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Abstract: Whey proteins are one of the main groups of the milk proteins obtained
mainly from the cheese manufacture and used for various applications in food
industry due to high nutritional value and valuable functional properties. βlactoglobulin and α-lactalbumin are globular proteins and formed the great part of
proteins present in the whey. Considering whey proteins in food industry can reduce
environmental pollution and lead to processing functional foods with high
nutritional value. In addition to using as the common protein source for
supplementation in food industry, whey proteins are used in sports and medical
formulations. They are used for manufacturing of new products for physically
active people and sportsmen based on their nutritional and functional properties. In
this context, protein digestibility, amino acid composition, bioavailability of
essential amino acids and physiological utilization of specific amino acids after
digestion and absorption are the parameters that influence the nutritional quality of
whey protein supplements. Whey proteins can be recovered from the milk in various
forms consisting of whey protein concentrate, whey protein isolate and whey protein
hydrolysate for different commercial proposes using the methods such as thermal
evaporation or filtration. Whey protein concentrate is mainly used in food industry
or as a health or sport supplement, while whey protein hydrolysate used for pediatric
formulas. In this review, various functions of different forms of whey proteins in
food industry and health section have been considered.
Keywords: Whey, whey proteins, functional properties, nutritional quality, cheese
manufacture

Introduction
The whey proteins are obtained from whey, a yellow/green liquid protein remaining after
coagulation and separation of caseins from the milk by enzyme (chymosin) or acid (mineral/organic)
during the cheese-making process (Smithers, 2008). Lactose along with soluble proteins and minerals
are the main fractions of solids in whey. The total amount of whey production in the worldwide is
estimated about 190 million tons/year. Environmental and health issues related to high amount of
BOD and COD are the major problem of whey removed from cheese factories as wastewater. It was
reported that whey removed to the farmlands affected the physicochemical properties of soil and led to
decreasing in crop yields (Ghaly et al., 2007; Yadav et al., 2015).
Caseins and whey proteins are two major families of milk proteins that classified based on their
solubility in pH 4.6 and exist in milk system in insoluble and soluble form, respectively. While the
main fractions of caseins are αs1-CN, αs2-CN, β-CN and κ-CN, the most important whey proteins are
β-lactoglobulin, α-lactalbumin, immunoglobulins, bovine serum albumin, bovine lactoferrin,
lactoperoxidase, proteose-peptone and glycomacropeptide. The protein profile of whey is presented in
Table 1. The glycomacropeptide is produced during the addition of chymosin to milk for cheese
manufacture. Other whey proteins are naturally present in whey (Farrell et al., 2004; Madureira et al.,
2007; Livney, 2010). β-lactoglobulin is a small globular protein and contains two disulfide bridges and
a free thiole. α-lactalbumin is also a small globular metloprotein and contains four disulfide bridges
and needs calcium for its functional fold. Bovine serum albumin is a large globular protein with a
alpha-helical structure. This protein contains 17 disulfide bridges and a free thiol and found both in
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blood serum and in milk. Lactoferrin with antimicrobial activity is a globular glycoprotein and
belongs to transferrin family (Livney, 2010).
Table1. The protein profile of whey (Madureira et al., 2007)
Protein
β-lactoglobulin
α-lactalbumin
Glycomacropeptide
Immunoglobulins
Bovine serum albumin
Lactoferrin
Lactoperoxidase

Concentration
(g/L)
1.3
1.2
1.2
0.7
0.4
0.1
0.03

Molecular weight
(kDa)
18277
14175
6700
Light chain: 25000
Heavy chain: 50000-70000
66267
80000
70000

Number of amino
acids residues
162
123
64
582
700
612

Table 2 presents the composition of whey. The composition and quality characteristics of the
whey and whey proteins are affected by some parameters such as the source of the milk, the type of
feed provided for dairy animal, the stage of lactation and the processing method. However, the
enzymes used for manufacturing of cheese and the type of cheese can be influenced the properties of
the whey and categorized it into sweet and acidic whey. Sweet whey has 6.0 to 10 g/L and acidic whey
has 6.0 to 8.0 g/L of whey proteins (Bozanic et al., 2014; Yadav et al., 2015; Ganju & Gogate, 2017).
Table 2. The composition of whey (Ganju & Gogate, 2017)
Constituent
Water
Dry matter
Lactose
Lactic acid
Total protein
Whey protein
Citric acid
Minerals
pH

