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 
Abstract—Not all proteins have the same nutritional value, since 

protein quality strongly depends on its amino acid composition and 
digestibility. The meat of game animals could be a high protein 
source because of its well-balanced essential amino acids 
composition. Investigations about biochemical composition of game 
meat such as wild boar (Sus scrofa scrofa), roe deer (Capreolus 
capreolus) and beaver (Castor fiber) are not very much. Therefore, 
the aim of the investigation was evaluate protein composition of 
game meat hunted in Latvia. The biochemical analysis, evaluation of 
connective tissue and essential amino acids in meat samples were 
done, the amino acids score were calculate. Results of analysis 
showed that protein content 20.88-22.05% of all types of meat 
samples is not different statistically. The content of connective tissue 
from 1.3% in roe deer till 1.5% in beaver meat allowed classified 
game animal as high quality meat. The sum of essential amino acids 
in game meat samples were determined 7.05–8.26g100g-1. Roe deer 
meat has highest protein content and lowest content of connective 
tissues among game meat hunted in Latvia. Concluded that amino 
acid score for limiting amino acids phenylalanine and tyrosine is high 
and shows high biological value of game meat. 
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I. INTRODUCTION 

INCE the amino acid composition of proteins from food 
animals is similar to human muscle and muscle makes up 

almost 50% of our body’s weight, muscle foods are an 
excellent source of the amino acids needed for growth, repair, 

and maintenance. Average game meat protein content 
reported 21–25% [1]-[3]. Not all proteins have the same 
nutritional value, protein quality strongly depends on its 
amino acid composition and digestibility. Meat protein general 
contains 2.5-12.0% connective tissue protein [4]. 

There are two important aspects of protein quality: 1) the 
characteristics of the protein and the food matrix in which it is 
consumed, and 2) the demands of the individual consuming 
the food [5]. Quality is important not only at the minimum 
Recommended Dietary Allowance level but also at higher 
intakes. The amino acid score is assumed to predict biological 
value or the anticipated ability of the absorbed test protein to 
fulfill human amino acid requirements [6]. Foodstuffs that 
lack essential amino acids are poor sources of protein 
equivalents, as the body tends to deaminate the amino acids 
obtained, converting proteins into fats and carbohydrates. 
Therefore, a balance of essential amino acids is necessary for 
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a high degree of net protein utilization, which is the mass ratio 
of amino acids converted to proteins to amino acids supplied 

The net protein utilization is profoundly affected by the 
limiting amino acid content; in meat limiting is a sum of 
phenylalanine and tyrosine [7]. 

The aim of our investigation was to analyze the 
composition of roe deer, wild boar and beaver meat and 
evaluate protein quality. 

II.  MATERIALS AND METHODS 

The research was conducted at the laboratory of 
Biochemistry and Microbiology of the Research institute of 
Biotechnology and Veterinary Medicine “Sigra”.  

A. Sampling 

Meat samples of roe deer, wild boar (m. logissimus 
lumborum) and beaver (m. biceps femoris) in the autumn-
winter season in whole regions in Latvia were collected. The 
sample excised from tigh muscle as bigest and most valuable 
sample of beaver meat [8]. Sample preparation of wild boar 
(12), roe deer (16) and beaver (12) meat was made in 48 hours 
after slaughtering or hunting. Meat samples of about 300 g 
were homogenized with BŰCHI B-400 [9]. In the studied 
samples crude protein, intramuscular fat, ash, collagen content 
and composition of amino acids were determined, amount of 
connective tissue and amino acid score were calculate. 

B. Biochemical Composition 

Crude protein content was determined as total nitrogen 
content by Kieldahl method and using coefficient 6.25 for 
calculation [10]. 

Intramuscular fat content was made by Sochlet method with 
hidrolysis procedure (boiling in the hydrocloric acid) using 
SoxCap 2047 and SOX TEH 2055 equipment (FOSS). 

Ash was determined by incineration in a muffle furnace at 
550C for 24h (method No.920.153; AOAC1990). 

Connective tissue protein was calculate via determination of 
specific amino acid 4-hydroxiproline, which is exclusively 
present in collagen. Meat samples are hydrolyzed in acid 3.5M 
H2SO4 at ~ 105ºC. The 4-hydroxiproline is oxidized with 4- 
dimethylaminobenzaldehyde a red color develops, which is 
measured spectrometrically at 560nm [11]. Collagen is 
calculated by 8x the concentration of 4-hydroxiproline and 
expressed as % of total protein [4]. Ratio thryptophane to 
hydroxyproline was calculated as measure characterized raw 
material for meat production. 

