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ABSTRACT

Culled sheep contribute significantly to sheep meat supply in several production systems, yet their meat
is often undervalued and poorly utilised due to unfavourable quality traits. Compared with lamb, meat from
adult sheep is characterised by increased toughness, darker colour, higher fat content, and more intense age-
related flavour, which negatively affect consumer acceptance. This review examines the main factors
influencing the quality of meat from culled sheep, with particular emphasis on post-mortem aging as a strategy
to improve eating quality. Current evidence indicates that aging can enhance tenderness and modify sensory
attributes, with dry aging showing potential for developing distinctive flavour profiles suitable for premium
product concepts. The outcomes of aging are influenced by animal characteristics, processing conditions,
and aging duration. Beyond technological improvements, successful utilisation of culled sheep meat depends
on appropriate product differentiation and market positioning. Improved valorisation of this resource may
reduce waste, increase production efficiency, and contribute to the sustainability of sheep production systems.
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INTRODUCTION

Sheep and lamb meat, as complex and nutritionally rich foods, form an integral part of culinary traditions
worldwide (Bouton et al., 1999). Lamb meat is characterized by a light red colour, a fine muscle structure,
minimal intramuscular fat, and white subcutaneous and internal fat deposits, resulting in a mild and distinctive
flavour profile (Carrasco et al., 2009). In contrast, meat from adult sheep exhibits a darker red colour, a higher
proportion of adipose tissue, thicker muscle fibres, and increased toughness (Fruet et al., 2016). Due to these
characteristics, meat from older, predominantly culled animals often faces market challenges, which are
reflected in relatively low prices and limited consumer acceptance in many regions (Bhatt et al., 2012).
Nevertheless, in some production systems, such as in India, culled animals account for more than 40% of total
meat production, highlighting their substantial contribution to meat supply (Mendiratta et al., 2008). Breed
characteristics may further constrain the effective valorisation of meat from culled sheep. For example,
in Mediterranean European countries, sheep meat production is largely based on local, autochthonous breeds
of small to medium body size (Safiudo et al., 1998), which are associated with low carcass yields and meat
that is not highly valued on the market (Sargentini et al., 2016). Consequently, a substantial proportion of meat
from culled ewes is downgraded for use in pet food, or carcasses are simply left on pastures as a food source
for local wildlife and scavengers (Gigante et al., 2021). In contrast, sheep breeds with a larger body frame
may exhibit a better body condition score at culling, particularly if they have previously undergone a fattening
period to increase slaughter weight and, consequently, meat yield (Maggiolino et al., 2024).

Aging is a well-established post-mortem process that improves meat tenderness, flavour, and overall
palatability through endogenous proteolytic activity (Koohmaraie and Geesink, 2006). Both wet and dry aging
have been shown to enhance sensory attributes of red meat, although dry aging additionally contributes
to flavour development through moisture loss and concentration of flavour precursors (Dashdorj et al., 2016).
Recent studies suggest that, despite its higher toughness and stronger flavour profile, meat from culled sheep
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may be particularly suitable for extended aging, offering an opportunity to transform a low-value raw material
into premium products (Hastie et al., 2021; Maggiolino et al., 2024). The aim of this review is to provide
an overview of current research on the quality attributes of meat from culled sheep and to assess its suitability
for aging processes as a means of increasing its value, thereby contributing to the sustainability of sheep
production systems.

Meat quality characteristics of culled sheep

Meat quality is a key determinant of consumer choice and purchasing decisions and is defined
by physicochemical traits such as pH, colour, water-holding capacity, intramuscular fat content, fatty acid
composition, and sensory properties (Wood et al., 1999; Carrasco et al., 2009). It represents a complex,
multidimensional attribute shaped by the combined effects of pre-slaughter production factors and
technological processes occurring immediately before and after slaughter (Andersen et al., 2005). In culled
sheep, these attributes are strongly influenced by age, physiological status, nutrition, and genotype. Increased
age is associated with a higher degree of collagen cross-linking, resulting in reduced solubility of connective
tissue and increased meat toughness (Purslow, 2005). Additionally, muscle fibre hypertrophy and a higher
proportion of oxidative fibres contribute to darker meat colour and firmer texture. Increased meat toughness
represents a major constraint to the utilisation of meat from culled sheep, largely because slaughtered animals
are predominantly ewes with low body condition score, typically following lamb rearing or at the end
of the lactation period (Fruet et al., 2016).

