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Abstract  

Sheep’s milk whey is one of the most significant by-products of dairy processing and is often 
regarded as waste, despite its considerable functional and nutraceutical potential. Recent advances 
in enzymatic hydrolysis, membrane filtration, and fractionation technologies have shifted the 
paradigm toward the production of high-value products such as functional beverages, nutraceuticals, 
protein isolates, and bioactive peptides. This review provides an overview of sheep whey valorization, 
with a particular focus on its biofunctional applications and sustainability implications. Special 
attention is given to closed-loop models, where the transformation of waste into health-promoting 
food innovations is emphasized. Challenges related to scalability, economic feasibility, and 
regulatory constraints are critically discussed as key barriers to large-scale industrial adoption. 
Ultimately, sheep whey valorization is aligned with sustainable development goals and offers 
significant opportunities for improving food system resilience and public health. 

 

Key words: Bioactive peptides, Circular economy, Functional foods, Membrane filtration, Sheep 
whey valorization   

 
INTRODUCTION  

Sheep’s milk whey represents one of the 
most underutilized by-products of the dairy 
industry, despite its remarkable nutritional 
composition and functional potential. 
Globally, whey represents nearly 50% of 
the total volume of milk used in cheese 
production, and it is often treated as a waste 
stream, contributing to environmental 
concerns due to its high biochemical 
oxygen demand (BOD) and chemical 
oxygen demand (COD) [1,2]. When 
disposed of untreated, whey pollutes soil 
and aquatic ecosystems, however, when 
valorized, it can be transformed into a 
valuable source of proteins, bioactive 
peptides, lactose, and micronutrients [3,4]. 

Sheep whey differs significantly from 
bovine whey in both composition and 
functionality. It typically contains higher 
levels of proteins (6–7%), bioactive 
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peptides, and minerals such as calcium and 
phosphorus compared with cow whey (3.5–
4.0% proteins) [5]. These compositional 
advantages translate into superior 
technological and functional properties, 
making sheep whey a promising raw 
material for high-value products such as 
protein concentrates, isolates, functional 
beverages, and nutraceuticals [6]. In 
Mediterranean and Balkan countries, sheep 
and goat whey have been traditionally 
transformed into whey cheeses such as 
ricotta, urdă, manouri, mizithra, and anari, 
highlighting their long-standing role in 
regional food cultures [7,8]. 

From a technological standpoint, 
advances in membrane processing 
(ultrafiltration, nanofiltration, reverse 
osmosis) have enabled the efficient 
fractionation of whey proteins, lactose, and 
minerals [9]. These methods concentrate 
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proteins into whey protein concentrates 
(WPC) or isolates (WPI), reduce lactose for 
fermentation substrates, and allow selective 
recovery of high-value components. In 
parallel, enzymatic hydrolysis has emerged 
as a powerful tool to release bioactive 
peptides with antioxidant, antihypertensive, 
antimicrobial, and immunomodulatory 
activities [10,11]. Such hydrolysates 
derived from sheep whey consistently show 
higher biological activity compared with 
bovine whey, underscoring its nutraceutical 
potential. 

Fermentation represents another 
promising valorization pathway. Lactic acid 
bacteria and probiotic strains can transform 
sheep whey into synbiotic beverages, kefir-
type drinks, or fermented dairy products 
enriched with prebiotics [12]. These 
innovations address consumer demands for 
functional foods while also reducing lactose 
content, expanding the market to lactose-
intolerant populations. Furthermore, 
combining whey with fruit matrices (such 
as apple or pomegranate) enhances sensory 
acceptance and antioxidant activity [13]. 

The short shelf-life of whey cheeses and 
derived products remains a critical barrier. 
Strategies such as Modified Atmosphere 
Packaging (MAP) and incorporation of 
natural plant extracts (oregano, rosemary, 
green tea polyphenols) have demonstrated 
significant improvements in storage 
stability without compromising sensory 
attributes [14]. These approaches align with 
the increasing consumer preference for 
clean-label preservation methods. 