C. Amino Acid Analyses 

Dried, defatted meat samples were hydrolysed with 6N HCl 
in sealed glas tubes at10°C for 23 h. Amino acids were 
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detected using reversed-phase HPLC/MS (Waters Alliance 
2695, Waters 3100, column XTerra MS C18 5 μm, 1x100 
mm). Mobile phase (90% acetonitrile: 10% dejonized water) 
0.5mlmin-1, column temperature. 400C was used. The identity 
and quantitative analysis of the amino acids were assessed by 
comparison with the retention times and peak areas of the 
standard amino acid mixture. 

The essential amino acid score was calculated with respect 
to the WHO/FAO amino acid pattern of adults [6]: 

 
Amino acid score = [sample amino acid (mg g-1) / References 

amino acid (mg g-1)] x 100 

D. Statistical Analysis 

The statistical analysis was performed using SPSS 17. One-
way ANOVA was used for comparison mean values. 
Statistical significance was declared at p < 0.05. 

III. RESULTS AND DISCUSSION 

Protein composition, intramuscular fat, ash content of game 
meat samples are shoved in Table I. 

 
TABLE I 

BIOCHEMICAL COMPOSITION OF MEAT 

Parameters Wild boar Beaver Roe deer 

Dry matter, % 25,38 ± 0,62 24,93 ± 0,71 25,86 ± 0,86 

Protein, % 20.88 ± 2.99 21.39 ± 1,32 22.05 ± 1.78 

Collagen content, % 30.24 ± 1.42 32.16 ± 1,22 28.64 ± 1.35 

Connective tissue 
 protein, % 

1.45 ± 0.08 1.50 ± 0,06 1.30 ± 0.09 

Intramuscular fat, % 3.45 ± 1.67 4.29 ± 0,98 1,63 ± 0.76 

Ash, % 1.14 ± 0.13 1.13 ± 0,09 1.15 ± 0.24 

Average ± standard deviation 

 
Content of protein in samples of game meet was 20.88–

22.05%, and richest were samples of roe deer meet. Content of 
protein same as dry matter, ash and connective protein among 
species did not differ significantly (p > 0.05). The results of 
our investigation are similar with other research findings, 
where protein content in roe deer meat samples was reported 
21.7%, in wild boar meat samples 21.9% [2], in beaver thigh 
muscle samples 21.6% [3]. Investigations of Dominik and 
others showed higher protein 23.84%, lower fat 0.48% content 
in roe deer meat [1]. 

Not all meat proteins are of high quality, since some of 
them, like the connective tissue proteins (collagen, elastin, 

etc.), are poor in essential amino acids. The content of 
connective tissue which in meat is also decisive for its 
tenderness in game meat samples were determined from 
1.30% in roe deer samples till 1.50% in beaver samples. Meat 
protein general contains 2.5-12% connective tissue protein 
[5]. From this point of view game meat (specifically m. 
logissimus lumborum) could be classified as high quality 
meat. 

Tryptophan is one of valuable amino acid. The content of 
tryptophan is used as full value protein measure in product. 

Content of oxyproline is significant as measure of connective 
tissue protein. Therefore ratio Tryptophan / Oxyproline is one 
of significant indicators of nutrition value of product. 

Calculated ratio thryptophane to oxyproline as measure 
characterized raw material for meat production compared in 
Fig. 1. 

 

 

Fig. 1 Comparison of Tryptophane / Oxyproline ratio in meat 
samples 

 
From nutritional point of view higher quality has red deer 

meat with ratio 3.9, not so high wild boar meat ratio 2.7. 
Content of extracted substances characterized wild boar, 

beaver and roe deer meat samples is compared in Fig. 2. 
 

 

Fig. 2 Comparison of extracted substances in game meat 
 
The highest content of extracted substances was determined 

in wild boar meat samples -2.7%, it is 3.5times more than 
determined in pig meat samples - 0.84% [12]. The lowest 
content of extracted substances determined in meat samples of 
beaver 0.99%. 

Average content of amino acids, sum of indispensable 
amino acids in Latvia hunted roe deer, wild boar and beaver 
meat samples were compared in this investigation. Results are 
showed in Table II. 

FAO/WHO recommended intake of total indispensable 
amino acids is 83.5 mg on kg of body weight per day [13], it 
is 5.8 g per human with body weight 70kg. 

The sum of essential amino acids in game meat hunted in 
Latvia were determined from 7.05–8.26 g100g-1 (Table II). 

Results show that average content of amino acids 
significantly differed among species (p<0.05). Results of 
investigations reported by Kataeva show that sum of essential 
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amino acids in roe deer meat samples determined 12.30 ± 0.47 
g100g-1 [14]. 

