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The growing demand for food worldwide, along with the increasing need for animal protein, lead to the
identification of other sources of highest quality meat, then the conventional ones, such as it is the hare
meat. The aim of this study was to characterize the sensorial, physico-chemical and nutritional traits of hare
meat (Lepus europaeus Pallas) issued from hunting funds in North-East of Romania. The biological material
consisted of 79 hares (34 males and 45 females), slaughtered by shooting at the age of about 18 months,
during the regular hunting season (1 November to 31 January). Different muscle groups were collected:
Longissimus dorsi (LD), Triceps brachi (TB) and Semimembranosus (SM). For physicochemical
determinations (measurement of the pH at 24 and 48 hours, of water, proteins, lipids, fatty acids and of ash)
were analyzed 237 samples (79 for each muscle group). The results obtained from the sensory analysis are
relatively close as a score for the three muscle groups studied. The pH value was higher for TB muscles. The
highest amount of protein was observed for LD muscles collected from males (21.65%), while the richest
in lipids were the females TB muscles (2.38%). The fatty acids levels were predominantly higher for males
(for the most of the assessed fatty acids). Very favorable ratio of PUFA:SFA was identified in LD muscles
(1.695 for males and 1.531 for females), in SM muscles (1.679 for males and 1.527 for females), and in TB
muscles, as well (1.885 for males and 1.820 for females). The variance analysis revealed insignificant
gender related differences for the three muscle groups, concerning the sensorial traits, the pH level, ash
content and energy value. However, in proteins, lipids and water levels, there were observed highly significant
gender related differences in TB muscles. Also, for some fatty acids, significant statistical differences were
found between genders, in all three muscle groups.
Keywords: hare meat, fatty acids, proteins, lipids.

Due to the growing demand for high-quality meat
products, the challenges of the meat industry are to meet
consumer expectations of delivering safe, high-quality
meat [1, 2]. Modern consumers expect to have access to
soft and tender meat, with good taste, high nutritional value
(rich in proteins, minerals, unsaturated fatty acids and
vitamins), inducing positive influences on human health
[3-18], safe for consumption, without pesticides,
antibiotics and drug residues [19, 20]. The consumers
desire, as well, new types of food [21, 22].
The meat products are appreciated by consumers, thus
there is an increasing demand of those commodities issued
from farming systems observing high standards of animal
welfare [23]. The attention of farmers and meat producers
has been focused on small mammals, such as domestic
rabbits (Oryctolagus cuniculus), which provide high quality
meat [23-50]. Another leporid species, the brown hare
(Lepus europaeus Pallas), has also been generating
interest from meat producers [2, 19, 51]. The meat of these
animals differs from that of poultry and other farmyard
animals [52], but the consumption of their meat is not so
popular as other [19, 52]. Rabbit meat is healthier than
other meats frequently used in human nutrition, such as
chicken, beef, and pork [53], being easily digested, lean
and rich in proteins (with high levels of essential amino
acids), unsaturated lipids (ω3 and ω6), B vitamins,
potassium, phosphorus and magnesium, low in sodium
and cholesterol and very poor in uric acid [22-50, 54-61].
The brown hare (Lepus europaeus Pallas) is one of the
most popular small game species [20] being sometime
reared for the restocking of hunting and protected areas in
Europe [2, 20, 51]. Some authors have investigated the