In addition to food applications, whey 
proteins and derivatives have found uses in 
biodegradable films, edible coatings, and 
bio-based plastics, illustrating their 
potential role in circular economy models 
[15]. Classical works anticipated whey’s 
multifunctionality decades ago, when it was 
already described as a potential ingredient 
for bakery, beverages, and animal feed [16]. 
Today, these pioneering visions are being 
revisited and modernized under the 

umbrella of sustainability and resource 
efficiency [17]. 

Despite these advances, large-scale 
valorization of sheep whey faces barriers 
related to economic feasibility, 
technological scalability, and regulatory 
frameworks. Small and medium-sized 
enterprises often lack the infrastructure for 
membrane processing or enzymatic 
hydrolysis at industrial scale, while the high 
investment costs limit adoption [18]. 
Moreover, regulatory approval for novel 
bioactive peptides or functional claims 
remains complex. Nonetheless, the 
integration of whey valorization into 
circular business models provides clear 
pathways for sustainable growth. These 
include linking whey utilization with 
renewable energy production (biogas 
through anaerobic digestion), creating 
nutraceutical ingredients, and developing 
functional dairy products that 
simultaneously promote public health and 
environmental protection [19]. 

Controversial aspects remain in the 
literature regarding the cost-effectiveness of 
different technologies, the variability in 
whey composition between species, and the 
scalability of functional beverage 
production. Some studies highlight the 
superior biological activities of sheep whey 
hydrolysates, while others point to 
challenges in standardization and 
reproducibility [20]. These debates 
underline the need for harmonized 
methodologies and pilot-scale validation. 

The purpose of this paper is to review 
and synthesize the current state of 
knowledge on sheep whey valorization, 
with an emphasis on technological 
advances, biofunctional applications, and 
sustainability perspectives. By combining 
insights from recent reviews and 
experimental studies, the paper highlights 
opportunities and limitations in 
transforming sheep whey from an 
environmental burden into a key resource 
for the circular bioeconomy. 
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MATERIAL AND METHOD 
In order to prepare this paper, an 

extensive review of the scientific literature 
was conducted on the topic of sheep whey 
valorization, technological processing, 
functional applications, and circular 
economy perspectives. Scientific papers 
and review articles were collected from 
internationally recognized databases such 
as ScienceDirect, PubMed, Web of Science, 
Scopus, MDPI Journals, and Google 
Scholar, using combinations of keywords 
including “sheep whey,” “whey 
valorization,” “bioactive peptides,” 
“functional foods,” “membrane filtration,” 
“enzymatic hydrolysis,” “fermentation,” 
and “circular economy.” 

The inclusion criteria were as follows: 
(a) peer-reviewed publications written in 
English; 
(b) studies directly addressing the 
composition, processing technologies, 
biofunctional properties, or sustainable 
utilization of sheep whey; 
(c) articles published mainly in the last three 
decades, with preference for recent works 
(2010–2025), while also considering 
classical references of historical 
importance. 

Exclusion criteria included studies not 
related to sheep whey or its processing, 
duplicate records, non-scientific publications, 
or articles without accessible full text. 

The selected literature was screened and 
grouped into five thematic categories: (i) 
compositional characteristics of sheep 
whey, (ii) membrane technologies for 
protein and lactose fractionation, (iii) 
enzymatic hydrolysis and bioactive peptide 
production, (iv) fermentation and functional 
product development, and (v) sustainability 
and circular economy approaches. 

A qualitative synthesis of the findings was 
performed, aiming to identify convergences, 
divergences, technological opportunities, and 
research gaps. This methodological approach 
ensures reproducibility, transparency, and 
relevance, allowing a comprehensive 

overview of the current state of research in 
sheep whey valorization. 

 
RESULTS 

Compositional characteristics of 
whey across species 

The chemical composition of whey is 
decisive for its nutritional and technological 
value. Sheep whey contains higher protein 
levels (6–7%) compared with bovine whey 
(3.5–4.0%) and goat whey (4.5–5.0%), as 
well as elevated calcium and phosphorus 
content [5,21,22]. This superior composition 
enhances its biofunctional potential, 
particularly after enzymatic hydrolysis, 
where peptides show antioxidant and 
antihypertensive activity [6,10,11]. 

