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Abstract Whey has been the most significant part of dairy waste till date and 
accounts for immense attention from researchers, academicians and scientists for 
its meaningful utilization. Whey obtained from cheese and paneer industry can be 
used in different manner to bring healthier and wonderful tasting products on the 
shelves of upcoming modern supermarkets. Nutritionally dense with vital minerals, 
whey can be utilized as a major base material to add economy. Prudent choice of 
operations, technical throughput required and expanding market size to this entity 
would trigger the use of whey towards value-added products including a range of 
cheeses like Ricotta, Manouri, Mato etc. and whey powders, which are in increasing 
weights in the modern times. Not only this, considering enormous availability of 
lactose content and other benefits such as presence of minerals and organic acids, 
whey can also be successfully used to prepare thirst quenching beverages to offer a 
great opportunity in harnessing its nutritional benefits. These products with special 
reference to the cheeses and powders highlighted, hold a promising future in the 
years to come at a global platform owing to its product portfolio, nutritional benefits, 
easy availability and low cost. This chapter confers various aspects of whey from its 
origin to utilization and production of products employing novel technologies. 
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11.1 Introduction 

Worldwide, milk production and processing have grown at a tremendous high rate, 
achieving a value of more than 10% every 4 years (FAOSTAT, 2017). Compared to 
2018–2019, it has increased by 5.70% according to the survey done by GOI 
(Anonymous, 2021). A major chunk of total milk produced globally (more than 
801 million tonnes), a hefty per cent is diverted (37%) to make cheese and other 
coagulated products, whereas a share of 30% is contributed by butter to meet the 
consumers’ demand. The figures also illustrates that only 10–20% of the milk 
fraction in terms of total solids is processed as the desired end-result during 
processing of various dairy-based commodities, while 80–90% of the liquid portion 
emerges is a liquid, referred as whey (Panghal et al., 2018), which is a yellow-green 
colored liquid by-product. Riboflavin, often known as vitamin B2, is responsible for 
conferring whey its characteristic yellowish hue (De Wit, 2001). In other words, 
whey, a greenish yellow coloured, salty liquid obtained from curd during the 
production of chhana, paneer, and cheese, is nutritional reservoir of many elements. 
It is a nourishing by-product including beneficial components counting lactose, 
proteins, minerals, and vitamins that are vital for human nutrition. In addition to 
making up 45–50% of the total milk solids, 70% of the milk sugar (lactose), 20% of 
milk proteins, and 70–90% of minerals, and most significantly, nearly all of the 
water-soluble vitamins that were previously present in milk, goes in the whey. 
Additionally, whey contains beneficial proteins such as α-lactalbumin, 
β-lactoglobulin serum albumin (SA), immunoglobulins (IG’s), lactose, milk salts, 
and so on (Bankar et al., 2021). Since the benefits of using whey for humankind were 
so great, it was first used in the 1970s for whey baths to nourish the skin. Owing to 
rich nutritional competency, whey could be used in production of various food 
products mentioning whey-based cheeses, whey-based unfermented and fermented 
beverages, protein concentrates and powders of various ranges. Valorisation of whey 
is a prudent manner not only will bring economic fringe benefits over main products 
but also helps in utilizing the enormous production of whey from the dairy indus-
tries, leading to create its own commercial worth in billion dollars. The whey 
utilization is not only challenging due to its high Biological oxygen demand 
(BOD) and chemical oxygen demand (COD), but also a herculean task, visualising 
its enormous production, which also included its restricted direct discharge into 
rivers and use as animal feed (Divya & Kumari, 2009; Papademas & Kotsaki, 2019). 
Literature states the production of 9–10 L of whey, against 1 kg of cheese, (Jelen, 
2003) which not only poses an alarming situation for the environment but also look 
for sustainable solutions in this field. 

Though the recent trend has identified many novel products to be placed in the 
shelves of supermarkets, many strategic interventions are still to be seen to check its 
viability model. Although owing to its health advantages, it targets to people of all 
ages, including children and teenagers. It also aids in the treatment of certain 
illnesses, such as digestive tract conditions and bears a long history of treating 
urinary tract scaling, intoxication, and other skin-related illnesses with the finest



results. Furthermore, significant concentration of amino acids (a.a) in the beverage 
makes it extremely beneficial for athletes. Known primarily as branched chain amino 
acids (BCAAs) naming isoleucine, leucine, and valine, when performing resistance 
training, these are the first amino acids used that are metabolised right into muscle 
tissues. Among them are lactoferrin, GSH, and glycomacropeptide (GMP). These 
elements, especially the beverage, can be used to test the iron content’s absorption 
capacity and, possibly, improve the GIT’s capacity to absorb iron (more helpful in 
infants and neonates). In addition to being anti-inflammatory and antioxidant, 
absorption of various vital minerals benefits older people who suffer from osteopo-
rosis. Envisaging the limitless opportunities, whey has become the vital entity for its 
exploration in valorisation wherein endless products like cheeses (Bhatti, 2021), 
beverages (Otte et al., 2007), lactose powders, infant foods (Bozanić et al., 2014), 
food supplements (Marshall, 2004; Morris & FitzGerald, 2008), soups and drinks 
(Marshall, 2004) hold a promising future to cater the needs of modern consumer. 
Though valorisation of whey has been taken up many researchers in the recent past 
emphasising sustainable biorefining (Goyal et al., 2023); industrial high-value added 
products (Arshad et al., 2023); non-ionic biosurfactants (Semproli et al., 2023), 
biomass to vitamins and many more to mention. However, to limit the length of 
the chapter, herein we precisely limit our discussion to food and related products. 
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11.2 Types of Whey: Origin and Nature 

The whey can further be separated into two kinds depending upon nature and origin 
associated, process opted for the production of main product and acidulants added. 
Acid whey results from acidification of milk at pH levels lower than 5.0 (paneer 
whey) while sweet whey is the resultant product of chymosin-induced milk coagu-
lation which occurs at pH 6–7 (cheese whey) (Papademas & Kotsaki, 2019). 
Characteristically, sweet whey is the waste product resulting from the production 
of cheeses including both hard and semi-hard cheeses, such as Cheddar cheese 
whereas acid-whey is produced as an end- product of various fermentation processes 
during fresh acid-coagulation processes, counting fresh cheeses such as Cottage 
cheese or direct acidification of milk which is undertaken during production of 
casein and caseinates. These type of products leads to a whey having a pH of 
about 4.6–5.0 (Tunick, 2008). Although both kinds of whey contains an equal 
amount of protein i.e. 11–13.5%. However, the former contains more amount of 
lactose content mentioning almost 63–75%. Therefore, presently cheese whey is 
most commonly used commodity in the food industry having a pH around 5.8–6.3 
(Pouliot, 2008). The total composition of both kinds of whey has been compared and 
shown in Table 11.1. Whey contains beneficial proteins such as α-lactalbumin (LA), 
β-lactoglobulin (Lg) serum albumin (SA), immunoglobulins (Ig’s), lactose, milk 
salts, and so forth (Bankar et al., 2021). Apart from this, whey produced or released 
after the production of whey-based cheeses such as Ricotta cheese are termed as 
second cheese whey (SCW), having low fat and protein content compared to primary 
whey.
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Table 11.1 Typical compo-
sition (g/L) of sweet and 
acid whey 