potential of adding hare meat from hunting into the human
diet because of its favorable sensory characteristics, high
unsaturated fatty acids [57], proteins, minerals, vitamins
content and low-fat content [58, 60, 61] and its energetic
value which is similar to other meats [51]. Hare meat is
classified as red meat, mainly in terms of its high iron (Fe)
content [61], but its availability is usually restricted by
hunting seasons [52, 57, 60]. To produce high-quality meat,
it is necessary to understand the characteristics of meat
quality traits and the factors that control them but in wild
animals is quite difficult to establish the influence of diet
on meat characteristics [2, 52]. Hares, like wild rabbits,
are herbivorous that consume a wide variety of plants and
grains that qualitatively and nutritionally differ by season,
which may cause large variation in the composition of the
meat [59].
There are very few data available in the literature
regarding the characterization of hare meat. From our
knowledge only three articles approached the quality of
hare meat issued from hunting, in Austria [57], in Croatia
[60], and in Slovakia [58]; another three recent studies
depict the quality of hare meat collected from farmed
brown hare in Italy [20, 51], and Poland [2]. The lack of
data on the characterization of hare meat led us to carry
on this study, whose goals were to assess the sensorial,
physico-chemical and nutritional traits of hare meat (Lepus
europaeus Pallas) collected from hunting funds in NorthEast of Romania.
Experimental part
Materials and methods
The biological material consisted of 79 hare individuals
(34 males and 45 females), slaughtered by shooting at the
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age of about 18 months, during the regular hunting season
(1 November to 31 January). Three different muscle groups
(LD – Longissimus dorsi, SM – Semimembranosus and TB
– Triceps brachii muscles) were collected, due to their
different physical-chemical properties, different metabolic
type and in order to cover the main anatomical regions of
the carcasses, as well (back -LD, hind leg-SM, foreleg TB). The muscles on the right side of the carcass were
used, to assess the physical-chemical traits (measurement
of pH at 24- and 48-h post-slaughter, of water, proteins,
lipids, fatty acids and ash contents), summarizing 237
samples (79 for each muscle group). They were
preliminary fine grinded and homogenized using an electric
shredder. The muscle groups on the left side of the
carcasses (237 samples, individually packaged,
vacuumed and then prepared for one hour at a constant
temperature of 80°C in a water bath), were used for sensory
analyses and performed by tasting. After cooling, the
samples were cut and given to 23 tasters, trained in
advance. The assessment sheets of the sensor y
characteristics were filled in using a five-point hedonic
scale (scores from 1 to 5), in which one point represented
the not favourable features, while 5 points indicated the
characteristics which fully satisfied the requirements of
the tasters. For example: the extremely pale colour was
noted with 1, while the intense red colour was noted with
5; global assessment was scored with 1 for unacceptable
meat, with two points for acceptable meat, with three
points for good meat, with four points for very good meat
and with five points for exceptional meat. For two
consecutive days after slaughter, meat p H value was
measured, using the digital pH meter Hanna Electronics,
type 212, on chilled samples, at 2°C. The water, protein
and lipid content were determined using the Food Check
Near Infrared Spectrophotometer (NIRS technology); the
energy value was determined by calculation using
conventional formulas and crude ash content was
assessed by calcinations (at 550°C for 16 h after a
preliminary carbonization) [62-64]. Using the FOSS 6500
spectrophotometer (NIRS technology), the assessment of
fatty acids content was performed. The freshly ground
samples were placed in sterile Petri dishes, weighed, then
lyophilized at -110°C for 24 h , using the CoolSafe™,
SCANVAC lyophilizer, weighed again and then vacuumed

(in special bags) and stored in a freezer at a temperature
of –80°C until the moment of their analysis. The following
saturated fatty acids (SFA) were assessed: C14:0 (myristic
acid), C15:0 (pentadecanoic acid), C16:0 (palmitic acid)
C17:0 (heptadecanoic acid) and C18:0 (stearic acid).
Among the monounsaturated fatty acids (MUFA, ω7 and
ω9) there were investigated: C18:1n-7 (vaccenic acid cis
isomer of oleic acid) and C18:1n-9 (oleic acid); a total of
nine polyunsaturated fatty acids (PUFA, ω3 and ω6) were
also assessed: C18:2n-6 (linoleic), C18:3n-3 (linolenic),
C20:2n-6 (eicosadienoic), C20:3n-6 (eicosatrienoic),
C20:4n-6 (arachidonic), C20:5n-3 (eicosapentaenoic or
EPA), C22:4n-6 (docosatetraenoic), C22:5n-3 (docosapentaenoic or DPA) and C22:6n-3 (doco-sahexaenoic
or DHA) [65-81]. All the achieved results were statistically
processed through the main descriptors computation and
analysis of variance test (Anova single factor), using the
GraphPad Prism 7.0 software.
Experimental part
Following sensory appreciation of hare meat (Lepus
europaeus Pallas) it could be noted a higher score of meat
color (table 1), with more than 4.14 points for all muscle
groups analyzed, for both females and males (4.14 for
females in the LD muscles and 4.36 for males in SM
muscles). The highest accumulated score for hare meat
color was based on the more intense red hue specific to
game meat. It is observed that the lowest color values
were obtained for the LD muscles compared to the TB and
SM muscles, similar results being observed in other studies:
in farmed brown hares, the redness index increased at the
hind leg, while it decreased in LD muscles, by age [20]. For
the other analyzed sensory characteristics, a slightly higher
score for males has been achieved. In SM muscles
predominated a higher score for most of the evaluated
characteristics, except for Fibrous appearance, where a
lower score (3.00 for females and 3.07 for males) has been
obtained, because muscle fibers are thinner compared to
TB muscles and LD muscles. Generally speaking, the values
obtained were relatively close for all studied muscles, with
some small differences for certain characteristics, and the
statistical analysis revealed insignificant differences
between genders.

