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Abstract

Over the past decades, many researchers have studied the economical 
possibilities of whey utilisation, primarily how to unwanted by-product converted 
into a valuable raw material. This paper gives an overview of whey utilisation 
possibilities. Traditionally, whey (sweet and acidic) is usually dried into powder; 
however, considering other processing options to improve the economic 
value such by-product, whey could be utilised, for example, in fermentation, 
production of soft drinks, production of Whey Protein Concentrate (WPC) and 
whey protein isolate (WPI), fractionation of certain protein components, such as 
isolation and purification α-lactalbumin (α-la) including specific peptides, and 
production lactose, lactic acid and bioethanol. This review provides most recent 
developments.

Keywords: Whey powder; Whey protein concentrate; Whey protein isolate; 
Lactose; Lactic acid; Bioethanol

Introduction
Whey is a by-product of cheese making (~96%) or a casein (~6%) 

production. Based on the casein coagulation method, acidic (acid 
action) or sweet whey (enzyme action) is produced. In general, from 
100 L of milk utilised during the cheese manufacture, approximately 
80-90 L of whey is produced. Depending on the variety of the cheese 
produced (e.g. hard or semi-hard), the average yield is 1 kg from 10 
L of milk, where the balance (9 L) is whey. Hence, it is evident that 
daily production of whey can amount up to several millions of litres 
in large cheese plants. The world whey production is over 160 million 
tons per year (estimated as 9-fold of the cheese production), showing 
a 1–2% annual growth rate [1] (Figure 1). About 70% of whey is 
processed into different products, and about 30% of whey is still being 
utilized for pig feeding, spread on agricultural land as fertilizer or 
even dumped into the rivers or the sea [2]. Whey is being considered 
one of the most polluting food by/co-product streams  since it has a 
biochemical oxygen demand (BOD) >35,000 ppm and  the chemical 
oxygen demand (COD)  >60,000 ppm) [3]. Tunick [4] estimated that 
4000 L of whey could cause high environmental damage equivalent to 
that caused by faecal waste produced by 1900 humans. 
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Whey is well known product since cheese was first made, i.e. 
> 8000 years ago. In 17th and 18th century, whey was considered 
medically effective, but later became an unwanted by-product of 
the cheese industry. Traditionally, whey used to be disposed on 
agricultural land or dumped in rivers and the sea but, towards the 
mid of the 20th century, statutory laws in the cheese making countries 
were passed by many governments around the world forbidding its 
disposal in the environment. Today, the annual global increase of whey 
production is equivalent to 2%, which is parallel to annual increase in 
milk production [3]. As a consequence, many researchers have been 
studying alternative possibilities to utilize whey more economically, 
especially in the production of valuable raw mater materials rather 
than the manufacture of whey powder. Underpinning the scientific 
challenges, for example, how to capitalise on a product that contains 
low total solids content (6-7 g/110 g) to produce more profitable 
raw ingredients and, secondly, how to handle such highly perishable 
cheese by-product. 

Compositional Quality of Whey 
The chemical composition of whey varies in relation to method 

used for its production (acid whey or sweet whey). Whey usually 
contains about 50% of milk constituents, such as lactose (~70%; 
i.e. depending on the acidity of the whey), whey proteins (~14%), 
minerals and some fat. The main differences are in the calcium, 
phosphate, lactic acid and lactate contents, which are higher in 
acid whey than in sweet whey (Table 1). Colloidal calcium becomes 
more soluble in acid environment and, consequently, by the acid 
coagulation of casein, part of the calcium dissolves and passes into 
the whey. In contrast, sweet whey, except whey proteins, contains 
glycomacropeptides formed by the enzymatic hydrolysis of κ-casein. 
In addition, the proportion of whey protein is slightly lower in whey 
obtained from ultra filtered (UF) milk, and in whey obtained from 
milk heated at high temperature. The main reason is that part of 
the whey proteins is retained in curd of the cheese and not seeped 
into the whey, i.e. an approach in increase the yield of cheese [5]. 
In the conventional processes of cheese making, proteins which are 
insensitive to the action of enzymes and/or acids, pass into the whey. 