Fat composition also differs markedly between lamb and adult sheep. Culled sheep meat typically contains
higher total fat levels, along with elevated proportion of short-chain and branched-chain fatty acids that
are responsible for a pronounced “mutton” odour and flavour (Watkins et al., 2013). While this flavour profile
is often perceived negatively in conventional markets, it may be advantageous in niche or gourmet contexts
when properly managed through processing and culinary techniques. From a technological perspective, meat
from culled sheep often exhibits higher ultimate pH values due to reduced glycogen reserves at slaughter,
especially in animals in poor body condition. Elevated pH can negatively affect shelf life and colour stability
but may also improve water-holding capacity, which is beneficial for certain processed products (Lawrie
and Ledward, 2006).

Aging processes and their effects on sheep meat

Post-mortem aging is a key intervention for improving the eating quality of meat. The primary mechanism
underlying tenderization during aging is the degradation of myofibrillar proteins by endogenous proteolytic
enzymes, particularly the calpain system (Koohmaraie and Geesink, 2006). In older animals, the rate
and extent of proteolysis may be reduced; however, extended aging periods can partially compensate for this
limitation.

Wet aging, conducted under vacuum packaging at refrigerated temperatures, is widely used due to its
simplicity and minimal weight loss. Studies have shown that wet aging can significantly improve tenderness
of mutton, although flavour development is generally less pronounced compared with dry aging. Dry aging,
on the other hand, involves controlled exposure of unpackaged meat to air under specific temperature,
humidity, and airflow conditions. This process leads to moisture evaporation, concentration of flavour
compounds, and the development of characteristic aged aromas (Dashdorj et al., 2016).

Emerging evidence indicates that meat from culled sheep may respond particularly well to dry aging, as its
higher fat content and stronger intrinsic flavour can contribute to a more complex sensory profile after aging
(Hastie et al., 2021). Nevertheless, dry aging is associated with greater weight loss and trimming requirements,
which must be considered when evaluating economic feasibility.

409



Value-adding strategies and consumer acceptance

Enhancing the value of meat from culled sheep requires an integrated approach that combines appropriate
processing technologies, product design, and targeted marketing strategies. Variability in meat quality among
culled animals is not determined solely by breed, but is also strongly influenced by production system,
physiological status, and management and slaughter practices prior to processing. For example, Sargentini
et al. (2016) reported significant differences in carcass and meat quality characteristics between ewes destined
for traditional and Halal markets, despite originating from the same breeds, clearly demonstrating
the influence of market destination and production conditions on meat quality outcomes. In addition
to technological factors, sensory attributes are critical determinants of the utilisation and consumer acceptance
of meat from culled sheep. As animals age, sheep meat is more likely to present a stronger flavour intensity
and a higher incidence of unpleasant taste/off-flavour notes, which can reduce consumer liking (Gravador
et al., 2018). In the sheep meat literature, two recurring sensory constructs are often distinguished: “mutton”
flavour, which is primarily associated with animal age, and “pastoral” flavour, which is more closely linked
to pasture-based diets (Watkins and Warner, 2011). Importantly, recent evidence indicates that post-mortem
aging can modulate these sensory outcomes and improve the acceptability of meat from culled ewes, although
the direction and magnitude of changes depend on aging method and duration (Maggiolino et al., 2024).

Within this framework, aging represents a central technological strategy for improving eating quality;
however, its effectiveness largely depends on alignment with consumer expectations and market positioning.
Recent studies indicate that consumer acceptance of mutton can be significantly enhanced when products
are marketed as premium, aged, or gastronomic items, rather than as direct substitutes for lamb, which is often
associated with milder flavour and greater tenderness (Hastie et al., 2021). This highlights the importance
of differentiation and value-based communication in overcoming traditional consumer resistance toward meat
from older animals.

In addition to aging, further value can be created through tailored portioning strategies, innovative culinary
preparation methods, and the promotion of traditional or region-specific product concepts. Such approaches
are particularly relevant in Mediterranean regions, where strong culinary heritage, established consumption
of sheep meat, and growing interest in sustainable, local food systems can support the development of niche
markets for premium products derived from culled sheep. By integrating technological interventions with
cultural and market-oriented strategies, the valorisation of culled sheep meat can contribute both to increased
economic returns and to the overall sustainability of sheep production systems (Bhatt et al., 2013; Gigante
etal., 2021).

Sustainability implications

From a sustainability perspective, improved utilization of meat from culled sheep aligns closely with
the principles of the circular economy and resource efficiency by maximizing the value extracted from animals
at the end of their productive life. Redirecting this meat from low-value uses, such as pet food, or from disposal
in the environment, toward human consumption reduces food waste and improves the overall efficiency
of sheep production systems (Gigante et al., 2021). Such practices also contribute to lowering the
environmental footprint per unit of edible protein by better exploiting existing biological resources rather than
increasing primary production.

