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The study aimed to compare the chemical composition (proximate, mineral, fatty acid,
and amino acid composition) and nutritional value of meat from three deer species
(fallow deer, red deer, and roe deer). A total of eighteen male carcasses of three species
were collected. Proximate composition of deer meat (M. longissinmus lumborum) did
not differ among the three deer species, while deer species affected the content of
most minerals (Ca, P, Na, Mg, Fe, Mn, and Zn). In the present study analysis of the
fatty acid profile of deer meat showed that the polyunsaturated fatty acid (PUFA) to
saturated fatty acid ratio and n-6/n-3 PUFA ratio were, for all three deer species, within
the recommended values. Furthermore, based on nutritional indexes (n-6/n-3 PUFA
ratio, atherogenicity index, hypocholesterolaemic to hypercholesterolaemic fatty acid
ratio, and nutrition value index), it is concluded that roe deer meat had the highest,
while fallow deer meat had the lowest nutritive value. Although the content of certain
essential amino acids (isoleucine and valine) was lower in fallow deer meat than in red
deer and roe deer meat (p=0.05), the ratio of essential to non-essential amino acids was
higher in fallow deer than in the two other deer species (p=0.05).
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INTRODUCTION

Production and consumption of game meat has increased in recent years [1], gaining
growing popularity across Europe [2]. Concerning its nutritional profile, game meat
has high contents of proteins, essential amino acids (AA), minerals, and vitamins, but
a low content of fat, a favourable n-6 to n-3 polyunsaturated fatty acid (PUFA) ratio,
and high levels of conjugated linoleic acid (CLA) [3]. Venison is low in cholesterol, rich
in PUFA and iron, and offers appealing sensory qualities (flavour, aroma, and texture)
compared to beef [4]. Nowadays, consumers are becoming increasingly interested in
the safety and quality of meat. Moreover, game meat is generally considered a healthy
option due to animals primarily feeding on pasture free of chemicals and medicines
[5]-

Since consumer concerns about the quality and overall wholesomeness of deer meat
have risen significantly over the past decades, several authors have recently studied
deer meat quality. Deer meat quality depends on many factors, such as species [3,6-8],
sex [2,5,8-10], age [7,9,11], rearing system [2,12], diet [13,14], season [5,15,16], region
[16], and muscle type [10,12,17].

Fallow deer and red deer are widely distributed deer species in different geographical
areas of Europe, Asia, and North America [9,17], while roe deer is predominantly
widespread in Europe [18]. Although meat quality of deer has been extensively
investigated during the last two decades, to the best of our knowledge, there are
insufficient data in the published literature that compare the chemical composition
and nutritional value of the most common deer species in Europe. Therefore, the aim
of this study was to assess the effect of deer species (fallow deer (Dama dama), red
deer (Cervus elaphuns), and roe deer (Capreolus capreolus)) on meat chemical composition
(proximate composition, mineral content, fatty acid (FA) profile, and AA profile) and
nutritional value of deer meat.

MATERIALS AND METHODS

Animals, hunting region, diet, and meat sampling

The experiment was performed in line with the legislations on animal welfare [19] and
hunting procedures [20].

A total of eighteen male carcasses of three species (6 fallow deer (Dama dama), 6 red
deer (Cervus elaphus), and 6 roe deer (Capreolus capreolus)) were collected during the
hunting season in October of 2022. Animals were approximately between two and
three years old and age was estimated by teeth eruption [21].

Free-living deer of the three species used in this study were hunted in the forests
of the eastern part of Serbia, within the Zlot hunting area at latitude 44° 00> 21” N
and longitude 21° 59 05” E (from 400 to 1175 m above sea level). The animals in
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the Zlot hunting area had access to 17,913.58 hectares of free roaming forest atea,
predominantly consisting of beech (Fagus silvatica), and partly of oak (Quercus robur),
maple (Acer campestre, Acer platanoides) and hornbeam (Carpinus betulus). The ground
vegetation consisted of blackberries (Rubus fruticosns), nettle (Urtica divica), sweet
woodruft (Galinm odoratum), white wood-rush (Lugula lnznloides), coralroot bittercress
(Cardamine bulbifera), ground-ivy (Glechoma hyrsuta), hart’s tongue (Phyllitis scolopendrinm),
and perennial grass (Festuca drymeja). Considering the differences in deer species (fallow
deer, red deer, and roe deer), three experimental groups were formed, each containing
6 carcasses.

After shooting, the animals were immediately bled out and then eviscerated within 1
h. At 24 h post mortem, meat samples (M. longissinus lumborum) were taken from each
carcass, packed in polyethylene bags, and kept at -18°C until analyses of proximate
composition, FA and AA profiles, and mineral contents were performed.

Proximate composition of meat

The day before analysis of proximate composition, content of minerals, FA and AA
profiles, meat samples were defrosted overnight at 4°C. The content of dry matter
[22], fat [23], protein [24], and ash [25] in meat samples was determined using official
methods.