Table 1
SENSORIAL SCORES OF LONGISSIMUS DORSI, SEMIMEMBRANOSUS AND TRICEPSBRACHII MUSCLES
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Table 2
THE pH OF HARE MEAT AT 24H AND 48H POST
SLAUGHTERING

Table 3
THE PROTEIN CONTENT (%) OF HARE MEAT

Variance analysis showed not significant differences
between genders related to hare meat pH level (table 2).
Higher values for TB muscles were observed compared to
the other muscles (6.003 at 24 h, 6.173 at 48 h in females
and 6.062 at 24 h, 6.102 at 48 h in males). At 48 h after
slaughter, at the level of the three muscle groups studied, it
was observed that in female’s pH had higher values than
those measured in males, even if at 24 hours the highest
pH values were recorded for males. These results are in
line with other studies carried on sub-adult and adult
reproducing farmed hares [19], that found the pH of hind
leg (5.74 to 5.83) and LD (5.53 to 5.69) increased with age.
Mertin et al., 2012 [58] found in LD muscles of hunted
hares a pH value of 6.17 at 48 h. Kroliczewska et al., 2018
[2] comparing the meat of rabbit with that of hares, found
the higher pH of meat for hares (average of 6.11 from: 6.15
in fore leg muscles, 6.12 in hind leg muscles and 6.07 in LD
muscles); the highest pH values were observed for the
fore legs and the lowest were observed for the LD, which
are in accordance with our results. The high pH values in
hare meat are explained as a result of the stressful
conditions at slaughter and the higher levels of physical
activity before the hare individuals were shot, resulting in
the exhaustion of muscle glycogen stores prior to death.
Furthermore, muscle glycogen level at death largely
determines the ultimate pH (pHu) [82]. Króliczewska et
al., 2018 [2] specifies that the p H measurement
methodology used in their conducted study (samples
delivered to the laboratory within 30 min after slaughter,
placed in polyethylene bags, frozen at –20°C for 30 min,
and stored at -80°C until analysis), don’t measure the real
pHu (24 h postmortem/24 h chilling) and probably not fully
depleted glycogen may cause observed higher pH values
in muscles.
Hare meat was also characterized by its chemical
components (proteins, lipids, fatty acids, water and mineral
substances - crude ash). The proteins content has the
highest average values at the level of LD muscles for males,
21.65%. For the other muscle groups, mean values were
also higher for males with relatively low gender differences;
the statistical significance of the differences between
176