Moreover, the development of value-added products derived from culled sheep meat, including aged
or differentiated premium products, can generate additional income streams for farmers and processors,
thereby enhancing the economic resilience of sheep production chains (Esteves et al., 2018; Hastie et al.,
2021). This is particularly relevant for extensive sheep farming systems in marginal and less-favoured areas,
where alternative agricultural opportunities are limited and where improved valorisation of culled animals can
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support farm viability, rural livelihoods, and the long-term sustainability of traditional production systems
(Bernués et al., 2011).

CONCLUSION

Meat from culled sheep remains an underutilised resource within sheep production systems, mainly due
to increased toughness, intense age-related flavour, and limited consumer acceptance compared with lamb
meat. As a result, a considerable proportion of this meat is diverted to low-value uses, despite its potential
nutritional and economic value. Available evidence indicates that post-mortem aging can significantly
improve the eating quality of meat from culled sheep. Both wet and dry aging enhance tenderness, while dry
aging may further contribute to flavour complexity and premium sensory characteristics, particularly in meat
with higher fat content. Nevertheless, the success of aging strategies depends on appropriate processing
conditions and market positioning. Overall, improved valorisation of culled sheep meat supports circular
economy principles by reducing waste, increasing resource efficiency, and enhancing the sustainability
and economic viability of sheep production systems.

ACKNOWLEDGMENT

This work was supported by the project "Food Safety and Quality Centre" (KK.01.1.1.02.0004) funded
by the European Regional Development Fund.

REFERENCES

Andersen, H. J., Oksbjerg, N., Young, J. F., Therkildsen, M. (2005): Feeding and meat quality -
a future approach. Meat Science, 70(3), 543—54. Available at: https://doi.org/10.1016/j.meatsci.2004.07.015

Bernués, A., Boutonnet, J.-P., Casasus, 1., Chentouf, M., Gabiiia, D., Joy, M., Lopez-Francos, A., Morand-
Fehr, P., Pacheco, F. (2011): Economic, social and environmental sustainability in sheep and goat production
systems [online]. Options Méditerranéennes, Série A: Séminaires Méditerranéens, No. 100. CIHEAM / FAO
/ CITA-DGA. ISBN 2-85352-475-2.

Bhatt, R. S., Sahoo, A., Shinde, A. K., Karim, S. A. (2013): Change in body condition and carcass
characteristics of cull ewes fed diets supplemented with rumen bypass fat. Livestock Science, 157(1),
132-140. Available at: https://doi.org/10.1016/].livsc1.2013.06.025

Boutonnet, J.-P. (1999): Perspectives of the sheep meat world market on future production systems and trends.
Small Ruminant Research, 34(3), 189—195. Available at: https://doi.org/10.1016/S0 9214488(99)00072-3

Carrasco, S., Panea, B., Ripoll, G., Sanz, A., Joy, M. (2009): Influence of feeding systems on cortisol levels,
fat colour and instrumental meat quality in light lambs. Meat Science, 83(1), 50-56. Available at:
https://doi.org/10.1016/j.meatsci.2009.03.014

Dashdorj, D., Tripathi, V. K., Cho, S., Younghoon, K., Hwang, 1. (2016): Dry aging of beef, review.
Journal of Animal Science and Technology, 58, 20. Available at: https://doi.org/10.1186/s40781-016-0101-9

Esteves, G. L. F., Peripolli, V., Menezes, A. M., Louvandini, H., Silva, A. F., Cardoso, C. C., McManus, C.
(2018): Carcass characteristics and meat quality in cull ewes at different ages. Ciéncia Animal Brasileira, 19,
e-33874. Available at: https://doi.org/10.1590/1809-6891v19¢e-33874

Farrell, L. J., Tozer, P. R., Kenyon, P. R., Ramilan, T., Cranston, L. M. (2019): The effect of ewe wastage
in New Zealand sheep and beef farms on flock productivity and farm profitability. Agricultural Systems, 174,
125—132. Available at: https://doi.org/10.1016/j.agsy.2019.04.013

411



Fruet, A. P. B., Stefanello, F. S., Rosado Junior, A. G., de Souza, A. N. M., Tonetto, C. J., Nornberg, J. L.
(2016): Whole grains in the finishing of culled ewes in pasture or feedlot: Performance, carcass characteristics
and meat quality. Meat Science, 113, 97-103. Available at: https://doi.org/10.1016/j.meatsci.2015.11.018

Gigante, F. D., Santos, J. P. V., Lopez-Bao, J. V., Olea, P. P., Verschuuren, B., Mateo-Tomas, P. (2021):
Farmers’ perceptions towards scavengers are influenced by implementation deficits of EU sanitary policies.
Biological Conservation, 259, 109166. Available at: https://doi.org/10.1016/j.biocon.2021.109166.