Determination of minerals

Content of P was determined according to the ISO 13730 procedure [20] using
spectrophotometric measurements performed with a Halo DB-20/dB-20S (Dynamica,
UK). Content of other minerals (Ca, Na, Mg, K, Fe, Cu, Mn, and Zn) was determined
according to the method previously described by Boskovi¢ Cabrol et al. [27]. Before
analysis of Se content, meat samples were mineralized using microwave-assisted
mineralization with a digestion mixture of concentrated HNOj3 and H,O, (4:1) within
a closed-vessel heating system (MILESTONE TC, Sorisole, Italy). Se was subsequently
determined by hydride generation atomic absorption spectrophotometry (HGAAS)
(THERMO SOLAAR S4 VP90 system, Thermo Fisher Scientific, Waltham, MA,
USA).

Fatty acid profile of meat

FA were determined according to a method previously described by Spiri¢ et al.
[28] and Glisi¢ et al. [29]. The level of FA was expressed as a percentage (%) of
the total identified FA (lauric acid (C12:0), myristic acid (C14:0), pentadecanoic acid
(C15:0), palmitic acid (C16:0), margaric acid (C17:0), stearic acid (C18:0), arachidic
acid (C20:0), docosanoic acid (C22:0), lignoceric acid (C24:0), myristoleic acid (C14:1),
cis-10-pentadecenoic acid (C15:1), palmitoleic acid (C16:1), cis-10-heptadecanoic acid
(C17:1), oleic acid (C18:1n9¢), cis-11-cicosenoic acid (C20:1n9), erucic acid (C22:1
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n9), nervonic acid (C24:1), linoleic acid (C18:2n6c), gamma-linolenic acid (C18:3-n6),
cis-13,16-docosapentaenoic acid (C22:5), cis-8,11,14-eicosatrienoic acid (C20:3-n6),
arachidonic acid (C20:4-n6), docosadienoic acid (C22:2-n6), docosatetracnoic acid
(C22:4-n0), alpha-linolenic acid (C18:3-n3), cis-11,14,17-eicosatrienoic acid (C20:3-n3),
eicosapentaenoic acid (C20:5-n3), docosapentaenoic acid (C22:5-n3), docosahexaenoic
acid (C22:6-n3)).

Determination of atherogenicity index (Al), thrombogenicity index (TI),
hypocholesterolaemic to hypercholesterolaemic fatty acid ratio (H/H),
and nutrition value index (NVI)

The atherogenicity index (Al) and the thrombogenicity index (TI) were calculated
according to the equations proposed by Ulbricht and Southgate [30]. The
hypocholesterolemic to hypercholesterolemic fatty acid ratio (H/H) was calculated
according to Paszczyk et al. [31]. The nutrition value index (NVI) was calculated
according to Chen et al. [32].

Al = (C12:0 + (4 X C14:0) + C16:0) / (Yn-3 PUFA + Yn-6 PUFA + YMUFA)

TI = (C14:0 + C16:0 + C18:0) / (0.5 x YMUFA + 0.5 X ¥n-6 PUFA + 3 X ¥n-3
PUFA + Yn-3 PUFA/Yn-6 PUFA)

H/H = (C18:1n-9¢ + C18:20-6 + C18:3n-3) / (C12:0 + C14:0 + C16:0)
NVI = (C18:0 + C18:1n9)/(C16:0)

Amino acid analysis

The content of AAs (arginine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, valine, alanine, aspartic acid, cysteine, glutamic acid, glycine,
proline, serine, tyrosine) was determined by the method described by Boskovi¢ Cabrol
et al. [27].

Statistical analysis

Statistical analysis of the results was elaborated using software GraphPad Prism version
6.00 for Windows (GraphPad Software, San Diego, CA, USA, www.graphpad.com).
All parameters were described by means and standard error of means (SEM). One-way
ANOVA with Tukey’s post-test was performed to assess the effect of game species
(fallow deer, red deer, and roe deer) on proximate composition, mineral content, FA,
and AA profile of deer meat. Values of p=0.05 were considered significant.
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RESULTS

Proximate composition of deer meat

The meat proximate composition of three game species (fallow deer, red deer, and
roe deer) is presented in Table 1. In deer meat, the protein content ranged from 22.72
to 22.94 ¢/100 g, while fat content ranged from 1.43 to 1.50 g/100 g. The proximate
composition of deer meat did not differ among species (p>0.05).

Table 1. The effect of game species (fallow deer, red deer, and roe deer) on chemical
composition of deer meat (M. longissinns lumbornm) (n=0)

0 /I;(a)f)a;:::ile) Fallow deer Red deer Roe deer SEM p value
Dry matter 25.54 25.23 25.35 0.19 0.181
Protein 22.94 22.72 22.79 0.18 0.350
Fat 1.50 1.43 1.46 0.04 0.161
Ash 1.10 1.11 1.10 0.02 0.718

Data are means and standard error of means (SEM).

