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Abstract

Where there is a scarcity of drinking water in the world,
drinkable water is made by purification of available wa-
ter at a high cost. India will face severe water scarcity by
2050. A major portion (93.5%) of whey, a byproduct ob-
tained during the production of coagulated milk products,
is made up of water but due to its sensory properties it
is not consumed directly. However, it can be valorized for
human consumption by using simple, cost-efficient tech-
niques of manufacturing beverages and soups, whereby
its watery portion is utilized as the bulking agent to help
meet the daily supplies for liquid intake of an individual.
The long-established utilization pattern of whey as con-
centrates or powders is related to high global warming
potential. Similarly, the production and isolation of spe-
cific ingredients from whey are technology dependent
and generate large quantities of effluents. Whey can
be applied to novel uses for producing bioethanol, and
electricity (biogas) but, at the cost of nutrients and water.
Hence, there is a need to spread awareness among the
dairy processors for valorizing whey (as whole) to help
quench the thirst of poor people at low-cost. Besides dis-
cussing these concerns, the present review advocates the
transformation of whey (even acidic whey) into various
flavorful beverages or soups as a source of both nutri-
ents and water (zero wastage), thus making positive con-
tributions to ameliorating the problems of poor access
to potable water, malnutrition, and pollution of aquatic
ecosystems.

Introduction

Whey is a nutritious, low-calorie product with high physi-
ological activity (Beseduik et al., 2024). It contains almost
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all the components of milk except for casein, fat, and fat-
soluble vitamins (Borkar et al., 2020) and poses a threat to
environment sustainability when disposed of into drains.
The major portion of whey (93.5%) is water, which is largely
unexploited. The water present in whey is essentially the
part of milk that is left behind after removing the proteins
of the milk following coagulation. Since whey is derived
from milk, the water content of fresh whey is of the same
quality as that of the water present in the coagulated milk
product whether it is cheese, paneer or casein. Thus, it can
be assumed that fresh whey is as nutritionally, chemical-
ly and microbiologically safe for human consumption as
that of the edible coagulated products obtained from the
same milk under the same set of processing conditions.
An adult needs to drink an adequate intake of 2.7t0 3.7 L
of potable water/day from various sources (plain water +
beverage + food moisture) (EFSA, 2010). In regions where
potable drinking water is scarce, these needs may be met
by the application of desalination technologies to brackish
and sea water. However, such processes are costly and
energy intensive. For example, the cost of producing and
transporting potable water by the desalination process
is reported to be between $1.11 and $2.71/m? (Dooley,
2014). While the cost of treating wastewater for non-food
reuse ranges between $1.21 and $2.17/m?3, the cost of ob-
taining potable drinking water from brackish water falls
between $0.77 to $1.49 /m3. Costs for desalination of sea
water range between $1.69 to $3.47/m? (Heather Cooley
etal., 2019).

The water consumed by dairy animals is also sometimes
concerning. The water footprint for animals largely comes
from the crops that dairy animals consume as feed. This
is calculated as a weighted total global average water
footprint equal to 1020 m3/ton for milk production, 4745
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m3/ton for milk powder and 5,984 m3/ton for cheese
production, respectively (Mekonnen and Hoekstra, 2012).
Besides this, the dairy industry is much criticized for
creating pollution through the drainage of whey, and with
the use of energy intensive operations such as drying.
Under sustainability, scarcity of resources and protection
of the environment is of central concern (Kuhlman and
Farrington, 2010). Valorization of whey (as whole) into
drinks can help mitigate the water footprints caused
by dairy herds, to a large extent. It can contribute to
sustainable solutions in 3 ways: First, whey will no longer
be part of the effluent (zero wastage); second, whey will
be utilized completely in beverages and soups without
using techniques such as drying; and third, whey will
contribute to the water portion of drinks, and may thus
offer sustainable solutions by protecting the environment
and decreasing the water footprint of the dairy industry.

Whey contains 6.5% total solids, comprising 0.55% protein
and 4.9% lactose, suspended in 93.5% water. The global
annual whey production is estimated to be between
187 and 206 million tons (MT) in total for 2023, which
will increase to 203-241 MT by the year 2030 (Buchanan
et al.,, 2023). So, on average, 93.5% of 222 MT (equal
to 207 MT) is water that could be valorized for human
use. It is ironic that this massive amount of consumable
water is drained off or evaporated to make powders. In
both cases, a valuable portion of drinkable water is lost
as fluid or as vapor. Beverage companies, like Nestle,
suggest that collective efforts are necessary to tackle the
problem of scarcity of drinking water. It is crucial that
collaborative work be undertaken between the dairy and
beverage industries to initiate the conversion of whey into
potable beverages (AWS, 2020). Product diversification
employing whey as a replacement for water has also
been previously suggested (Divya and Archana, 2009).
For example, in whey-based tomato soup, whey has been
directly utilized up to 80% for the preparation of soup
along with the addition of spices, condiments, butter
and thickener (Arora, 2022) and in the manufacturing of
acid whey fermented beverage with flaxseed gum, more
than 94% whey can be utilized (Lopusiewicz et al., 2022).
Adoption of such simple methods of whey valorization by
manufacturers is one means by which the twin problems
of malnutrition and lack of access to clean drinking water
can be tackled, at low cost.
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Whey Valorization for Water Security

