norris; Kate P. Palmano; Fractionation of bovine whey proteins and
characterisation by proteomic techniques. International Dairy Journal 2008, 18, 23-46, 10.1016/j.i
dairyj.2007.06.005.

21. Eigel, W.N.; Butler, J.E.; Ernstrom, C.A.; Farrell, H.M.; Harwalkar, V.R.; Jenness, R.; Whitney,
R.M.L.; Nomenclature of Proteins of Cow’s Milk: Fifth Revision. J. Dairy Sci. 1984, 67, 1599–
1631.

22. Davide Mercadante; Laurence D. Melton; Gillian E. Norris; Trevor S. Loo; Martin A.K. Williams;
Renwick C.J. Dobson; Geoffrey Jameson; Bovine β-Lactoglobulin Is Dimeric Under Imitative
Physiological Conditions: Dissociation Equilibrium and Rate Constants over the pH Range of 2.5–
7.5. Biophysical Journal 2012, 103, 303-312, 10.1016/j.bpj.2012.05.041.

23. Rajani V. Prasad; Ralph J. Butkowski; James W. Hamilton; Kurt E. Ebner; Amino acid sequence
of rat .alpha.-lactalbumin: a unique .alpha.-lactalbumin. Biochemistry 1982, 21, 1479-1482, 10.10
21/bi00536a002.



Whey Proteins | Encyclopedia.pub

https://encyclopedia.pub/entry/464 8/9

24. D.K. Layman; Bo Lönnerdal; John D Fernstrom; Applications for α-lactalbumin in human nutrition.
Nutrition Reviews 2018, 76, 444-460, 10.1093/nutrit/nuy004.

25. Katrien Noyelle; Herman Van Dael; Kinetics of conformational changes induced by the binding of
various metal ions to bovine α-lactalbumin. Journal of Inorganic Biochemistry 2002, 88, 69-76, 10.
1016/s0162-0134(01)00343-9.

26. Naveen Chandra; Keith Brew; K. Ravi Acharya; Structural Evidence for the Presence of a
Secondary Calcium Binding Site in Human α-Lactalbumin†,‡. Biochemistry 1998, 37, 4767-4772,
10.1021/bi973000t.

27. Seho Kim; Jean Baum; Electrostatic interactions in the acid denaturation of alpha-lactalbumin
determined by NMR.. Protein Science 1998, 7, 1930-1938, 10.1002/pro.5560070908.

28. Dmitry B. Veprintsev; Sergei Permyakov; Eugene A. Permyakov; Vladimir V Rogov; Kevin M
Cawthern; Lawrence J. Berliner; Cooperative thermal transitions of bovine and human apo-α-
lactalbumins: evidence for a new intermediate state. FEBS Letters 1997, 412, 625-628, 10.1016/s
0014-5793(97)00841-7.

29. Reina Shinozaki; Michio Iwaoka; Effects of Metal Ions, Temperature, and a Denaturant on the
Oxidative Folding Pathways of Bovine α-Lactalbumin. International Journal of Molecular Sciences
2017, 18, 1996, 10.3390/ijms18091996.

30. M J Kronman; S K Sinha; K Brew; Characteristics of the binding of Ca2+ and other divalent metal
ions to bovine alpha-lactalbumin.. Journal of Biological Chemistry 1981, 256, 8582–8587.

31. Zeina Wehbi; María-Dolores Pérez; Lourdes Sánchez; Coloma Pocoví; Chokry Barbana; Miguel
Calvo; Effect of Heat Treatment on Denaturation of Bovine α-Lactalbumin: Determination of
Kinetic and Thermodynamic Parameters. Journal of Agricultural and Food Chemistry 2005, 53,
9730-9736, 10.1021/jf050825y.

32. Eugene A. Permyakov; Lawrence J. Berliner; α-Lactalbumin: structure and function. FEBS Letters
2000, 473, 269-274, 10.1016/s0014-5793(00)01546-5.

33. Y Fujita-Yamaguchi; Affinity Chromatography of Native and Recombinant Proteins from Receptors
for Insulin and IGF-I to Recombinant Single Chain Antibodies. Frontiers in Endocrinology 2015, 6,
4465, 10.3389/fendo.2015.00166.

34. Natalia A. Bushmarina; Clément E. Blanchet; Gregory Vernier; Vincent Forge; Cofactor effects on
the protein folding reaction: Acceleration of α-lactalbumin refolding by metal ions. Protein Science
2006, 15, 659-671, 10.1110/ps.051904206.

35. Maliheh Sadat Atri; Ali Akbar Saboury; Ali Akbar Moosavi-Movahedi; Kaveh Kavousi; Shohreh
Ariaeenejad; Effects of zinc binding on the structure and thermal stability of camel alpha-
lactalbumin. Journal of Thermal Analysis and Calorimetry 2014, 120, 481-488, 10.1007/s10973-0
14-4274-5.



Whey Proteins | Encyclopedia.pub

https://encyclopedia.pub/entry/464 9/9

36. Isui Abril García-Montoya; Tania Siqueiros Cendón; Sigifredo Arévalo-Gallegos; Quintín Rascón-
Cruz; Lactoferrin a multiple bioactive protein: An overview. Biochimica et Biophysica Acta (BBA) -
General Subjects 2012, 1820, 226-236, 10.1016/j.bbagen.2011.06.018.

37. Z. Wei; T. Nishimura; S. Yoshida; Presence of a Glycan at a Potential N-Glycosylation Site, Asn-
281, of Bovine Lactoferrin. Journal of Dairy Science 2000, 83, 683-689, 10.3168/jds.s0022-0302
(00)74929-0.

38. Elrashdy M. Redwan; Vladimir N. Uversky; Esmail M El-Fakharany; Hussein Al-Mehdar; Potential
lactoferrin activity against pathogenic viruses. Comptes Rendus Biologies 2014, 337, 581-595, 1
0.1016/j.crvi.2014.08.003.

39. Atkins, P.W.; Overton, T.L.; Rourke, J.P.; Weller, M.T.; Armstrong, F. Inorganic Chemistry, Fifth
Edition; W. H. Freeman and Company: New York, NY, USA, 2010; ISBN 978-1-42-921820-7.

40. Housecroft, C.E.; Sharpe, A.G. Inorganic Chemistry Third Edition; Pearson Education: Edinburgh
Gate, UK, 2008; ISBN 978-0-13-175553-6.

41. Edward N. Baker; Structure and Reactivity of Transferrins. Advances in Inorganic Chemistry
1994, 41, 389-463, 10.1016/s0898-8838(08)60176-2.

42. Ilir Mesonjesi; Are extrinsic black stains of teeth iron-saturated bovine lactoferrin and a sign of iron
deficient anemia or iron overload?. Medical Hypotheses 2012, 79, 219-221, 10.1016/j.mehy.2012.
04.044.

43. A. N. Lestas; The Effect of pH upon Human Transferrin: Selective Labelling of the Two Iron-
binding Sites. British Journal of Haematology 1976, 32, 341-350, 10.1111/j.1365-2141.1976.tb009
37.x.

44. Piera Valenti; Giovanni Antonini; Lactoferrin. Cellular and Molecular Life Sciences 2005, 62, 2576-
2587, 10.1007/s00018-005-5372-0.

Retrieved from https://encyclopedia.pub/entry/history/show/7326


