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Abstract

This study examines whey production from cow, sheep, buffalo, and goat milk, emphasizing species-specific differences
in yield and nutritional composition. Drawing on recent scientific research and industry data, the analysis evaluates whey
yield, protein content, and fat composition across these species. Cow milk processing emerges as the largest source of
whey, while whey derived from sheep and buffalo milk exhibits higher protein concentrations (1.1-1.2%). The study
provides a review of advanced whey processing technologies, including ultrafiltration, fermentation, and spray drying,
as well as novel applications in functional foods, biofertilizers, and other high-value products. The findings highlight the
potential of optimizing processing methodologies and implementing sustainable utilization strategies to maximize the
economic and environmental value of whey. The study concludes that adopting innovative technologies and addressing
key challenges such as processing costs and resource efficiency could position whey as a pivotal resource within the
framework of the circular economy.
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INTRODUCTION treatise De Re Rustica (Kindstedt, 2018;

Gobbetti et al., 2018; Licitra & Carpino, 2014).
Whey, a significant byproduct of cheese Similar historical significance is noted in
manufacturing, represents both an economic  Norwegian whey cheeses like Gjetost and
challenge and an environmental concern due to Brunost, whose origins trace back nearly a
its substantial global production and high  millennium to Viking traditions (Kosikowski &
biochemical oxygen demand (BOD) when Mistry, 1997). In contemporary contexts, whey

improperly discarded (Osorio-Gonzalez et al.,  cheeses are produced globally under diverse
2022). Globally, whey production reaches regional names, reflecting distinct cultural
approximately 160 million tons annually, traditions: Anthotyros and Manouri in Greece,
accentuating the need for sustainable disposal ~ Urda in Serbia and Romania, Lor in Turkey,
and valorization strategies to minimize environ- Anari in Cyprus, Skuta in Croatia, and

mental impact while maximizing economic Requeijao in Portugal, among others (Fox et al.,
benefits (Osorio-Gonzalez et al., 2022). Whey  2017; Papademas et al., 2018). Several whey
has long been recognized for its nutritional and cheeses have been awarded Protected
medicinal properties, dating back to the fifth ~ Designation of Origin (PDO) status, such as
century BC when the Greek physician Ricotta di Bufala Campana in Italy and Brocciu
Hippocrates prescribed it for gastrointestinal  corse in France, emphasizing their importance in
disorders and immune system enhancement  preserving regional history and cultural heritage
(Guo & Wang, 2019; Smithers, 2015). Histori- (eAmbrosia, 2003). Beyond its cultural signifi-
cally, whey utilization has been prominent in  cance, whey is recognized for its exceptional
cheesemaking practices across different cultures.  nutritional profile and health benefits, particu-
The production of traditional whey cheeses such  larly when sourced from sheep's milk. Sheep’s

as Ricotta in Italy dates back to Roman times, milk whey and derived fermented products like
with documented practices described by  yogurt and kefir are abundant in fatty acids,
Columella around 50 AD in his agricultural minerals  (calcium,  phosphorus, iron,
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magnesium), vitamins (B1, B2, BS, C), and
bioactive compounds (catechol, vanillin, ferulic
acid, salicylic acid), which provide potent
antibacterial, immunomodulatory, and
antioxidant properties (Molik et al., 2008; Zhang
et al, 2006; Matran et al.,, 2023). These
bioactive compounds confer significant health
benefits, including cardiovascular protection,
obesity prevention, metabolic syndrome reduc-
tion, and improved insulin sensitivity, thereby
helping prevent type II diabetes (Lordan et al.,
2018b; Megalemou et al., 2017; Sayon-Orea et
al., 2017, Gijsbers et al., 2016). Recent research
has highlighted additional therapeutic potentials
of whey-derived fermented beverages like kefir.
Animal studies indicate kefir consumption
significantly reduces precancerous lesions and
improves colonic antioxidant activity, potential-
lly through the modulation of intestinal micro-
flora and short-chain fatty acid production (dos
Reis et al., 2019; Hsu et al., 2018). Moreover,
kefir displays notable anticancer activities, such
as inhibiting glioblastoma cancer cells (Fatahi et
al., 2021), accelerating wound healing processes
(Oryan et al., 2019), and enhancing physical
performance while reducing lactic acid buildup
post-exercise in humans (Lee et al., 2021).
Sheep’s milk whey also serves as a valuable
ingredient in nutraceuticals, infant formulas,
prebiotics, and probiotics, offering a suitable
alternative to human breast milk (Pulina et al.,
2018). Thus, the comparative study of whey
derived from cows, sheep, buffalo, and goats is
essential to identify optimal applications for its
sustainable management and valorization. By
analyzing compositional and functional
differences among these animal sources,
targeted strategies for maximizing economic
value and minimizing environmental burdens
can be effectively developed.