 

Acid whey             Whey __                Juice 

                          

     Draying    UF              fermentation 

Whey powder            retentat        permeat   Bevereges 

   Albumin cheese                  Lactose      Biomass 
                  Riboflavin  
   
      WPC; IPS        fermentation           Lactic acid 

α-Lactalbumin                  Bioethanol     

Figure 1: Possibilities of whey utilisation.
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Consequently this group of proteins were termed as whey proteins 
[6]. 

Whey proteins are nutritionally the most valuable components 
in whey. They are composed of thermo sensitive fractions, such as 
β-lactoglobulin (β-Lg), α-lactalbumin (α-La), blood serum albumin 
and immunoglobulin as well as thermo stable proteose-peptone. 
Whey proteins have a compact globular structure that accounts for 
their solubility (unlike caseins that exist as a micellar suspension, 
with a relatively uniform distribution of non-polar, polar and charged 
groups). These proteins have amino acid profiles quite different from 
caseins: they have a smaller fraction of Glu and Pro, but a greater 
fraction of sulphur-containing amino acid residues (i.e. Cys and 
Met). These proteins are dephosphorylated, easily denatured by 
heat, insensitive to Ca2+, and susceptible to intra molecular bond 
formation via disulfide bridges between Cys sulfhydryl groups. 
Nutritionally whey proteins fractions are most valuable proteins 
because they contain high concentration of essential amino acids 
(especially lysine, cysteine and methionine) and high concentration 
of cystine. Because of the desirable amino acid composition, whey 
proteins have higher biological value when compared to casein, and 
other proteins of animal origin, including egg, which were considered 
for a long time as a referent proteins. Utilization of proteins in the 
body is closely related to the ratio of cysteine/methionine, which is 
about 10 times higher in whey proteins than in casein. Thermally 
denatured α-la is almost completely absorbed in the digestive 
system compared to case in which one is absorbed only 75% [7]. 
Daily requirements for the most essential amino acids may be 
obtained by consuming ~1.5 L of whey or 0.5 L of milk [8]. Whey 
also can be pool of bioactive peptides. Bioactive peptides have been 
defined as specific protein fragments that have a positive impact on 
body functions or conditions and may ultimately influence health. 
Upon oral administration, bioactive peptides, may affect the major 
body systems—namely, the cardiovascular, digestive, immune and 
nervous systems. The beneficial health effects may be classified as 
antimicrobial, antioxidative, antithrombotic, antihypertensive, 
antimicrobial or immunomodulatory.

The protein content in acid and sweet whey is very similar; 
however, the amount of free amino acids can vary and depends on a 
degree of casein hydrolysis during the manufacture of cheese (acid or 
sweet). Thus, the amount of free amino acids in sweet whey is about 4 
times higher, and in acid whey even 10 times higher than in milk [6].

In addition, whey proteins have excellent functional properties, 
such as good solubility, viscosity, gelling and emulsifying properties, 
and their concentrates are widely used in the food industry. Since 
whey proteins are easier to digest than casein, they are used for 
purposes such as the manufacture of infant formulas or to increase 
the nutritional value of dairy and other food products. Also, 
immunoglobulin and other glycoprotein’s (lactoferrin, transferrin) 
and enzymes (lysozyme, lactoperoxidase) are very important 
factors that contribute to human immunoactive system. They exert 

antimicrobial properties, and may reduce or inhibit allergic reactions 
[9].