Gravador, R. S., Pace, E., Mooney, B. R., Jaeger, S. R., Gkarane, V., Fahey, A. G., Brunton, N. P., Claffey,
N. A., Allen, P., Diskin, M. G., Moloney, A. P., Farmer, L. J., Monahan, F. J. (2018): A consumer study
of the effect of castration and slaughter age of lambs on the sensory quality of meat. Small Ruminant Research,
169, 148—153. Available at: https://doi.org/10.1016/j.smallrumres.2018.09.011

Hastie, M., Ashman, H., Lyman, D., Lockstone-Binney, L., Jacob, R., Ha, M., Torrico, D., Warner, R. (2021):
Product design to enhance consumer liking of cull ewe meat. Foods, 10(1), 96. Available at:
https://doi.org/10.3390/foods10010096

Koohmaraie, M., Geesink, G. H. (2006): Contribution of postmortem muscle biochemistry to the delivery
of consistent meat quality with particular focus on the calpain system. Meat Science, 74(1), 34-43.
Available at: https://doi.org/10.1016/j.meatsci.2006.04.025

Lawrie, R. A., Ledward, D. A. (2006): Lawrie’s Meat Science (7th ed.) [online]. Woodhead Publishing / CRC
Press. ISBN-13: 978-1-84569-161-5.
Available at: https://ubblab.weebly.com/uploads/4/7/4/6/47469791/lawries_meat science.pdf

Maggiolino, A., Forte, L., Landi, V., Pateiro, M., Lorenzo, J. L., De Palo, P. (2024): Enhancement of culled
ewes’ meat quality: Effects of aging method and time, Food Chemistry: X, 23, 101687. Available at:
https://doi.org/10.1016/j.fochx.2024.101687

Mendiratta, S. K., Kondaiah, N., Anjaneyulu, A. S. R., Sharma, B. D. (2008): Comparisons of handling
practices of culled sheep meat for production of mutton curry. Asian-Australasian Journal of Animal Science,
21, 738-744. Available at: http://www.ajas.info/upload/pdf/21-103.pdf

Purslow, P. P. (2005): Intramuscular connective tissue and its role in meat quality. Meat Science, 70(3),
435-447. Available at: https://doi.org/10.1016/j.meatsci.2004.06.028

Ridler, A., Corner-Thomas, R., Mote, S., Morgan, S., Kenyon, P., Flay, K. (2025): Where do all the ewes go?
Ewe culling and mortality in 34 sheep flocks in New Zealand. New Zealand Veterinary Journal, 73(2),
112—123. Available at: https://doi.org/10.1080/00480169.2024.2409216

Sanudo, C., Sanchez, A., Alfonso, M. (1998): Small ruminant production systems and factors
affecting lamb meat quality. Meat Science, 49(1): S29—-S64. Available at: https://doi.org/10.1016/S0309-
1740(98)90037-7

Sargentini, C., Tocci, R., Campostrini, M., Pippi, E., laconisi, V. (2016): At slaughtering and post mortem
characteristics on Traditional market ewes and Halal market ewes in Tuscany. Journal of Animal Science
and Technology, 58, 35. Available at: https://doi.org/10.1186/s40781-016-0116-2

Watkins, P., Warner, R. (2011): Final Report: Compounds associated with consumer acceptability
of the flavour of lamb meat. Meat and Livestock Australia Limited / CSIRO. ISBN: 9781741917345.

Watkins, P. J., Frank, D., Singh, T. K., Young, O. A., Warner, R. D. (2013): Sheepmeat flavor and the effect
of different feeding systems: a review. Journal of Agricultural and Food Chemistry, 61(15), 3561-3579.
Available at: https://doi.org/10.1021/3303768e

412



Wood, J. D., Enser, M., Fisher, A. V., Nute, G. R., Richardson, R. I., Sheard, P. R. (1999): Manipulating meat
quality and composition. The Proceedings of Nutrition Society, 58(2), 363-370. Available at:
https://doi.org/10.1017/s0029665199000488. PMID: 10466178

Contact Information: Invited speaker: Prof. Ivan Vnucec, Ph.D., Division of Animal Science, University
of Zagreb Faculty of Agriculture, Svetosimunska cesta 25, 10 000 Zagreb, Croatia, e-mail: ivaucec@agr.hr

413