Whey is further classified into sweet 
whey (SW) and acid whey (AW). SW, 
obtained through rennet coagulation, contains 
6–10 g/L proteins and 46–52 g/L lactose, 
whereas AW, produced by lactic acid 
fermentation, has lower pH and increased 
mineral solubility [23–25]. Variability also 
arises from animal species, seasonal 
conditions, diet, and lactation stage [26–30]. 

 
Table 1. Comparative composition of whey 
from different dairy species 
 

Parameter Cow 
whey 

Sheep 
whey 

Goat 
whey 

Buffalo 
whey 

Protein (%) 3.5–4.0 6.0–7.0 4.5–5.0 4.0–4.5 

Lactose (%) 4.5–5.0 4.0–4.5 4.5–5.0 5.0–5.2 

Ash (%) 0.6–0.7 0.9–1.1 0.7–0.8 0.8–0.9 
Calcium 
(mg/100 g) 45–55 60–70 50–55 55–65 

Sources [23], [24], [25] 

 
Membrane technologies for whey 
valorization 

Membrane separation techniques are 
central to whey processing. Ultrafiltration 
(UF) yields WPC and WPI, nanofiltration 
(NF) enables lactose reduction with salt 
retention, while reverse osmosis (RO) 
concentrates solids via water removal 
[9,17,28]. Ion-exchange chromatography 
and advanced spray-drying further improve 
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protein fractionation and product quality 
[29,30]. 
 
Table 2. Membrane processes applied to 
sheep whey 
 

Process Target 
Fraction Advantages Limitations 

Ultrafiltration 
(UF) 

Proteins 
(WPC, WPI) 

High protein 
recovery, 
good 
functional 
properties 

Membrane 
fouling, 
high 
energy 
cost 

Nanofiltration 
(NF) 

Lactose 
reduction, 
mineral 
retention 

Produces 
lactose-
reduced 
whey, 
permeates for 
fermentation 

Selectivity 
varies with 
feed 

Reverse 
Osmosis 
(RO) 

Water 
removal, 
solids 
concentration

High 
efficiency, 
water 
recovery 
possible 

Requires 
high 
pressure 

Sources [28], [29], [30] 

 
Enzymatic hydrolysis and bioactive 
peptide release 

The enzymatic hydrolysis of sheep 
whey proteins generates bioactive peptides 
with multiple health-promoting activities, 
including antioxidant, antimicrobial, 
antihypertensive, and immunomodulatory 
effects [6,10,34]. Enzymes such as trypsin, 
pepsin, and alcalase have been widely 
applied, with sheep whey hydrolysates 
consistently showing stronger biological 
activities compared to bovine whey [11,35]. 

Recent studies highlight the radical-
scavenging activity and angiotensin-
converting enzyme (ACE) inhibition 
potential of sheep whey hydrolysates, 
supporting their application in 
antihypertensive nutraceuticals [36]. 
Advances in in silico peptide mapping tools 
further accelerate the discovery of novel 
bioactive sequences, enhancing the potential 
for functional food development [37]. 

 
Fermentation and functional product 
development 

Sheep whey is an excellent substrate for 
fermentation with lactic acid bacteria and 
probiotic strains, enabling the production of 

functional beverages and synbiotic dairy 
products [12,38]. Ultrafiltration-derived 
concentrates of sheep whey have been 
fermented into kefir-like beverages 
enriched with probiotics and prebiotics, 
improving both functionality and consumer 
acceptance [39]. In addition, combining 
whey with fruit matrices such as apple, 
guava, or pomegranate enhances 
antioxidant activity and sensory properties, 
providing potential for niche functional 
products [40-42]. These approaches not 
only add value but also diversify market 
opportunities for whey-based beverages. 