However, the largest constituent of whey is lactose (~70% based 
on dray matter basis). Incidentally, most milk carbohydrates pass into 
the whey after cheese making of which 90% is lactose including some 
glucose, galactose, oligosaccharides and amino sugars [6]. Lactose is a 
very important source of energy, and has multiple roles. Some of the 
beneficial effects of lactose are:

•	 stimulation of intestinal peristalsis, facilitate calcium and 
phosphorus absorption [10], 

•	 establishment of a mildly acid reaction in the intestines and 
thereby preventing the growth and multiplication of harmful bacteria,

•	 ensures optimal magnesium levels and improves digestion 
of fat and other nutrients in the human body, 

•	 articipate in the development of dental plaque, 

•	 Heat treatment of whey converts lactose into lactulose, 
which is one of the growth promoters of the bifidobacteria [9,11]. 

Also, during the manufacture of cheese or casein some water-
soluble vitamins permeate from milk into the whey, but their amounts 
are very variable and greatly dependant on whey handling. The most 
important of these vitamins are riboflavin, folic acid and cobalamine. 
However, the latter two vitamins are bonded to whey proteins, what 
is the reason why they pass into the whey during cheese making. It is 
of interest to note that whey contains higher amounts of vitamin B2 
than milk due to the activity of some starter cultures (i.e. lactic acid 
bacteria – LAB) during the manufacture of cheese. Due to relatively 
high levels of riboflavin, whey has a characteristic yellowish-green 
colour [6,8].

Owing to the high nutritional value and the high amounts 
produced, researchers have been studying for the last 50 years 
opportunities to maximize whey utilization, focusing especially 
on its high-quality proteins. As mentioned elsewhere, whey could 
be utilized in the production of different types of powders, protein 
isolates, riboflavin, lactic acid, whey cheese and other products, and 
details of the manufacturing practices will follow.

Whey Powder (WP)
In general, the main industrial processing of whey is drying (i.e. 

WP production), which is 70% of the annual production of whey. 
Small tonnage of WPC and to a lesser extent WPI are produced every 
year, and the remaining permeate can be used to produce lactic acid, 
bioethanol or lactose.

The main advantage of drying is that the process does not produce 
residues that should be treated separately, but the main disadvantages 
are: - (a) the high capital investment required to purchase the 
equipment, (b) the high energy consumed during production, and 
(c) the relatively low selling price WP compared to WPC. Production 

Whey Total solids Lactose Proteins Calcium Phosphates Lactate Chlorides

Sweet 63.0 – 70.0 46.0 – 52.0 6.0 – 10.0 0.4 – 0.6 1.0 – 3.0 2.0 1.1

Acid 63.0 – 70.0 44.0 – 46.0 6.0 – 8.0 6.0 – 8.0 2.0 – 4.5 6.4 1.1

Table 1: Composition (g/L) of sweet and acid whey (Jelen [2]).
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of WP involves evaporation, lactose crystallization and drying, which 
is performed after evaporation and before drying. Although lactose 
crystallization is not required in the drying process and, if it is not 
implemented, a solid mass of bulk powder is formed suitable only for 
animal feed. Amorphous lactose is sticky, creates drying problems and 
causes hygroscopicity of the product, which has the tendency to clump 
because the powder reacts readily with moisture in the atmosphere, 
mostly due to the present amorphous lactose, protein and salt. The 
powder has the tendency to clump depending on the degree of lactose 
crystallization as well as the number, size, distribution of crystals and 
residual free moisture. Such undesirable characteristic of lactose is 
minimized by transforming it into a crystalline form of α-hydrate. 
Though it is not possible to achieve 100% lactose crystallization, but 
the primary objective is to transform as much as possible of lactose to 
α-mono-hydrated form (90-95%). 

The manufacturing stage of WP include removal and any fat, heat 
treatment, evaporation (40-60 g/100 g total solids – TS), followed by 
lactose crystallization and spray drying. Traditionally, roller drying 
was the normal practice, but it is not widely used because of the 
inferior in quality of the powder (the product becomes dark colour 
due to Maillard’s reaction between proteins and lactose resulting in 
poor solubility of the powder). A target specification of WP is ~95 
g/100 g TS (Table 2).

