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Nutritional and organoleptic properties of meat from farmed fallow deer  

(Dama dama) at different ways of fattening 

 

Abstract  

Fallow deer are important meat producing species providing venison and other 

products to an international market. The present study investigated the effect of different feed 

rations on growth, carcass characteristics, economic efficiency of the fattening, and chemical 

composition, physical and technological parameters and sensory attributes of meat from 45 

farm-raised male fallow deer. Animals were divided into three separate groups; 15 pasture-fed 

(Group P), 15 grazed on pasture and supplemented with barley (Group B), 15 grazed on 

pasture and supplemented with barley and lysine (Group L). Bucks were slaughtered at the age 

of 17 months in three occasions; after 155, 169 and 183 days on feed, respectively. 

The addition of barley to the feed ration significantly increased the weight gain and 

had a positive effect on the profitability of the fattening, slaughter traits (slaughter weight, 

carcass weight, dressing percentage), carcass composition (weight of the right carcass half, 

total meat, high and low-priced meat and the ratio of high/low-priced meat), whereas other 

slaughter traits (weight of bones and tendons, ratio of meat/bones) and carcass fatness 

(separable fat and total internal fat content) were more favourable for pasture-fed deer.  

The effect of concentrate feeding on physical meat parameters were of smaller 

magnitude, with significant differences being found only in the weight and some colour 

parameters (redness, yellowness and chroma values) of longissimus muscle. Regarding the 

technological parameters, the supplemented deer had significantly greater proportion of 

thawing loss and total weight loss of LL muscle. Diet significantly afftected the dry matter, 

intramuscular fat, hydroxyproline, insoluble collagen and n-3 PUFA content, as well as the 

ratio of n-6/n-3 PUFA. Results of the sensory assessment showed a strong intensity of “liver” 

flavour of meat from supplemented deer and a distinct “grassy” flavour of venison from 

pasture-fed deer.  

The addition of rumen-protected amino acid lysine reduced the deposition of carcass 

and internal fats without compromising other economically importat traits, whereas physical 

parameters and organoleptic properties of meat remained unaffected.  

Surprisingly, pelvic carcass suspension had a negative effect on the textural parameters 

of fallow deer meat. Tenderstretch meat was found to have decreased tenderness, juiciness 



and chewiness compared to that from Achilles tendon suspension, whereas differences in 

other sensory attributes were only minor.  

The data from this study provide a useful basis and reveal several practical 

applications worthy of future research, as venison is considired as attractive and health-

promoting component of the human diet.  

 

Keywords: Cervidae, venison, nutrition, growth, meat quality 



Nutriční a organoleptické vlastnosti masa farmově chovaných daňků  

(Dama dama) při různých způsobech výkrmu 

 

Abstrakt 

Daňci jsou důležitým živočišným druhem poskytujícím maso a ostatní produkty pro 

mezinárodní trh. Tato studie se zabývala vlivem různých krmných dávek na růst, 

charakteristiky jatečného těla, ekonomickou efektivitu výkrmu, chemické složení, fyzikální 

a technologické parametry, a senzorické vlastnosti masa ze 45 farmově chovaných daňků – 

špičáků. Zvířata byla rozdělena do tří oddělených skupin; 15 pastevně krmených (skupina P), 

15 s pastevním výkrmem a přídavkem ječmene (skupina B), 15 s pastevním výkrmem 

a přídavkem ječmene a lysinu (skupina L). Daňci byli poraženi ve věku 17 měsíců ve třech 

porážkových dnech; po 155, 169 a 183 dnech výkrmu.  

Přídavek ječmene do krmné dávky signifikantně zvýšil přírůstek a měl pozitivní vliv 

na ziskovost výkrmu, jatečné parametry (porážková hmotnost, hmotnost jatečně upraveného 

těla, jatečná výtěžnost), složení jatečného těla (hmotnost pravé půlky a masa z pravé jatečné 

půlky, hmotnosti a poměr masa I. a II. jakosti), zatímco ostatní jatečné parametry (hmotnost 

kostí a šlach, poměr maso/kosti) a obsah tuku v jatečném těle (oddělitelný a vnitřní tuk) byly 

příznivější pro pastevně krmené daňky.  

Vliv koncentrovaného krmiva na fyzikální vlastnosti masa byl menší, přičemž 

významné rozdíly byly zjištěny pouze v hmotnosti a některých parametrech barvy (červenost, 

žlutost a sytost barvy) svalu longissimus lumborum. Pokud se jedná o technologické 

parametry, sval longissimus lumborum daňků s příkrmem ječmene vykazoval významně vyšší 

podíl ztráty mražením a celkové ztáty hmotnosti. Výživa výrazně ovlivnila obsah sušiny, 

intramuskulárního tuku, hydroxyprolinu, nerozpustného kolagenu a n-3 PUFA, stejně jako 

poměr n-6/n-3 PUFA. Výsledky senzorického hodnocení ukázaly silnou intenzitu „chuti jater“ 

u masa přikrmovaných daňků a výraznou „chuť trávy“ u masa pastevně krmených zvířat. 

Přídavek enkapsulované aminokyseliny lysinu do krmné dávky snížil ukládání 

jatečných lojů a vnitřního tuku bez ovlivnění dalších ekonomicky důležitých parametrů, 

zatímco fyzikální a senzorické vlastnosti masa zůstaly nedotčeny.  

Maso daňků pocházející z jatečné poloviny zavěšené za pánevní sponu vykazovalo 

překvapivě sníženou křehkost, menší šťavnatost a horší žvýkatelnost v porovnání s masem 



pocházejícím z jatečné poloviny zavěšené za Achillovu šlachu. Naproti tomu rozdíly 

v ostatních senzorických atributech byly jen velmi malé.   

Data z této studie poskytují užitečný základ a odhalují několik praktických informací 

hodných dalšího výzkumu, neboť maso jelenovitých je považováno za atraktivní a zdravou 

součást lidské stravy.  