MATERIALS AND METHODS

A systematic literature review was conducted to
compile and synthesize relevant information
regarding whey production, bioactive compo-
nents, and technological approaches in dairy
species including cows, sheep, buffalo, and
goats. Following methodologies previously
described by Guiné et al., 2020, and Guiné et al.,
2021, the research began by selecting an
appropriate topic based on current knowledge
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gaps identified in existing literature. The
scientific databases utilized for comprehensive
searches included Web of Science, Science
Direct, Scopus, and PubMed. Specific key
words such as "whey production", "bioactive
compounds in whey", "cheese whey valoriza-
tion", and "milk bioactive substances" were
employed to retrieve relevant peer-reviewed
publications. Articles selected spanned from
1997 to 2025, ensuring both historical perspec-
tives and the most recent advancements were
adequately represented. Particular emphasis was
placed on publications from the last five years,
constituting more than half of the sources
reviewed. Comparative analysis methods were
employed to examine compositional differences
among whey obtained from the different animal
species, as well as to evaluate variations in
bioactive profiles and technological strategies
employed in whey valorization. Information
was organized into detailed tables and figures to
enhance clarity and facilitate direct comparisons
across the various species and bioactive
components studied.

RESULTS AND DISCUSSIONS

Milk composition and yield vary significantly
among dairy species, influencing whey volume,
protein recovery, and bioactive potential. These
variations impact both industrial applications
and the nutritional properties of whey-based
products.

Species-Specific and Regional Differences in
whey Production

The amount of whey obtained differs depending
on the animal species, with cows producing the
highest volumes, followed by buffaloes, goats,
and sheep. These species-specific differences in
whey yield are illustrated in Figure 1.

Figure 1. Species-specific whey yield (L/year).
The order of animal heads illustrates the decreasing
yield: Cow > Buffalo >Goat > Sheep



Cow (Bos taurus)

Cows contribute over 80% of the global milk
supply, with high-yielding breeds such as
Holstein-Friesians producing up to 30 kg of milk
per day. Cow’s milk contains 3.2-3.6% protein
and 3.4-4.2% fat, making it an ideal source for
whey protein isolate (WPI) and concentrate
(WPC) (Bittante et al., 2022; Rashid et al., 2024).
Cow whey is rich in p-lactoglobulin, o-
lactalbumin, and glycomacropeptides,
commonly wused in sports nutrition and
functional foods (Papademas, 2020; Fox &
McSweeney, 1998).

Sheep (Ovis aries)

Although sheep produce less milk (0.8-
1.5 kg/day), their milk is nutritionally dense,
containing 5.5-6.0% protein and 6.0-7.5% fat
(Flis & Molik, 2021). Sheep whey is recognized
for its high bioactive peptide content, which
exhibits antihypertensive, antioxidant, and
immune-supporting properties (Zimecki et al.,
2022). This composition makes sheep whey
valuable in nutraceutical applications and high-
quality cheese production (Santillo, 2009;
D’Ambrosio et al., 2024).