Sweet whey
93-94 %
5-6 %
4.5-5.0 %
Traces
0.8-1.0 %
0.60-0.65 %
0.1 %
0.5-0.7
6.2-6.4

Acidic whey
94-95 %
5-6 %
3.8-4.3 %
Up to 0.8 %
0.8-1.0 %
0.60-0.65 %
0.1 %
0.5-0.7
4.6-5.0

In following, common methods used for processing of whey into whey proteins and functional and
nutritional properties of various forms of whey proteins are considered.
Processing of whey into whey proteins
High functional, nutritional and pharmaceutical values are caused to processing of whey in
various forms (i.e. whey proteins) in order to respond to increasing demands of related industries
(Korhonen, 2009). Valuable products are produced from application of different biotechnological and
physicochemical processes in order to utilization of whey solids to industrial products (Prazeres et al.,
2002). Anaerobic and aerobic fermentation and aerobic digestion are common biotechnological
processes applied to whey for biotransformation. On the other hand, coagulative precipitation, thermal
precipitation and membrane separation are physicochemical methods used for manufacture of whey
powders or whey concentrates. Among these methods, thermal treatment is commonly used for
transfer of whey into various forms of whey powders such as whey protein concentrate, whey protein
isolate and whey protein hydrolysate (Yadav et al., 2015; Ganju & Gogate, 2017). Membrane filtration
including ultrafiltration, microfiltration and nanofiltration can also be used for recovery of proteins
from whey. It has been reported that high yield and purity can be obtained by using ultrafiltration for
recovery of proteins from whey. Ultrafiltration with membranes containing different molecular weight
cut-off can be applied for separating different proteins with different molecular weight from whey.
Microfiltration is used for removing suspended fat and casein particles in order to prevention of
fouling of the ultrafiltration membrane. Nanofiltration is also used for removing of ions and
production of concentrate valuable products (Das et al., 2016).
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Functional and nutritional characteristics of whey proteins
Molecular structure of whey proteins contains a large number of α-helix motifs with acidic/basic
or hydrophilic/hydrophobic amino acids. Whey proteins are important in formation of structures and
immune system of the body. In this context, nutritional value and expanding role of whey proteins in
human health are led to increased interest in using them in food and drug industries and resulted in
production of novel products (Madureira, 2007; Livney, 2010).
The protein content is the main parameter which separates these forms of whey proteins so that
whey protein isolate (WPI) has the highest content of protein (more than 90%) and slightly milky
taste. Whey protein concentrate (WPC) is obtained with the removal of non-protein fractions from
whey and commercially contains 34-80% of protein and has mild milky taste. According to US-FDA,
the protein content of WPC should be not less than 25%. On the other hand, whey protein hydrolysate
(WPH) has 70-80% of protein and also may contain anti-oxidative properties (Sinha et al., 2007;
Yadav et al., 2015; Levin et al., 2016).
Whey proteins are stable in milk in their native form. However, application of heat treatment
above 60ºC may cause to denaturation and aggregation of them through non-covalent thiol-disulfide
interactions (Guyomarc’h et al., 2015). Aggregated whey proteins have reverse functions during
cheese and yoghurt manufacture. So that, during cheese making, the secondary phase of renneting are
adversely affected by heat-treated and denatured whey proteins because of interaction between whey
proteins and casein micelles. On contrast, heat-aggregated whey proteins may cause to finer, firmer
and moisturized gel in the production of yogurt (Guyomarc’h, 2006; Anema et al., 2007).
Several researches indicated that different forms of whey proteins have been used in various
applications in food and pharmaceutical industries including modification of edible films (Galus &
Kadzinska, 2016), making emulsions and nano-emulsions (Adjonu et al., 2014), formulation of
modern infant products (Smithers, 2015), manufacture of processed cheese (Solowiej et al., 2014),
restriction of diet-induced obesity and glucose intolerance and delay the beginning of diabetes mellitus
(Gillespie et al., 2015).
In terms of nutrition, the value of whey proteins is depended on several properties including
amino acid composition, protein digestibility, bioavailability of essential amino acids and
physicochemical changes of amino acids after digestion and absorption (Almeida et al., 2015).
Nutritional value of whey proteins is mostly due to high contents of sulfur-containing essential aminoacids. Leucine, isoleucine and valine are branched chain essential amino acids that have important
roles in metabolism and hemostasis of blood glucose in the human body (Patel, 2015). Additionally,
high solubility, water adsorption, gelatinization and emulsifying properties are important factors in
order to considering whey proteins as a functional food composition (Baldasso et al., 2011).
Whey proteins especially whey protein concentrate and whey protein hydrolysate can be considered as
a health and sport supplement due to nutritionally amino acid composition and low allergenicity. In
addition, the rapid digestion of these two proteins is caused to increase synthesis of skeletal muscle
protein in athletes (Ha & Zemel, 2003; Dalziel et al., 2016). Whey proteins are well and quickly
utilized by the human body. The biological value (the percentage of given nutrients utilized by the
body) of whey proteins is also higher than that of egg protein. So, Whey protein is a proper choice for
body builders and those whose health is compromised (Smithers, 2008). Moreover, some new
products such as carbonated beverage with whey protein and creatine and mixture of coconut water
with whey protein have been recently developed as functional products for physically active people
and sportsmen (Tomczynska-Melko et al., 2015). On the other hand, it has been validated that various
forms of whey proteins have some biological roles i.e. anti-oxidant, anti-cancer, anti-obesity, lowering
blood pressure and therapy of phenylketonuria (Patel et al., 2015). In this context, anti-obesity role of
α-lactalbumin and lactoferrin (Shi et al., 2012), anti-cancer role of whey protein hydrolysate and
lactoferrin (Ataallah et al., 2012; Alexander et al., 2014) and lowering hypertension property of whey
peptides originated from β-lactoglobulin (Korhonen, 2009; Ballard et al., 2013) has been reported in
previous researches.