 

Klíčová slova: jelenovití, zvěřina, výživa, růst, kvalita masa 



TABLE OF CONTENTS  

1. INTRODUCTION               1 

2. LITERATURE REVIEW              3 

2.1 Origin and distribution of fallow deer             3 

2.2 Deer farming                5 

2.2.1 Feeding and diets              7 

2.2.1.1 Amino acids in the diet             8 

2.3 Venison production               9 

2.4 Live weight and carcass parameters           11 

2.5 Meat quality              13 

2.5.1 Chemical composition            13 

2.5.1.1 Lipid, cholesterol and collagen contents        14  

2.5.1.2 Fatty acids            16 

2.5.1.3 Minerals            19 

2.5.2 Physical characteristics            21 

2.5.2.1 pH values            21 

2.5.2.2 Meat colour            22 

2.5.2.3 Warner–Bratzler shear force          23 

2.5.3 Technological parameters           24 

2.5.4 Organoleptic properties            25 

2.6 Carcass suspension             27 

3. AIMS AND HYPOTHESES            31 

4. MATERIALS AND METHODS           32 

4.1 Animals, performance and diet           32 

4.2 Feed chemical composition            32 

4.3 Slaughter process, carcass composition and muscle sampling       33 

4.4 Chemical composition             35 

4.4.1 Dry matter, protein and fat contents          35 

4.4.2 Content of heat-soluble collagen          36  

4.4.3 Amino acid composition           36 

4.4.4. Fatty acid composition            36 

4.5 Physical analyses             37 

4.5.1 pH measurement            37 



4.5.2 Colour measurement            37 

4.5.3 Warner–Bratzler shear force measurement         38 

4.6 Technological analyses            38 

4.6.1 Thawing and grilling loss           38 

4.7 Sensory analyses             39 

4.8 Statistical analyses             41 

5. RESULTS               42 

5.1 Growth performance             42 

5.2 Carcass characteristics and economic efficiency of the fattening       45   

5.3 Meat quality              48 

 5.3.1 Proximate chemical composition          49 

  5.3.1.1 Dry matter, protein and fat contents         49 

  5.3.1.2 Amino acid composition          50 

  5.3.1.3 Fatty acid composition          52 

5.3.2 Physical characteristics            55 

5.3.3 Technological parameters           57 

5.3.4 Organoleptic properties            58 

5.4 Carcass suspension             61 

6. DISCUSSION              63 

7. CONCLUSION              79 

8. REFERENCES              81 

9. LIST OF FIGURES, GRAPHS AND TABLES       120 

10. LIST OF APPENDICES          122  

 

 



LIST OF ABBREVIATIONS  

AA: amino acid 

ADF: acid detergent fibre 

ALA: α-linolenic acid 

BIF: biceps femoris muscle (Musculus biceps femoris) 

FA: fatty acid 

FAO: Food and Agriculture Organization of the United Nations  

IAS: Institute of Animal Science 

IMF: intramuscular fat 

LSM: the least square mean 

MGM: gluteus medius muscle (Musculus gluteus medius) 

MLL: the longest dorsal muscle (Musculus longissimus lumborum) 

MUFA: monounsaturated fatty acid 

n: number 

NDF: neutral detergent fibre 

P-value: statistical probability 

PUFA: polyunsaturated fatty acid 

RPAA: rumen-protected amino acid  

SED: standard error deviation 

SEM: standard error of the mean 

SET: semitendinosus muscle (Musculus semitendinosus) 

SFA: saturated fatty acid 

SM: semimembranosus muscle (Musculus semimembranosus) 

WHC: water-holding capacity 

WBSF: Warner–Bratzler shear force 

 

 

 



1 
 

1. INTRODUCTION 

Deer species have been utilised by humans around the world for hunting and 

production of meat and other products for centuries. As deer had spread outside their natural 

habitats in prehistoric times, nowadays their populations can be found throughout the world in 

both wild and farmed (domestic or semi-domesticated) form (Wiklund et al., 2014). 

Commercial deer farms have their origin in New Zealand. First deer (Cervus elaphus) were 

brought there from England and Scotland for sport purposes, and released to the nature. Wild 

populations grew uncontrolled and thus deer were hunted and the export of their meat 

(referred to as venison) started in the 1960s. As early as 1970s, New Zealand industry 

pioneers started capturing live deer from the wild and raise them as livestock. A new industry 

was born and deer farming has also become popular in other countries (Deer Industry New 

Zealand, 2018).  

The potential of farming deer species and their use as meat producers has resulted in 

easier accessibility of venison also to average consumers. The production of venison under 

farm conditions also allows for a regular supply of a consistently good meat. In recent years, 

the popularity of venison has increased worldwide due to its high nutritional value and 

culinary attractiveness and this has resulted in consumer interest in the consumption of this 

meat. Moreover, due to mainly extensive breeding system of deer under “natural” conditions, 

venison is often considered an “organic” and safe product with health-promoting 

characteristics that make it attractive and highlight its role in the human diet (Wiklund et al., 

2014; Ludwiczak et al., 2017). 

Overall, growth, carcass composition and meat quality are of utmost importance when 

the economic value of the animal is evaluated. In the past, several studies have been 

conducted on how to influence the carcass quantitative parameters and qualitative attributes of 

venison by different feed rations and/or ways of fattening (Volpelli et al., 2002a; Volpelli et 

al., 2003; Wiklund et al, 2005; Mulley et al., 2006; Hutchison et al., 2012), age (Volpelli et 

al., 2003; Żochowska-Kujawska et al., 2019), sex (Hutchison et al., 2010), castration (Tan and 

Fennessy, 1981; Wiklund et al., 2008a), season and phases of the reproduction cycle 

(Janiszewski et al., 2008; Polak et al., 2008), production system (Drew, 1992; Razmaitė et al., 

2017), body condition (Hutchison et al., 2004; Hutchison et al., 2010), ante-mortem handling 

and slaughter method (Pollard et al., 2002; Mulley et al., 2010), and carcass suspension 

method (Sims et al., 2004; Wiklund et al., 2004a; Hutchison et al., 2006; Mulley et al., 2006; 
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Hutchison et al., 2010; Hutchison et al., 2014). However, although a few studies have been 

published, existing information regarding the effect of different feed rations on carcass 

parameters, chemical composition, physical attributes, technological and organoleptic 

properties of venison is still limited. Nevertheless, determination of meat quality in terms of 

composition and sensory attributes is useful for breeders, sellers and even for consumers 

making purchasing decisions.  
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2. LITERATURE REVIEW 

2.1 Origin and distribution of fallow deer 

The existence of fallow deer (Dama spp.) dates back to more than 4 million years ago 

(Stachowicz et al., 2014). It is thought that its ancestor came from the Pleistocene species 

classified as Pseudodama (Jensz and Finley, 2013; Chakanya et al., 2016). After the glacial 

period, fallow deer (Dama spp.) have spread outside their native ranges to the Mediterranean 

region (Southern Europe, North-Western Africa, Middle East, Iran) (Randi and Apollonio, 

1988; Jensz and Finley, 2013). To other parts of the Europe, fallow deer have been later 

reintroduced by the Phoenicians, the Romans and the Normans at the time of Neolith (Randi 

and Apollonio, 1988; Masseti and Mertzanidou, 2008). Fallow deer have adapted well to 

a wide range of habitats, their populations have begun to expand also to the North and South 

America, Australia and New Zealand and their number has been growing steadily over the 

years (Masseti et al., 2008; Chakanya et al., 2016).  

Nowadays, fallow deer populations are established throughout the world (Figure 1). 