Whey powder is mainly used for the production of animal 
feed, because it is an inexpensive source of high quality proteins 
and carbohydrates. However, because of the high nutritional 
value of whey powder, it could be used in the food industry as an 
additive in the production of many products (Table 3) including 
the confectionery industry, bakery, dairy products, baby food, meat 
products and production of beverages, soups, sauces, toppings, and 
cream. Properties of food products that may be affected by using 
WP are very diverse, such as: (a) improving sensory properties, (b) 
enhancing physical characteristics, such as the ability to create foam, 
stability of fruit and acid, and (c) using it as adsorbent and as a carrier 
of fats and oils. For example, in ice-cream production, whey powder 
is used successfully, in part, to replace the more expensive skimmed 
milk powder (SMP). Replacement up to 21% has no effect on the 
taste, consistency and melting point of ice cream [12], or the sensory 
properties of yoghurt [13].

However, whey powder contains a fairly high proportion of 
mineral matter (8-10 g/100 g) and for some products it is more 
desirable to use demineralised whey otherwise the salty taste 
becomes evident. Demineralisation of whey before drying is generally 

performed by ion exchange electro dialysis or nanofiltration [14]. 
(Table 4) shows the average chemical composition of the major 
products of whey powder.

α-lactalbumin (α-La) and β-lactoglobulin (β-
Lg)

α-La is the second major whey protein after β-Lg. It comprises 
ca. 20% of all proteins in bovine whey, and 3.5% of the total protein 
content of whole milk, and is nutritionally the most valuable protein 
due to its high content of essential amino acids, especially tryptophan, 
cysteine, and lysine. Thus, it is mainly used as a nutraceutical for 
therapeutic purposes. Amino acid composition of bovine α-La 
coincides closely (72%) with the human α-La, and it makes an ideal 
protein for infant formulas [15]. Therefore, isolation of α-La and 
development of new products suitable for sensitive population is of 
great interest for the industry. A good reason for the development of 
new and cheaper method for the isolation α-La is its high commercial 
price, which is approximately € 67,000 for one kilogram of product 
(Sigma Aldrich, USA).

Some researchers have isolated α-La on an industrial scale, which 
are mostly based on membrane processes. Separation can be achieved 
by using Microfiltration (MF) or UF technologies; recommended 
membrane porosity of 50 or 100 kDa, where α-La permeates through 
the membrane, whilst β-Lg is retained in the retentate [16]. For the 
isolation of α-La from whey, cascade of two-stage UF membrane 
module is used by combining 30 and 100 kDa [17]. However, α-La 
is more heat stable than β-Lg and, selective exposure of thermally 
stable α-La to a mildly acidic conditions (pH <5), β-Lg precipitates as 
these fractions have different isoelectric points [18]. Also, separation 
of α-La and β-Lg can be performed by employing a combination of 
UF and anion exchange chromatography under very mild conditions 
[19], followed by separation using ion exchange chromatography, 
which is based on the different affinity of the protein to either mobile 
or stationary phase [20]. Drawbacks of these methods are a very 
low degree of purification and yield, significant denaturation of the 
proteins, and the high cost required when scaled-up to an industrial 
level.

Recent studies have shown the great potential of enzymatic 
hydrolysis of the proteins to produce bioactive peptides, which cause 
minimal denaturation as well as significant cost reduction. Many 
researchers have concluded that trypsin has selective enzymatic 
activity [16, 21,22]. Trypsin hydrolyses β-Lg, while α-La remains 
more or less in the native form. [23] Reported for the first time that the 