genders was insignificant for SM and LD muscles and
distinctly significant for TB muscles (table 3).
The quantity of proteins found in this study was slightly
lower than the one assessed by other authors in Croatia,
Poland, Italy [59, 2, 19, 50], but the quantity of lipids was
slightly higher; other studies found higher lipids content
than in ours [2]. In the meat of hare shot in the eastern
region of Croatia, chemical tests showed the following
chemical average content: water 75.32%, protein 23.08 %,
fat 1.09%, ash 1.16% [60]. In farmed hare meat from Italy
there were found on average: 74.3% water, 22% crude
protein content in hind leg and respectively 23% in LD, and
low ether extract content (2.1% and 1.0% in hind leg and
LL, respectively), with ash content averaging 1.35% in the
hind leg and 1.44% in LD [20].
Trocino et al., 2018 [20], found that the water and protein
contents of hare meat decreased in the hind leg and LD
with the age of hares, whereas the ether extract increased
in LD only (0.92% to 1.11%). Consistent with Cobos et al.
1995 [52], Króliczewska et al., 2018 [2] wich examined
the both wild leporids (rabbit and hare) they found a lower
protein content for fore legs (TB muscles) than for either
hind legs (SM muscles) or LD muscles. Our findings in the
protein content of hare meat are in agreement with Trocino
et al, 2018 [20], and lower then that found in other papers
[2, 51, 60].
The highest lipids quantity was determined for TB
muscles (2.38% for females), and the lowest was observed
for LD muscles (1.52% for males). For all three muscle
groups analyzed, the amount of lipid determined was
higher for females compared to males. Variance analysis
revealed very significant gender differences at the level of
TB muscles and insignificant differences for the LD and
SM muscles (table 4).
The fat content measured in this study is close to those
determined by Mertin et al., 2012 [58], Skrivanko et al.,
2008 [60], Vizzarri et al., 2014 [51], Trocino et al., 2018
[20], with small differences at the level of TB muscles
from females where we determined slightly higher values
(2.38%). Kroliczewska et al., 2018 [2], found higher lipid
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Table 4
THE FAT CONTENT (%) OF HARE MEAT

content in foreleg (2.30%), hind leg (2.43%) and LD (2.44%)
muscles than in present study.
The lowest water content was measured in TB muscles
(74.35% for females) because the amount of lipid
determined was also highest for females in the same
muscle group (2.38%); for the other muscle groups
analyzed, the mean values were higher, exceeding 75%
for both sexes, with slightly higher values for males
(75.20% for SM muscles, 75.15 for LD muscles and 75.17%
for TB muscles).
The water content is very close to that determined by
Skrivanko et al., 2008 [60] (75.34% from muscle tissue,
unspecified muscle groups), and in line with Trocino et al.,
2018 [20] (that found 73.3-75.5 in adult and sub-adult hare
hind leg and LD muscles); the amount of water found in
present study was higher than that determined by Vizzarri
et al., 2014 [51] (72.83%), Kroliczewska et al., 2018 [2]
(73% in foreleg, 74% in hind leg and 73.4% in LD muscles)
and Mertin et al., 2012 [58] (72.83%). Following the
variance analysis test, insignificant differences were found
between genders for LD and SM muscles, and very
significant differences were found for TB muscles (table
5).
The ash content in the analyzed muscle groups was
relatively close, with higher average values for males
(1.271% for LD muscles, 1.251% for SM muscles and
1.267% for TB muscles), and following the variance analysis

test were observed insignificant gender differences (table
6).
Higher values of ash content were determined in Poland
(Kroliczewska et al, 2018 [2] found 2.30% ash in foreleg,
2.43% ash in hind leg and 2.44% ash in LD muscle), and
close values were determined in other studies from Croatia
(Skrivanko et al., 2008 [59] found 1.16% ash) and Italy
(Vizzarri et al, 2014 [51] found 1.06% ash in LD muscles
and Trocino et al., 2018 [20] found 1.28-1.42% ash in subadult and adult hares at the level of hind leg, including SM
muscles, and 1.43-1.44 at the level of LD muscles).
The gross energy value supplied through hare meat
consumption, showed the highest level for TB muscles
collected from males (168.5 Kcal/100 g). For the other
muscle groups, the mean values determined were lower
but close (144.24-147.13 kcal/100 g), and statistical
differences between the genders were insignificant (table
7).
Skrivanko et al., 2008 [59] found lower energy value for
hare meat from Eastern Croatia (105.07 Kcal/100 g), and
Mertin et al., 2012 [58] found 112.13 kcal/100 g at the level
of LD muscles collected from hare in South-West of
Slovakia.
The average fatty acids content for all the three muscle
groups studied shows predominantly higher values for
males (table 8).