Buffalo (Bubalus bubalis)

Buffalo milk accounts for approximately 13% of
global dairy production, with major contribu-
tions from India, Pakistan, and Mediterranean
regions (Arora et al., 2022). With 4.5-5.5%
protein and 7.0-8.0% fat, buffalo milk generates
whey with a high nutrient density (Du et al.,
2019). Buffalo whey is rich in o-casein and
phosphopeptides, improving calcium bioavaila-
bility and exhibiting antimicrobial effects
(Talpur et al., 2007; Garau et al., 2021). Despite
its potential, buffalo whey remains underutilized
compared to cow whey.

Goat (Capra hircus)

Goats are well-adapted to arid regions and
produce 1.0-2.5 kg/day of milk, characterized by
smaller fat globules and lower aS1-casein levels,
improving digestibility (Kasapidou et al., 2023).
Goat whey is hypoallergenic and rich in taurine,
lysozyme, and casein phosphopeptides (CPPs),
making it beneficial for infant formula and
medical nutrition (Pires et al., 2021; Abbas et al.,
2014). It also demonstrates antimicrobial pro-
perties, increasing its potential in pharmaceu-
tical applications (Giroux et al., 2018).
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Nutritional Composition and Bioactive
Compounds in Whey

The fatty acid profile of milk, especially the
concentration of omega-3 polyunsaturated fatty
acids and conjugated linoleic acid (CLA), can be
significantly influenced through targeted dietary
interventions such as oilseed supplementation.
These strategies not only enhance the nutritional
profile of milk fat but also contribute to the
bioactive potential of whey-derived fractions,
including peptides and lipid-associated
compounds with health-promoting properties
(Stefan et al., 2024).

The composition of whey varies significantly
across species, affecting its functional and
commercial applications (Barlowaska et al.,
2011; Ren et al., 2015). As shown in Table 1,
sheep and buffalo whey contain higher protein
levels, while cow and goat whey are widely used
in specialized nutritional formulations.

Table 1. Nutritional Composition of Whey from
Different Species

Component (%) | Cow | Sheep | Buffalo | Goat
Yield (kg/day) | 20-30 | 0.8-1.5 6-12 1-2.5
Protein 0.55 0.66 0.68 0.60
Fat 0.30 0.40 0.45 0.35
Lactose 4.50 4.70 4.80 4.40
Calcium 0.05 0.11 0.12 0.06
Phosphorus 0.04 0.09 0.10 0.05

According to Ben Fraj et al. (2024), whey
proteins constitute up to 25% of total milk
proteins in cow's milk and include key bioactive
components such as p-lactoglobulin, a-
lactalbumin, lactoferrin, and immunoglobulins,
which are essential for immune modulation,
antimicrobial defense, and nutrient transport.
These findings support the increasing interest in
whey fractions as functional ingredients in
nutraceuticals and specialized diets.

Whey contains essential bioactive peptides with
antioxidative, antimicrobial, and antihyperten-
sive properties (Flis & Molik, 2021; Kerasioti et
al., 2019). Sheep and buffalo whey exhibit
higher concentrations of bioactive peptides such
as lactoferrin, immunoglobulins, and casein-
derived peptides (Table 2), making them pro-
mising ingredients for functional foods and
medical applications (Das et al., 2022; Iram et
al., 2022b).



Whey composition is influenced by genetics,
dietary practices, and farm management
strategies. The type of feed, particularly forage
quality and supplementation, significantly
affects the bioactive properties of whey
(Mustonen et al., 2009; Antone et al., 2015).

Table 2. Bioactive Peptides and Functional Properties

of Whey Across Species
Peptide Type Source Functional Properties
Species
Lactoferrin Sheep, Antimicrobial,
Buffalo Antioxidant,
Immunomodulator
B-lactoglobulin Goat, Antihypertensive,
peptides Sheep Antioxidant
o-lactalbumin Sheep, Antimicrobial, Anti-
peptides Cow inflammatory
Casein-derived Sheep, Antidiabetic,
peptides Goat Antioxidant, ACE-
inhibitory
Recent studies emphasize that controlled

feeding regimens enhance the concentration of
functional peptides, optimizing the nutritional
value of whey-based products (Rafiq et al., 2016;
Amalfitano et al., 2024).