Conclusion
Whey is the main by-product of the cheese industry that has potential biological and environmental
hazards. However, significant functional and nutritional value is resulted in using whey in various
aspects of food industry and health section. Obtaining of whey solids i.e. whey proteins from whey is
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performed using biotechnological and physicochemical processes. Heat treatment and membrane
filtration are two major physicochemical methods for separating and manufacturing of whey proteins
from whey. High contents of sulfur-containing essential amino-acids, high solubility, water
adsorption, gelatinization and emulsifying characteristics of whey proteins are caused to introduce
them as a food supplement with high nutritional and functional properties. Additionally, health related
characteristics of whey proteins such as antioxidant, anticancer, anti-obesity and lowering blood
pressure have been thoroughly proven. In conclusion, it is necessary to use proper methods for
recovery of whey proteins from whey and using them in order to production of cost-effective whey
protein-based products.
References
Adjonu R, Doran G, Torley P, Agboola S, (2014) Whey protein peptides as components of
nanoemulsions: A review of emulsifying and biological functionalities. J. Food. Eng., 122, 15-27.
Alexander DB, Ligo M, Hamano H, Kozu T, Saito Y, Saito D, Kakizoe T, Xu J, Yamauchi K, Takase
M, Suzui M, Tsuda H, (2014). An ancillary study of participant in a randomized placebocontrolled suggest that ingestion of bovine lactoferrin promotes expression of interferon alpha in
the human colon. J. Func. Foods, 10, 305-317.
Almeida CC, Monteiro MLG, Costa-Lima BRC, Alvares TS, Conte-Junior CA, (2015). In vitro
digestibility of commercial whey protein supplements. LWT-Food Sci. Technol., 61, 7-11.
Anema SG, Lee SK, Klostermeyer H, (2007). Effect of pH at heat treatment on the hydrolysis of kcasein and the gelation of skim milk by chymosin. LWT Food Sci Technol., 40, 99-106.
Ataallah W, Yilmaz AM., Erdoğan N, Yalçin AS, Aktan AO, (2012). Whey protein versus whey
protein hydrolysate for the protection of azoxymethane and dextran sodium sulfate induced
colonic tumors in rats. Pathology and Oncology Research (POR), 18, 817-822.
Baldasso C, Barros TG, Tessaro IC, (2011). Concentration and purification of whey proteins by
ultrafiltration. Desalination, 278, 381-386.
Ballard KD, Kupchak BR, Volk BM, Mah E, Shkreta A, Liptak C, Ptolemy AS, Kellogg MS, Bruno
RS, Seip RL, Maresh CM, Kraemer WJ, Volek JS, (2013). Acute effects of ingestion of a novel
whey-derived extract on vascular endothelial function in overweight, middle-aged men and
women. The British Journal of Nutrition, 109, 882-893.
Bozanic R, Barukcic I, Lisak K, Jakopovic, Tratnik L, (2014). Possibilities of whey utilization. Austin
J. Nutr. Food Sci., 2, 1036-1042.
Dalziel JE, Anderson RC, Bassett SA, Lloyd-West, CM, Haggarty NW, Roy NC, (2016). Influence of
bovine whey protein concentrate and hydrolysate preparation methods on motility in the isolated
rat distal colon. Nutrients, 8, 809-823.
Farrell HM, Jimenez-Flores R, Bleck GT, Brown EM, Butler JE, Creamer LK, Hicks CL, Hollar CM,
Ng-Kwai-Hang KF. (2004). Nomenclature of the proteins of cows milk-Sixth Revision. J Dairy
Sci, 87, 1641-167.
Galus S, Kadzinska J, (2016). Whey protein edible films modified with almond and walnut oils. Food
Hydrocolloids, 52, 78-86.
Ganju S, Gogate PR, (2017). A review on approaches for efficient recovery of whey proteins from
dairy industry effluents. Journal of Food Engineering, 215, 84-96.
Ghaly AE, Mahmoud N, Rushton D, Arab F, (2007). Potential environmental and health impacts of
high land application of cheese whey. Am. J. Agric. Biol. Sci. 2, 106.
Gillespie AL, Calderwood D, Hobson L, Green BD, (2015). Whey proteins have beneficial effects on
intestinal enteroendocrine cells stimulating cell growth and increasing the production and
secretion of incretin hormones. Food Chem., 198, 120-128.
Guyomarc’h F, (2006). Formation of heat-induced protein aggregates in milk as a means to recover
the whey protein fraction in cheese manufacture, and potential of heat-treating milk at alkaline pH
values in order to keep its rennet coagulation properties. A review. Lait, 86, 1-20.
Guyomarc’h F, Famelart M, Henry G, Gulzar M, Leonil G, Hamon P, Bouhallab S, Croguennec T,
(2015). Current ways to modify the structure of whey proteins for specific functionalities-a
review. Dairy Sci. & Technol. 95, 795-814.