Due to climate change, population growth and human ac-
tivities, including agriculture, one of the most urgent envi-
ronmental challenges is the globally sustainable manage-
ment of water resources (Rodell et al., 2018). An estimat-
ed 5 billion people live in areas where threats to water
security exist (Vorosmarty et al, 2010) and freshwater
resources are continuously declining as per the analysis
published in the journal Nature (Rodell et al.. 2018). Ac-
cording to the WHO/UNICEF Joint Monitoring Programme
Report (2011) for Water Supply and Sanitation, almost
900 million people worldwide did not have access to
clean water then; now the situation is even more worri-
some. The UN World Water Report of 2023 estimates that
this applies to 2 billion people (roughly 26% of the world's
population). More than 80% of wastewater enters the en-
vironment without being treated/reused (WWAP, 2017).
Therefore, globally some 2 billion people depend on a
drinking water source contaminated with feces, which
put them at risk of contracting infections such as cholera,
dysentery, typhoid and polio (WHO/UNICEF, 2021). How-
ever, new technologies are creating opportunities for re-
cycling and reuse of wastewater (WWAP, 2017), such as
using solar energy to harvest drinking water from the air
(Lord et al., 2021). It simultaneously produces electricity
and freshwater (Wang et al., 2019) and strengthens the
water-food-energy system resilience.

Along with high water content, whey contains (Table 3)
nearly all the water-soluble vitamins that were originally
present in milk (Perasiriyan et al, 2013). If the water is
drained as waste, along with the nutrients in the water
portion of whey, the opportunity to feed people who do
not have access to clean drinking water is lost. In India
(the largest producer of milk in the world), large quan-
tities of milk are utilized to produce paneer, chhana, ca-
sein, chakka and shrikhand/Greek yoghurt, thus produc-
ing enormous quantities of whey (Borkar et al, 2020).
It is predicted that India will face severe water scarcity
by 2050 (He et al., 2021). Utilization of whey to produce
beverages, soft drinks and wines contributes almost all
the nutrients of milk except casein and fat, thus making it
highly nutritious. Since the production of whey is normal-
ly scattered across a region, we recommend that small
manufacturers, restaurants, institutional kitchens, and
consumers at household levels use whey in beverages or
soups that normally require large amount of drinking wa-
ter for preparation. This will help reduce environmental
pollution and global warming.
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Challenges in Whey Valorization

Sensory Quality: Whey has an opaque appearance and a
dull greenish-yellow color with a slightly acidic taste (Mal-
lik and Kulkarni, 2010). Whey, as such, is unsuitable for
human consumption because of its poor taste and thin
consistency. Normally it is discarded into drains, as the
focus of the dairy producer is on the main product such
as cheese/paneer/chakka. When drained, whey places a
heavy burden on the environment as it is rich in nutrients
and demands high oxygen for its assimilation into nature
(Cruz-Salomon et al., 2019).

BOD and COD values: Whey disposal as sewage is uneco-
nomical and is of environmental concern as it is regarded
as one of the most polluting food byproduct streams,
with a biochemical oxygen demand (BOD) greater than
35,000 ppm and a chemical oxygen demand (COD) great-
er than 60,000 ppm (Smithers, 2008; Cruz-Salomon et al.,
2019). The increased environmental pollution contributes to
a vicious cycle of climate change with decreased agricultural
production leading to malnutrition and poverty. Therefore,
ecologists are rightly concerned about the heavy burden
that whey imposes on the environment, while humanitar-
ians feel that whey is a valuable commodity that should
be utilized in feeding the world’s hunger (Vyas et al., 1980)
and thirst.

Hygienic Handling, Processing and Storage: Whey has
as high a water activity as that of milk, and, therefore, to
protect it from spoiling, it requires careful handling during
storage and transportation. We recommend that whey
collection and storage should be done in a hygienically
safe facility where there are also some provisions for con-
ducting pasteurization and cooling (below 10°C) before
storage into clean vessels/silos. When required, it also
demands chilled transportation. If the whey is not pas-
teurized immediately, it must be stored and maintained
below 5°C (Hebishy et al, 2023); otherwise, with its nutri-
ents and high water content, the microorganisms pres-
ent (possibly obtained as a byproduct of cheese/chakka
manufacturing or through contamination from the en-
vironment/handling) may grow in it, thereby decreasing
its overall quality and posing a threat to consumer safety
(for more discussion of proper whey collection and stor-
age, see the Discussion with Reviewers section at the end
of this review).