The distribution and adaptation of this species is the result of both human activity and 

environmental conditions (Masseti et al., 2008; Jensz and Finley, 2013). Fallow deer have 

been relocated all over the world mainly for use in extensive and intensive farm operations, 

for stocking of parks and preserves and, in some regions, as introduced game species 

(Mattiello et al., 1997). Thus, the present occurrence of fallow deer is non-natural. According 

to palaeontological and archaeozoological evidence, there are only two species of fallow deer. 

The first is the Persian or Mesopotamian fallow deer (Dama dama mesopotamica), whose 

origin and occurrence is limited to small, endangered populations in Turkey and Iran (Masseti 

et al., 2008; Miller et al., 2016). The second is the European fallow deer (Dama dama dama) 

(Figure 2) which is distributed also in other regions of the world, where it has become an 

important species for sports hunting and farm breeding (Randi and Apollonio, 1988; 

Arslangündoğdu et al., 2010; Kjellander et al., 2012). The Persian and European fallow deer 

can be easily distinguished according to their phenotypic characteristics, such as body frame 

size, antlers and tail colour (Chapman and Chapman 1980; Stachowicz et al., 2014).             
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Figure 1: Origin and distribution of fallow deer (Dama spp.) around the world.  

Key: Areas highlighted in green  show distribution of fallow deer. Regions highlighted by 

broken line --- show area of origin of the fallow deer (Chakanya et al., 2016). 

 

Taxonomic classification: 

Kingdom: animal (Animalia) 

Phylum: vertebrate (Chordata) 

Class: mammal (Mammalia; Linnaeus, 1758) 

Order: even-toed ungulates (Cetartiodactyla; Owen, 1848) 

Family: cervids (Cervidae; Goldfuss, 1820) 

Genus: fallow deer (Dama spp.; Frisch, 1775) 

Species: European fallow deer  

  (Dama dama dama; Linnaeus, 1758) 

              Mesopotamian or Persian fallow deer  

              (Dama dama mesopotamica; Brooke, 1875)     

(Adapted from Jensz and Finley, 2013)  

Figure 2: European fallow deer – 

Dama dama dama  

(Photo: author). 
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2.2 Deer farming 

As consumers pay more attention to the environment and the conditions surrounding 

meat production (natural production, low input system etc.), interest in deer farming is 

growing throughout the world (Hoffman and Wiklund, 2006; Ludwiczak et al., 2017). Deer 

farming meets the growing interest of consumers for alternatives to traditional types of meat 

(Volpelli et al., 2002a; Ludwiczak et al., 2017). It also complies with the needs of a society 

that cares about animal welfare, manipulation and production systems, and is increasingly 

sensitive to feed additives and environmental pollution (Drew, 1992; Volpelli et al., 2003; 

Russo, 2005).  

Although New Zealand, Australia, China and Canada are countries well known for 

deer breeding (using farming systems), interest in deer farming is nowadays increasing in 

European countries where most venison traditionally have been produced from wild hunted 

deer (Miao et al., 2001; Kuba et al., 2015; Chakanya et al., 2016). Despite an interest in the 

last century, the USA were a relative newcomer to this industry (Hudson and Adamczewski, 

1990) but currently deer farming is one of the fastest growing industries in rural America 

(Tack et al., 2013). In Europe, deer have been bred from ancient times, and in many countries, 

breeding has a strong tradition (Bureš et al., 2015). Domestication of deer began many 

centuries ago in Asia, particularly in China, where deer were kept for velvet antlers (the partly 

grown and immature antlers) used in traditional medicine (Miao et al., 2001). The history of 

modern deer farming, however, dates back to the early 1970s and the first country to legalize 

deer farming was New Zealand (Janiszewski et al., 2008). At the beginning of the 21st century, 

the number of worldwide farmed or managed deer species was already estimated at five 

million animals (Hudson, 1999; Daszkiewicz et al., 2015). There are currently > 10,000 farms 

breeding various deer species (except reindeer operations) in 16 EU countries (Bureš et al., 

2015).  Specifically, there are > 350 farms in the Czech Republic that are involved in deer 

breeding (Pařízek, 2013). Around 2000 farms is located in New Zealand, < 200 farms in 

Australia and > 7800 farms in the USA (Miao et al., 2001; Shapiro, 2010; Deer Industry New 

Zealand, 2018).  

The most abundant deer species under farm conditions are red deer (Cervus elaphus) 

and fallow deer (Dama dama) in Europe, Australia, New Zealand and North America, 

reindeer (Rangifer tarandus) in the Scandinavian countries, and wapiti (Cervus canadensis) 

and chital deer (Axis axis) in North America (Hoffman and Wiklund, 2006; Florek and Drozd, 
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2013; Daszkiewicz et al., 2015; Costa et al., 2016). Despite the fact that reindeer herds in the 

Nordic countries are free-ranging out in forests and the mountain tundra, the production 

system can be considered as semi-domestication. Traditional reindeer husbandry is managed 

by the indigenous Sami people and performed in a less-intensive way than typical intensive 

deer farming. Reindeer are not kept in fenced area but they are handled by the herders twice 

a year (tagging of new calves in July and slaughter of adult animals in December) (Bjørklund, 

1990; Hoffman and Wiklund, 2006; Wiklund et al., 2014). 

Commercially, deer are multipurpose animals, providing especially meat to an 

international market and other important products, such as skin, hair, teeth, etc. for various 

end users, as well as velvet antlers for oriental medicine (Drew, 1992). However, unlike the 

permitted harvesting of fully developer antlers (production of jewellery, furniture, decorations 

etc.) in the European countries, cutting of antlers with velvet from living animals is prohibited 

by the European Union due to animal welfare reasons and ethical issues (Kuba et al., 2015). 

Nevertheless, deer farming is not only a source of high-valuable products but also an 

important alternative to illegally hunted, endangered species of deer (Dahlan, 2009). 

Deer represent meat-producing species that exist in both wild and domestic (farmed) 

form (Wiklund et al., 2014). Deer keeping was originally envisaged as a form of animal 

production with low initial investment, based on the natural adaptation of indigenous species 

(Telfer and Scotter, 1975). However, this has evolved into more intensive farming systems, as 

stocking rates frequently need to be higher than natural densities to be profitable, and seasonal 

movement of animals must be restricted by fencing (Hudson and Adamczewski, 1990). 

Nowadays, deer farming takes place in a range of different settings – from very natural habitat 

(large enclosed landscape areas) similar to the wild conditions to intensive grazing system 

similar to those of commercial livestock production. Extensive breeding is, however, the most 

common production system for deer species (Volpelli et al., 2002a).  