Table 5
THE WATER CONTENT OF HARE MEAT (%)

Table 6
THE ASH CONTENT OF HARE MEAT (%)

Table 7
THE ENERGY VALUE FOR HARE MEAT (Kcal/100 g)
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Highest value for saturated fatty acids SFA was
highlighted at the level of palmitic acid (339.02 mg/100g
for LD muscles collected from females). For MUFA, the
highest average values were recorded for oleic acid: in LD
muscles 352.51 mg/100g for males and 278.67 mg/100g
for females, in SM muscles 307.58 mg/100g for males and
241.18 mg/100g for females, and in the TB muscles were
registered 389.08 mg/100g for males and 264.45 mg/100g
for females, with very significant statistical differences (p
< 0.001). Concerning the PUFA level, the highest values
were determined for linoleic acid C18:2 n-6, with more
than 500 mg/100g for LD muscles (593.23 mg/100g for
males and 501.63 mg/100g for females), for SM with 556.63
mg/100g for males and 413.78 mg/100g for females (p <
0.001); also, for TB muscles was found 674.30 mg/100g
for males and 568.53 mg/100g for females (p < 0.01).
After the evaluation of the statistical significance of
differences on fatty acid content for TB and SM muscles,
significant, distinct significant and ver y significant
differences were observed for the majority of the fatty
acids determined, and for LD muscles were found
insignificant differences for 10 fatty acids from all 16
determined.
In this study, very favorable ratio of PUFA:SFA was found
(in LD muscles 1.695 for males and 1.531 for females, in
SM muscles 1.679 for males and 1.527 for females, and in
TB muscles 1.885 for males and 1.820 for females). The

PUFA:SFA ratio was higher than that determined by
Króliczewska et al., 2018 [2] (1.17 in LD muscles, 1.20 in
hind leg muscles and 1.40 in fore leg muscles) and by
Trocino et al., 2018 [20] (0.83 for hind leg of subadult and
1.70 for adult, and 1.16 for females and 1.18 for males,
which are in line with the present study, that found for
males’ higher values).
After Kroliczewska et al., 2018 [2], which determined
the quality and fatty acid profile of meat from hare and
domestic rabbit, the high PUFA/SFA ratio in hare meat can
be perceived as favorable for human health. Also, due to
the high PUFA level in hare meat, the atherogenic index
was significantly lower for hare meat than for rabbit meat,
which should be attractive to consumers by the role of
PUFA in reducing cardiovascular diseases; the
thrombogenic index tended to be lower for hare meat than
for rabbit meat. The low values of both the atherogenic
and thrombogenic indices may be features specific to the
species.
After Trocino et al., 2018 [20], the rate of SFA decreased
in hind leg (41.0% to 26.7%), and the rate of the PUFA
increased (34.0% to 45.3%) with the age of individuals. In
LD muscles, SFA (38.6% to 42.9%) and MUFA (19.4% to
27.2%) increased, whereas PUFA decreased (42.0% to
30.1%) when the age increased.
From the nutritional point of view the consumption of
hare meat had a positive contribution in human health, by
its high content of protein and low content of fat, with

Table 8
THE FATTY ACIDS CONTENT (mg/100 g) FOR LD, SM AND TB MUSCLES FROM HARES
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favourable index of nutritive value of fat, i.e. proportion of
essential amino acids and unsaturated fatty acids. Hare
meat is full-value meat, easily digestible with typical aroma
for the given species, and has finer muscle fibers than the
meat of slaughter animals. Thanks to its relatively low-fat
content venison ranks among the richest proteinaceous
meat along with fish meat, being higher than in farm animal
[52].
Game meat usually comes from hunting, but according
to results of recent papers [2, 20, 52], hares farmed for
restocking purposes may be used for meat production due
to their favourable slaughter results (high dressing
percentage) and carcass traits (high proportion of meat in
hind legs and loins), as well as the high nutritional value of
meat and favourable fatty acid composition. This fact would
offer additional commercial opportunities, in addition to
restocking, to hare farmers [20]. Under controlled
conditions may be an alternative method for producing a
high-quality meat that could increase the health of
consumers [2]
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