Production of Whey Concentrates and Powders: Whey,
if not drained, is normally transformed into a variety of
valuable products including whey protein concentrates,
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whey protein isolates, and whey powders, with the ap-
plication of different energy-intensive techniques, such
as membrane concentration and/or fractionation and
drying, fermentation or hydrolysis (Djuric et al, 2004).
Energy usage has been highlighted as the most signifi-
cant contributor to global warming potential. Due to the
process of evaporation and drying in the manufacture
of powder products, the direct energy usage is very high
(6.51 kWh kg of milk powder and 8.69 kWh kg of whey
powder produced, respectively). When this is compared
to total energy use on the dairy farm, the direct energy
used in the processing of raw milk into fluid milk (pack-
aged pasteurized milk) is only 0.32 kWh kg (Finnegan et
al., 2017). During the normal process of evaporation and
drying using evaporators and spray dryers, almost all the
water content of whey is lost as vapor to the environ-
ment, and thus, in effect, it valorizes only the whey sol-
ids. With the application of membrane filtration, such as
forward osmosis/reverse osmosis, however, water can
be recovered successfully while producing whey concen-
trates/powder (Aydiner et al., 2013), but it involves high
energy usage. Therefore, preparation of whey powders
and concentrates are not considered economical and en-
vironmentally friendly techniques when compared to the
use of whole whey in beverages and soups if made using
simple techniques of pasteurization or aseptic packaging
as practiced commonly for standardized milk, flavored
milk or buttermilk in India.

Typical Issues Associated with Acid Whey: Milk pro-
tein coagulation, leading to the formation of whey, oc-
curs through the action of acid or proteolytic enzymes
(Macwan et al., 2016). There are two main types of whey:
acid whey, which is generated during the production of
paneer, channa, chakka and acid casein; and rennet whey,
produced during cheese manufacturing. Different coagu-
lation methods result in distinct whey types. In general,
sweet whey, often derived from cheese manufacturing,
has a pH above 5.6, while acid whey, obtained through
fermentation or acid addition, has a pH below 5.6 (Tu-
nick, 2008). The obtained whey can be further catego-
rized based on the type of coagulant used, such as lac-
tic acid, citric acid, GDL (glucono delta-lactone) or highly
acidic whey from previous lots. Acid whey requires spe-
cial processing steps, such as neutralization with the help
of calcium hydroxide or magnesium hydroxide and the
addition of sodium silicate as a free-flowing agent before
drying to prepare whey powders (Huffman and de Barros
Ferreira 2011). There are several difficulties associated
with the reuse of whey (Table 7). Some of the concerns
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with the reuse of acid whey are:

1. Acid whey as animal feed is not desirable since it
can affect animal health.

2. Release on soil: The deposits of organic matter, ac-
ids and minerals as salts may negatively affect soil
quality.

3. Wastewater treatment dairy ponds: Dairy ponds
are economically unsustainable since they produce
large amounts of sludge and require high energy
to maintain continuous aeration over a long period
of time.

4. Electrodialysis or ion exchange treatment may be
used to demineralize acid whey but generate a
large quantity of wastewater, which creates further
disposal problems.

Due to the practical difficulties faced by processors in
handling acid whey, it is used to produce alcoholic spirits
or to produce biogas, which is a renewable source of
energy (Buchanan, 2023). The utilization of whey to
produce biogas as a means of producing electricity and
running dairy plants using the same electricity may help
result in net zero greenhouse gas emissions (Jungbluth
et al, 2007). Investment in purchasing anaerobic
digesters may help small-scale dairies manage their
supply of electricity using whey as a substrate (Gosalvitr
et al., 2019). However, the nutrients and water-rich fluid
obtained from milk coagulation will be lost to obtain
energy. Therefore, different strategies, such as the use of

whey for energy production in combination with its use as
animal feed and for the reuse of whey to produce cheese
(e.g., Ricotta cheese), are sometimes recommended to
have net negative impacts (-0.05 kg CO, eq./kg cheese)
on the global warming potential (Gosalvitr et al., 2021).

Whey Valorization into Beverage
Manufacture: A Sustainable Solution

Due to the bulkiness of the watery portion of whey, it im-
parts unique functionality in beverage and soup, which
can be easily developed using simple techniques of in-
bottle pasteurization (Bhushan et al., 2022; Devi et al.,
2017; Arora, 2023). Compared to plain potable water (as
an ingredient), whey adds to volume and its total solids
provide additional viscosity to the product. Its greenish-
yellow color is primarily attributed to the presence of
water-soluble and heat-stable riboflavin and it could be
used to develop a whey-guava beverage by heating whey
at 45°C with the addition of guava pulp (25%), sugar (10%),
stabilizers such as guar gum (0.05%) and sodium alginate
(19%) (Divya and Archana, 2009). The beverage was added
with a permitted preservative potassium metabisulfite
(100 ppm). The mixture was filtered, bottled, crown-cork-
ed, and pasteurized in bottles at 70°C for 35 minutes.
The beverage was then cooled and stored under refrig-
eration until use (Divya and Archana, 2009). Similarly, to
have acceptable consistency, different concentrations
of thickeners (carrageenan, pectin, and starch) were as-
sessed for developing chocolate beverages using whey-

Associated
Drawback

Utilization Pattern
of Whey

Reference

Thermal Processing and
concentration

Scales and fouls the equipment

Thisari et al., 2023

In ricotta manufacturing Hi-wastage process

Farkye, 2017

As animal feed

May harm the animal health due to high acid

Isipato, 2021

In infant food

Changes the amino acid profile

Buchanan, 2023

As whey powder

Consumes high electricity and water and

Finnegan et al.,

contributes to high global warming potential 2017

(12.1 to 13.1 KG CO, eq/KG)

In fermented dairy beverage

Direct consumption by humans

Decrease in viscosity and increase in syneresis

Unappealing taste, high lactose-to-glucose ratio
and excessive acidity

Castro et al., 2013

Djuric et al., 2004

Table 1. Challenges associated with the traditional utilization pattern of whey
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dissolved water-soluble soybean extract. The beverages
were formulated with whey, 5.5% water-soluble soy ex-
tract, 4.5% sucrose, 6.0% chocolate, and 0.1% vanilla ex-
tract. The optimal formulation of the stabilizer contained
46% carrageenan and 54% pectin when used at 500 mg
per 100 mL (Oliveira et al., 2017).

