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ABSTRACT

Horsemeat can be considered a good alternative for conventional meats due to its potential
dietetic and health benefits linked with its specific nutritional composition. The aim of this
review was to provide information on the carcass and meat quality of horses, as well as meth-
ods for their examination based on currently available scientific literature in order to expand
knowledge in this field and determine the direction of future research. The most important
horse carcass quality indicators are the carcass conformation and carcass fat cover, while the
most important horsemeat quality traits are pH, colour, water-holding capacity and texture.
However, more research is needed to establish a classification system for horse carcasses as
well as threshold values for colour and water-holding capacity traits that might be used for
horsemeat classification into quality classes.

1. Introduction

Horsemeat can be considered a good alterna-
tive for conventional meats (chicken, pork, sheep or
beef) due to its potential dietetic and health bene-
fits linked with high content of protein, iron, miner-
als (P, Fe, Zn and Cu) and vitamins (A, E, C and B
group) (Lorenzo et al., 2014, 2019). This meat type
has a low fat content, low cholesterol content and
favourable fatty acid profile, with a high content of
unsaturated fatty acids relative to saturated acids and
provides a large amount of essential amino acids
(Lee et al., 2007).

However, horsemeat can only be considered
as an alternative for conventional meat types if the
production chain is under strict control to guarantee
traceability and high quality and safety of raw meat
and meat products (Lorenzo et al., 2014, 2019). It
is also important to define horse carcass and meat

characteristics, appropriate assessment methods and
reference ranges for good or poor carcass/meat qual-
ity to ensure that product quality meets consumers
expectations. Therefore, the aim of this review was
to provide information on the carcass and meat qual-
ity of horses, as well as methods for their examina-
tion based on currently available scientific literature
in order to expand knowledge in this field and deter-
mine the direction of future research.

2. Carcass characteristics

The horse carcasses exhibit a large degree of
variability, which arises from differences in horse
origins, slaughter ages, breeds, types and production
systems (Lorenzo et al., 2019). However, the unique
attributes of the horse carcass are a dark colour that
can change to brown or black with a bluish tinge
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upon exposure to air, the absence of significant fat-
ty deposits, and the presence of yellow-coloured fat
(Lorenzo et al., 2014, 2019). Certain features, such
as neck length, rib number (18 pairs), non-lobulat-
ed kidney and bony structures, can help differenti-
ate horse carcasses (Lorenzo et al., 2019). The most
important factors that affect horse carcass quali-
ty are age, slaughter weight, breed, gender, produc-
tion system, finishing feeding and anatomical loca-
tion of measurements (Franco et al., 2011; Lorenzo
et al, 2013a; Dominguez et al, 2015). Horse carcass
traits are evaluated by different parameters such as:
slaughter weight, carcass weight, dressing percent-
age, carcass conformation, carcass fat cover and
carcass linear measurements (Lorenzo et al., 2014;
Znamirowska, 2005).

Slaughter weight and dressing percentage
are measures of the animal’s development and are
important for determination of the fattening per-
formance (daily weight gain) (National Research
Council, 1988). Indirectly, considering that heavi-
er carcasses usually have more musculature, weight
can also indicate horse carcass meatiness. In hors-
es, slaughter weight can be determined on a balance
scale or with horse weight tape on the farm, at the
lairage or, most often, 1 hour before slaughter (De
Palo et al, 2013). The dressing percentage of hors-
es is mainly the ratio of dressed hot carcass weight
to the slaughter weight, expressed as a percentage
(hot dressing percentage) (Lorenzo et al., 2014).
Extremely high slaughter weight and dressing per-
centage can be a disadvantage if they are a conse-
quence of the large amount of fat, bones and organs
(National Research Council, 1988).

A horse carcass is defined as the carcass from
which the skin, head, lower legs (separated at the tar-
sal and carpal joints), tail and all internal organs of
the thoracic, abdominal and pelvic cavities (except
for the kidneys and renal fat tissue) have been
removed during processing (Polidori et al, 2015).
Carcass weight is usually determined on a balance
scale 45 minutes (hot carcass weight) or 24 hours
postmortem when the internal carcass temperature
drops below 7°C (cold carcass weight). Cold carcass
weight can also be calculated by reducing hot car-
cass weight by 2% (European Commission, 2008).