Whey Whey powder

Sweet Acid Sweet Acid

Total solids 6.4 6.5 96.0 96.0

Water 93.7 93.5 3.6 4.0

Fat 0.5 0.1 0.8 0.6

Proteins 0.8 0.8 13.1 12.5

Lactose 4.9 4.9 75.0 67.4

Ash 0.5 0.8 7.3 11.8

Lactic acid 0.1 0.4 0.2 4.2

Table 2: Whey and whey powder composition (w/w) (Carić [12]).
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enzyme α-chymotrypsin was used for the isolation of α-La by selective 
hydrolysis of WPI, whilst the same authors discovered a similarity 
in the mechanism and sequence of whey protein hydrolysis with 
α-chymotrypsin when compared to trypsin. During the enzymatic 
hydrolysis, the hydrolytic sequence was as follows: first, β-Lg A was 
hydrolysed followed by β-Lg B and finally α-La. The best condition 
for α-La isolation was at 25°C regardless of the pH value, and the 
worst condition was at 50°C. Process efficiency was improved when 
hydrolysis was performed with 5% of WPI on protein basis when 
compared to 10% WPI, and in both cases there were small amounts of 
residual β-Lg.  For example, the best conditions for α-chymotrypsin 
hydrolysis of 5% of WPI were at 25°C, pH 8.5, and 1% enzyme where 
complete hydrolysis of β-Lg was achieved and 81% of α-La remained 
intact [24].

Proper enzyme selection and hydrolysis conditions can affect the 
selectivity and kinetics of enzyme reactions and, thus, the desired 
WPI fraction. Also, this approach provides the opportunity to 
develop products depleted of β-Lg for humans of allergy sensitivity. 
However, the most important aspect of such hydrolysis process are 
considerably lower costs and readily applicable in industrial-scale 
operation.

Albumin or Whey Cheese(s)
The oldest product deriving from whey is known as albumin or 

whey cheese. Whey cheeses are solid, semi-solid, or soft products 
which are principally obtained either through the concentration of 
whey and the moulding of the concentrated product (1) or through 
the coagulation of whey by heat with or without the addition of acid 
(2) [25]. In each case, due to the low content of the total whey solids, 
whey is mainly pre-concentrated prior to the further concentration 
of whey or coagulation of the whey proteins. The process may also 
include the addition of milk, cream, or other raw materials of milk 
origin before or after concentration or coagulation [25]. By using the 
concentration method, the lactose is also concentrated beside the 
whey proteins. Retention of a large amount of lactose in the albumin 
cheese provides distinctive characteristics of the product, such as 

yellowish to brown colour and sweet/cooked or caramelized flavour. 
Whey cheese made by the heat precipitation method of the whey 
proteins or combination mixtures of whey, milk or cream, with or 
without the addition of acid, contains less lactose and the colour is 
white to yellowish [25].

Furthermore, when using the heating method for the 
manufacture of whey cheese, certain manufacturers heat fresh sweet 
whey immediately after the cheese making. However, the majority 
uses 1-3 days old whey, so that the present starter culture is able to 
produce more acid. Alternatively, the desired acidification level in 
sweet whey is achieved by adding acid whey (10%), acetic or citric 
acid. Sometimes a small amount of milk is added to the whey prior to 
heating, in order to obtain better extraction of the residual proteins, 
as well as to achieve better quality and higher yield of whey cheese. 
Heat treatment of the whey and milk mixture at 70°C causes the 
proteins to coagulate (i.e. formation of white albumin and globulin 
flakes). The coagulum formed that way floats to the surface of the 
heated whey whereby a certain amount of foam appears, which needs 
to be removed. As heating is increased to 90-95°C for 10-20 min, the 
precipitated curd begins to “break”, where it is removed from cheese 
caldron (tub or vat) and transferred either into the perforated plastic 
moulds to draining for the next 4-6 h or into the cloth bags for 6-8 h. 
Salting can be conducted during the heating stage or by adding salt to 
the curd after the draining stage [26].

Traditional home-made whey cheese is mainly produced from 
sheep’s milk whey due to the significantly higher total whey solids 
content (i.e. whey proteins when compared to cow’s milk whey). 
Sometimes goat’s milk whey is also used for purposes of whey cheese 
production. However, the chemical composition of these types of 
whey cheeses differ from the industrial product because of the type of 
whey used (sheep, goat and cow) and the type of additive employed 
(salt, vinegar, acid whey) during the processing.