There is also a need not only to have good breeding facilities but also to be able to 

demonstrate compliance with the animals´ welfare requirements. Based on the survey 

performed by Williams et al. (2015), 56% of deer farmers respondents noted that none of the 

welfare needs were too difficult to achieve. The majority of welfare problems in farmed deer 

are associated with the handling that may be very stressful to deer and may negatively affect 

the meat quality (Bornett-Gauci et al., 2006; Williams et al., 2015). In comparison, the welfare 

of deer in parks is strongly influenced by management and can be reduced by changes in 
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stocking levels and the provision of supplementary feeding (Green, 2017). Anyway, due to the 

permanent use of grasslands and minimal negative impacts on the environment, deer breeding 

can be considered the form of sustainable agriculture (Volpelli et al., 2002b; Kuba et al., 

2015). 

 

2.2.1 Feeding and diets 

Compared to other livestock species, deer keeping under farm conditions is 

characterized mainly by pasture fattening (Volpelli et al., 2003). However, grazing or 

browsing alone may be insufficient, especially in the months when grass is not growing, or 

when stock density exceeds the carrying capacity. It is therefore appropriate to provide 

supplementary feeding at these higher stocking rates, which also saves pastures from damage 

when conditions are dry or wet and muddy (Mattiello et al., 1997; Miao et al., 2001; Mulley, 

2003; Wiklund et al., 2003a). It can also improve animal welfare, growth, meat and carcass 

quality, and consequently economic efficiency (Volpelli et al., 2002a, 2003). 

A variety of methods to increase meat production through feeding methods and 

different diets have been performed, and it is generally known that meat production increases 

with growing dietary crude protein level (Prado et al., 2014). Previous studies dealing with 

different diets (Volpelli et al., 2002a; Wiklund et al., 2003a; Wiklund et al., 2003b; Wiklund 

et al., 2005; Phillip et al., 2007) have shown differences in growth, carcass and meat 

composition of deer that have been grazing pasture and those supplemented with grain-based 

diet. In general, deer fed/supplemented with concentrates had higher carcass weights and 

dressing percentages than the animals grazing pasture. Moreover, feeding concentrates may 

also affect the proportion of anatomical joints and lean cuts, as well as the amount of 

separable fat as reviewed by Kudrnáčová et al. (2018). 

Only a few studies on grain-based supplementation in relation to the technological 

meat quality parameters have been carried out on cervids. The effect of different diets on 

physical attributes (pH, colour, WBSF) of deer meat has been evaluated in studies of Volpelli 

et al. (2003), Wiklund et al. (2005), Wiklund et al. (2006), Hutchison et al. (2012). Resulting 

values of pH, WBSF and colour parameters in the study of Volpelli et al. (2003) did not differ 

significantly and they were unaffected by different dietary treatments. Nevertheless, other 

studies mentioned above concluded significantly lower pH values and more tender meat in 

deer supplemented with concentrates compared with animals grazing pasture. 
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2.2.1.1 Amino acids in the diet 

Carcass conformation, meat quality and quantity depend on the amount of muscles and 

skeletal tissue that are related to the accretion of muscle proteins whose deposition requires 

dietary supply of AAs. Lysine is one of the essential AAs serving as a building block for 

protein biosynthesis (Wang et al., 2015). Literature indicates that in the past, research has 

mostly focused on the importance of lysine in the diet of monogastric animals, such as pigs or 

poultry (Hickling et al., 1990; Coble et al., 2014; Tous et al., 2014; Wang et al., 2015). 

However, since lysine has been identified as one of the top limiting AA for grazing ruminants 

(Figure 3), research has expanded to also include polygastric animals (Hussein and Berger, 

1995; Greenwood and Titgemeyer, 1997; Prado et al., 2014; Torrentera et al., 2017), and very 

recently to cervids (Huang et al., 2015). Lysine seems to be the AA limiting the ruminal 

synthesis of microbial protein (Abe et al., 1998; Klemesrud et al., 1999) because some dietary 

protein escapes the fermentation in rumen and passes to lower gut undegraded. Thus, 

ruminants have higher metabolizable protein requirements that may exceed their supply (Xue 

et al., 2011; Prado et al., 2014). The extent of microbial protein breakdown and synthesis 

results in alterations of AAs absorbed in the gut compared to AAs contained in the animal´s 

diet (Broderick et al, 1991). It is therefore essential to provide these AAs in a 

resistant/protected form so that they will withstand microbial degradation in the rumen and 

will be available up in the abomasum. These preparations, referred to as RPAAs, can be 

efficiently utilized by ruminants and thus, growth performance and carcass composition may 

improve (Han et al., 1996). Despite the fact that fallow deer is worldwide one of the most 

abundant deer species raised under farm conditions, only a few studies have focused on 

concentrate and AA supplementation in this species. Although a great deal of work has been 

done to measure and quantify carcass traits and quality attributes of deer meat, only a few such 

works have been performed for fallow deer (Dama dama) and still a considerable amount of 

information is missing in this research area. Moreover, there are no studies on the potential 

effect of AA supplementation on carcass parameters or meat quality parameters. 

 



9 
 

 

Figure 3: Limitation in protein synthesis due to the lack of essential AAs in the diet. 

(Häffner et al., 2000) 

 

2.3 Venison production 

The world population is still growing from the estimated 10 million people at the time 

of agriculture development (approx. 10,000 years ago), to more than 7 billion people at 

present. Thus, the demand for animal-based proteins in human diets increases as well, as the 

wealth of the developing world increases (Cawthorn and Hoffman, 2014). During the last 50 

years, average per capita meat consumption rose by more than 45 %, from 23 kg/person/year 

in 1961 to 42 kg/person/year in 2011 (Sans and Combris, 2015). As a result of the increase in 

the demand for meat (especially red), interest in venison meat has grown (Poławska et al., 

2013). In the 1970s, world trade of venison meat was estimated in one million tonnes per year 

(FAOSTAT, 2017). Since then, the production has steadily increased to a present figure of 

~2 million tonnes annually (Costa et al., 2016). Thus, there is a potential of meat production 

from various unconventional livestock species under farm conditions. Particularly, utilization 

of farmed/park-produced deer species and production of deer meat (venison) is a topic of great 

interest and importance (Babiker et al., 1990; Daszkiewicz et al., 2015; Kuba et al., 2015; 

Ludwiczak et al., 2017).  
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Venison is usually referred to as meat from any game animal, including ungulates, 

birds, reptiles and amphibians, carnivores, rodents and miscellaneous mammals that are 

suitable for human consumption. However, it is advisable to distinguish game meat from 

venison. Game animals are being replaced by domesticated and farmed animal species whose 

meat is then classified as venison, whereas game meat originates from wild, free-ranging 

animals, as explained and used in the papers of Hoffman and Wiklund (2006), Gill (2007) or 

Schulp et al. (2014). In contrast, Hoffman and Cawthorn (2012) or Chakanya et al. (2017) 

have later used the term “game meat” as that derived from ungulates legally harvested in 

Africa, and venison as meat derived from cervids. This definition is also used for venison in 

this thesis, despite the fact that deer species under farm conditions in the Czech Republic are 

considered to be livestock (Jedlička, 2015). Since 1999, meat from farmed deer species can´t 

be thus labelled as “venison” but as “fallow deer meat”, “red deer meat”, etc., as stated in the 

Czech legislation (Zákon č. 166/1999 Sb.; Kupka, 2004). In the studies of Hoffman and 

Cawthorn (2012) and Cawthorn and Hoffman (2015, 2016), the authors have also broadly 

defined the word “bushmeat” as meat derived from illegal hunting of various animal species, 

such as primates, frogs, snakes, rodents etc. This term has already been explained by Milner-

Gulland et al. (2003) as the meat of wild animal species hunted for human consumption in 

tropical areas. 