Carcass conformation is the most important
indicator when classifying carcasses because it
directly indicates the amount of meat (Peciulaitiené
et al, 2015). It describes the development of car-
cass profiles, in particular the essential parts, such as
legs (round and rump), back and shoulders (chuck),

and indicates the sum of muscle and fat in relation
to the bones (Ekiz et al, 2021). Carcass conforma-
tion is visually evaluated at the end of the slaugh-
terline, i.e., immediately after determination of hot
carcass weight (45 minutes postmortem). The cur-
rently available ONIBEV (Office National Inter-
proffessionnel du Betail et des Viandes) classifi-
cation system for horse carcasses, established in
1979 in France, takes into consideration the horse
age, carcass conformation, carcass fat cover and the
slaughter weight. However, some authors (Fabregas
and Such, 2001; Lorenzo et al., 2019; Cittadini et
al, 2021) consider that the ONIBEV system (1979)
for classifying horse carcasses is limited, and there-
fore, the EUROP standard for beef carcass classifi-
cation is used as an alternative in commercial condi-
tions and in research studies (Cittadini et al., 2021).
Since horsemeat has a regular group of consum-
ers, addressing the issue of objective classification
of horses and their carcasses will increasingly gain
importance (Znamirowska, 2005). The absence of
an official classification system for horse carcass-
es intended for meat consumption in the European
Union necessitates the development of such a sys-
tem to ensure an adequate supply of desired quali-
ty meat to meet consumer demands (Lorenzo et al.,
2014). The implementation of a standardised clas-
sification system would enable comparative analy-
ses of horsemeat across different countries, between
time periods and between studies, and the grouping
of meat batches for export based on uniform param-
eters or criteria, neither of which is possible at the
moment (Znamirowska, 2005). This would also pro-
vide positive incentives for primary producers to
produce horses of higher quality standards and facil-
itate crossbreeding efforts aimed at obtaining premi-
um-quality raw meat, for which they could poten-
tially receive higher prices (Znamirowska, 2005).
Carcass fat cover is one of the most important
parameters in the horse carcass classification, and
is usually determined at the same time as the car-
cass conformation (45 minutes postmortem) (Loren-
zo et al., 2019). The carcass fat cover describes the
amount of fat on the outside of the carcass and in
the thoracic cavity (Ekiz et al., 2021). From the car-
cass quality aspect, favourable fat cover is described
when a carcass has uniformly and evenly distribut-
ed, continuous, but not too thick layer of fat tissue
(European Commission, 2008). Sufficient carcass
fat cover insulates the carcass and decreases cool-
ing loss (Alberti et al, 2022), slowing down surface
meat spoilage (Gill, 1983), increases antioxidative
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stability and improves meat aroma (juiciness, taste
and odour) (Alberti et al., 2017). The subcutaneous
fat on a horse carcass is not abundant, and the kidney
fat depots and flank region are relatively lean, even
in well-fed animals (Lorenzo et al., 2014, 2019). The
fat cover of horse carcasses can be determined using
the same methodology as for beef carcasses (Citta-
dini et al., 2021). Five classes are defined, using the
visual carcass evaluation on the dorsal side and on
thoracic cavity, represented by the incremental scale
ranges from 1 (denotes the least fat) to 5 (denotes
the most fat) (European Commission, 2008).

Carcass linear measurements of horses are can
be determined using the same indicators as for beef
carcass quality assessment (De Boer et al, 1974).
These are general indicators, because it is diffi-
cult to objectively define the relationship between
the carcass morphometric measurements and mus-
cle development in slaughter animals (Lonergan et
al, 2019). However, linear measurements direct-
ly indicate the muscle development in the most val-
uable anatomical parts (chest, back, shoulders and
legs) on the horse carcasses (Gurgel et al., 2021).
Horse carcass linear measurements are measured 24
hours postmortem in centimetres using a tape and/or
calliper in the following order: carcass length, car-
cass compactness index, chest depth, leg length, leg
width, leg circumference and leg compactness index
(Znamirowska, 2005).