Lactose
Lactose is the main component of whey, and constitutes ~70% 

of the total whey solids so whey is regarded as a good substrate 

Product % whey total whey solids Characteristic that are improved

Pastry 3 (on flour weight) Aroma, texture, shorter fermentation, increased durability

Ice-cream 2.7 Aroma, acid and fruit stability

Sweets 10 Aroma, texture, water binding

Glazes, sugar dressings 6 Air incorporation

Jams 4 Aroma

Melted cheese 10 texture, aroma

Table 3: Use of whey powder in food products (Carić [12]).

Protein Lactose Minerals

Whey powder 12.5 73.5 8.5

Demineralized (70%) whey powder 13.7 75.7 3.5

Demineralized (90%) whey powder 15.0 83.0 1.0

Ultra filtered permeate powder 1.0 90.0 9.0

Whey protein concentrate 65.0-80.0 4.0-21.0 3.0-5.0

Whey protein isolate 88.0-92.0 <1 2.0-3.5

Table 4: Average composition (%) of major products from whey powder (Jelen [2]).
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for the production of lactose. Thereby, lactose is isolated from de-
proteinized whey (e.g. whey permeate obtained by UF) by applying 
different processes such as the concentration of whey by evaporation; 
crystallization of lactose from the concentrated whey and separation 
of the obtained crystals by centrifuges or decanters [27]. In this 
manner raw or refined lactose is produced. The technological 
operations as well as the type of the used equipment are very similar 
to those employed for the manufacture of sucrose from sugar cane. 

After the evaporation stage, concentrated and supersaturated 
warm whey is obtained, which is then submitted to a crystallization 
process [28]. Lactose crystallization is very complex process, and it 
implies the diffusion of lactose molecules to the surface of a crystal. 
Afterwards the crystals are formed and simultaneously release the 
crystallization energy, which is then being remised into the liquid. The 
crystallization process occurs spontaneously either due to the super 
saturation of whey or due to the addition of nuclei for the purpose of 
crystallization induction whereby the latter aspect is more common. 
The aim of the crystallization process is to obtain large number of 
crystals similar in proportions (average diameter of 0.2 mm), which 
facilitate good separation. The crystallization nuclei are added prior 
to the entrance or directly into the crystallization tanks. That way 
the occurrence of the crystallization process during evaporation is 
prevented. The rate of the crystallization process depends on several 
factors such as the available crystallization area, the purity and the 
viscosity of the whey permeate, the degree of the super saturation, 
the processing temperature, and the intensity of the mechanical 
treatment as well as their mutual interactions, which most certainly 
influence the kinetics of the reaction. 

The unrefined crystalline lactose (also known as α-lactose 
monohydrate) is separated either by continuous centrifuges or by 
decanters. In both cases, two devices in parallel are used. When 
continuous centrifuges are being applied, crystals are only separated 
but, in the case of decanters application, crystals are rinsed with fresh 
clean water; therefore, separation and rinsing are being conducted 
at the same time. The rinsing water contains a certain amount of 
dissolved lactose but, in comparison with the evaporated whey 
used as a source of crystalline lactose (the molasses), it has a higher 
degree of purity. Therefore, the rinsing water is drawn back into the 
crystallization process. The molasses (TS 38-48 g/100 g of which 30 
g/100 g is lactose) can also be processed again, but firstly it has to be 
diluted by the addition of whey or water until the content of the solids 
content is reduced to 15 g/100 g. The unrefined lactose produced this 
way contains 10-14 g/100 g water and approximately 99% lactose in 
the total whey solids. 

If the lactose is not being refined, it is submitted to drying in the 
vibrating dryers at 70°C until the water level is reduced to about 0.1-
0.5 g/100 g, and the dried powder is known as ‘crude’ lactose. The 
duration of the drying process should not be too short otherwise a 
thin layer of amorphous lactose is formed at the surface of α-hydrate 
crystals. Such phenomena can cause the appearance of clots during 
storage period of the product. The rest of the technological operations, 
such as milling, sieving and/or packaging, are very similar to those for 
the manufacture of SMP. 