In general, meat is often seen as a major source of fat in the human diet, but increased 

health concerns have resulted in an emphasis on the production of lean meat and meat 

products with low fat and cholesterol contents (Dahlan and Norfarizan-Hanoon, 2008). 

Moreover, food safety crises and livestock diseases have raised several questions and concerns 

about the risks and benefits of meat consumptions (MacRae et al., 2005; Font-i-Furnols and 

Guerrero, 2014). Venison may represent a good food commodity for consumers (especially for 

obese or elderly people) because it is lean and tasty, with a high proportion of polar lipids 

(phospholipids) and proteins, low in fat, and therefore with positive effects on human health 

(Dryden, 1997; Dahlan, 2009; Kwiatkowska et al., 2009; Bartoň et al., 2014). Thus, this non-

traditional type of meat has also a big potential to be processed into various meat products, 

such as prosciutto (Piasentier et al., 2002), pâté (Okuskhanova et al., 2016), sausages (Jones et 

al., 2015; Nagy et al., 2015), or mince meat semi-product (Chakanya et al., 2017). In addition, 

due to the natural grazing without fattening of feed additives or high caloric fodders, or 

restricted contact of animals with pharmaceuticals (Kuba et al., 2015), venison has a positive 
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image as a natural “organic” and safe product (Russo, 2005; Wiklund et al., 2010a; Wiklund 

et al., 2014; Assenova et al., 2016; Ludwiczak et al., 2017). All the foregoing advantages 

make venison attractive and highlight its role in the human diet in the term of food safety. 

 

2.4 Live weight and carcass parameters 

Growth, weight gains and carcass quality are parameters of great economic 

importance. As shown in Appendix 1, research on animal performance and carcass 

parameters of farm-raised and wild fallow deer began early in the 1980s. Literature indicates 

that earlier research was focused mostly on animal growth, but with the growing interest in 

deer farming and venison, interest has progressively expanded to include carcass parameters 

and later also meat characteristics. 

Fallow deer have adapted well to the seasonality of climate and feed supply, with 

a maximum increase of body tissues during the spring and summer months, loss of weight 

during autumn, and almost no weight gain in winter (Suttie and Webster, 1998; Wiklund et 

al., 2008b). Among other parameters, sex was also claimed to influence birth weight and 

growth rate of fallow deer fawns. Krzywiński et al. (1984) reported that the live weight of 

20 weeks old fallow does was 18.8% lower than in bucks of the same age. Due to the smaller 

body frame, fallow deer male and female fawns reach around 30 and 25 kg respectively in 

5 months of age (Dryden, 1997). Thus, some differences can be expected in carcass weight, 

dressing percentage, carcass composition and fat distribution between weaning fawns (< 1 

year of age), yearlings (1–2 years of age), juveniles (2–3 years of age) and even adult (> 3 

years of age) male and female fallow deer. Such differences were observed in other species of 

ruminants, such as cattle (Bureš and Bartoň, 2012; Daza et al., 2014), sheep (de Vargas Junior 

et al., 2014; Santos et al., 2015), goats (Colomer-Rocher et al., 1992; El Muola et al., 1999) or 

alpacas (Smith et al., 2015).  

Deer species in general have a good dressing percentage of 55 to 75%, a higher yield 

of lean meat (66 to 83% from the carcass) than obtained from the more conventionally raised 

ruminant species, and a high lean:bone ratio (~5:1) (Dryden, 1997; Volpelli et al., 2002a; 

Russo, 2005; Suttie, 2012). Carcass fat content in various deer species ranges between 2 and 

10% in yearlings and 9 to 15% in 2 years old, contrary to ram lamb and some bull carcasses 

where fat content may be up to 18–27% (Drew, 1992; Dryden, 1997). Overall, carcass 

composition is an important factor for meat producers, abattoirs and distributors by 
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determining the economic value of the animal because different carcass cuts have different 

commercial values (Sookhareea et al., 2001; Wiklund et al., 2008a; Dahlan, 2009; Kim et al., 

2015). However, only few reports evaluated carcass characteristics of fallow deer bucks 

(male, 50–110 kg) and does (female, 25–50 kg) (McElligott et al., 2001; Janiszewski et al., 

2008; Enei, 2010; Stanisz et al., 2015), as well as the effect of different feed rations (Volpelli 

et al., 2002a; Wiklund et al., 2005) or age (Hogg et al., 1990; Volpelli et al., 2002a; Pinto et 

al., 2009; Żochowska-Kujawska et al., 2019). In general, above mentioned studies comparing 

carcass parameters of fallow deer based on different diets or age show that grain-based diet 

and older age are linked to the to higher live weight, dressing percentage, proportion of 

individual carcass parts and higher amount of fat in the carcass. Wiklund et al. (2005) 

analyzed the differences in utility value of 24 fallow deer does at the age of 36 months grazed 

on natural pasture or fed barley. Results in their study highlighted higher carcass weights and 

dressing percentage of the grain/hay-fed fallow deer compared to pasture raised deer 

indicating clear diet-related differences in carcass conformation. In an earlier study, Volpelli 

et al. (2002a) focused on the carcass composition of farm-raised fallow deer bucks fed with 

different diets (Table 1). Significant effect of concentrate feeding on hot carcass weight and 

the proportion of anatomical joints has been found. In particular, the proportion of some cuts, 

such as neck, thorax, and abdominal region was significantly higher in supplemented deer, 

whereas animals only grazing pasture provided significantly higher proportion of leg, thoracic 

limb and lumbar region.  
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Table 1: Live weight and carcass characteristics of pasture-fed and concentrate-fed 

fallow deer (n = 16 per group). 