Mineral content of deer meat

The effect of game species (fallow deer, red deer, and roe deer) on the mineral content
of meat is presented in Table 2. The most abundant macrominerals were potassium
and phosphorus that ranged from 4255 to 4450 mg/kg and from 1915 to 2250 mg/
kg, respectively. In deer meat, Fe (from 19.50 to 22.00 mg/kg) and Zn (from 13.52 to
15.18 mg/kg) predominated among the microminerals. Species significantly affected
the contents of Ca, P, Na, Mg, Fe, Mn, and Zn (p=0.05), while it did not affect the
contents of K, Cu, or Se in deer meat (p>0.05). Roe deer meat had higher contents of
P (+17.49% and +7.50%; p=< 0.001), Na (+45.26% and +37.59%; p=< 0.001), and Mg
(+23.28% and +21.19%; p< 0.001), and lower content of Ca (-50.29% and — 53.00%;
p= 0.001) compared to fallow deer and red deer meat. Red dear meat had higher P
content than fallow deer meat. The content of Fe was higher in fallow deer meat than
in red deer and roe deer meat (+9.07% and +12.82%; p=0.0081). Higher content of
Mn (+22.22%; p=0.0009) and lower content of Zn (-10.94%; p=0.0011) was detected
in fallow deer than in roe deer meat.
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Table 2. The effect of game species (fallow deer, red deer, and roe deer) on mineral content of
deer meat (M. longissimus lumborum) (n=0)

P?r?gn}it;)r s Fgggrw Red deer Roe deer SEM p value
Macrominerals
Calcium (Ca) 141.24 149.3A 70.178 4.09 <0.001
Phosphorus (P) 19154 20938 2250¢ 65.03 <0.001
Sodium (Na) 950.0% 10034 13808 32.63 <0.001
Potassium (K) 4255 4345 4450 191.35 0.476
Magnesium (Mg) 192.54 195.84 237.38 6.88 < 0.001
Microminerals
Iron (Fe) 22,004 20.178 19.508 0.86 0.008
Coppet (Cu) 1.27 1.27 1.30 0.12 0.931
Manganese (Mn) 0.444 0.40AB 0.368 0.02 0.001
Zinc (Zn) 13,520 14.387B 15.188 0.43 0.001
Selenium (Se) 0.13 0.13 0.14 0.003 0.077

Data are presented as means and standard error of means (SEM); A B> € _ Means within the
same row with different superscripts differ significantly (p=< 0.05).

Fatty acid composition of deer meat

The FA profiles of the M. longissimus lumbornm from fallow deer, red deer, and roe
deer are shown in Table 3. Species significantly affected the content of FA in deer
meat (p= 0.05), except for eicosadienoic acid (C20:2-n6) (p=0.1689). The total SFA
was the highest in fallow deer (43.68%) and the lowest in red deer meat (39.09%; p=
0.001). Significantly higher levels of lauric (C12:0) (+88.89% and +88.89%; p=< 0.001),
myristic (C14:0) (+26.54% and +149.24%; p=< 0.001), and margaric (C17:0) (+51.82%
and +27.48%; p= 0.001) FAs were determined in fallow deer than in red deer and
row deer meat. The content of C17:0 and C22:0 was the lowest in red deer, while the
content of C18:0, C20:0, and C24:0 was the highest in roe deer.
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Table 3. The effect of game species (fallow deer, red deer, and roe deer) on fatty acid profile
and nutritive indicators of deer meat (M. longissimus lunborum) (n=06)

Fallow

Parameters (g/100 g muscle) deer Red deer  Roe deer SEM p value
Fatty acids

C12:0 0.17A 0.098 0.09B 0.01 < 0.001
C14:0 3.207 2.608 1.32€ 0.09 <0.001
C15:0 0.47A 0.41AB 0.40B 0.03 0.031
C16:0 21.034 19.46B 20.02AB 0.68 0.039
C17:0 1.674 1.10B 1,31 0.05 < 0.001
C18:0 16.75% 15.158 18.79¢ 0.60 <0.001
C20:0 0.084 0.06" 0.11¢ 0.01 < 0.001
C22:0 0.12A 0.15B 0.04¢ 0.01 <0.001
C24:0 0.114 0.08B 0.21¢ 0.01 < 0.001
YSFA 43,684 39.098 42.29¢ 0.60 <0.001
Cl4:1 2.844A 1.63B 0.25¢ 0.05 < 0.001
C15:1 2.354 0.06B 0.05B 0.15 <0.001
C16:1 3.624 6.15B 2.10¢ 0.14 < 0.001
C17:1 0.687 0.06B 0.34¢ 0.03 <0.001
C18:1 19.09A 22,768 30.22¢ 0.50 < 0.001
C20:1 0.07A 0.07A 1.408 0.02 <0.001
Cc22:1 0.554 0.06B 0.04B 0.01 <0.001
C24:1 0.247 0.22A 0.13B 0.01 <0.001
IMUFA 29.204 31.008 34.59C 0.50 < 0.001
C18:2-n6 10.43A 11.958 8.07¢ 0.46 <0.001
C18:3-n6 0.10A 0.158 0.07¢ 0.01 < 0.001
C20:2-n6 0.09 0.09 0.08 0.01 0.169
C20:3-n6 0.547 0.43B 0.29¢ 0.04 < 0.001
C20:4-n6 5.50A 6.01B 4.07¢ 0.24 <0.001
C22:2-n6 0.10A 0.248 0.04¢ 0.01 < 0.001
C22:4-n6 0.56% 0.31B 0.07¢ 0.02 <0.001
>n-6 PUFA 17.324 19.188 12.69¢ 0.52 <0.001
C18:3-n3 2,194 3.11B 3.82C 0.07 <0.001
C20:3-n3 0.274 0.36B 0.05¢ 0.02 < 0.001
C20:5-n3 1.684 2.09B 1.958 0.08 <0.001
C22:5-n3 1.674 2.078 1.83€ 0.06 < 0.001
C22:6-n3 2,207 0.868 0.30¢ 0.06 <0.001
Yn-3 PUFA 8.014 8.498 7.954 0.19 < 0.001
CLA 1.794 2.248 2.488 0.15 <0.001
YPUFA 27.124 29.918 23.12¢ 0.61 < 0.001
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Continnation of the Table 3..