337

J. Int. Environmental Application & Science, Vol. 12(4): 334-338 (2017)
Ha E, Zemel MB, (2003). Functional properties of whey, whey components, and essential amino
acids: Mechanisms underlying health benefits for active people (review). J. Nutr. Biochem., 14,
251-25.
Korhonen H, 2009. Milk-derived bioactive peptides: from science to applications. J. Funct. Foods, 1,
177-187.
Levin MA, Burrington KJ, Hartel RW, 2016. Composition and functionality of whey protein
phospholipid concentrate and delactosed permeate. J. Dairy Sci. 99, 1-11.
Livney YD, 2010. Milk proteins as vehicles for bioactives. Current Opinion in Colloid & Interface
Science, 15, 73-83.
Madureira AR, Pereira CI, Gomes AM, Pintado ME, Malcata FX, (2007). Bovine whey proteins–
Overview on their main biological properties. Food Res. Intl., 40, 1197-1211.
Patel S, (2015). Functional foods relevance of whey protein: A review of recent findings and scopes
ahead. J. Func. Foods, 19, 308-319.
Prazeres AR., Carvalho F, Rivas J, (2012). Cheese whey management: A review. J. Environ. Manag.,
110, 48-68.
Shi J, Finckenberg P, Martonen E, Ahlroos-lehmus A, Pilvi TK, Korpela R, Mervaala EM, (2012).
Metabolic effect of lactoferrin during energy restriction and weight regain in diet induced obese
mice. J. Func. Foods, 4, 440-449.
Sinha R, Radha C, Prakash J, Kaul P, (2007). Whey protein hydrolysate: functional properties,
nutritional quality and utilization in beverage formulation. Food Chem., 101, 1484-1491.
Smithers GW, (2008). Whey and whey proteins—from ‘gutter-to-gold’. Int. Dairy J., 18, 695-704.
Smithers GW, (2015). Whey-ing up the options- Yesterday, today and tomorrow. Int. Dairy J., 48, 214.
Solowiej B, Cheung IWY, Li-Chan ECY, (2014). Texture, rheology and meltability of processed
cheese analogues prepared using rennet or acid casein with or without added whey proteins. Int.
Dairy J., 37, 87-94.
Tomczynska-Melko M, Terpilowski K, Melko S, (2015). Physicochemical properties of cellulosewhey protein fibers as a potential material for active ingredients release. Food Hydrocolloids, 49,
232-239.
Yadav JSS, Yan S, Pilli S, Kumar L, Tyagi RD, Surampalli RY, (2015). Cheese whey: A potential
resource to transform into bioprotein, functional/nutritional proteins and bioactive peptides.
Biotechnology Advances, 33, 756-774.

338