Characteristics 
Diet 

SED 
Pasture Concentrates 

Live weight (kg) 45.0 49.9 4.79 

Carcass 

   Hot carcass weight (kg) 25.8 30.8 3.61 

   Dressing percentage (%) 56.2 60.5 1.87 

Anatomical joints 

Leg (%) 38.1 37.0 1.03 

Thorax (%) 24.6 24.8 1.01 

Thoracic limb (%) 14.0 13.4 0.40 

Neck (%) 11.4 12.4 1.33 

Lumbar region (%) 8.3 8.3 0.52 

Abdominal region (%) 3.2 3.7 0.27 

               (Adapted from Volpelli et al., 2002a). 

 

2.5 Meat quality 

Quality is an arbitrary term including various parameters such as safety, nutrition, 

overall appearance and stability of the product. One of the definitions of quality is “fitness for 

use”. All quality parameters have major effects on a consumer’s acceptability, choice and 

satisfaction (Sigurgisladottir et al., 1997). Muscle and meat characteristics are influenced by 

both ante-mortem (e.g. breed, sex, age, muscle type, nutrition, handling or breeding 

management) and post-mortem factors (e.g. pH, temperature and/or ageing conditions). 

 

2.5.1 Chemical composition 

Venison has several desirable attributes as a human food. Deer meat provides a wide 

variety of important components beneficial for human health. Its energy value ranges from 90 

to 110 kcal/100 g (Żochowska-Kujawska et al., 2009), compared to beef, pork, mutton or 

poultry meat, whose energetic value ranges from 114 to 231 kcal/100 g of muscle tissue 

(Chizzolini et al., 1999). Deer meat is valued by consumers primarily for its low-fat content, 

high proportion of lean meat, and as a good source of minerals, essential AAs and PUFA 

(Higgs, 2000; Russo, 2005; Jarzyńska and Falandysz, 2011; Okuskhanova et al., 2017). 

Protein content in deer meat may vary between 20 to as high as 25%, thus confirming that 
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deer meat is also a relatively rich source of proteins (Kasai et al., 1999; Kwiatkowska et al., 

2009) and AAs.  

Studies of Hoffman et al. (2005), Hoffman et al. (2007b), Cygan-Szczegielniak and 

Janicki (2012), Strazdina et al. (2013) and Okuskhanova et al. (2017) show that among AAs, 

alanine, aspartic and glutamic acid, leucine and lysine occur in the meat of venison and game 

ruminant species at the highest quantities, although their content may differ owing to age, sex 

and muscle type within the species. However, little data exist on the influence of these factors 

on the content and composition of AA in deer meat.  

 

Table 2: Chemical composition of muscles from pasture-fed and concentrate-fed fallow 

deer (n = 16 per group).  

 

SET 
SED 

MLL 
SED 

Pasture Concentrates Pasture Concentrates 

Water (%) 77.58 76.89 0.66 76.27 75.76 0.54 

Protein (%) 20.46 20.90 0.60 21.56 21.78 0.58 

Fat (%) 0.55 0.78 0.17 0.56 0.72 0.14 

Ash (%) 1.10 1.13 0.03 1.12 1.15 0.04 

Total collagen 

(mg/g) 
2.86 2.69 0.55 3.00 2.81 0.67 

Insoluble collagen 

(mg/g) 
2.10 1.94 0.48 2.15 2.00 0.54 

Soluble collagen 

(%) 
27.35 27.50 8.40 26.68 30.51 11.35 

         (Adapted from Volpelli et al., 2003). 

 

2.5.1.1 Lipid, cholesterol and collagen contents 

Fat from ruminant species is often seen mostly as a source of energy, SFA and 

cholesterol, but it is not considered to be a source of nutrients in the human diet (Dryden, 

1997). Nevertheless, IMF content is an important aspect of the meat quality because it confers 

juiciness (Sookhareea et al., 1995), texture and flavour of meat, especially during heat 

treatment or cooking (Tshabalala et al., 2003; Purslow, 2005). Despite significant differences 

among individual muscles, IMF content in fallow deer muscle tissue ranges from 0.35 to 9.1 

g/100 g (Drew, 1992; Morgante et al., 2003; Volpelli et al., 2003; Mulley et al., 2006; Dahlan 

and Norfarizan-Hanoon, 2008; Hutchison et al., 2012; Hutchison et al., 2014; Bureš et al., 
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2015). However, total fat content depends on many factors. Deer species from temperate 

climates (e.g. fallow deer, red deer) have a higher fat content than tropical species (e.g. sambar 

deer, rusa deer) (Dahlan and Norfarizan-Hanoon, 2008). Fat content increases with age, 

resulting in old and elderly deer sometimes exhibiting unacceptably high fat contents (Dryden, 

1997; Lorenzo et al., 2018). Fat content in meat of grazing or wild deer is usually lower than 

in concentrate-fed or confinement-raised animals (Table 2) (Volpelli et al., 2003; Dahlan and 

Norfarizan-Hanoon, 2008). However, Daszkiewicz et al. (2015) recently showed an opposite 

environment effect and reported significantly higher fat content in meat of wild fallow deer 

(0.50 g/100 g) compared to farmed fallow deer (0.24 g/100 g) with no indication of specific 

effects responsible for this difference.  

Cholesterol content in deer meat was determined at 86 mg/100 g in farmed (Dahlan 

and Norfarizan-Hanoon, 2007) and 102 mg/100 g in wild fallow deer (Ramanzin et al., 2010). 

These values are comparable to those obtained for lamb, chicken, pork or beef meat (Sinclair 

et al., 1982; Almeida et al., 2006). Seal et al. (1978) and Card et al. (1985) indicated 

a correlation between cholesterol content in meat and FA composition in the animal's diet. 

Compared to SFA that may increase plasma cholesterol levels, MUFA and PUFA do not. 

Moreover, some MUFA may even have cholesterol-lowering attributes (Daley et al., 2010). 

Thus, the content of cholesterol in meat may be reflected by the amount and representation of 

individual FA in the feed ration. Other important factors influencing cholesterol content of 

venison are animal age and sex, and thus meat of younger animals may contain lower 

cholesterol levels (Polak et al., 2008; Quaresma et al., 2012).  

Collagen is a major protein of the connective tissue that is present in muscles in 

amount ranging from 1.5% to ~10% of dry weight (Lepetit, 2008). It differs from other 

proteins by the composition of AAs, particularly by the high content of hydroxy acids and 

hydroxyproline (which is not found in any other protein). Collagen in the intramuscular 

connective tissue is arranged into the three layers: endomysium (surrounds individual muscle 

fibres), perimysium (bundles individual muscle fascicles) and epimysium (surrounds entire 

muscles) (Dominik et al., 2012) and due to its properties (e.g. cross-linking, solubility, 

chemical composition), it influences the nutritional, physical and organoleptic properties of 

meat. It is well known that decreased collagen solubility (due to the cross-linked chains) 

implies higher WBSF values (tougher meat), and due to the lack of some important AA such 

as tryptophan and tyrosine, it may also decreases the nutritional value of the meat. Regarding 
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organoleptic properties, the size of collagen fibres and arrangement of perimysium (that 

represents about 90% of total connective tissue) have a direct effect on toughness/tenderness 

of the meat. Hence, meat with a proportion of collagen protein below 5% of total protein mass 

may be defined as tender with delicate structure (Purslow, 2005; Lepetit, 2008; Kwiatkowska 

et al., 2009; Dominik et al., 2012). Collagen content in deer meat is similar to that in beef but 

more thermolabile as in lamb meat (Goodson et al., 2001; Volpelli et al., 2003; Dominik et 

al., 2012). Volpelli et al. (2003) reported a collagen solubility decrease in muscle of older 

fallow deer (22.58% in the 30-month-old) compared to younger fallow deer (34.61% in the 

18-month-old). However, no effect of diet on muscle collagen has been found.  