Component Sweet whey Acid whey 

Total solids 63.0–70.0 63.0–70.0 

Total protein 6.5–6.6 6.10–6.2 

Lactose 46–52 44–47 

Milk fat 0.20–0.50 0.3 

Minerals 5.00–5.2 7.5–7.9 

Lactic acid 2 6.4 

pH 5.9–6.4 4.6–4.7 

Calcium 0.4–0.6 6.0–8.0 

Phosphates 1.0–3.0 2.0–4.5 

Lactate 2 6.4 

Chlorides 1.1 1.1 

Free amino acids 0.133 0.45 

Source: Papademas & Kotsaki (2019) 

11.3 Therapeutic Value of Whey 

As mentioned earlier, whey has also been successfully applied for diarrhoea, bile 
disease, skin problems, urinary tract scales and some intoxication treatments. Such 
beverages are also often regarded as an excellent source of energy and vital nutrients 
for athletes because of the high amount of quality proteins and a high nutritional 
value. Additionally, Whey proteins are rich source of branched chain amino acid 
(BCAA’s), such as isoleucine, leucine, and valine. Unlike other essential amino acids 
(EAA), BCAA’s are metabolized directly into the muscle tissue and are claimed to 
stimulate muscle protein synthesis in combination with resistance physical exercises 
(Santos & Nascimento, 2019) and many such claims have also been verified. 

Whey being rich source of various vital minerals exerts its critical role in specific 
functions including transmission of nerve impulses and muscular contractions owing 
to presence of potassium, depolarization of nerve or muscle causing relaxation and 
consequently its role in lowering blood pressure due to magnesium. Apart from this, 
calcium present in whey helps in maintaining alkaline tissue pH, with maintaining 
bone density, integrity of the cell wall and nerve impulses, whereas lactoperoxidase 
prevents the growth of iron-dependent bacteria. Presence of lactoferrin inhibits 
bacterial growth (including pathogenic bacteria) and fungi. Many vital vitamins 
are included in whey, including vitamins D, B2,  A,  B3,  C,  B5,  B1 E, and B6 

(Anirudh et al., 2022). These have also a proven role against obesity and muscle-
protection during dieting process by inducing increased rate of thermogenesis and 
helps in preserving lean mass (Pal & Radavelli-Bagatini, 2013). Therefore, whey 
proteins are conferred to bestow many therapeutic values (Fig. 11.1) (Gupta & 
Prakash, 2017; Ranganathan et al., 2020, Mehra et al., 2021).
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Fig. 11.1 Therapeutic and 
health properties of whey 
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11.4 Present Status of Whey Production 

Whey production is directly correlated with the production of cheese and paneer 
(Indian cottage cheese) in the global market and recently, the Indian cheese market 
had a worth around 71.3 billion in 2022 and is expected to rise by about 24.06% 
CAGR with a worth around 262.6 billion by 2028 (Anonymous, 2023). Between the 
5 years of 2015–2020 only, it has grown nearly to 18% in the CAGR and it is 
anticipated to grow by 31% during the mentioned years. Globally almost 3000 
cheese varieties are available in the commercial market, whilst only few 
i.e. around 40 to 45 cheese varieties are marketed in India (Anonymous, 2020). 
The cheese market in India developed at a CAGR of about 26% during the years 
2014–2019 and this can be attributed to numbers of factors including addition of new 
variants like pepper, garlic, red chili flakes, and oregano to meet the different tastes 
and customer preferences in India (Anonymous, 2020). In the next 6 years, i.e., from 
2017–2018 to 2022–2023, the overall cheese market in India is anticipated to reach a 
growth rate of around 20%. By the end of 2022–2023, it is predicted to attain over 
100,000 metric tons of production registering CAGR of approximately 12%. The 
prevailing conditions of cheese market has demonstrated saturation in Europe and 
North America, forcing to explore new markets of developing countries such as 
Japan and Russia, including India. 

Generally, cheese whey has a high nutritional value with 45–50% total milk 
solids (TMS), abundant amounts of lactose i.e. 70–80%, 9–20% proteins (particu-
larly whey protein), 8–20% minerals, almost all of water–soluble vitamins which are 
found in milk, including minor components like hydrolyzed peptides of k-casein, 
lipids and bacteria on dry matter basis (Kinsella & Morr, 1984; Horton, 1995). Whey 
protein consists of four major protein fractions and six minor protein fractions. The 
major protein fractions including beta-lactoglobulin (about 65%), alpha-lactalbumin 
(about 25%), bovine serum albumin (about 8%) and immunoglobulin (about 2%), 
while the minor fractions include lactoferrin, lysozyme, lactoperoxidase and glycol



macro peptides (Walzem et al., 2002; Marshall, 2004) and has a high Biological 
Oxygen Demand (BOD) value, ranging between 39,000 ppm and 48,000 ppm. 
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According to FAO (2020), there was 117 million tonnes of fresh whey produced 
worldwide in 2019 in which the European Union and the United States contributed a 
total of about 69% of this amount. The entire amount of whey produced increases by 
1–2% annually. However, only less than 50% of this amount is consumed or utilized 
using various methods (Panghal et al., 2018). Currently, to valorize the whey, the 
commercial industrial scaling up the manufacturing process of products including 
production of lactose, dry whey, and whey paste (FAO, 2022). India produced over 
1.3 million metric tonnes of whey in 2021, data validated by the Food Safety and 
Standards Authority of India’s (FSSAI). However, currently not a precise informa-
tion could be fetched on whey production and wastage in India for 2022. Although 
the Indian government has started a number of programmes recently to encourage 
whey utilisation and decrease waste. For instance, the FSSAI introduced the “Eat 
Right Creativity Challenge” programme in 2020 to encourage the usage of whey in 
various food and beverage items. In addition, the government has given dairy 
producers and processors a financial aid to set up whey processing facilities and 
create infrastructure for its storage and transportation. 