EPA+DHA 3.884 2.96B 2258 0.11 <0.001
Yn-6 PUFA/Yn-3 PUFA 2.16% 2.26% 1.608 0.07 <0.001
YUFA 56.34 60.928 57.71€ 0.60 <0.001
UFA/SFA 1.204 1.568 1.364 0.04 <0.001
MUFA/SFA 0.67A 0.798 0.82B 0.02 < 0.001
PUFA/SFA 0.627 0.778 0.55¢ 0.02 <0.001
Al 0.63A 0.51B 0.46¢ 0.02 <0.001
TI 0.840 0.71B 0.814 0.02 <0.001
H/H 1.284 1.718 1.97¢ 0.07 < 0.001
NVI 1.694 1.968 2.46¢ 0.10 <0.001

Data are presented as means and standard error of means (SEM); SFA — saturated fatty acids;
MUFA — monounsaturated fatty acids; PUFA — polyunsaturated fatty acids; CLA — conjugated
linoleic acid; EPA+DHA — sum of eicosapentaenoic (C20:5n-3) and docosahexaenoic
(C22:6n-3) fatty acids; UFA — unsaturated fatty acids; AI = atherogenicity index; TI =
thrombogenicity index; H/H = }g'pocholesterolemic to hypercholesterolemic fatty acid ratio;
NVI = Nutrition Value Index; 4 B> € — Means within the same row with different superscripts
differ significantly (p = 0.05).

The total MUFA was the highest in roe deer meat (34.59%) and the lowest in fallow
deer meat (29.20%) (p< 0.001). The highest proportions of oleic (C18:1) (+58.30%
and 32.78%; p=< 0.001) and eicosenoic (C20:1) (+1900% and 1900%; p= 0.001) FAs
were found in roe deer meat compared with proportions in fallow deer and red deer
meat.

The highest percentage of PUFA were determined in red deer meat for linoleic
(LA) (C18:2-n6) (+14.57% and +48.08%; p= 0.001), gamma-linolenic (C18:3-n6)
(+50.00% and +114.29%; p< 0.001), arachidonic (C20:4-n6) (+9.27% and 47.67%;
p< 0.001), docosadienoic (C22:2-n6) (+140.00% and +500.00%; p= 0.001), cis-
11,14,17-cicosatrienoic acid (C20:3-n3) (+33.33% and 620.00%; p< 0.001), and
docosapentaenoic (C22:5-n3) acids (+23.95% and +13.11%; p= 0.001), rather than
in fallow deer and roe deer meat. The highest levels of cis-8,11,14-eicosatrienoic
acid (C20:3-n6) (+25.58% and +86.21%; p=< 0.001), docosatetraenoic (C22:4-n0)
(+80.65% and +700.00%; p= 0.001), and docosahexaenoic (C22:6-n3) (+155.81%
and +633.33%; p= 0.001), and the lowest levels of alpha-linolenic (ALA) (C18:3-n3)
(-29.58% and — 42.67%; p=< 0.001), eicosapentaenoic (C20:5-n3) (-19.62% and —
13.85%; p=< 0.001) and CLA (C18:2-n6) (-20.09% and — 27.82%; p< 0.001) were
determined in fallow deer meat rather than in red deer and roe deer meat. Moreovet,
n-6 PUFA (+10.74% and +51.14%; p=< 0.001), n-3 PUFA (+5.99% and +6.79%; p=
0.001), the total PUFA (+10.29% and +29.37%,; p=< 0.001), the total UFA (+8.21%
and +5.56%; p< 0.001), and the UFA/SFA ratio (+20.93% and +14.71%,; p< 0.001)
were highest in red deer compared with fallow deer and roe deer meat. Furthermore,
amongst the three deer species, the roe deer meat had the lowest PUFA/SFA ratio
(0.55) and Al value (0.46), and the highest H/H ratio (1.97) and NVI (2.46) (p< 0.001).
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Amino acid profile of deer meat

The AA profiles of the M. longissimus lumbornm from fallow deer, red deer, and roe
deer are presented in Table 4. Species significantly affected the AA profile of deer
meat. The lowest proportions of isoleucine (-12.20% and — 10.00%; p=0.0080), valine
(-6.61% and — 6.61%; p=0.0079), alanine (-9.52% and — 8.28%; p= 0.001), proline
(-12.63% and — 8.79%; p=0.0012), and serine (-13.21% and — 12.38%; p= 0.001) were
determined in fallow deer compared with the proportions in red deer and roe deer
meat. The content of methionine was lower in red deer than in fallow deer and roe
deer (p= 0.001). The content of arginine and cysteine was lower in roe deer than in
fallow deer and roe deer (p= 0.001). The ratio of essential AAs to total AAs did not
differ among deer species, while a higher content of non-essential AAs was found in
red deer than in fallow deer meat (+7.96%; p=0.0045). The ratio of essential to non-
essential AAs was the highest in fallow deer (1.04) and lowest in red deer meat (0.94)
(p= 0.001).