Diacetyl flavor compounds and lactic acid contribute to its
slightly acidic flavor (Mallik and Kulkarni, 2010). With sea-
sonal fruits, a variety of fruit-based whey beverages can
be developed. One such preparation is the whey-based
custard apple beverages developed with different com-
binations of whey and custard apple pulp (90:10, 85:15,
and 80:20). Among all the combinations, the beverages
prepared from 90% whey and 10% pulp demonstrated
superior sensorial and physicochemical properties (In-
gale et al., 2009). A whey-based banana herbal beverage
could also be developed using banana juice (10%), sugar
(8%), and Mentha arvensis extract (2%). The whey was
heated to 45°C, after which other additives were added.
After proper mixing, filtration, and bottling, the beverage
achieved a shelf life of 15 days at a refrigerated tempera-
ture through in-bottle pasteurization in boiling water for
30 minutes (Yadav et al., 2010). While the pH of a bever-
age is affected by the type of ingredients, particularly the
type of fruit, the acidity is adjusted mostly by the appli-
cation of citric acid. The sweetness of whey beverages is
improved by the addition of sucrose or other sweeten-
ers, such as fructose or enzymatically hydrolyzed lactose.
Djuric et al., (2004) employed a factorial design to pre-
pare whey beverages using fruits (orange, pear, peach,
and apple), citric acid, and sucrose. A peach-whey blend
containing 6% dry matter, 2% sucrose, and adjusted acid-
ity with citric acid to achieve a pH between 3.75 and 3.60
was identified as the most acceptable formulation.

Mango drinks are popular in India. Whey is advocated to
be used in creating low-cost beverages with high popular-
ity and nutritional benefits (Kanchana et al., 2021). There-
fore, one such whey beverage was developed with man-
go pulp (12%), sugar (8%), water (48%), and paneer whey
(32%) and lemon grass distillate (0 to 2.5%). The beverage
containing 1.5% lemongrass distillate was found to be
acceptable, achieving an average sensory score of 8.33
after 60 days of storage. It exhibited properties such as
14.93°B TSS, 3.98 pH, 23.01% total sugars, 5.02% reduc-
ing sugars, and 0.211% acidity (Sahu et al., 2006). In this
way, the whey with originally low sensory acceptability
will get added to a product with good or high sensory ap-
peal and can serve the consumer with good nutrition and
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improved health. Due to the high popularity of mangoes,
mango pulp could also be added (2%, 4%, 6%, 8%, and
10%) to prepare different types of mango beverages and
dry mixes to use whey concentrates and whey powders
(Chavan et al., 2015). Fruit and milk-based beverages in-
corporating whey are receiving increased amounts of at-
tention due to their delicious taste and high nutritional
value. Pomegranate juice is very nutritious but compara-
tively more expensive than other fruit juices. Therefore,
researchers have developed chakka (acid) whey beverage
by incorporating 15% pomegranate juice with 10% sugar.
The flavor of pomegranate juice improved the senso-
ry score (8.65) of the developed beverage (Babar et al.,
2008). A whey-based watermelon beverage can also be
developed by blending watermelon juice (15%) and sugar
(7%), along with different concentrations of betel leaf dis-
tillate (0%, 1%, 2% and 3%) into channa whey (75-78%).
The beverage exhibited a desirable red color, highly ac-
ceptable taste, and overall acceptability (Naik et al., 2009),
which helped improved the flavor of the beverage, thus
enabling the utilization of whey.

Whey is termed as nectar from milk and is used to make
a variety of diverse and value-added food products,
such as functional foods and nutraceuticals, for health-
conscious consumers (Arora and Jha, 2005). While dif-
ferent variants of non-alcoholic, fruit-based whey bever-
ages could be manufactured at commercial levels such
as dietetic beverages, drinks with hydrolyzed lactose,
milk-like drinks and powder drinks could be developed
using various flavoring agents like chocolate, coca, va-
nilla, cereals (mostly rice, oat and barley), and honey.
Fermented whey beverages could also be developed
with various probiotics such as Lactobacillus rhamnosus,
Lactobacilus acidophilus, Lactobacillus delbrueckii sbsp. bul-
garicus, Streptococcus thremophillus, Lactobacillus rham-
nosus and Bifidobacterium animalis, Lactobacillus casei
for improved nutritive value, enhanced gut health ben-
efits and sensory properties (JeliCi¢ et al., 2008). Thus,
whey valorization into ready-to-serve drinks can make
positive contributions in ameliorating the problems of
poor access to potable water, malnutrition, and pollution
of aquatic ecosystems.