 
Traditional and novel valorization 
approaches 

Sheep and goat whey have historically 
been used to produce whey cheeses such as 
ricotta (Italy), urdă (Romania), manouri and 
mizithra (Greece), and anari (Cyprus) 
[7,8,43]. These products highlight the long-
standing cultural importance of whey 
valorization. Innovations in this area 
include fortification of ricotta-type cheeses 
with transglutaminase to enhance texture 
and functionality [44]. 

 
Table 3. Traditional whey cheeses produced 
from sheep/goat whey 
Cheese 
(Region) 

Milk/Whey 
Base 

Processing 
Technique 

Main 
Characteristics 

Ricotta 
(Italy) 

Whey of 
sheep, 
goat, cow 
or mixtures

Heating 
whey at 
85–95 °C, 
often with 
acidification

Soft, mild, 
~11–13% 
protein 

Urda 
(Romania)

Mainly 
sheep/goat 
whey 

Heating 
whey after 
cheese 
draining, 
sometimes 
with added 
milk 

White, 
crumbly, high 
protein, Balkan 
product 

Manouri 
(Greece) 

Sheep/goat 
whey + 
added 
cream/milk 

Heating 
with 
enrichment 

Creamy 
texture, PDO, 
higher fat 

Sources [7,8,43] 

 
Shelf-life extension and sustainability 
strategies 

Whey cheeses and derived products 
have limited shelf-life due to high moisture 
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and microbial susceptibility. Recent studies 
demonstrated that Modified Atmosphere 
Packaging (MAP) combined with natural 
plant extracts (oregano, rosemary, green 
tea) significantly prolongs storage stability 
[14,37]. These approaches maintain sensory 
quality and address consumer demand for 
clean-label foods. 
 
Sustainability and circular economy 
perspectives 

Despite the promising applications, 
large-scale valorization of sheep whey 

remains limited due to high processing 
costs, lack of infrastructure in small and 
medium sized enterprises, and regulatory 
barriers [45]. Circular economy approaches 
emphasize closed-loop valorization 
systems, where by-products are 
continuously reintegrated into food 
production or energy cycles [46]. 

An overview of integrated strategies for 
whey valorization in a circular economy 
framework is shown in Figure 1, adapted 
from Soumati et al. [1].” 

 

 
 

Fig. 1. Strategies and techniques for converting sheep whey into value-added products  
(adapted from Soumati et al. [1]). 
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Table 4. Shelf-life extension strategies for whey 
  

Strategy Mechanism Effect on 
Shelf-Life Advantages

Modified 
Atmosphere 
Packaging 

Reduced O2, 
elevated CO₂ Extends 

shelf-life 
by 5–10 

days 

Maintains 
freshness, 

slows 
microbial 
growth 

Natural 
extracts 

(oregano, 
rosemary, 
green tea) 

Antimicrobial & 
antioxidant 

Extends 
4–7 days 
vs. control

Clean-label, 
consumer 

friendly 

Refrigerated 
storage 
(4 °C) 

Slows microbial 
activity 

7–10 days 
baseline 

Simple, 
accessible 

Sources [14], [37] 

 
Sheep whey valorization integrated with 

renewable energy production (biogas via 
anaerobic digestion) provides 
environmental and economic benefits, 
while functional applications in 
nutraceuticals enhance public health 
outcomes [32,47]. Regional valorization 
strategies rooted in tradition (e.g., ricotta, 
urdă, manouri) serve as models of 
resilience, connecting cultural heritage with 
innovation [43]. 

Beyond technological and sustainability 
aspects, recent findings have further 
emphasized the distinctive biological roles 
of sheep milk proteins compared with 
bovine milk. Sheep proteins, particularly 
whey-derived fractions, exhibit superior 
immunomodulatory potential, antioxidant 
capacity, and anti-inflammatory effects, 
contributing to gastrointestinal health and 
chronic disease prevention [48].  

Complementary comparative studies 
across cows, sheep, buffalo, and goats 
reinforce these perspectives, highlighting 
the higher protein concentrations and 
functional potential of sheep and buffalo 
whey [49]. Such biofunctional properties 
strengthen the argument for sheep whey 
valorization, not only as a technological 
challenge but also as a pathway for 
delivering advanced nutritional and 
therapeutic benefits. 
 