11.5 Impact on Environment and Economy 

Since whey is regarded as a major pollutant and a by-product of dairy industry, 
carrying high BOD (40,000–60,000 mg/L) and COD (50,000 mg/L and 80,000 mg/ 
L), the dairy industries are under pressure from the society to re-evaluate how this 
could be managed successfully without posing any serious threats to the environ-
ment. Also, a data illustrated that about 120 million tonnes of whey is produced each 
year all over the world, but only about half of that quantity is put to use in the 
manufacturing of products that are consumed by humans and animals alike 
(Nikodinovic-Runic et al., 2013). Lactose, the primary component of whey and 
accounting for 70–72% of the total solids, is the key factor contributing to the high 
BOD and COD values. According to estimates, 4000 L of whey might harm the 
environment in a similar way to 1900 people producing faeces (Papademas & 
Kotsaki, 2019). After an accident in 2008 where spilled acidic whey in water body 
in Ohio, caused the mortality of more than 5400 wild animals, most of which were 
fish. This established the fact of decline in the concentration of dissolved oxygen led 
to eutrophication, which ultimately led to the death of the animals. Dumping excess 
whey to the soil can also lead to a reduction in the redox potential of the soil and 
leads to the impaired soil nutrition, affecting decreased the productivity of the crops 
(Ghaly et al., 2007). 

Whey is regarded as the dairy industry’s leading environmental contaminant in 
the absence of sustainable practises since it is frequently disposed of as wastewater 
and is connected to significant perils to the environmental. Henceforth, it is crucial to 
direct whey management towards a cost-effective and sustainable way of utilisation



to direct its production into novel valuable products. This has two sides of the coin, 
firstly because the disposal of whey corresponds to a significant loss of prospective 
nutrients and energy, making it necessary to exploit and harness nutritional value of 
whey, while also mitigating the negative effects of disposal on the environment. 
Whey utilisation breakthroughs are contributing to the field of applied technology. 
The use of whey streams has been improved by membrane processes like ultrafil-
tration and nanofiltration, and fermentation techniques for turning whey into high-
value added products, which have shown a promising route to the establishment of 
biorefineries. A great economical and sustainable alternative to employing whey for 
the production of more valuable goods is the simultaneous integration of many work 
units in one process, which lessens the environmental impact of whey (Zandona 
et al., 2021). 
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11.6 Way Towards Valorization: Green Era 

It is noteworthy that over the course of the past several years, the dairy sector has 
introduced a range of technologies and procedures in order to process whey, and 
researchers and scientists are currently searching for a novel product portfolio that 
can be created utilising the by-product. Furthermore, it is possible to recover solid 
components from cheese whey employing a broad variety of separation processes, 
including hydrolysis, electrodialysis, ion exchange, nanofiltration (NF), 
microfiltration (MF), reverse osmosis (RO), and ultrafiltration (UF), amongst 
many others. However, when it comes to the processing of whey in dairy establish-
ments, filtration is the foremost liked choice of manufactures (Pal & Nayak, 2016). 
Apart from this, simple physical and thermal treatments are not only cost effective 
but also acceptable for small-scale manufactures yielding acceptable results. 

Data depicts that 45% of whey is used in its liquid form, whereas 30% as dried 
whey powder, 15% as lactose and various by-products and residual as whey protein 
concentrates (Kosseva et al., 2009; Panesar et al., 2007). Transformation of whey 
into valuable products derives its caption of “from gutter to gold” (Smithers, 2008). 
The extracted components are of high biological value and therefore carry a signif-
icant importance in healthcare supplements, confectionary and bakery and infant 
products (Minj & Anand, 2020). 

Production of high protein products and recent innovation of these products for 
the synthesis of bioplastics have gained researchers attention. Many researchers have 
pointed out valorization of whey using microbial sources involving bacteria’s, yeasts 
and fungi (bioprocesses) for bioremediation processes, production of bioactive 
peptides, bacteriocins, including enzymes, bio-alcohol, and many more (Chourasia 
et al., 2022).
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11.7 Value-Added Dairy Based Products 

11.7.1 Whey-Based Beverages 

Given its benefits, whey protein (WP) has gained popularity as a source of nourish-
ment in number of products, including whey protein beverages. These can be 
divided into four categories (Chavan et al., 2015) namely—Mixtures of whey 
(processed or unprocessed, including permeates utilized from the ultrafiltration 
processes) with fruit or (rarely) juices derived from vegetables; thick or viscous 
beverages of dairy origin (fermented or unfermented); Thirst-quenching beverages 
with impinged carbonation; and alcoholic beverages or also termed as fermented 
beverages (Chavan et al., 2015). 

However, for the convenience, these can be broadly classified as fermented or 
unfermented beverages and their nutritional comparison and sensory acceptability 
can be assessed. 

11.7.1.1 Whey-Based Fermented Beverages 

Presence of enormous amounts of lactose makes the prepared whey beverages 
perishable and vulnerable for microbial attack and proliferation, owing to which 
some fermented techniques could be opted to extend the life of such beverages. For 
this range of yeasts and lactic acid bacteria (LAB) could be harnessed to prepare 
innovative and shelf-stable drinks. Some strains are also reported to degrade 
β-lactoglobulin, which is otherwise present in whey-based products and is known 
for its allergenic behaviours in some people (Pescuma et al., 2011). Various 
reasearchers have explored the possibility of using L. acidophilus CRL 
636, L. delbrueckii subsp. bulgaricus CRL 656, and S. thermophilus CRL 804, as 
single or mixed (SLaB) cultures in conjugation with WPC 35, to limit available 
lactose or protein using microbial fermentations in preparation of functional drinks 
(Pescuma et al., 2010). The fermentation not only exhibited decreasing β-Lg, but 
also demonstrated increased amounts of BCAA during storage. 