The refined lactose intended, which is intended for pharmaceutical 
uses (minimum lactose content 99.6 g/100 g and protein-free), is most 

likely being produced in the same production unit as the unrefined 
lactose. The manufacturing stages are the same until the separation 
and rinsing of lactose crystals. These operations are followed by 
refining, which implies that the lactose is dissolved, the processing is 
at higher temperatures including the addition of different chemicals, 
filtering, evaporation, crystallization and separation of crystals. 
Afterwards, the remaining processing stages are the same as in case 
of unrefined lactose production. During the refining process, 1% of 
active carbon is added in order to absorb the unwanted colouring 
agents and other impurities. Thereby often the addition of acids 
(e.g. HCl) is needed for purposes like acidity adjustment, dissolving 
the present salts or denaturation of proteins (if there was no prior 
operation of protein removal) as well as to enhance the effect of the 
active carbon. Also agents for alleviation of filtration (e.g. 0.1% of 
Kieselguhr) or bleaching agents (~0.22% of Na-bisulphite) are added. 
Since the content of the refining tank is heated, the neutralization 
by addition of an alkaline agent until reaching pH 5.4-5.8 is needed. 
Afterwards the content is submitted to intense boiling for several 
minutes whereby the present proteins flocculate while carbon and 
insoluble salts precipitate. The formed sediments are separated by 
filtration and a clear lactose solution is obtained. The lactose solution 
is then undergoes drying until the concentration of 65-70 g/100 g of 
total whey solids is reached. 

Edible and refined lactose are mostly utilized in the 
pharmaceutical and food industry. Applications in the food industry 
include production of infant formulae (since human milk contains 
more lactose than bovine) or baby foods as well as for production 
of modified and reconstituted dairy products. In addition, lactose 
enhances consistency and shelf-life of confectionary products; 
it improves flavour, appearance and baking properties of pastry. 
Furthermore, lactose can also be used as a carrier of volatile aroma 
compounds, for adsorption of the unwanted aromas or as a sweetening 
agent in certain foods to enhance product aroma. Lactose is also 
commonly used in the production of potato crisps, pudding, sauces, 
salad dressings, etc. The main advantages of lactose application in the 
food industry are the relatively low sweetness, the ability to enhance 
the characteristic flavour of products and to stabilize proteins, as well 
as the ability to induce colour changes where appropriate (i.e. bakery 
and confectionary products) due to the Maillard reaction. 

Lactic Acid Production 
Lactic acid and its derivatives are widely used in the food, 

cosmetic, pharmaceutical, leather, textile and chemical industries. 
Recently, it has also been used as a raw material in the production 
of biodegradable plastic. Lactic acid can also be used instead of citric 
or tartaric acid in the production of non-alcoholic beverages, sour 
candies, medicinal products, etc. Worldwide, 80 000 tonnes of lactic 
acid are produced every year. Lactic acid can be produced either by 
microbial fermentation or synthetically by hydrolysis of lactonitrile 
[29], whereby recently there is prevalence for microbial fermentation 
application due to environmental reasons and limited amount of 
petrochemical resources. When considering lactic acid production, 
there is the tendency for using low-cost raw materials, and whey (UF 
permeate) contains a relatively high content of lactose (5-6 g/100 g) is 
proven to be a cheap and a good source of raw material.