DISCUSSIONS  
The valorization of sheep whey has been 

consistently highlighted as a promising 
strategy for sustainable food innovation, yet 
challenges remain regarding its effective 
integration into industrial and nutritional 
systems. The present discussion interprets 
the results presented above in relation to 
existing literature, emphasizing 
convergences, discrepancies, and the broader 
implications for both science and practice. 

 
Compositional aspects and functional 
implications 

The higher protein and mineral content 
of sheep whey compared with bovine or 
caprine whey represents a key driver for its 
valorization [5,21]. Several studies have 
reported that sheep whey hydrolysates yield 
superior antioxidant and ACE-inhibitory 
activities, suggesting enhanced potential for 
nutraceutical applications [6,10,34]. These 
findings are consistent across different 
enzymatic treatments, confirming that 
protein richness directly correlates with 
bioactive peptide yield. However, 
variability in reported values remains a 
challenge: while Mohamed et al. [5] 
identified protein levels of 6–7%, other 
studies reported lower averages when 
analyzing mixed whey from blended milks 
[22]. This discrepancy underscores the need 
for more standardized analytical methods 
and species-specific data collection. 

 
Membrane-based processing: 
opportunities and limitations 

Membrane technologies remain at the 
core of whey valorization. Ultrafiltration is 
widely acknowledged for producing high-
quality protein concentrates [9,17], yet 
membrane fouling and high operational 
costs continue to hinder scalability [26]. 
Nanofiltration and reverse osmosis provide 
additional avenues for lactose reduction and 
water recovery, supporting cleaner 
production models [26]. Comparative 
studies emphasize that while UF ensures 
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strong protein recovery, NF and RO are 
essential for downstream applications such 
as fermentation and volume reduction [33]. 
Nevertheless, reported efficiencies vary 
depending on feed composition and 
operating parameters, revealing a gap 
between laboratory-scale data and industrial 
performance [17]. Future research should 
therefore focus on hybrid processing 
systems and anti-fouling membrane 
materials, aiming to bridge this gap. 

 
Bioactive peptides and the need for 
clinical validation 

One of the most consistent findings in 
the literature is the biofunctional richness of 
peptides derived from sheep whey 
[6,10,34]. Antioxidant and antihypertensive 
effects have been repeatedly confirmed in 
vitro and in silico models [36,37]. However, 
despite the abundance of biochemical 
evidence, there is a clear absence of large-
scale clinical trials validating these effects 
in human populations. This represents a 
critical limitation, as regulatory approval 
for nutraceuticals and functional foods often 
depends on clinical substantiation [34]. 
While peptide databases such as that of 
Nielsen et al. [20] have expanded 
knowledge of potential bioactivities, 
translation into commercial health products 
remains limited. Therefore, 
interdisciplinary research linking dairy 
science, bioinformatics, and clinical 
nutrition is urgently required. 

 
Fermentation and functional beverage 
development 

Sheep whey has proven to be an 
excellent substrate for probiotic 
fermentation, resulting in kefir-like 
beverages and synbiotic formulations 
[12,33]. Studies combining sheep whey 
with fruit matrices (e.g., apple or 
pomegranate) demonstrated enhanced 
antioxidant potential and improved sensory 
acceptability [13,41]. These results align 
with broader consumer trends favoring 

natural and functional beverages. However, 
scalability is constrained by product 
stability and consumer familiarity. For 
instance, traditional whey beverages are 
well established in Mediterranean and 
Balkan diets [7,8], but their adaptation to 
global markets requires optimized 
preservation methods and targeted 
marketing strategies. 

 
Traditional versus innovative 
valorization 

A noteworthy aspect is the coexistence 
of traditional products, such as ricotta and 
urdă, with innovative applications like 
whey based films and bioplastics [7,15,42]. 
Traditional whey cheeses serve as cultural 
and nutritional benchmarks, yet their short 
shelf-life remains a critical limitation [14]. 
Novel technologies, including the use of 
transglutaminase for texture improvement 
[44], demonstrate how tradition can be 
combined with innovation. Furthermore, 
research on edible films and biodegradable 
packaging [20] provides an entirely new 
dimension to whey valorization, one that 
extends beyond food into environmental 
sustainability. This duality between 
preserving tradition and fostering 
innovation should be seen not as a conflict, 
but as a complementary pathway toward a 
more circular economy. 