Not only this, whey can also be successfully converted into low alcohol or acetic 
acid beverages, producing novel food commodity utilizing the bioconversion ways 
to tackle waste management. Since lactose is the fermentable sugar present in 
abundance quantities in whey, it can be used to prepare alcoholic beverages with 
varying alcohol content ranging with low (≤ 1.5%) alcohol content, to name—whey 
beer and whey wine. Production of beverages involves the technology of 
deproteinization of whey, concentration of whey, or fermentation of lactose 
employing various strains including some mentioned strains of yeast such as 
K. fragilis and S. lactis (Jelicic et al., 2008). Also, whey permeate from UF has 
been employed to prepare alcoholic beverage using Kluyveromyces fragilis 
(Parrondo et al., 2000).
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Tofu whey has also been evaluated in this context, bringing 6–7% (V/V) ethanol 
in the final product utilizing yeasts for the same (Chua et al., 2017). In many 
researches natural juice along with source of fermentable whey were used together 
to bring out a novel product. For instance, apple juice with whey were used in 
combined format to prepare fermented beverage using kefir grains. Different ratios 
of kefir grains with varying temperature were studied and it’s on beverage properties 
was determined, demonstrating increasing high acidity, an increased kefiran con-
centration, lactic acid amount, viscosity, a higher lactobacilli and yeast population 
resulting from increasing concentration of kefir grains (Sabokbar et al., 2015). 
Herein new category i.e. carbonated whey drinks also emerged as a wonderful 
option to supplement taste with health wherein hydrolyzed lactose whey was utilized 
with herbs and sugar additives. Adding Fizz in the drinks not only attracts kids but 
also gives a tingling sensation, which is liked by one by all. In addition, carbonation 
is least expensive, safe apparently has no effects on dairy products (Paula, 2005). To 
add carbonation effect, Carbon dioxide was introduced and resulted in more accept-
ability. However, in few of the tested trials, whey beverages with incorporated 
lemon, green tea and peppermint extracts were found more acceptable (Mabrouk 
& Gemiel, 2020). Some other studies involving carbonation includes use of orange 
juice and whey (Pareek et al., 2014); guava whey beverage (Singh et al., 1999); 
probiotic functional carbonated beverage (Silva E Alves et al. 2018), carbonated feta 
cheese whey beverage (Jairath et al., 2012); carbonated flavoured Mozzarella-whey 
drink (Sameen et al., 2013). In some cases naturally developed carbonated drinks 
aided with the help of bacterial and yeast cultures (Kadyan et al., 2021) could be 
employed to prepare desirable carbonated drinks (Chilana et al., 2015; Kaur et al., 
2018). 

Another wonderful category in this classification stands apart with the remarkable 
feature of fermented though probiotic beverage based on acid-whey (Skryplonek 
et al., 2019). Probiotic strains of L. acidophilus LA-5 or B. animalis ssp. lactis 
BB-12 were tested in pasteurized acidic whey with UHT milk, unsweetened milk 
and SMP. Results proved the efficacy of beverage made with whey, condensed milk 
and L. acidophilus in sensory results over other tested combinations. Similarly, 
various functional fermented whey beverages were reported using different strains 
(Jitpakdee et al., 2022) and probiotic in combination with different fruit juices or 
milk (AbdulAlim et al., 2018; Bulatovic et al., 2014; Nursiwi et al., 2017; Rosa et al., 
2023). Such beverages have been clinically proven to confer anti-obesity effect in 
animal model (Hong et al., 2015) and a source of biological active peptides (Rosa 
et al., 2023). 

11.7.1.2 Whey-Based Unfermented Beverages 

Various researchers have proven the fact that it is utmost necessary to optimize 
beverage formulation to get the best sensory profile of the drink (Djuric et al., 2004). 
Therefore, for the utilization of acid and sweet rennet whey-based fruit beverages, 
the side effect of precipitation of proteins during thermal treatment, which renders it



unacceptable to the consumer, must be compromised or taken into attention (Ryan & 
Foegeding, 2015). However, in few cases, like Ricotta Cheese Whey (RCW), the 
secondary cheese whey, being low in protein content was demonstrated to be 
successfully used for the preparation of clear whey-based beverages (Rizzolo & 
Cortellino, 2018). Such RCW-based fruit beverages would have many health ben-
efits such as muscle health, helps to burn fat, maintain blood sugar levels, energy 
production, strengthen immune system, and maintains a healthy heart (Anoymous, 
2019). 
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The storage stability of such beverages stands at prime position for its wider 
acceptability wherein Cortellino and Rizzolo (2018) also conducted a study to 
analyze storage stability of novel functional beverages prepared from RCW with 
addition of fruit juices. The researchers concluded that storage days influenced the 
stability of total monomeric anthocyanins and a life of 150 days has been reported by 
the authors at -30 °C while pasteurized drink carries a life of 15 days at ambient 
temperature. Although whey can be added with variety of juices and purees at 
varying ratios, studies have demonstrated that it does not go well with much acidic 
options like oranges comparing with milder options such as pear, apple and peach 
(Djuric et al., 2004). Other references related to whey-based beverages could be 
cited at Singh et al., 1999; Rohit et al., 2020). 

Whey-based beverages can also be a wonderful source of electrolytes and served 
as sports drink. According to Resolution no. 18 (09/27/2010), an electrolyte drink is 
a product designed to help hydration and must have minimal prescribed levels of 
sodium, potassium, and carbohydrates (Valadao et al., 2016). Various researchers 
have reviewed the importance of whey in formulation of sports drink carrying 
specific electrolyte balance, necessary to keep an optimal balance of salts (Anirudh 
et al., 2022). In addition, adding juice to prepare so, not only improves the sensory 
acceptability but also is a source of antioxidants. 

Whey has also been used in conjugation with various herbs to prepare functional 
beverages carrying benefits of thirst-quenching properties and aiding health benefits 
of herbs side by side in one go. Various such reported studies signified the use of 
whey for the people who wish to manage their weight (Kanchana et al., 2020). 

Maya and Ritu (2016) developed a herbal beverage based on guava juice, 
flavoured with various herbs including basil, mint, ginger, aloe vera, lemon grass, 
etc., using stevia as a natural sweetener. According to the study, the beverage with 
74%, 20%, and 6% of whey, guava juice, and ginger, respectively had the highest 
sensory rating. Fruits including papaya leaf extract based therapeutic whey beverage 
was prepared using natural setvia (Singh et al., 2021). Similarly, whey-based banana 
herbal beverage was developed conferring 15 days shelf-life (Yadav et al., 2010). 
Different fruits such as apple with jaljeera extract (Sharma et al., 2019); mango with 
ginger extract (Alane et al., 2017); kokum-honey whey beverage (Terde et al., 2022) 
etc. In some studies, mixed herbal whey combining benefits of two entities was also 
taken into consideration, for instance, beverage containing pineapple and bottle 
gourd in whey (WPBH) had been formulated (Singh et al., 2013). A comprehensive 
list of few studies on varied areas has been made in Table 11.2, demonstrating that
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(continued)
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Table 11.2 Use of whey in various forms and its implied effect in various product portfolios 