Recent molecular docking studies have revealed
that sheep milk proteins contain bioactive
peptides with promising antidiabetic and
antihypertensive properties. These findings
highlight the potential of sheep-derived whey
proteins in the prevention and management of
metabolic disorders such as type 2 diabetes and
hypertension (Iram et al., 2022a).

Technological and Sustainable Approaches
for Whey Valorization

Innovative technologies play a central role in the
sustainable exploitation of whey, aligning with
circular economy principles. Among these,
membrane technologies such as ultrafiltration,
microfiltration, and reverse osmosis have
proven effective for concentrating whey
proteins and  improving  cheesemaking
efficiency (Argenta et al., 2021). Ultrafiltration,
in particular, has become a key process for
increasing protein yield and reducing waste in
dairy production (Table 3).

Non-thermal microbial control methods, such as
ultraviolet (UV) and near-UV light treatments,
are gaining interest for extending the shelf-life
of whey-derived products while preserving
functional properties (Ricciardi et al., 2020a).
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Similarly, edible biofilms enriched with
antimicrobial essential oils have emerged as
sustainable packaging alternatives, enhancing

product preservation and reducing
environmental impact (Pires et al., 2024).
Beyond  processing innovations, = whey

valorization has expanded into biofuel
production (bioethanol, biodiesel, biohydrogen)
and integrated biorefinery models, significantly
reducing environmental burden and adding
economic value (Carota et al., 2017; Musina et
al., 2019).

Recent studies have emphasized additional
value-added applications of whey. For instance,
lactose-rich whey can be subjected to microbial
fermentation for the production of lactic acid, a
compound used in both the food and biodegra-
dable plastics industries (Rao et al., 2024).

Table 3. Advanced technological approaches for
sustainable whey valorization

Technology Description Application Benefits
Ultrafiltration Protein Increased protein
concentration yield, reduced waste
via membranes
UV and near- Non-thermal Extended shelf-life,
uv microbial reduced spoilage
inactivation
Biofilm Edible films Sustainable
packaging with packaging, enhanced
antimicrobial preservation
properties

Furthermore, spray-drying techniques allow for
the conversion of whey into highly stable
powder formulations, extending shelf-life and
facilitating transportation. These powders are
widely used in infant formulas, sports nutrition,
and bakery products. Beyond food, whey-
derived proteins and peptides are increasingly
incorporated into dermatological and cosmetic
formulations due to their moisturizing and anti-
inflammatory properties (Rao et al., 2024).
Whey has also been successfully incorporated
into various food categories, including dairy,
bakery, and beverages, due to its excellent
emulsifying,  foaming, and  nutritional
characteristics (Le Tien et al., 2001; Boelsma &
Kloek, 2009).

Despite these advancements, challenges remain.
Cost-effectiveness, scalability, and environmen-
tal sustainability continue to be major concerns
in industrial applications (Smet et al., 2008;
Najgebauer-Lejko & Sady, 2015). However, the




ongoing  development of  high-pressure
technologies, enzymatic hydrolysis, and the use
of whey in encapsulating probiotic cultures
demonstrates the expanding utility of whey in
both food and pharmaceutical sectors (Masotti
etal., 2017; Rama et al., 2019).

Whey cheeses, such as Ricotta, are increasingly
produced through heat- or acid-coagulation of
whey, particularly from cow, goat, or sheep
sources. These traditional cheeses offer a
practical and profitable solution for whey
valorization, especially when produced under
PDO or artisanal labels (Papademas & Kotsaki,
2019; Kotoupas et al., 2007; Bintsis &
Papademas, 2018).

Overall, the sustainable exploitation of whey
continues to evolve, integrating technological
innovation with environmental and economic
priorities, confirming its role as a valuable
resource rather than a waste byproduct.

Whey is extensively used in various commercial
sectors including nutrition, pharmaceuticals,
and functional foods (Table 4).