Table 4. The effect of game species (fallow deet, red deer, and roe deer) on content of amino
acids (AAs) of deer meat (M. longissimus lumborum) (n=0)

Fallow

Parameters (g/100 g muscle) deer Red deer  Roe deer SEM p value
Essential AAs

Arginine 1.254 1174 0.81B 0.072 <0.001
Histidine 0.86 0.85 0.82 0.042 0.497
Isoleucine 1.084 1.23B 1.208 0.051 0.008
Leucine 1.80AB 1.674 1.868 0.063 0.005
Lysine 1.984 2.084 2.278 0.075 0.001
Methionine 0.66% 0.428 0.65% 0.028 <0.001
Phenylalanine 1.10 1.01 1.03 0.047 0.061
Threonine 0.994 0.934B 0.918 0.034 0.021
Valine 1.134 1.218 1.215 0.032 0.008
Non-essential AAs

Alanine 1.334 1.478 1.45B 0.028 < 0.001
Aspartic acid 2.12 2.23 2.20 0.064 0.122
Cysteine 0.174 0.174 0.118 0.011 < 0.001
Glutamic acid 3.204 3.668 3.41AB 0.118 0.001
Glycine 0.887 0.83AB 0.81B 0.029 0.016
Proline 0.834 0.958 0.91B 0.033 0.001
Serine 0.924 1.06B 1.058 0.028 < 0.001
Tyrosine 0.98 0.91 0.93 0.034 0.063
Essential AAs 10.84 10.55 10.76 0.327 0.541
Non-essential AAs 10.434 11.268 10.864B 0.256 0.005
Total AAs 21.27 21.81 21.62 0.566 0.512
Essential/non-essential AAs 1.044 0.948 0.99¢ 0.015 <0.001

Data are presented as means and standard error of means (SEM); & B> € _ Means within the
same row with different superscripts differ significantly (p=< 0.05).
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DISCUSSION

Proximate composition of deer meat

In the present study, the proximate composition of deer meat was similar to that
reported by other authors for fallow deer, red deer, and roe deer meat [2,7,10]. Opposite
to that, other authors have determined more favourable proximate composition of
deer meat than in the present study, in terms of higher protein content and lower fat
content [8,16]. Although the nutritional value of deer meat in this study was lower than
that reported in the literature, it was still high since the protein content of deer meat
was higher than 22% and fat content was lower than 2%. Moreover, the proximate
composition of deer meat did not differ among the three examined species, although
Milczarek et al. [8] found higher protein content and lower fat content in roe deer
than in red deer. In the current study, deer were exposed to the same region, rearing
condition, feeding regime, and hunting type, and animals were of the same sex and age.
It seems that those factors have a stronger influence on the proximate composition of
the meat than deer species, since other authors have found their significant effects on
the proximate composition of deer meat [2,5,9,10,14,16].

Mineral content of deer meat

The most abundant macrominerals in deer meat were K, P, and Na. Similar results
for the levels of K, P, and Na in red deer meat were reported by Lorenzo et al. [11],
Soriano et al. [5], and Serrano et al. [16], although content of macrominerals differed
among compared studies. In the present study, deer species affected the content of
Ca, P, Na, and Mg, The content of P, Na, and Mg was higher, while the content of
Ca was lower in roe deer meat than in fallow deer and red deer meat. Moreovet,
in deer meat, Fe and then Zn predominated among the microminerals. Higher Fe
than Zn levels were found in red deer and roe deer meat [11], although the contents
of these microminerals were higher than those determined herein. Opposite to that,
higher contents of Zn than Fe were found in red deer meat [5,16]. Similarly, as for
macrominerals, in the present study, species affected the content of Fe, Mn, and Zn.
Lower contents of Fe and Mn, but higher content of Zn were found in our roe deer
than in fallow deer meat.

Mineral content in deer meat depends on animal diet, since deer graze and browse
plants from the environment, and thus the mineral composition of deer meat reflects
the mineral composition of plants ingested from the local habitat [11]. Aside from age,
sex, hunting region, and season that were shown not to differ between deer meat in
the present study, other factors such as different physical activities, muscle fibre type
can also affect the mineral content of meat [11]. In addition, the mineral content in
meat vaties depending on the stage of growth of antlers that grow in red deer and
fallow deer from spring to summer months, and in roe deer later, from December
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to February. Rapid growth of antlers can cause a depletion of mineral stores in the
body in order to transfer the minerals to the antlers [16]. There is also evidence that,
in addition to Ca and P, other mineral elements also affect growth, composition, and
mechanical properties of antlers [33]. This could explain the differences in the mineral
content of deer meat from the present study and higher levels of P, Mg, and Zn in
roe deer than in fallow deer and red deer, since the studied animals were hunted in
October when antlers of red deer and fallow deer had recently finished their growth,
while roe deer antlers had still not been cast. Thus, Zn, which forms part of alkaline
phosphatase, the enzyme needed to deposit Ca in bone tissue, is involved in antler
growth, as is Mg, which can substitute Ca in the hydroxyapatite forming the antlers
and bones [16]. Despite Ca levels being relatively stable in deer blood [16], it seems
that the lower content of Ca in roe deer meat than in red deer and fallow deer meat
from the present study, could be ascribed to factors other than growth of antlers.