3. Meat quality

Horsemeat has a very dark red colour, yellow
fat and high carbohydrate content (intramuscular
glycogen) with a typical sweetish smell and taste,
which can be considered a significant disadvantage
from the consumer’s perspective (Stanistawczyk et
al, 2021a; Driessen et al, 2022). The most impor-
tant factors that affect horsemeat quality are age,
slaughter weight, breed, gender, production system
and anatomical location of the measurements (Fran-
co et al., 2011; Lorenzo et al, 2013b, Lorenzo et al.,
2019). Horsemeat quality are evaluated by different
traits such as: pH, temperature, colour, water-hold-
ing capacity and texture (Franco et al., 2011; Seong
etal.,2016; Lorenzo et al., 2014, 2019).

Physicochemical indicators (pH and tempera-
ture) are important horsemeat quality traits for mon-
itoring the processes taking place during the post-
mortem conversion of muscle into meat. After
slaughter, the horsemeat pH rapidly drops below 6,
and the onset of rigor mortis starts to take place at

48 hours postmortem (Lorenzo et al., 2019). Under
normal conditions (without stress), horsemeat reach-
es pH values between 5.4 and 5.9 within 2448
hours postmortem (Seong et al., 2016; Walker, 2017,
Stanistawczyk et al, 2019). Considering that meat pH
also depends on the temperature, the optimal horse-
meat temperature ranges from 37.2°C to 38.5°C 45
minutes postmortem (Green et al, 2005) and from 0
to 7°C 24 hours after slaughter (Walker, 2017). Com-
pared to other meat types, horsemeat has high glyco-
gen and ATP content, and consequently, it is high-
ly resistant to spoilage and is a high durability raw
material (Lorenzo et al., 2019; Stanistawczyk et al.,
2021a). This can be attributed to the specific post-
mortem changes that occur within the glycogen-rich
horse muscles, which involve prolonged anaero-
bic glycolysis and lactic acid production as the end
product (Stanistawczyk et al., 2021a). This results
in a sustained acidification within the muscles and,
thus, low ultimate horsemeat pH (Stanistawczyk et
al., 2021a). The measures of horsemeat pH can be
taken at different times, from 45 minutes to 6 days
after slaughter (Sarriés and Beriain, 2005; Franco
et al, 2013; Stanistawczyk et al, 2020; Cittadini et
al., 2021), but in most studies, this physicochemi-
cal indicator was determined 24 hours postmortem
in Musculus longissimus dorsi, using a portable pH
meter (Franco et al., 2011; Dominguez et al., 2015;
Lopez-Pedrouso et al., 2023).

Horsemeat is characterised by a relatively good
water-holding capacity (Stanistawczyk et al., 2021a),
that ranges from 67.3% to 73.9% (Strashynskyi
and Fursik, 2020). The good water-holding capac-
ity of horsemeat contributes to low fluid loss dur-
ing heat treatment, resulting in high yield and good
quality final meat products, which indicates that this
meat type is a good raw material for producing dif-
ferent meat products (Stanistawczyk et al., 2021a).
The following methods are most often used to deter-
mine the water-holding capacity of horse meat: (i)
(forced) drip loss (Dominguez et al., 2015; Franco
et al., 2011; Lorenzo et al., 2013a); (ii) thawing loss
(De Palo et al., 2013); (iii) cooking loss (Franco et
al., 2011; Lorenzo et al., 2013a; Dominguez et al.,
2015; Seong et al., 2016; Stanistawczyk et al., 2020;
Lopez-Pedrouso et al., 2023); and (iv) centrifuga-
tion (De Palo et al., 2013). In most investigations,
horsemeat water-holding capacity was determined
24 hours postmortem in Musculus longissimus dorsi
(Franco et al., 2011, 2013; Dominguez et al., 2015;
Stanistawczyk et al., 2020). Unlike pork and poul-
try meat (Kralik et al, 2018; Cobanovi¢ et al., 2020),
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there are no reference values in the available sci-
entific literature for horsemeat that could be used
for classification into meat quality classes. Future
research should establish cut-off values for horse-
meat water-holding capacity to assess whether the
meat is of good or low quality.