Type of whey or whey 
derivative 

Beverage/product 
kind 

Goat cheese whey Unfermented beverage . Flavoured with strawberry 
and peach pulp
. Low caloric value
. Strawberry flavour had 
more sensory acceptability 
than peach flavour
. Beverages showed com-
mercial potential, serving an 
alternative product from goat 
milk, with minimal cost 
investment 

Tranjan 
et al. (2009) 

Ricotta cheese whey 
(RCW) 

Sports drink . β-D-galactoside 
galactohydrolase was added to 
the RCW
. The mixture was kept for 
24 h at 8 °C
. Post treatment, RCW was 
pasteurized
. Various flavour, certain 
additives were added to pre-
pare sports drink
. Shelf-stable sports drink 
can be prepared using RCW 

Valadaoe 
et al. (2016) 

UHT-processed whey-
Banana beverage 

Unfermented beverage . Blend of banana puree to 
acidified water was combined 
with sucrose and pectin
. Mixture was UHT 
processed and stored in clear 
glass bottles
. Not much flavour changes 
were recorded at 4 °C for 
60 days
. At low temperature, banana 
beverage can be prepared 

Whey powder Gluten-free pasta with 
added grape peel

. Adding whey powder into 
dough resulted in lower loss 
while cooking
. Resulted in less firmness of 
pasta and low dough with 
smooth surface of pasta
. Whey powder upto 15% 
exhibited acceptable range in 
pasta formulation 

Ungureanu-
Iuga et al. 
(2020) 

Paneer whey (lemon 
beverage) 

With artificial sweet-
eners (aspartame and 
saccharin)

. Binary sweeteners were 
found appropriate in sensory 
response compared to individ-
ual sweetener
. Binary blend not only 

Meena et al. 
(2012)



Salient features

eliminated the load over one
sweetener but also helped in
minimizing flavour or after
taste issues related to non-
caloric sweeteners

(continued)
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Table 11.2 (continued)

Type of whey or whey 
derivative 

Beverage/product 
kind References 

Paneer whey 
(fermented) 

Rabadi 
(fermented pearl millet 
product)

. Rabadi, prepared by 
fermenting pearl millet 
(Pennisetum typhoideum L.) 
(PM)flour with fermented 
whey
. Standardized Rabadi was 
packed in indigenous pouches 
and stored at 4 °C and 10 °C. 
the shelf life of the product was 
8 days at 4 °C and 5 days at 
10 °C, respectively 

Poonia and 
Kumari 
(2018) 

RCW Synbiotic fermented 
dairy beverage

. RCW concentrate along 
with powdered milk in combi-
nation with pre and probiotics 
were used to prepare novel 
beverage
. Lactobacillus acidophilus, 
Bifidobacterium and Strepto-
coccus thermophilus were 
used to ferment the necessary 
components
. Product yielded acceptable 
whey beverage with a shelf-
life of 45 days and a successful 
aim to utilize effluent of dairy 
waste 

Schlabitz 
et al. (2015) 

Whey protein (WP) Yogurt . Addition of serum whey 
modified the rheological prop-
erties of the product inducing 
cfeaminess
. Had positive effect on 
aroma and goat flavour 

Mazzaglia 
et al.(2020) 

Whey protein (WP) Edible films . Edible films containing 
nisin, natamycin and malic 
acid were prepared
. Films exhibited improved 
effect against 
L. monocytogenes, 
P. commune and 
P. chrysogenum
. Film was tested as a surface 
protective sheath for cheese 
and proved a potential hurdle 

Pintado 
et al. (2010)



Salient features References

(continued)
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Table 11.2 (continued)

Type of whey or whey 
derivative 

Beverage/product 
kind 

RCW Growth intended for 
Rhodotorula glutinis 
for production of 
carotenoids

. The Scotta was evaluated 
for its potential as a substrate 
to produce caroteniods
. Comparing with semi-
synthetic substrate, similar 
results were obtained with the 
RCW
. However, promoting the 
lactose hydrolysis and its 
effect on microorganisms yet 
to be studied and could be 
studied further 

Ribeiro 
et al. (2017) 

Cheese whey Cultivation of LAB . Bread-whey medium has 
been tried as an alternative to 
conventionally available MRS 
medium
. It helped the proliferation 
of Lactiplantibacillus 
plantarum UMCC 2996, 
Furfurilactobacillus rossiae 
UMCC 3002, and Pediococcus 
pentosaceus UMCC 3010
. The medium has been fund 
particularly optimal for the 
strain F. rossiae UMCC 3002, 
exhibiting an increased growth 
by 114% compared to con-
ventional medium 

Iosca et al. 
(2023) 

Cow milk, sheep milk, 
goat milk whey pro-
tein concentrate (WPC 
15%) 

Probiotic whey— 
based beverages with 
kiwi powder

. WPC resulted in higher 
protein content and per cent 
acidity in the beverages than in 
control samples
. It also improved the viabil-
ity of S. thermophilus and 
probiotic bacteria during the 
entire storage period
. It also led to the increase in 
free amino acids, essential 
amino acids and branched 
chain amino acid contents as 
well as total phenolic content 
and the antioxidant capacity of 
beverages 

Dinkçi et al. 
(2023) 

Cheese whey Alcoholic fermenta-
tion on cellulosic 
material

. A novel system of whey 
fermentation was ascribed
. Yeast (K. marxianus 
IMB3) was immobilized on 
lignified free cellulosic mate-
rial (DCM) 

Kourkoutas 
et al. (2002)

https://www.sciencedirect.com/topics/food-science/pediococcus


Salient features

. Fermentation exhibited
improved aroma,
. Production of novel yet
with low alcohol content drink
was suggested

whey can be used in various modes and its implied usage could be harnessed at many 
places.
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Table 11.2 (continued)

Type of whey or whey 
derivative 

Beverage/product 
kind References 

Cheese whey WPI and anthocyanin 
extract

. Color stability and astrin-
gency of the beverage model 
was studied involving WPI
. Results indicated success-
ful insight for the production 
of protein-anthocyanin 
beverages 

Wang et al. 
(2023) 

11.7.2 Whey-Based Fermented Dairy Products 

Whey based fermented dairy products majorly includes cheeses of wide ranges 
including, Ricotta, Manouri, Mato, Urda, Anari and many more to mention includ-
ing 28 total various types. According to the Codex Alimentarius (2010), whey 
cheeses are solid, semi-solid, or soft products which are principally obtained through 
either of the following processes: (1) the concentration of whey and the molding of 
the concentrated product or (2) the coagulation of whey by heat with or without the 
addition of acid’. Due to large amounts of lactose in the whey, the resultant cheese 
often exhibits yellowish to cookie colour accompanied by sweet or sometimes 
cooked or caramelized flavour (Bozanic et al., 2014). However, inclusion of milk, 
cream, or whey while heat precipitation or acidification lowers the overall lactose 
content and results in white to yellowish cheeses. 