Fatty acid composition of deer meat

In the present study, among the FA classes, SFA were predominant, followed by MUFA
and then PUFA in deer meat. These results are consistent with those obtained in other
studies on deer meat [6,8,9,12]. Opposite to our results, Nagy et al. [13] found a higher
proportion of total PUFA than total SFA and total MUFA in roe deer and red deer.
However, other authors found higher levels of total SFA in fallow deer, red deer, and
roe deer than the levels we detected in our deer meat [6,10,34]. In the present study, the
highest level of total SFA was found in fallow deer and the lowest level was detected
in red deer. Moreover, the total SFA level in deer meat was mainly a consequence of
high contents of C16:0 and C18:0, aligning previous studies [2,7-12,16,17,34]. The
highest proportions of C12:0, C14:0, and C16:0 fatty acids, compounds that are linked
with increased levels of all cholesterol fractions and adverse cardiovascular events
[35], were found in fallow deer from the present study. The FA composition of food
is critical as it can affect human health and the development of vascular and coronary
diseases. In general, long chain SFAs (C12-18) have been identified as a risk factor for
human health and may increase the incidence of cardiovascular diseases [38,39]. In the
present study the high SFA content in deer meat could be ascribed to bacterial lipolysis
and subsequent biohydrogenation of ingested PUFA to SFA in the rumen, with the
consequently high tissue deposition of SFA in ruminants [40].

In the present study the percentages of total MUFA in deer meat were similar to
those reported by Daszkiewicz and Kondratowicz [34], Kilar and Kasprzyk [12], and
Milczarek et al. [8]. Opposite to the present results, lower proportions of total MUFA
were found in fallow deer, roe deer and red deer by other authors [10,13,17]. In this
study, the highest level of total MUFA was determined in roe deer meat, the lowest
level was found in fallow deer meat, and the most abundant MUFA was oleic acid.
Similarly, in other studies, oleic acid was also the predominant MUFA [16,17,34]. In
general, the major MUFA in ruminants, oleic acid, has been found to lower LDL-
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cholesterol and may increase the beneficial HDL-cholesterol. Thus, meat rich in oleic
acid may reduce risk factors for cardiovascular diseases [41].

Further, the PUFA contents of red deer, roe deer, and fallow deer meat ranged from
23.12 t0 29.91% and were similar to those reported by Razmaite et al. [2], Svréula et
al. [10], and Milczarek et al. [8]. On the contrary, other authors found that total PUFA
accounts for more than 45% of total fatty acids in red deer and roe deer [13], while total
PUFA levels of less than 20% were determined in fallow deer, roe deer, and red deer
[6,34]. Such discrepancies of results in previous studies indicate that the FA profile of
deer meat depends on many factors, perhaps especially on diet and deer species [8,13].
In the present study the highest total PUFA, total n-6 PUFA, and total n-3 PUFA were
found in red deer meat, while the lowest proportions of these listed FAs were detected
in roe deer meat mainly due to differences in levels of linoleic, gamma-linolenic,
arachidonic, docosadienoic, eicosatrienoic, and docosapentaenoicacids. Opposite to
our results, higher total PUFA was found in roe deer than in red deer [6,8]. Although
deer from the present study were all exposed to the same location and natural feed,
it seems the red deer preferred plants with higher n-6 PUFA and n-3 PUFA content
and/or that the rate of biohydrogenation of ingested PUFA to SFA in red deer rumen
was lower compared to other deer species.

In terms of human requirements, alpha-linolenic (ALA) and linoleic acid (LA), as
precursors of long-chain PUFA, are the most important PUFAs [12]. Although,
dietary ALA can be converted to eicosapentaenoic (EPA) and docosahexaenoic fatty
acids (DHA), the rate of conversion is very slow in humans, thereby making EPA and
DHA to be regarded as very essential [42]. In the current study, the highest level of
ALA (C18:3-n3) was found in roe deer meat, while the highest level of the sum of
EPA and DHA was detected in fallow deer. Generally, an abundance of n-3 PUFA
in the human diet is good for the treatment of neurological problems, symptomatic
relief of inflammatory disorders, improvement of whole-body metabolism, and for
reducing the risk of cardiovascular diseases, although the beneficial effects are related
to the dietary amounts of FAs consumed. The suppressive effect of ALA on blood
levels of total cholesterol, LDL-cholesterol and triacylglycerol concentrations has been
demonstrated, as has the fact that ALA slightly reduces risk of cardiovascular diseases
[35]. Moreover, EPA and DHA reduce the concentration of triglycerides and activate
anti-inflammatory, anticoagulant, antioxidant, and antiatherogenic mechanisms [12].
Morteover, concentrations of circulating DHA and EPA are inversely proportional
to the prevalence of cardiovascular diseases [35]. From the level of individual n-3
PUFAs, it is hard to conclude which deer meat from the present study has the more
desirable FA profile.