 
TABLE II 

COMPOSITION OF MEAT AMINO ACIDS IN WILD ANIMAL 
MUSCLE PROTEIN 

Amino 
acids, 
 g100g-

1 

Amino acid content, mg100g-1 

Wild boar Beaver Roe deer 

Val 0.12 ± 0.03 0.93 ± 0.15 0.88 ± 0.17 
Ile 1.04 ± 0.12 1.09 ± 0.06 0.87 ± 0.21 
Leu 1.61 ± 0.11 1.52 ± 0.22 1.69 ± 0.18 
Lys 2.16 ± 0.58 1.71 ± 0.34 2.19 ± 0.67 
Thr 0.52 ± 0.19 0.08 ± 0.02 0.93 ± 0.25 
Trp 0.21 ± 0.02 0.33 ± 0.03 0.33 ± 0.61 
Phe 0.91 ± 0.16 0.10 ± 0.02 0.92 ± 0.16 
Met 0.56 ± 0.06 0.39 ± 0.09 0.52 ± 0.21 

Tyr 0.74 ± 0.11 0.61 ± 0.09 0.76 ± 0.15 

Arg 2.02 ± 0.42 1.42 ± 0.20 1.55 ± 0.27 

His 1.07 ± 0.12 1.00 ± 0.05 0.87 ± 0.16 

Asp 2.09 ± 0.60 1.61 ± 0.31 1.77 ± 0.32 

Ser 0.79 ± 0.21 0.67 ± 0.09 0.91 ± 0.27 

Glu 3.24 ± 0.61 2.95 ± 0.56 3,14 ± 0,73 

Pro 0.66 ± 0.13 0.82 ± 0.19 0.81 ± 0.22 

Gly 0.93 ± 0.14 0.85 ± 0.14 0.93 ± 0.28 

Ala 1.22 ± 0.10 1.36 ± 0.08 1.39 ± 0.31 

SCA 1.65 ± 0.14 0.71 ± 0.09 1.68 ± 0.16 

IAA   7.30 ± 1.12 7.05 ± 1.23 8.26 ± 1.09 

PIAA 6.00 ± 0.66 4.98 ± 0.51 5.45 ± 0.81 

SCA-sulfur containing amino acids ( Phe + Tyr ) 
IAA-the sum of indispensable amino acids (Thr + Val + Met + Ile 
+ Leu+ Trp + His + Lys) 
PIAA-the sum of partly indispensable amino acids (Arg + Glu + 
Tyr) 

 
The glutamic acid is the main one assigned meat taste. The 

content of glutamic acid determined from 2.95 g100g-1 in 
beaver until 3.24 g100g-1 in wild boar meat samples. The 
results of Kataeva show that content of glutamic acid 
determined 1.97±0.05 g100g-1 in male and 3.62±0.18 g100g-1 
female roe deer samples [14]. 

It can be concluded from the results of the investigation, 
that the wild boar meet has higher dietetical value than pig 
samples has. The content of arginine (2.02 g100g-1) and 
histidine (1.07 g100g-1) in meet samples of wild boar are 
higher than pig samples has (1.02 and 0.85 g100g-1 
respectively) [15]. 

The results of essential amino acids amount in wild animal 
muscle protein and amino acids score are assumed in Table 
III. 

The content of methionine, threonine and histidine and 
sulfur containing amino acids in roe deer meat is higher than 
model or ideal protein. As mentioned above content of 
tryptophan is used as full value protein measure in product, 
from this point of view wild boar and beaver meat is high 
value protein. The wild boar and beaver meat contain 6-9 
times more tryptophan in comparison with roe deer meat 
samples, 2.16; 3.30 and 0.34mg per g of protein relatively. 

Since net protein utilization is affected by the limiting 
amino acid (the sum of phenylalanine and tyrosine or SCA), 
all tested meat samples must be evaluated as source of protein 
with high biological value. Amino acid score for SCA in the 
model protein defined 22, calculated score for wild boar meat 
is 75, for beaver meat 32 and for roe deer meat 77. 

 
TABLE III 

THE SUM OF ESSENTIAL AMINO ACIDS IN WILD ANIMAL 
MUSCLE PROTEIN 

Essential amino 
acids 

model, 
mg g-1 * 

Amino acid content, mg per g of protein 
(score) 

Wild boar Beaver Roe deer 
Thr 23 5.21(23) 0.84(4) 9.4(40) 
Val 39 1.23(3) 9.31(24) 8.8(23) 
Met 16   5.59 (35)   3.87 (24)   5.20 (33) 
Ile 30 10.43 (35) 10.85 (36)   8.8 (29) 
Leu 59 16.09 (27) 15.22 (26) 16.90 (29) 
Trp 6   2.16 (36)   3.30 (55)   0.34 (5) 
His 15 10.66 (71) 10.02 (67)   8.00 (58) 
Lys 45 21.64 (48) 17.08 (38) 21.90 (49) 
SCA 22 16.52 (75)   7.10 (32) 16.80 (77) 

AAA 38   5.59 (15)   3.87 (10)   5.21 (14) 

*- model WHO/FAO/UNU (2007) 
SCA-sulfur containing amino acids (Phe + Tyr) 
AAA-aromatic amino acids (Met + Cys) 
 
The assumed amino acid score showed that biological value 

or the anticipated ability absorbed protein from game animals’ 
meat to fulfill human amino acid requirements is high. 