Depending upon the whey type, whey cheeses can be prepared wherein further 
membrane technology plays a pivotal role. The inclusion of membranes enables the 
fractionalization of whey components required to be retained in the resultant cheese. 
The general methodology includes heating to 88–92 °C while stirring, wherein rate 
of stirring and time of attaining the required temperature are critical factors mostly 
dependent upon the variety to be produced (fresh or dried whey cheese). In most of 
the fresh whey cheese production, generally lower temperature is employed whereas 
higher is often desirable for dried whey categories (Bintsis & Papademas, 2023). 

Similarly, Ricotta cheese (RC) has also been utilized in production of functional 
product to combat various nutritional deficiencies as a source of fortification. 
Nzekoue et al. 2021 analysed the suitability of RC as a base to supplement 
vitamin D, exhibiting it a wonderful source of proteins (7.8 g/100 g) with good



amount of BCAA’s (1.8 g/100 g). It indicated that 50mg of supplemented vitamin D3 

to a total cheese quantity of 95 kg resulted in a mean fortification level of 
41.4 ± 4.0 μg/100 g of ricotta cheese, indicating an ideal alternative for vitamin 
D3 fortification. 
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Cheese whey or deproteinised cheese whey (DCW) has been identified as a 
substratum for production of acids or kefir-like beverages or traditional milk kefir. 
Changes in lactose amounts, consequent production of ethanol accompanied by 
various biochemical and physico-chemical changes, including production of volatile 
compounds have been noticed analyzing this potential dairy waste (Magalhaes et al., 
2011). 

Not only nutritionally superior whey cheeses can be prepared from this valuable 
entity, but also the whey cheeses have been recognized as source of 
Glycomacropeptide (GMP) in management of PKU (Ney et al., 2009). Authors 
reported low Phenyl alanine (2.5–5 mg/g protein) in cheese whey (CW) indicating 
it as an excellent palatable source of protein, improving necessary dietary compli-
ance required for Phenylketonuria (PKU) patients. Another breakthrough involves 
fermentation of cheese whey in production of organic acids, single cells proteins and 
oils and bacteriocins (Mollea et al., 2013). Synthesis of galactooligosaccharides 
(GOS) using enzymes offers another wonderful opportunity of using whey as a 
substrate (Fisher & Kleinschmidt, 2015), which have critical role to mimic infant 
foods. 

11.7.3 Whey-Based Protein Rich Products 

Whey proteins are generally highly-valued commodity and available in a variety of 
forms, comprising whey powder containing 8–12% protein and more than 70% 
lactose; Whey Protein Concentrate (WPC), a product with between 30% and 89% 
protein, and Whey Protein Isolate (WPI), having over 90% protein and nearly no 
lactose (about 3%) (Boscaini et al., 2023). 

While preparing WPC and WPI, whey proteins might get denaturized, which 
tends to impair their functionality. The most widely used methods for 
pre-concentrating whey in the manufacturing of WPC and WPI are UF and/or DF, 
along with a few other membrane processes including Nanofiltration (NF), Reverse 
Osmosis (RO), Electrodialysis (ED), and Microfiltration (MF). The concentrated 
whey using the UF/DF process, is then pasteurised, evaporated, and dehydrated to 
create WPC or WPI (Panghal et al., 2018). Currently, production of WPC and WPI 
has been considered best amongst available approaches to valorize whey into fruitful 
value-added product. The quality characteristics of the prepared products depend 
upon many variables, counting physic-chemical composition type of milk used, and 
the environment where cheese is manufactured. The functional qualities of these 
products are significantly influenced by processing conditions, such as thermal 
treatments, pH, and the type and amount of salts present (Pelegrine & Gasparetto, 
2005). Methods like use of freeze concentration for enhanced recovery of protein 
and lactose has been advocated by Lamkaddam et al., 2023.
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11.7.3.1 Whey Protein Concentrates (WPC) 

Whey protein concentrates derived from the first generation had protein content as 
low as 30–40% with high quantities of lactose, fat, and undenatured proteins. It is the 
most concentrated type of protein supplement available, loaded with calories, 
containing every macro- and micronutrient obtained during production. It can, 
however, come in a variety of forms depending on the protein concentration, such 
as a WPC of 35, 50, 65, or 80% (w/w) protein (Minj & Anand, 2020). Nowadays 
concentrates include between 70% and 80% more protein and less lactose. Ultra-
filtration processing is the method employed to accomplish the elimination of lactose 
to improve the final product’s protein and fat contents. Such equipment is expensive, 
and prevents small- and medium-sized dairy firms from adopting the technology 
(Carter & Drake, 2018). The final drying phase involved in the manufacture of WPC 
is carried out by employing freeze or spray drying (Carter et al., 2018). WPC 
incorporation improves the nutritional value of healthy drinks, meal bars, supple-
ments, baby foods, processed cheese, meat or fish products, and feed rations (Arab 
et al., 2023). WPC can also be used in salad dressings as an emulsifier. Addition of 
WPC has demonstrated high firmness and stability in the salad dressings, along with 
bestowing good emulsifying capabilities (Kotoulas et al., 2019). Modernization in 
technology to produce instant powder enables this protein to have increased func-
tional capabilities that offer certain performance qualities such as instantized WPC 
80% may be quickly dissolved in liquids with hand stirring or shanking, unlike high 
protein powders that require an electric blender to dissolve (Guo & Wang, 2019). 

11.7.3.2 Whey Protein Isolates (WPIs) 

Whey protein isolate (WPI) is referred as when the majority of the components have 
been eliminated, or when the whey has undergone an additional purification step to 
eliminate or reduce the unnecessary carbohydrates and lipids to achieve a protein 
threshold of 90% (w/w). It is also the purest form of whey protein currently 
accessible and& contain over 90% protein, little to no milk sugar (lactose), and 
nearly no fat, making it a beneficial source of protein for those who cannot consume 
lactose due to any underlying reasons (Carter & Drake, 2018). Despite being a high-
quality protein, whey protein isolate has the drawback of losing some essential 
micronutrients and protein fractions such as lactoferrins, lactoglobulins, and 
immune-globulins during the purifying process (Minj & Anand, 2020). Due to the 
product’s purity and higher protein content, WPI cost a little more than a WPC. 
Adsorption techniques like ion exchange chromatography, which offers an supple-
mentary level of selectivity on the utilisation of membranes, can also be employed 
for WPI manufacturing. The final product prepared so carries more economic worth 
and it has better functional qualities than WPC (Foegeding et al., 2002). 