Nowadays, considerable attention has been given to CLA, a fatty acid naturally found
in ruminant animal products, due to its proven anti-obesogenic, ant-carcinogenic, and
anti-atherosclerotic properties [36,37]. CLA is derived from the biohydrogenation of
linoleic acid by bacteria in the rumen [306]. In the present study, the percentage of CLA
ranged from 1.79 to 2.48% and was lower in fallow deer than in the other two deer
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species. Similar levels of CLA in deer meat have been previously reported [12]. The
CLA content of ruminant food products is highly dependent on various factors, such
as the type of feed, age and breed of the animal, environmental season, and the rumen
pH [36]. Compared with grains, grasses and fodders contain relatively high levels of
PUFA, and so yield a higher CLA contents in the animals. On the other hand, grain
consumption decreases the rumen pH, thus reducing the activity of rumen bacteria
that produce CLA [12, 36]. Although the level of linoleic acid, the precursor of CLA,
was intermediate in fallow deer meat from the present study, the amount of CLA
in this meat could be ascribed to intrinsic factors, likely to lower activity of rumen
bacteria.

When assessing the nutritional value of meat, it is important to calculate the ratios of
PUFA to SFA and of n-6 to n-3 PUFA, as well as to determine AI, TT, H/H, and NVI.

In the present study the PUFA/SFA ratio for all three species of deer meat was
above the minimum recommended value of 0.4 that reduces a risk of atherosclerotic
cardiovascular diseases by lowering levels of LDL-cholesterol and total cholesterol in
serum [43]. Higher PUFA/SFA ratios for red deer and roe deer were obtained by other
authors [17]. In the current study a more favourable PUFA/SFA ratio was detected in
red deer meat than in fallow and roe deer meat; this was due to the higher level of total
PUFA in red deer meat than in other two deer species. As was previously mentioned,
the higher PUFA level detected in our red deer could be ascribed to greater intake of
plants with abundant n-6 PUFA and n-3 PUFA and/ ot to the rate of biohydrogenation
of PUFA to SFA in red deer rumen being lower compared to that in other deer species.

In the present study, the n-6/n-3 PUFA ratio in deer meat ranged from 1.60 to
2.26, well below the recommended maximum of 4 [44]. This not only meets dietary
guidelines but also has the potential to enhance the overall human health by preventing
cardiovascular diseases, cancer, inflammatory and autoimmune diseases [45].

In other studies, similar ratios of n-6/n-3 PUFA have been determined [2,13,17]. In
previously mentioned studies, the free-living deer used were exposed to natural feed
without supplementation of grains in diet. Opposite to these results, Svreula et al.
[10] found a higher n-6/n-3 PUFA ratio in fallow deer that were provided with grains.
Grazing ruminant meat has a high content of alpha-linolenic acid and a low n-6 to n-3
PUFA ratio, since alpha-linolenic acid is found in grass [46]. Although red deer from
the present study had the highest content of n-3 PUFA, roe deer had the lowest n-6
to n-3 PUFA ratio, indicating the preferable FA profile of this meat compared to red
deer and fallow deer meat.

AL TI, H/H, and NVI indicate the impact of FA profile on human health and
particularly on the prevalence of atherosclerotic diseases [8]. It is assumed that low
Al is beneficial for human health since this marker is related to the reduction of total
cholesterol level and level of LDL-cholesterol in humans [37]. Moreover, T1 presents
the thrombogenic potential of FAs, and low T1 is beneficial for human health [12,37].
In the present study, Al and TI ranged from 0.46 to 0.63 and from 0.71 to 0.84,
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respectively. Similar results were obtained by other authors for fallow deer, red deer,
and roe deer [2,8,12,17]. Regarding the atherogenic and thrombogenic potentials of
deer meat, in the present study the lowest Al was determined in roe deer meat, while
the lowest T1 was determined in red deer meat. Other authors have found that red
deer meat has higher Al and TI values than roe deer meat [8].

On the other hand, higher H/H ratio and NVI are considered more beneficial for
human health and reduce the risk of coronary heart disease [37]. In the present study,
the H/H ratio and NVI ranged from 1.28 to 1.97 and from 1.69 to 2.406, respectively.
Regarding the H/H ratio, higher values were determined in other studies for roe deer,
red deer, and fallow deer [2,12,16,17]. Motreover, we detected the highest H/H ratio
and N'VI in roe deer meat, but the lowest values were in fallow deer meat. Considering
all four nutritional indexes, we conclude that deer meat from the present study had
favourable nutritive values that could be ascribed to the animals’ active lifestyles and
the specific biodiversity of their natural feeding grounds [8]. Furthermore, based on
nutritional indexes (n-6/n-3 PUFA ratio, A, H/H ratio, and N'VI), it is concluded that
roe deer had the highest, while fallow deer had the lowest nutritive value.