 

2.5.1.2 Fatty acids 

It is widely accepted that both the amount and the structure of FAs play a major role in 

human health. It is recommended to decrease the intake of SFA, trans-FA and the n-6/n-3 

ratio, and to increase the intake of MUFA and PUFA (WHO & FAO, 2003; Nuernberg et al., 

2005; Poławska et al., 2013). Pasture fed deer exhibit a high potential for lean meat venison 

production, and thus an important benefit of deer meat is the low amount of IMF and thereby 

favourable ratio of n-6/n-3 PUFA (Morgante et al., 2003; Volpelli et al., 2003; Wiklund et al., 

2003a; Hoffman et al., 2007c; Bureš et al., 2015). Intramuscular lipids are primarily composed 

of triglycerides (neutral lipids) and phospholipids (polar lipids) with polar lipids being the less 

saturated. Changes in IMF content have an impact on the intramuscular FA profile, especially 

on the content of neutral lipids which tend to be more saturated (Legako et al., 2015; Hunt et 

al., 2016). These changes may be affected by age, sex, nutrition, production region and other 

factors (Hoffman et al., 2007c). FA composition in deer muscles also changes according to the 

composition of their feed despite the biohydrogenation of PUFA in the rumen. ALA (C18:3 n-

3), which is contained in the grass, and linoleic acid (C18:2 n-6), which occurs in the 

concentrated feed are present primarily in the phospholipid fraction of deer IMF and muscles 

(Wood et al., 2003; Polak et al., 2008). Thus, grass feeding produces a more favourable n-6/n-

3 ratio ranging from 2.1 to 3.4 (the recommendation is < 4), compared to 4.5 to 9.6 for 

concentrate fed deer (Morgante et al., 2003; Volpelli et al., 2003; Wiklund et al., 2003a; Bureš 

et al., 2015). Today, the n-6/n-3 ratio in human diets is often over 10:1 indicating the 

deficiency of beneicial n-3 FA in our diets (Poławska et al., 2013). Although ruminant meats 

are in general a relatively good source of n-3 PUFA due to the presence of ALA in grass, the 
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content of ALA in venison is markedly higher than in various cattle breeds (Wood et al., 

2003; Realini et al., 2004; Nuernberg et al., 2005; Bureš et al., 2015). The high values of ALA 

found in fallow and also in red deer meat may be the consequence of the very low content of 

IMF, as well as the fact that both species are grazers.  

In general, deer muscles are rich in palmitic (C16:0), stearic (C18:0) and linoleic acid. 

Different composition of FA in the meat from grazing fallow deer compared to those 

supplemented with concentrates was observed by Volpelli et al. (2003) (Table 3). Meat from 

SET muscle obtained from fallow deer bucks grazed on pasture contained significantly lower 

average concentrations of myristic (C14:0), C16:0, palmitoleic (C16:1 n-7), C18:0, oleic 

(C18:1 n-9), C18:2 n-6 and adrenic acid (C22:4 n-6), as well as lower SFA and MUFA 

concentrations. Although not significantly different, contents of cis-vaccenic (C18:1 n-7), 

arachidonic (C20:4 n-6) and docosahexaenoic acid (DHA, C22:6 n-3) were slightly lower in 

the grazing group. Whilst SET samples from supplemented fallow deer contained significantly 

lower levels of ALA, eicosapentaenoic (EPA, C20:5 n-3) and overall concentration of PUFA, 

whereas content of docosapentaenoic acid (DPA, C22:5 n-3) was lower but did not differ 

significantly between the groups. The use of supplementary feeding caused significant 

increase in the total content of SFA and MUFA also in LL muscle while the total content of 

PUFA was lower in this group compared to grazing deer. A marked increase was particularly 

evident for C14:0, C16:0, C16:1 n-7, C18:0, C18:1 n-9, C18:2 n-6 and C22:4 n-6. The 

pasture-fed group exhibited a significantly higher amount of ALA, EPA and DPA. No 

signigicant differences in FA composition of LL muscle between two dietary treatments were 

observed for C18:1 n-7, C20:4 n-6, DHA and dihomo-γ-linolenic acid (DGLA, C20:3 n-6). 

Overall, concentrate feeding caused reduction of the total content of PUFA and significant 

increase in the n-6/n-3 ratio.  

FAs are involved in various aspects of meat quality, such as texture, shelf life, flavour 

and odour, thereby affecting sensory properties of deer meat (Cho et al., 2005; Neethling et 

al., 2016). Due to the different melting points and variation in FA composition, individual 

FAs have important but diverse effects on the firmness or softness of the fat and meat. The 

effect of FAs on meat flavour is due to the production of volatile, odourous, lipid oxidation 

products during heat treatment. Especially unsaturated FAs are important in the development 

of meat flavour (Wood et al., 2003; Khan et al., 2015). Natural grazing is a source of PUFA 

and seen as an important contributor to the development of “wild”, “gamey” and “grassy” 
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flavour in meat (Wiklund et al., 2000; Wiklund et al., 2003b; Finstad et al., 2007), whereas 

grain-based diets correspond to meat with lower PUFA levels frequently described as having 

“mild” and “beef-like” flavour (Wiklund et al., 2003a, 2003b). However, a high content of 

PUFA may negatively affect the oxidation stability and other technological parameters of 

meat and meat products (Daley et al., 2010; Poławska et al., 2013). Finding that increasing 

intake of PUFA in the diet is beneficial for human health is in contradiction with the fact that 

higher contents of PUFA in meat are associated with the lowering its oxidative stability, and 

gives possible proposal for further investigation.  

 

Table 3: Fatty acid composition (mg/100 g fresh tissue) of muscles from pasture-fed and 

concentrate-fed fallow deer (n = 16 per group).  