Since livestock rearing for milk and meat production cre-
ates an impact on the environment, the buying market
for plant-based alternatives is growing. To safeguard the
health of consumers such plant-based alternatives need
a regulatory framework (Arora, 2025). Utilizing whey in
vegetable products such as soup can serve not only as
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Whey-based % Whey in Processing
Beverage the recipe Technology Salient Features Reference
Acid whey fermented 94 -99.5 Fermentation and Streptococcus topusiewicz et al.,,

beverages with
flaxseed gum

refrigeration

2022

Milk-whey-palm
sap beverage

16.6% Cheese
whey

Blending

Used kefir grains, 78.6% (w/v)
palm sap, and 4.8% UHT whole milk

Mhir et al., 2023

Whey Mango Metha 73-77 In-bottle sterilization - Sirohi et al., 2005
beverage
Carbonated Lemon 84.5 Carbonation Used lactose-hydrolyzed whey along | Patel, 2017
whey drink with lemon juice (4.5%), sugar (10%),

ginger juice (1%) and salt (0.6%)
Banana Whey 80 In-bottle - Yadav et al., 2010
beverage with Mentha pasteurization
Whey sweet lime - HPP 500 MPa at 25°C for 10 min Bansal et al., 2019
beverage
Whey kinnow, guava, 30-40 Fermentation, Yeast Kluyveromyces Bhushan et al.,

and mango beverage

pasteurization and
refrigeration

marxianus (MH6)

2022

Acerola flavored

<30%(milk and

Ohmic heating vs

9.9% sugar, 0.1% xanthan gum and

Coimbra et al.,,

whey beverages sweet whey HTST pasteurization 30% acerola pulp; Frequencies (500, | 2020
(70:30%) (72 -75°C/15S) 1000, 1500, and 2000 Hz) and voltage
gradients (60, 90 V, 120 and 150 V)
Whey-carrot-based 40-75 In-bottle Contains 25 to 60% carrot juice, Naik et al., 2023
functional beverage pasteurization 3% sugar and 0.75% ginger extract
Whey tomato soup 70.2 - 80% Boiling/cooking Condiments and spices along with Singh and Mathur,
followed by hot-filling | arrowroot or carrageenan 1994; Arora, 2022
of glass bottles
Chicken-whey soup Paneer Pressure cooking at Contains spice mix, condiments,
(acidic) whey 15 psi pressure thickening agent, common salt, and
(121°C) for 30 min and monosodium glutamate .
Prebiotic soursop Whole milk Ultrasonics vs. HTST Contains inulin (6%), sucrose (8%), Guimaraes et al.,
whey beverage (30%), whey pasteurization soursop pulp (15%), gelan gum (0.1%) | 2023
powder (6%) and potable water (34.9%); 20KHz,
520 W of nominal power, <53°C,
20.3 W of acoustic power, energy
density of 2.9 kj.cm- 3 and 9.5 min
to process 100 mL beverage
Mushroom whey 90% Whey Boiling 4.5% mushroom Singh and Mathur,
1994
Isotonic whey 25% Whey Pasteurization 10% Fruit concentrate (Pineapple, Kanchana et al.,

beverage

followed by hot filling
of PET bottles

peach, pomegranate), Used during
sports and exercise

(2020)

Table 2. Salient Characteristics of Whey-based Beverages and Soups
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an excellent low-cost bulking agent but also help to get
it into the space for plant-based healthy products. It will
also help overcome vitamin B2 (riboflavin) deficiency,
such as has been reported among vegans and those who
consume little milk in developing countries where there
is a risk of riboflavin insufficiency (National Institute of
Health, 2022), among others. The signs and symptoms
of riboflavin deficiency (also known as ariboflavinosis) in-
clude skin disorders, hyperemia (excess blood) and ede-
ma of the mouth and throat, angular stomatitis (lesions
at the corners of the mouth), cheilosis (swollen, cracked
lips), hair loss, reproductive problems, sore throat, itchy
and red eyes, and degeneration of the liver and nervous
system (Said and Ross, 2014).

The possibilities of utilizing whey and fruits/vegetables
for preparation of soups have been explored by many
researchers. Kamat et al., (1999) valorized paneer whey
for the preparation of a nutritious and delicious soup
by blending it with 25% tomato pulp and 20% beet root
pulp. Not all fruit ingredients were liked by the tasting
panel. For example, kokum fruit syrup was reported to
have poor utility in the preparation of soup from paneer
whey. Shelf-stable tomato whey soup was also obtained
by Singh (2001) using 67.65% cheese whey, 30% tomato
pulp, 1.25% corn flour, 0.4% sugar, 0.7% seasonings, 1%
salt and permitted food colors (sunset yellow FCF 40 ppm
and raspberry red 50 ppm) at pH 4.8. In-pouch steriliza-
tion of tomato soups (F, value of 2.96, 111°C for 30 min)
required a total processing time of 85 min. The sterilized
tomato whey soup remained acceptable for up to 60 days
of storage at 30°C with overall acceptability of 7.4 score
on a 9-point hedonic scale. Consumer response stud-
ies indicated that 61% of consumers liked the soup very
much and the soup was liked moderately by 24% of con-
sumers.