IV. CONCLUSIONS 

1. Protein content in samples of game meat were detected 
20.88 - 22.05%, richest were samples of roe deer meat it 
did not differ significantly among game meat species.  

2. Game meat should be classified as high quality meat from 
connective tissue point of view. 

3. The sum of essential amino acids in game meet samples 
were determined from 7.05–8.26g100g-1 

4. The assumed amino acid score showed that biological 
value or the anticipated ability absorbed protein from 
game animals’ meat to fulfill human amino acid 
requirements is high. 

ACKNOWLEDGMENTS 

Publication and dissemination of research results has been 
made due to the funding of the ERAF Project „Promotion of 
scientific activities of LUA”, Contract Nr. 
2010/0198/2DP/2.1.1.2.0/10/APIA/VIAA/020  

 REFERENCES 
[1] P. Dominik, A. Saláková, H. Buchtova and L. Steinhauser, ‘‘Quality 

indicators of roe deer (Capreolus capreolus L.) venison from two 
different Czech reģions”, ACTA VET. BRNO, vol82, pp.175–180, 2013. 

[2] M. A. Paleari, V. M. ‘‘Moretti, G. Beretta, T. Mentasti and C. Bersanni, 
Cured products from different animal species”, Meat sciences, vol 63, 
issue 4, pp. 485-489, Apr. 2003. 

[3] V. Razmaite, R. Šveistiene and G. J. Švirmickas ‘‘Compositional 
Characteristics and Nutritional Quality of Eurasian Beaver (Castor fiber) 
meat”, Czech J. Food Sci, vol. 29, no. 5, pp. 480-486, 2011. 



International Journal of Biological, Life and Agricultural Sciences

ISSN: 2415-6612

Vol:8, No:7, 2014

810

 

 

[4] K.O. Honikel. Composition and Calories. In: Nollet, L.M., Toldra.(eds): 
Handbook of muscle foods analysis. CRC Press-Book: eBook.ISBN 
978-1-4200-4530-7, pp. 369-384, 2009 (citated 04.03.2014). 

[5] D. J. Millward, D.K. Layman and T. D. Schaafsma, ‘‘Protein quality 
assessment: impact of expanding understanding of protein and amino 
acid needs for optimal health”, Amer Jou. of Clin. Nut, Downloaded 
from ajcn.nutrition.org by guest on Jan, 2014. 

[6] WHO/FAO/UNU, ‘‘Protein and amino acid requirements in human 
nutrition”, Report of a Joint WHO/FAO/UNU Expert Consultation, 
World Health Organization Technical Report Series 935. WHO, 2007, 
Geneva. 

[7] M. Cansev and R. J. Wurtman. ‘‘Aromatic amino acids in the brain”, 
Springer-Verlag, 2007. 

[8] G. Strmiskova and F. Strmiska, ‘‘Contents of mineral substances in 
venison”, Nahrung, vol. 36, p. 307-308. (1992). 

[9] ISO 3100-1 - Meat and meat products. Sampling and preparation of test 
samples. 

[10] ISO 937:1974 - Meat and meat products. Determination of nitrogen 
content. Kjeldahl method. 

[11] ISO 3496:1994(E) – Meat and meat products – determination of 
hydroxyproline content http://www.iso.org/ISO/catalogue. 

[12] V. Strazdina, A. Jemeljanovs and V. Sterna, ‘‘The notrition value of wild 
animal meat”, Proceedings of the Latnian Academy of sciences. Section 
B, vol. 67 2013, No. 4 (685), pp. 20-30. 

[13] http://www.healthknot.com/essential_amino_acids.html, (citated 
12.03.2014). 

[14] D. G. Kataeva, ‘‘Amino acid composition roe reer in Dagestan”, 
Proceedings of the International Scientific-Practical Conference 
(SSAU,21.11.2012-29 .01.2013 city) Veterinary Bulletin no. 64 
(1/2013), pp. 73-74.(in Russia). 

[15] I. Jansons and A. Jemeljanovs, Pork production. ‘‘Latvian population 
food producing meat characteristics”, the monograph, Research institute 
of Biotechnology and Veterinary Medicine "Sigra” Sigulda. 2013, pp. 
157-210. (in Latvian). 