Amino acid profile of deer meat

The AA profiles of fallow deer, red deer, and roe deer meat in the present study
revealed similar contents of essential and non-essential AAs as other authors have
found in red deer and fallow deer [11,14]. Moreovert, lysine and leucine from the
present study were the most abundant essential AAs, while glutamic acid, aspartic
acid, and alanine were the most dominant non-essential AAs in deer meat. Similarly
to the results of the present study, other authors found that lysine, leucine, glutamic,
and aspartic acids were considered as major AAs in red deer, roe deer, and fallow
deer meat [11,14,16]. The content of essential and non-essential AA in deer meat
can be affected by hunting region, season, diet, sex, and animal age [11,14,16]. In the
present study, deer species affected the content of various essential and non-essential
AA, where lower levels of isoleucine, valine, alanine, proline, and serine were found
in fallow deer meat than in red deer and roe deer meat. Furthermore, roe deer meat
contained the lowest levels of arginine and cysteine, and the highest level of lysine,
morte than in fallow deer and red deer meat. In ruminants, the absorbed AAs mainly
originate from microbial protein synthesis, and partly from dietary AAs that escaped
ruminal degradation [4]. Moreover, during antler growth, the dietary protein and AA
requirements are high for cervids, since velvet growth demands formation of collagen
fibres and blood vessel dermis rich in proteins and AAs [4]. Similarly, as for minerals,
rapid growth of antlers can result in reduction of protein and AA content in animal
tissues in order to incorporate AAs in antlers. Therefore, lower proportions of certain
AAs in fallow deer than in the two other deer species, and the higher level of lysine
connected with collagen formation (hydroxylysine) in roe deer than in fallow deer and
red deer could be ascribed to the recently finished growth of antlers in red deer and
fallow deer. Although the content of certain essential AAs was lower in fallow deer
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than in red deer and roe deer meat, the ratio of essential to non-essential AAs was the
highest in fallow deer compared to the two other deer species.

CONCLUSION

In this study, the protein content of deer meat (M. longissinus lumborum) exceeded
22%, while the fat content remained below 2%, highlighting its high nutritional value
regardless of species the proximate composition of deer meat did not differ among
deer species. Despite the relatively small sample size, that is considered to be the main
limitation of the study, we successfully identified significant differences in mineral,
fatty acid and amino acid composition across the three deer species. Regarding the
mineral content, roe deer meat exhibited higher levels of P, Na, and Mg, but lower
levels of Ca compared to fallow deer and red deer. Fallow deer meat had a higher Fe
content than both red deer and roe deer. Additionally, fallow deer showed a higher Mn
content and lower Zn content than roe deer. Analysis of the FA profile of deer meat
showed that SFA were the most common of the FA groups (from 39.09% to 43.68%),
followed by MUFA (from 29.20% to 34.59%) and PUFA (from 23.12% to 29.91%)).
Species significantly affected the content of FA in deer meat. The total SFA was the
highest in fallow deer and the lowest in red deer meat. The highest level of total
MUFA was determined in roe deer meat and the lowest level was found in fallow deer
meat. Moreover, n-6 PUFA, n-3 PUFA, the total PUFA, the total UFA, and the UFA/
SFA ratio were highest in red deer meat. The PUFA/SFA ratio and n-6/n-3 PUFA
ratio were, for all three deer species, within recommended values. Furthermore, based
on nutritional indexes (n-6/n-3 PUFA ratio, Al, H/H ratio, and N'VI), it is concluded
that roe deer had the highest, while fallow deer had the lowest nutritive value.

As for amino acid composition, lysine and leucine were the most abundant essential
AAs, while glutamic acid, aspartic acid, and alanine were the most dominant non-
essential AAs in deer meat. Although the content of certain essential AAs was lower
in fallow deer meat than in red deer and roe deer meat, the ratio of essential to non-
essential AA was higher in fallow deer than in the two other deer species.

Alarger-scale study should be conducted to confirm and further validate these findings.
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NUTRITIVNA VREDNOST MESA JELENSKE DIVLJACI:
JELENA LOPATARA (DAMA DAMA), EVROPSKOG JELENA
(CERVUS ELAPHUS) 1 SRNE (CAPREOLUS CAPREOLUS)

Marija STARCEVIC, Natasa GLAMOCLIJA, Branislav BALTIC, Milica GLISIC,
Milica LAUDANOVIC, Milena KRSTIC, Marija BOSKOVIC CABROL

Cilj ovog rada je bio uporedivanje osnovnog hemijskog, mineralnog, masnokiselinskog
i aminokiselinskog sastava i nutritivne vrednosti mesa tri vrste jelenske divljaci (jelen
lopatar, evropski jelen i srna). Ukupno je prikupljeno osamnaest trupova od jedinki
muskog pola tri vrste jelenske divljaci. Osnovni hemijski sastav mesa jelenske divljaci
nije se razlikovao izmedu tri poredene vrste jelena, dok je vrsta jelenske divljaci uticala
na sadrzaj vedine minerala u mesu (Ca, P, Na, Mg, Fe, Mn i Zn). Analizom masno-kise-
linskog sastava mesa jelenske divlja¢i utvrdeno je da je odnos polinezasi¢enih masnih
kiselina (PUFA) prema zasi¢enim masnim kiselinama i odnos n-6/n-3 PUFA za sve tri
vrste jelenske divljaci bio u granicama preporucenih vrednosti. Pored toga, na osnovu
nutritivnih indeksa (odnos n-6/n-3 PUFA, indeks aterogenosti, odnos hipoholestero-
lemicnih i hiperholesterolemi¢nih masnih kiselina i indeks nutritivne vrednosti), utvr-
deno je da meso srne ima najvisu, a meso jelena lopatara najnizu nutritivou vrednost.
Iako je sadrzaj pojedinih esencijalnih aminokiselina (izoleucin i valin) bio manji u mesu
jelena lopatara nego u mesu evropskog jelena i srne (p=0,05), odnos esencijalnih i
neesencijalnih aminokiselina bio je ve¢i kod jelena lopatara nego kod dve druge vrste

jelena (p<0,05).
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