A chicken-whey soup was prepared by utilizing heads
from slaughtered spent hens and paneer whey (0, 10, 15
and 20% levels) along with spice mix, condiments, thick-
ening agent, common salt and monosodium glutamate.
The mixture was cooked at 15 psi pressure (121°C) for 30
min and filtered to get the soup. The level of the added
heads significantly (P<0.01) affected the contents of fat,
protein, consistency, and overall palatability and signifi-
cantly (P<0.05) influenced meat flavor intensity (MFI). Ad-
dition of 20% chicken heads to whey is recommended for
making a good quality chicken-whey-soup as the product
scored highest for flavor, consistency, MFl and overall ac-
ceptability and contained the highest concentrations of
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fat, protein, ash and total solids among all the products
(Chindanandaiah and Sanyal, 2001).

As evident from Table 2, the reuse of whey into beverag-
es, including fermented and aerated products, or soups,
involves simple processes and technologies similar to
those used with fluid milk (Finnegan et al., 2017) which
is known to use less energy (0.32 kWh kg for process-
ing of raw milk into packaged pasteurized milk). It allows
100% of the milk (including whey) to be used with equip-
ment already available in an artisanal factory (Santos et
al., 2023). Therefore, it is understood that the utilization
of whey into beverage or soup making will not have much
impact on generating greenhouse effect and thereby help
in reducing the burden of global warming. The nutrients
in whey used in such beverages will also help improve
the health of consumers, thereby reducing food security.
In fact, this approach of valorizing whey from waste into
delicious drinkable products can help generate revenue,
if performed with proper planning and execution. And
thus, it will fit into the suggested triple bottom integrated
model of sustainability based on environment, social and
economic impact.

Nutritional and Therapeutic Value

A vast and growing literature is devoted to the “nutri-
tional value concept” of whey. Whey is separated from
the curd after the coagulation of milk or milk products. In
India, coagulation can be achieved through the action of
suitable enzymes of non-animal origin or by acidification
and heating (FSSR, 2011). The primary ingredients in both
sweet and acid whey after water are lactose (70 -72% of
the total solids), whey proteins (8-10%), and minerals (12-
15%) (Macwan et al., 2016). Whey is a source of calcium,
phosphorus, and other salts/electrolytes (Table 3). Hence,
whey has been utilized for the manufacture of isotonic
sports drinks with the incorporation of simple sugars and
sodium in the right amount (Kanchana et al., 2020).

The nutritional benefits of whey also come from the wa-
ter-soluble vitamins that are transferred from milk into
whey, such as 40-70% of vitamin B12; 55-75% of vita-
min B6 and pantothenic acid; 70-80% of riboflavin and
biotin; and 80-90% of thiamine, nicotinic acid, folic acid,
and ascorbic acid (Bohora, 2018). Whey proteins consist
of immunoglobulins, serum albumin, beta-lactalbumin,
beta-lactoglobulin, and protease peptones (Farrell et
al., 2004). With the absence of dietary fiber, and anti-
nutritional factors such as phytates and oxalates, whey
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proteins are easy to digest and have high true protein
digestibility (100%) (Singh and Arora, 2023; Arora, 2023).
The quality of protein may also be described in terms of
the protein efficiency ratio (PER), net protein utilization
(NPU) and biological value (BV). Whey contains all essen-
tial amino acids in high concentrations and shows higher
absorption and assimilation by the body than proteins
sourced from wheat, corn and soy (Beseduik et al., 2024);
therefore, the quality of whey protein is also very high in
terms of PER (3.2), NPU (92), and BV (104) (Arora, 2023).
The presence of all these ingredients in whey makes it a
highly nutritious product (Narayanan, 2013). Whey pro-
tein is often referred to as a “fast protein” due to its ability
to quickly provide nourishment to muscles and support
muscle building. Therefore, there is a trend to use it as
an essential part of the diet of people active in sports,
athletes, body builders, and gym enthusiasts.

In addition to benefiting people suffering from malnutri-
tion, whey protein plays various physiological roles and
has the potential as a functional food component for in-
dividuals with obesity and related conditions, such as hy-

pertension, type Il diabetes, and hyper- and dyslipidemia
(Macwan et al., 2016). It exhibits an anti-obesity effect by
enhancing thermogenesis and preserving lean muscle
mass (Wright et al., 2022). Whey protein is potentially
protective against cancer and heart disease and assists
in enhancing immune defenses (Kim et al., 2023; Ha et
al., 2021). Thus, individuals who are obese, suffering from
cardiovascular disease and those who wish to improve
their health may realize benefits from consuming whey-
based products.