 
Shelf-life extension and sustainability 
approaches 

Preservation strategies such as Modified 
Atmosphere Packaging (MAP) and natural 
bio-preservatives (oregano, rosemary, 
green tea extracts) have been shown to 
significantly extend the shelf-life of whey 
cheeses [37]. These findings are particularly 
important in addressing consumer demand 
for clean-label products while reducing 
food waste. However, limitations persist in 
terms of cost and potential flavor 
alterations. Despite these constraints, such 
approaches illustrate the potential for 
integrating food technology with 



Iasi University of Life Sciences 
 

- 324 - 
 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creativecommons.org/licenses/by-nc-sa/4.0/) 

sustainability goals, especially when 
combined with membrane processing and 
fermentation to optimize product stability. 

 
Economic and circular economy 
perspectives 

The integration of sheep whey 
valorization into circular business models 
remains challenging, particularly for small- 
and medium-sized enterprises (SMEs). 
High investment costs and technological 
complexity often prevent widespread 
adoption [18,39]. Nevertheless, case studies 
highlight that whey valorization can reduce 
environmental burdens while creating new 
economic opportunities, such as renewable 
energy generation via anaerobic digestion 
or the production of functional foods 
[12,39]. Soumati et al. [1] emphasized the 
potential of whey-derived products to 
support Sustainable Development Goals, 
particularly those related to responsible 
consumption and climate action.  

This aligns with the notion that whey 
valorization is not solely a technological 
challenge, but also an economic and societal 
one. 

 
Future directions 

Based on the reviewed evidence, several 
directions for future research emerge.  

First, there is a need for standardized 
compositional databases specific to sheep 
whey, separating it clearly from bovine and 
caprine data.  

Second, technological innovations 
should target cost reduction and fouling 
resistance in membrane systems.  

Third, interdisciplinary collaborations 
are required to validate bioactive peptide 
functionality through human trials. Finally, 
the integration of whey valorization into 
circular economy models should prioritize 
SMEs, ensuring that sustainability benefits 
are accessible across the dairy sector and 
not limited to large scale industries. 
 
 

CONCLUSIONS  
Sheep whey valorization represents a 

strategic pathway for advancing both 
scientific innovation and sustainable food 
systems. Its superior nutritional profile 
compared with other dairy species, coupled 
with technological advances in membrane 
separation, enzymatic hydrolysis, and 
fermentation, underscores its potential as a 
source of high-value functional ingredients 
and bioactive peptides. 

Beyond nutritional and functional 
applications, integrated processing 
approaches, combining ultrafiltration, 
nanofiltration, enzymatic hydrolysis, and 
fermentation, enable efficient recovery of 
proteins, lactose, and micronutrients, while 
innovative preservation and packaging 
strategies extend product stability.  

These advances align with circular 
economy principles by reducing waste 
streams and transforming whey into a 
valuable raw material for nutraceuticals, 
functional foods, and even non-food 
applications such as biodegradable films 
and bio-based plastics. 

From a practical perspective, however, 
challenges remain. High processing costs, 
regulatory barriers, and scalability issues 
limit industrial adoption, particularly for 
small and medium-sized enterprises. Future 
progress will depend on bridging the gap 
between laboratory-scale evidence and 
commercial implementation, through 
standardized compositional databases, 
validated bioactivity in clinical trials, and 
the development of cost-effective, 
sustainable processing technologies. 

Ultimately, sheep whey valorization is 
not merely a technological challenge but an 
opportunity to transform an underutilized 
by-product into a resource that supports 
public health, economic resilience, and 
environmental sustainability. By integrating 
tradition with innovation, and aligning with 
Sustainable Development Goals, sheep 
whey can be repositioned from an 
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environmental burden into a key driver of 
circular bioeconomy growth. 
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