Concentrates and isolates have a wide array of applications in many sectors 
especially predominate in food supplies, due to their extraordinary high protein



content and can also function as water-binding, gelling, emulsifying and foaming 
agents. It is also believed to be more compatible with other associated ingredients 
keeping in mind its origin and perception of being natural (Solak & Akin, 2012). 
Due to its low lactose and fat content, WPI is appreciated by bodybuilders and 
athletes who follow a rigorous diet. WPC, on the other hand, is more affordable and 
frequently utilised in food products. WPI is easily digested and absorbed by the 
body, but WPC is a good source of BCAAs (Sharma et al., 2022). 

11 Valorisation of Whey for Development of Different Types of Food. . . 227

11.7.4 Lactose Powder 

The main source of calories in milk is lactose (O-β-d-galactopyranosyl-(1–4)-β-d-
glucopyranose), which is also the primary sugar present in milk. While most 
mammals produce milk containing lactose, there are a few exceptions such as sea 
lions and walruses that produce lactose-free milk. Lactose is also the primary source 
of nutrition for new-borns (Dominici et al., 2022). The udder of cow synthesizes 
lactose by absorbing blood glucose through the basal membrane of mammary 
epithelial cells. During lactation, a dairy cow converts around 20% of its circulating 
blood glucose into lactose (Costa et al., 2019). Lactose is characteristically found in 
dairy products such as yoghurt, milk, butter, ice cream, and cheese. Some breads and 
baked foods, ready-to-eat breakfast cereals, instant soups, confectionery, biscuits, 
salad dressings, sausages, gravy, drink mixes, and margarine may also contain 
lactose, which is often referred to as ‘hidden lactose’ (Facioni et al., 2020). Addi-
tionally, over 90% of the lactose is found in the whey and it must be separated from 
whey. Filtration is the most widely used technology in the milk processing sector for 
removing lactose from whey due to its high quality-to-cost ratio. Lactose separation 
is carried out using several membranes with varying retention efficiencies: ultrafil-
tration (40%) and nanofiltration (>90% lactose retention) (Costa et al., 2019). In 
contrast to the permeate, which contains the bulk of the lactose and mineral salts, 
whey protein concentrate (WPC), the retentate following membrane filtering, con-
tains the majority of the protein part (Illanes et al., 2016). Crystalline α-lactose 
monohydrate and β-crystalline anhydrous lactose, which is largely made of beta-
lactose, are the two different forms of lactose. Other lactose forms include different 
polymorphic variations of the alphalactose molecule, as well as amorphous forms 
created by either quickly drying a lactose solution or grinding lactose. (Hebbink & 
Dickhoff, 2019). 

11.7.4.1 Production of Lactose 

Concentration 

The permeate is generally pre-concentrated using reverse osmosis, and 
preconcentration combined with partial demineralization can be accomplished by



the use of nanofiltration in some circumstances, leading to the development of a 
super saturated solution, this stage is typically carried out after evaporation (Cassano 
et al., 2019). 
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Crystallisation 

Lactose crystallisation is an extremely complex procedure. Diffusion of lactose 
molecules to a crystal’s surface takes place during this process. When whey is 
supersaturated or nuclei are added with the intention of inducing crystallisation, 
the crystallisation process takes place spontaneously. The primary objective of 
crystallisation is to create a lot of crystals that are proportionately similar in size 
(average diameter of 0.2 mm), allowing for efficient separation (Sunkesula, 2020). 

Recovery 

Decantation or continuous centrifugation are two methods for recovering lactose 
crystals. Crystals are only separated while utilising continuous centrifuges; however, 
when employing decanters, crystals are additionally cleaned with new, clean water. 
Separation and rinsing are consequently carried out concurrently. Since lactose 
recovery from the mother liquor, which contains the majority of the minerals and 
around 20% of the lactose, is undesirable in the absence of preceding demineraliza-
tion, it is discarded (Kravtsov et al., 2021). 

Drying 

Lactose crystals that initially contained 5–12% moisture are finally reduced to 
0.1–0.5 g/100 g of water, and the dried powder is then referred to as “crude” lactose 
after being treated to drying in fluidized-bed, vibration or flash dryers at a temper-
ature of 70 °C. It is undesirable to have a thin layer of amorphous lactose grow on top 
of the crystals of α-hydrate if the drying procedure is carried out too quickly (Portnoy 
& Barbano, 2021). The rest of the technological operations, involed in lactose 
powder such as milling, sieving and/or packaging resembles skim milk powder 
manufacturing. 

Purification 

Additional refinement may be required depending on its intended purpose. 
Pharmaceutical-grade lactose must be refined, whereas food-grade lactose doesn’t 
require polishing. It involves the re-dissolution of the lactose crystals, recrystalliza-
tion of the lactose, and treatment of the solution with activated carbon to remove 
various solutes from the combination, including riboflavin. In addition, adding acids



(such HCl) can occasionally be necessary to regulate the acidity, dissolve salts, or 
denature any leftover proteins. After obtaining a clear lactose solution, 
neutralisation, sedimentation, and filtration are performed (Durham, 2009). 
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11.7.4.2 Applications 

There are numerous potential uses and applications of lactose. The inclusion of 
lactose in products for the diabetic population is one of these applications because 
lactose is a source of energy which is absorbed more quite slowly than sucrose (i.e., 
has a moderate glycemic index and lesser than the one of sucrose; 45 versus 65) and 
allows the concentration of blood sugar to rise gradually (Hebbink & Dickhoff, 
2019). It is often utilised as a food ingredient in the food industry for dairy, bread, 
snacks, confectionery, and other foods and dietary products. In the field of food and 
beverages, lactose performs a number of functions, such as acting as a free-flowing 
agent, a non-hygroscopic transporter in dry blends, an absorbent and booster of 
flavours and colours, an ingredient that contributes to the development of colour and 
flavour through the maillard browning reaction, an alternative for other low calorie 
sweeteners as a source carrying low sweetness and a natural source of carbohydrate 
and energy in infant formulas (Rocha & Guerra, 2020). 