One quality characteristic that distinguish-
es horsemeat, even from beef, is its relatively
dark-red colour with a subtle brownish hue, which
rapidly darkens and turns into a black-brown shade
upon exposure to air (Stanistawczyk et al., 2021a).
This horsemeat property is attributed to its elevat-
ed myoglobin content (7.4 mg/g) compared to beef
(3.8 mg/g) and pork (ranges from 0.79 to 1.44 mg/g)
(Lorenzo et al., 2014, 2019, Stanistawczyk et al.,
2021a). The elevated myoglobin concentration in
horsemeat facilitates its colour transformation, ren-
dering it more visible to the eye compared to pork
or veal, and, thus, fresh horsemeat colour stabili-
ty is relatively low, shortening the shelf-life (Loren-
zo et al., 2014, 2019, Stanistawczyk et al., 2021a). It
has been reported that horsemeat darkens as the ani-
mal ages, while the fat tissue turns yellowish or even
orange in colour (Stanistawczyk et al, 2021b). How-
ever, the myoglobin content in horse muscle tissue
increases during the first years two of life, and then
decreases during the ten following years (Lorenzo
et al., 2019). Horsemeat colour can be measured 24
hours postmortem in the Musculus longissimus dorsi
after 30 minutes of blooming time at 4°C using port-
able colorimeter based on the colorimetric scale CIE
L*, a*, b* (Franco et al., 2011, 2013; Lorenzo et al.,
2013a; Dominguez et al., 2015; Stanistawczyk et al.,
2020). Compared to pork and poultry meat (Kralik et
al., 2018; Cobanovi¢ et al., 2020), there are no ref-
erence values in the available scientific literature for
horsemeat colour that could be used for classification
into quality classes. Consequently, future research
should establish cut-off values for horsemeat colour
to assess whether the meat is of good or low quality.

Horsemeat texture is undesirable, as it exhib-
its extreme stringiness and hardness, particularly in
older animals, even after undergoing heat treatment

(Stanistawczyk et al.,2021a). This can be attributed to
a higher proportion of connective tissue, specifically
collagen (3.5% of the total protein content in horse-
meat), compared to pork (less than 0.5%) and beef
(ranges from 0.49% to 1.0%) (Stanistawczyk et al.,
2021a, 2021b). Conversely, horsemeat from young-
er animals generally displays superior tenderness,
surpassing in this aspect other meat types, especial-
ly, beef (Lorenzo et al., 2014, 2019; Stanistawczyk
et al., 2021a). As animals age, connective tissue
mechanical stability increases as a consequence of
collagen crosslinking (Stanistawczyk et al., 2021a,
2021b). Consequently, collagen within the intermus-
cular connective tissue becomes stiffer, harder and
more resistant to heat denaturation, leading to pro-
gressive meat toughening and requiring greater force
for cutting (Stanistawczyk et al., 2021a). Horsemeat
texture can be determined 24 hours postmortem on
cooked samples obtained from Musculus longissi-
mus dorsi by using the Warner-Bratzler shear force
(WBSF) test (De Palo et al., 2013; Franco et al.,
2011, 2013; Lorenzo et al., 2013b; Stanistawczyk et
al., 2020; Stanistawczyk et al., 2021b). Based on tex-
ture values obtained by using the WBSF test, horse-
meat can be classified in the same manner as beef
(Stanistawczyk et al., 2021a): very tender (WBSF <
3.2 kg), tender (3.2 < WBSF < 3.9 kg), intermediate
(3.9 < WBSF < 4.6 kg) and tough (WBSF > 4.6 kg).

4. Conclusion

Based on the analysis of existing scientific lit-
erature, it can be concluded that the most impor-
tant horse carcass quality indicators are the car-
cass conformation and carcass fat cover, while the
most important horsemeat quality traits are pH, col-
our, water-holding capacity and texture. Howev-
er, more research is needed to establish a classifica-
tion system for horse carcasses as well as threshold
values for colour and water-holding capacity traits
that might be used to classify horsemeat into qual-
ity classes.
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