One of the most prominent applications is in the
sports nutrition industry, where whey protein
isolates (WPI) and whey protein concentrates
(WPC) derived primarily from cow's milk are
used due to their high biological value and rapid
digestibility ~ (Smithers, 2008; Fox &
McSweeney, 2017). These proteins are rich in
branched-chain  amino acids (BCAAs),
particularly leucine, which is critical for muscle
synthesis post-exercise.

In addition to bovine sources, interest in
alternative whey sources, such as sheep and goat
whey, is growing due to their higher levels of
bioactive peptides and better digestibility. Sheep
whey contains significant amounts of lactoferrin,
immunoglobulins, and oligosaccharides, which
contribute to its use in infant formulas and
immune-enhancing supplements (Flis & Molik,
2021; Iram et al., 2022b).

Probiotic whey beverages represent another
emerging category. Products like kefir from
sheep/goat whey (Tirloni et al.,, 2021) have
shown potential to improve gut health, reduce
inflammation, and deliver  antioxidant
compounds.  Several  small-scale  dairy
processors in Europe and New Zealand have
introduced bottled kefir drinks using fermented
whey, often enriched with fruits or functional
herbs (Bintsis & Papademas, 2023).

Moreover, ricotta and other whey cheeses
remain staple commercial products, particularly
in Mediterranean countries. Ricotta di Bufala
Campana (PDO), Brocciu corse (PDO), and
Anthotyros are widely distributed in EU markets.
Artisanal cheese-makers and dairy cooperatives
have also expanded into the production of whey-
based spreads, desserts, and yogurts, often with
extended shelf-life through technologies like
vacuum packaging or UV treatments (Bintsis &
Papademas, 2023; Ricciardi et al., 2020b).
Finally, functional ingredients derived from
whey, such as hydrolyzed peptides, bioactive-
enriched WPC, and nanoencapsulated
components, are increasingly used in medical
nutrition and specialized food formulations,
including diabetic-friendly snacks, immune
supplements, and geriatric nutrition (Tong et al.,
2000; Lordan et al., 2018a; Gupta et al., 2024).

Table 4. Examples of Commercial Applications
of Whey and Bioactive Peptides

Application Product Source Functional
Type Examples Species Benefit
Muscle
Sports WPI, WPC recovery,
L Cow .
nutrition powders protein
supplementation
Whey-based T
Infant formula fortified Sheep, . Digestibility,
Goat immune support
formula
Gut microbiota
Probiotic Whey kefir, Sheep, modulation,
whey .
beverages . Goat antioxydant
smoothies
effects
Ricotta, Sheep, Whey
d(;iheesserzzgs Anthotyros, |BuffaloCo | valorization,
v sp Brocciu w traditional value
Hydro!yzed Anti-
. peptide Sheep, .
Functional inflammatory,
supplements capsule_s, Cow, cardiovascular
CLA-fortified Goat .
. protection
drinks
CONCLUSIONS

Whey, as a multifaceted byproduct of cheese
manufacturing, holds substantial nutritional,
technological, and economic potential. Across
species, sheep and buffalo whey exhibit superior
protein and bioactive compound profiles,
offering enhanced functional benefits compared
to cow and goat whey. Innovations in membrane
technologies, biorefinery integration, and
biofilm packaging have significantly improved
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the sustainability and efficiency of whey
processing.

Commercially, whey has moved far beyond
being a waste product. It is now central to
several food and pharmaceutical applications,
from sports nutrition to infant formula, probiotic
beverages, and traditional cheeses. The presence
of potent bioactive peptides in sheep and goat
whey highlights the importance of diversifying
beyond cow-derived ingredients. However,
widespread industrial adoption remains limited
by challenges such as cost-effectiveness,
consumer acceptance, and regulatory barriers.
Future research should focus on optimizing
extraction of specific bioactive compounds,
expanding the applications of non-bovine whey,
and improving the scalability of green
processing technologies. Ultimately, through
interdisciplinary collaboration and investment
in sustainable dairy innovation, whey can be
transformed into a high-value, multifunctional
resource that contributes to both health and
environmental goals.
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