Due to its physical and chemical characteristics, including chemical inertia, 
stability, and non-toxicity, as well as its reasonable pricing, lactose is one of the 
most widely used ingredient in the pharmaceutical business (Dominici et al., 2022). 
Given the lactose powder’s organoleptic properties—namely, that it is white, 
odourless, and pleasant tasting—its acceptability as a component in medicinal 
formulations is noteworthy. Lactose is a versatile excipient that can be used in a 
variety of pharmaceutical formulations. It is present in 6% of over-the-counter drugs 
and 20% of prescription medications. In tablets, lozenges, capsules, and powder for 
intravenous injections, for example, lactose can be employed as a diluent 
(Zdrojewicz et al., 2018). 

11.7.5 Infant Foods 

Mother’s milk is the best natural food available for nourishing infants. However, 
alternatives are occasionally required when the milk from the mother is inadequate 
or inaccessible. Infant foods are taken into consideration in such situations so as to 
fulfil the neonatal body care. They are segmented into five stages. 

Infant formula (IF) is the name given to stage one meal, which is intended for 
new-borns between the age of birth and 6 months. Stage 2, or follow-on formula 
(FOF), is advised for infants between the ages of 6 months and 12 months. Due to the 
fact that newborns start eating other things (which include cereals, vegetables and 
fruits etc.), stage 2 formulae have a somewhat lower energy density than stage 
1 formulae. Products which are for stages 3–5 are aimed at young children and



babies between the ages of 1 and 3; 3–6; and older than 6 years old whereas 
Growing-Up Milk (GUM) is the principal product category for the higher phases 
(Happe & Gambelli, 2015). In this chapter, authors will be focussing on dairy-based 
infant formula. 
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The use of infant milk formula products is now considered indispensable towards 
ensuring adequate nourishment for young children today. Typically found in pow-
dered form varieties, these formulas aim to recreate the nutritional profile which 
includes macro as well as micro-nutrients found in human breast-milk upon recon-
stitution (Masum et al., 2021). Infant formula refers specifically to a specially 
engineered food item that primarily uses milk as its main ingredient. Infants and 
young children under the age of one are its intended consumers. Key ingredients 
used during formulation include lactose, whey protein, casein powder, whole/non-
fat milk powder supplements along with plant derived vegetable oils (Ackerman 
et al., 2017). 

A key aspect of manufacturing ideal infant formula is achieving a balanced 
combination of approximately whey/casein ratio of 60:40. The preferred method 
involves incorporating demineralized whey alongside WPI or WPC with cow milk/ 
milk powder blends. Finalizing this stage requires introducing carefully calculated 
amounts of both lactose and vegetable oils to address any variances in fat content. 
Sticking to this fundamental approach ensures that the resulting baby formula offers 
consistent quality, mimicking the composition of human breast milk (Guo & Wang, 
2019). In infant feeding, lactose is also employed as a carbon source to help prevent 
the formation of pathogenic and dangerous bacteria while promoting the develop-
ment of beneficial microbiota (Rocha & Guerra, 2020). Beyond their nutritional 
advantages, lactose-containing carbohydrates aid in the drying process, improve the 
physical and chemical characteristics, and enhance the handling attributes of dairy 
powders, which include fat and protein. Crystalline and amorphous lactose are both 
possible components of IF powders, with amorphous lactose being more common 
(Saxena et al., 2021). In some formulations, maltodextrin may occasionally be used 
to replace lactose (partially), and IF products may additionally contain galacto- or 
fructo-oligosaccharides (GOS) or fructose-oligosaccharides (FOS) (Masum et al., 
2020). Differences may be seen depending on the amount of whey protein hydrolysis 
when working with IMF powders which include either partially or completely 
hydrolyzed whey protein. However, IMF powders usually have from 10% to 15% 
of their entire composition as protein (Kelly et al., 2016). In addition to this, presence 
of β-Lg could be a concern for infant foods wherein use of High pressure processing 
(HHP) could as a medium to enrich whey protein in α-La from bovine native whey 
concentrate (Romo et al., 2023). Authors documented the use of 600 Mega Pascal 
for 4 min at 23 °C for enrichment with α-La for this membrane- mediated separation.
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11.8 Future Trends and Challenges 

The unique nutraceutical properties of some whey components hold the key to the 
future of whey beverages and would bridge the gaps between circular economy. In 
addition, in the quest of sustainability whey valorisation is definitely necessary to 
bring novel products into the market and gearing with management issues. Although 
number of processes and approaches are in-line to valorization, many newer inno-
vative and novel commercial processes are to be sought, visualizing ever-increasing 
production of this waste, alongside the economical and sustainability challenges. 
Integration of two or more flexible systems (physical, chemical, and/or biological 
processes) could be exploited to harness better recovery of desirable components and 
consequently fiscal benefits and to attain zero-waste approach within the milk 
industry (Asunis et al., 2020, Barba, 2021). Furthermore, the untapped potential of 
this waste in production of biofuels, organic acids, edible films and bioplastics as 
packaging materials is another area, which requires considerable attention to explore 
its hidden treasure. Although whey based beverages of various genre presents a 
considerable area of consumer acceptance, techniques like use of hydrolyzed whey 
(for calorie conscious segment), carbonation is adding more avenues for its further 
liking. 

The new waste framework Directive (WFD, Directive/2008/98/EC), which is the 
basis for the current trend set forth by the European Commission, emphasises 
primarily on the prevention of waste creation, with a later focus on reuse, recycling, 
and recovery, and disposal given the least priority (Buchanan et al., 2023). It is 
essential that waste management approaches continue to be productive, profitable, 
and sustainable because the current processes present numerous problems with 
regard to waste management and the recovery of various profitable components 
(Roufou et al., 2021). Although much research has been done on the beverage made 
from whey, it has not yet been implemented or made widely available. Whey-based 
goods encounter a number of obstacles, including the availability of a variety of 
products in the market, consumer awareness, tiny industries, low levels of produc-
tion at units, and competitiveness with other products (Panghal et al., 2018), which 
needs immediate scientific interventions. 

11.9 Conclusions 

The expected increase in dairy products by 2050 directly indicates the production of 
whey from the dairy industries, leading to a thought to valorize it prudently. 
Although such products have good expected acceptance in the market, still a careful 
research has to made for widely acceptable products. Also, modern value added 
whey-based products not only carries enhanced sensory properties but also impart 
nutrition compared to conventional sugary carbonated beverages, which further has 
a scope to expand the area employing advanced techniques such as carbonation,



freeze concentration, deproteinization of whey etc. Production of such products not 
only adds variety to the table, but also helps in meeting the goals of sustainability and 
bridging the gaps of circular economy. 
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