Different strains of rod shaped LAB (Lactobacillus helveticus, 
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Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus acidophilus, 
Lactobacillus casei, etc.) have been used for the production of lactic 
acid from whey. Due to a high conversion rate, Lb. helveticus is the 
generally preferred strain since it can produce almost twice the amount 
of lactic acid in comparison with other common LAB. The efficiency 
of lactobacilli fermentations can be enhanced by supplementation 
of the whey permeates with yeast extracts or yeast protein auto 
lysates (peptones) [29]. In addition to the use of LAB, Kluyveromyces 
marxianus var. marxianus has been used successfully used for lactic 
acid production. Recent reports suggest that mixed cultures of LAB 
may be more effective to enhance lactic acid production due to 
synergistic effects that exist among these organisms [30]. Investigated 
whey fermentation using different mono- and mixed cultures. The 
highest conversion rate to lactic acid (19.8 g/L) was achieved when 
using Kluyveromyces marxianus var. marxianus in combination with 
homofermentative LAB strains (Lb. delbrueckii subsp. bulgaricus and 
Lb. helveticus). Application of immobilised microbial cell systems 
significantly enhances the production of lactic acid from an economic 
point of view. Immobilisation technology enables reutilisation of 
the used cells, continuous operation and higher cell densities in 
bioreactors as well as better purification of the end product [29].

Whey can also be used as a substrate for production of different 
microorganism or their metabolites [31]. Investigated the possibilities 
of LAB cultures production with appropriate characteristics for use in 
the bakery industry. As substrates for microbial growth, deproteinized 
whey and modified MRS agar were used and compared. Afterwards, 
the growth and fermenting ability of certain LAB (Leuconostoc 
mesenteroides subsp. mesenteroides L3, Lactobacillus brevis L62 and 
Lactobacillus plantarum L730 in fermentation substrates and sour 
dough were investigated in terms of lactic and acetic acids production. 
Although the measured activity of the LAB strains was somewhat 
lower in case of whey, the results have shown that deproteinized whey 
can be used for production of microbial biomass (yield 1.7 g/L) and 
lactic acid (9.15 mg/mL) were achieved when using Lb. plantarum 
L730 strain. Sensory evaluation showed that supplementation of 
bread with starters prepared by cultures produced on deproteinized 
whey as a substrate resulted in an improved taste and odour, better 
dough elasticity and better shelf-life in comparison with bread 
produced in a classical way (with the addition of yeast monoculture). 

Bioethanol 
As mentioned elsewhere, lactose is one of the main constituents of 

whey permeate when using membrane technology for the production 
of WPC, which is an excellent substrates for bioethanol production 
as it is cheap and widely available in large volumes. This product is 
mainly used as a biofuel additive to gasoline, and most commonly 
produced from sugar cane or sugar beet, different crops or from 
cellulosic resources (wooden hydrolysates, agricultural by-products).  

The production process of bioethanol can be divided into 
three main stages:- (a) preliminary processing of the substrate, i.e. 
preparation of the raw material, (b) alcoholic fermentation, and 
(c) separation of the end-product (distillation, rectification and 
dehydration of bioethanol). 

For purposes of alcoholic fermentation yeasts (i.e. Saccharomyces 
cerevisiae) are usually used since they have a fast fermentation 

capacity and tolerate high concentrations of ethanol (up to 20% 
v/v). Since S. cerevisiae cannot ferment lactose, whey has to be 
enzymatically hydrolysized prior to the alcoholic fermentation. The 
hydrolysis step is not required if Kluyveromyces spp. are employed 
as they have the ability to catabolise lactose. In the commercial 
production of bioethanol from whey, K. marxianus var. marxianus 
and Kluyveromyces fragilis var. marxianus are commonly used 
[1,32,33] and, over the past few decades, whey permeate has been 
used for bioethanol production in Ireland, New Zealand, Denmark 
and in the United States of America (USA) [1,34]. 

Conclusion and Future Trend
The attitude towards whey and its utilization has changed over 

the years from being a by-product to value added raw material. 
Environmental issues have forced governments to legislate regarding 
the disposal of whey and, as a consequence, scientific challenges 
resulted in developing different technologies for the utilization of 
what used to be categorised as ‘waste’ from cheese making into an 
important and economical raw material for the manufacture many 
ingredients/products for the food industry. Although large volumes 
of whey still need to be processed, production of bioethanol may 
become more viable and more profitable by improving the technology 
and reducing the cost of manufacture. 
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