Whey protein fractions, including lactoferrin, glycomac-
ropeptide, and alpha-lactalbumin, offer additional health
benefits. Lactoferrin aids in iron absorption and helps
prevent pathogens from attaching to the intestinal wall,
making it important for the nutritional health of infants
and children. Lactoferrin-iron-binding properties reduce
the risk of colon cancer (Ramani et al., 2024). Whey bev-
erages containing lactoferrin may also improve calcium
absorption, which is beneficial to those dealing with os-
teoporosis (Miller, 2005). Whey exhibits potent antioxi-
dant activity primarily through cysteine-rich proteins that

Parameter Enzyme/ Acid Reference
Rennet whey | Whey

Water (%) 93-93.7 93-94.03 Srinivasan and Anant Krishnan, 1965; Darade and
Ghodake, 2012

Total solids (%) 6.3-7.0 6.3-7.0 Darade and Ghodake, 2012

pH 5.6-6.0 3.63-4.6 Djuric et al., 2004; Tunick, 2008; Darade and
Ghodake. 2012

Lactose (%) 4.5-5.2 4.4-5.03 Jelen, 2003; Singh and Mathur, 1973; Darade and
Ghodake, 2012

Protein (%) 0.98 0.38-1 Whittleir and Webb, 1970); Darade and Ghodake, 2012

Fat (%) 0.34 0.13-0.54 Singh and Mathur. 1973; Darade and Ghodake, 2012

Ash (%) 0.54 0.60-0.74 Srinivasan and Krishnan, 1965; Darade and Ghodake, 2012

Lactic Acid (%) 0.14-0.20 0.2-0.64 Jelen, 2003; Darade and Ghodake, 2012

Calcium (ppm) 501.50 710.65 Darade and Ghodake, 2012

Phosphorus (ppm) | 441.50 560.50 Darade and Ghodake, 2012

Potassium (g/) 1.4-1.6 1.4-1.6 Darade and Ghodake, 2012

Chloride (g/l) 1.0-1.2 1.0-1.2 Darade and Ghodake, 2012

Magnesium (g/l) 0.08 0.11 Darade and Ghodake, 2012

Table 3. Chemical Composition of Whey
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contribute to the synthesis of glutathione, a powerful in-
tracellular antioxidant with potential anti-aging proper-
ties. Antioxidant components may also protect against
aging-related alterations as these might alleviate oxida-
tive stress involved in damaging sperm macromolecules
during the aging process (Kandil et al., 2022). Other com-
ponents, such as glutathione peroxidase and beta-lactal-
bumin, provide detoxifying and iron-chelating properties,
reducing oxidative stress by minimizing the production
of reactive oxygen species and protecting against heavy
metals (Corrochano et al., 2019). Immunoglobulins and
lysozyme present in whey offer immune-enhancing ben-
efits, while antihypertensive peptides derived from bo-
vine beta-lactoglobulin have been shown to reduce blood
pressure. Whey proteins are a rich source of branched-
chain amino acids (BCAAs), such as isoleucine, leucine,
and valine. The BCAAs are metabolized directly into mus-
cle tissue and are essential for exercise and resistance
training (Sherwood et al., 2007). The BCAAs, especial-
ly leucine, play a crucial role in tissue growth and repair
(Brestensky et al., 2021).

Whey also contains lactic acid and insoluble nitrogen and
has been used for the treatment of various diseases, such
as jaundice, infected skin lesions, arthritis, anemia, liver
complaints, HIV infection, and for its antioxidative action,
anticarcinogenic activity (Corrochano et al., 2019; Darade
and Ghodake, 2012). Minerals such as potassium, magne-
sium, calcium and selenium play important roles in nerve
transmission, muscle contraction, blood pressure regula-
tion, and bone health. It also contains enzymes such as
lactoperoxidase that inhibit the growth of bacteria and
fungi. Additionally, whey provides essential vitamins such
as A, B1, B2, B3, B5, B6, C, D, and E (Onwulata and Huth,
2008). Generally, the pasteurization process is consid-
ered safe for milk and other liquid food products (Yadav
et al., 2023). Fulias et al., (2014), reported that vitamins
B1, B2, and B6 had relatively high thermal stability and
vitamin B2 was the most stable vitamin (Herrera-Ardila et
al., 2022). Thus, the nutrients present in whey can supple-
ment the diet of those who suffer from micronutrient or
protein deficiency disorders.

Recent Developments in Whey
Valorization Toward Sustainable Goals

The valorization of whey is increasingly an urgent global
focus in both food technology and wastewater manage-
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ment. Currently, products such as exopolysaccharides,
bioactive peptides, single-cell (microbial) oils, bacterio-
cins, various enzymes and organic acids can be manufac-
tured utilizing precise fermentation technology for ingre-
dient manufacturing from whey (Gutierrez-Hernandez et
al., 2022, Hausjell et al., 2019; Chourasia et al., 2022). To
reduce the cost of production and the global warming
potential of whey processing, application of the steam
infusion technique for the heat treatment of whey for
the manufacturing of various products has also been
suggested (Brooks et al., 2021). Also, an improved redox-
mediated electrodialysis system was suggested by Kim
et al., (2022), which can result in high recoveries of salts
(99%) and whey proteins (>98%) while decreasing energy
consumption and operating costs.

The 6th Sustainable Development Goal (SDG 6) seeks
to ensure the availability and sustainable management
of water and sanitation for all, focusing on drinking wa-
ter and sanitation. The conversion of whey into bever-
ages, with or without fermentation, is an attractive ap-
proach toward its utilization for human consumption
while simultaneously offering a sustainable solution to
conserve scarce freshwater resources. To maintain the
nutritional, biological, and functional characteristics of
whey beverages to support, for example, the quality
of fermented whey beverages, the application of non-
thermal pasteurization processes has been advocated
(Thisari et al., 2023). Among non-thermal techniques,
ultrasounds have been found to improve the solubil-
ity of whey proteins, thereby reducing the formation
of sediments in the whey beverage (Rezek-Jambrak et
al., 2008). Also, the simple technique of acidification of
whey to pH < 3.9 can be employed to make whey pro-
teins thermoresistant, which do not cause precipitation,
even during UHT sterilization treatments (Jelen, 2003).

Conclusion

Whey contains a significant amount of water, water-solu-
ble vitamins, lactose, proteins, and minerals. If unused, it
creates a burden on the environment, when it could, in-
stead, supply water and nutrients in the form of beverag-
es and soups. Dairy herds consume a great deal of global
freshwater, produce milk, and much of the substantial
water component is then discarded as whey. When whey
could be re-employed in potable beverages, it would ad-
dress the worry of environmentalists, and others, about
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the water footprint associated with milk and milk product
production. The cost (economic and environmental) and
the complexity of processing waste whey streams means
that its discharge into wastewater must cease. Indeed,
wastewater containing whey is among the most serious
environmental problems globally, due to the massive
volume produced per annum across the world. Further-
more, whey treated as effluent is a wasted resource in
the global context of dwindling clean and safe drinking
water. However, whey should be regarded as a valuable
resource having various applications as a nutritious and
functional ingredient that offers potential health ben-
efits, including support for muscle growth. Therefore,
one must avoid emerging non-food uses, and instead, it
should be transformed into diverse and delicious bever-
ages, providing a low-cost and nutritious natural alterna-
tive for quenching thirst for various segments of under-
privileged and malnourished populations. Whey-based
beverages use various fruit components and additives,
resulting in diverse formulations. Manufacturing flavored
whey beverages is a feasible, easy and economical ap-
proach that food processors should consider for making
profits and providing nutrition (both as valuable nutri-
ents present as solids and as the water portion of whey)
to consumers. The utilization of whey in various drinks
has the potential to offer sustainable and viable solutions
for whey disposal management. It would help to realize
dairy products diversification and simultaneously offer
nutritious options for health-conscious consumers, as
well as those in need.
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Discussion with Reviewers

Reviewer: Why are people not using whey when there are so
many recipes for new products that have been standardized
and reported in the literature?

Answer: To our knowledge, there is no known research
study done to specifically determine the reason that whey
is going to waste. The one reason quoted frequently is
“the scattered production of small quantities of whey”
in small/cottage units manufacturing paneer/channa/
chakka.

However, there are four main factors that influence how
whey is used, which we will discuss below.

First, the manufacturing of paneer/channa/chakka mainly
focuses on the profits to be made from the sale of these
products; thus, the manufacturer may not have either
the intention or the facilities needed to produce other
whey products, such as beverages or soups.

The decision to utilize whey should come largely from
those managing organizations producing and handling
whey.

Secondly, there is no pressure to use whey exerted on
manufacturers by environmentalists, governing bodies
or law framing authorities to use whey diligently and
avoid wasting it by pouring it down drains.

Third, whey is the largest portion (in bulk) of the main
product of interest. Since it is bulky, large tanks/silos
are required to store it. These silos should preferably be
insulated for storage of the chilled whey.

Fourth, since whey is highly perishable, it should be
stored under proper refrigeration and may also require
some processing, such as through pasteurization along
with neutralization just after its collection; this treatment
may be costly and require the investment of time, labor,
and resources at the plant where it is being produced.

Last, but not least, the basic underlying reason for the
underutilization of whey may be that both small-scale
as well as large-scale manufacturers may not realize the
importance of whey in terms of nutrients and its potable
water content. As a result, there is reluctance to use whey
on a commercial scale.
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Reviewer: Do you think the bulkiness of whey and its storage
needs may be a factor that interferes with manufacturers
using it further?

Answer: Yes, it could be a reason, as cited above. Since
the storage capacity of a plant is limited and they need to
handle fresh supplies of milk to prepare dairy products
(for the next batch/shift), the bulkiness of whey may
keep the storage tanks occupied and may pose some
problems. Hence, manufacturers would need to make
dedicated investments in beverage/soup processing
units where the stored whey can be used and efficiently
stored.

Reviewer: Why do you call whey a nectar from milk? (from
your previous paper, Arora SK, Jha YK (2005). Whey- the
nectar from milk. Beverage and food world 32(8): 43-45)

Answer: Just as juices/nectar are extracted from fruits/
flowers, we perceive whey as an extracted liquid from
milk after coagulation and removal of curd. Further,
as the fruit juices and nectars carry the healthful and
nutritious elements of fruits and flowers with them, so
it is with whey. Therefore, we describe whey as nectar
from milk.

Reviewer: Please share more details about generating
awareness of using whey as a source to replace drinking
water during the preparation of various products.

Answer: As researchers, we can generate awareness by
publishing articles on the health and climate benefits
and positive impacts of the use of whey as a source for
replacing drinking water (fully or partially) during the
preparation of beverages, soups, and other products;
this can be done through international journals, as
well as local newspapers, periodicals and bulletins. We
should also conduct seminars/workshops and training
programs showing methods for processing whey for its
proper storage as well as its incorporation into various
products, without affecting quality. Further research
work revealing the health benefits of whey may be
undertaken to strengthen manufacturing and consumer
confidence in the many ways that whey can be used.
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