Fatty acid 

(mg/100 g fresh 

tissue) 

SET 

SED 

MLL 

SED 
Pasture Concentrates Pasture Concentrates 

C14:0 isoa 5.1 13.5 9.29 4.4 9.3 4.94 

C16:0 iso 108.4 164.0 66.71 97.4 131.3 37.68 

C16:1 n-7 7.7 13.3 7.10 5.9 8.7 3.92 

C18:0 iso 147.8 185.3 49.50 131.4 152.1 27.37 

C18:1 n-7 62.5 99.3 46.58 49.6 71.2 23.58 

C18:1 n-9 22.6 27.3 8.10 27.9 28.1 5.77 

C18:2 n-6 179.0 220.6 43.24 195.0 223.4 33.02 

C18:3 n-3 30.0 24.2 7.06 32.6 23.1 5.77 

C20:3 n-6    2.5 2.3 0.81 

C20:4 n-6 92.4 96.8 24.58 113.8 107.4 15.62 

C20:5 n-3 13.6 9.8 4.06 20.3 13.0 4.31 

C22:4 n-6  0.8 2.5 1.32 1.5 3.1 1.52 

C22:5 n-3 35.9 34.2 10.15 40.6 33.7 6.32 

C22:6 n-3 2.1 2.5 2.60 2.4 2.2 1.84 

SFA (%) 36.88 39.60 4.75 31.83 35.87 3.00 

MUFA (%) 13.09 14.70 3.05 11.25 13.07 1.89 

PUFA (%) 50.03 45.70 7.54 56.92 51.06 4.74 

n-6/n-3 3.39 4.63 0.61 3.30 4.76 0.53 

a Isomers with different location of methyl group.  

(Adapted from Volpelli et al., 2003). 
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2.5.1.3 Minerals 

It is well known that minerals such as copper, cobalt, selenium, manganese and zinc 

are very important for grazing ruminants, including deer. Deficiencies can cause severe 

reproduction problems, restricted growth of young deer and osteochondrosis among others 

(Wilson and Grace, 2001; Handeland et al., 2008). Contents of iron (particularly its haem 

form; 50–60%) (Higgs, 2000; Hoffman et al., 2007b; Poławska et al., 2013), potassium, 

phosphorous, copper, zinc and calcium in deer meat and liver (Table 4) are considerably 

higher than in meat of some other wild or farm-raised ruminant species. Deer are closely 

associated with the natural environment as they graze and browse on the grasses, herbs, 

coniferous species, as well as meadow or crop plants, and their meat will thus reflect the 

mineral composition of their diet. Deer are frequently supplemented with mineral blocks rich 

in macro and microelements. Moreover, commercially used fields are often fertilized by 

manure from farms where the domestic animals generally receive large doses of minerals in 

their feed. This may have a potential impact on the concentration of these elements in plants 

growing in these fields and thus in deer tissues (Falandysz et al., 2005; Hoffman et al., 2005; 

Jacela et al., 2010; Skibniewski et al., 2015). Mineral concentration, however, varies across 

muscles and organs as a function of the type of physical activity, muscle fibre type and various 

environmental factors (Hoffman et al., 2007b). Especially copper is a major essential trace 

element for deer and the liver is the main storage organ playing a key role in its metabolism 

and reflecting the copper status of the animal body. According to Wilson and Grace (2001), 

Grace and Wilson (2002) or Handeland et al. (2008), the range 4–7 mg/kg liver tissue can be 

considered critical for clinical disease or retarded growth.  
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Table 4: Mineral content (mean ± standard error) in the liver of grazing fallow deer  

(n = 69; 17 bucks, 52 does).  

Minerals 
Sex 

Bucks Does 

Macro minerals (g/kg)  

Calcium 0.09 ± 0.02 0.12 ± 0.08 

Potassium 1.80 ± 0.47 1.94 ± 0.73 

Magnesium 0.13 ± 0.03 0.15 ± 0.03 

Sodium 0.55 ± 0.12 0.68 ± 0.26 

Phosphorus 6.27 ± 0.91 6.42 ± 1.13 

Micro minerals (mg/kg) 

Copper 21.0 ± 15.1 35.3 ± 21.5 

Iron 107 ± 43 154 ± 71 

Manganese 3.3 ± 0.8 4.0 ± 1.8 

Zinc 31.6 ± 13.9 31.1 ± 9.1 

(Adapted from Vengušt and Vengušt, 2004). 

 

Apart from the fact that deer tissues are rich in minerals (Wiklund et al., 2003b; 

Kwiatkowska et al., 2009; Poławska et al., 2013), it is also possible to find there some toxic 

elements. The studies of Lazarus et al. (2005), Srebočan et al. (2006), Srebočan et al. (2011) 

and Skibniewski et al. (2015) have shown that especially due to the natural diet (holm oak 

(Quercus ilex), mushrooms, cabbage) and the environment, harmful substances such as 

cadmium, lead, barium or mercury may accumulate in body tissues of wild deer (especially in 

older animals) in higher concentrations, whereas levels of heavy metals in tissues of farmed 

animals are much lower (Kramárová et al., 2005a; Assenova et al., 2016). Anyway, observed 

levels of heavy metals in wild deer do not pose a threat to consumers' health. Overall, the 

content of both mineral and toxic elements in deer tissues can be influenced by environmental 

factors, as well as by the age, sex and concentration of minerals in the feed ration (Sales, 

1995; Hoffman et al., 2007b).  
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2.5.2 Physical characteristics 

From a consumer perspective, the desired physical quality properties of meat are 

important acceptability factors that are closely related to the texture. These properties include 

visual attributes perceived directly by the senses of touch, sight and hearing (colour, amount 

of water and fat, flavour, mouthfeel and overall appearance) (Bourne, 2002; Cawthorn et al., 

2018).  

 

2.5.2.1 pH values 

One of the most important physical parameters determining the meat quality is the 

ultimate pH value of meat (pHu; measured approx. 24 h after the slaughter). The pHu gives 

information about the technological quality of meat, such as colour, tenderness, WHC, or 

shelf life (Wiklund et al., 2004b; Wiklund et al., 2010a). Venison (defined as meat derived 

from cervids) after slaughter has a pH45min in the range of 6.5–7.2 which, in general, falls to 

5.8–5.3 within 24–48 hours post-mortem as reported by Volpelli et al. (2003), Hutchison et al. 

(2012), Bykowska et al. (2018a), Ludwiczak et al. (2017), Cawthorn et al. (2018), 

Kaimbayeva et al. (2018) or Neethling et al. (2018). However, there is a wide variability in the 

rate of pH decline in deer meat (Sookhareea et al., 1995; Volpelli et al., 2003) due to various 

ante-mortem stress factors such as transportation, chasing or slaughter method (Hoffman et 

al., 2011; Kudrnáčová et al., 2018). For example, pH decline may be dependent on the 

relationship between temperature and the ante- or post-mortem treatment of meat (Hoffman et 

al., 2007a; Taylor and Hopkins, 2011; Hutchison et al., 2014). Smith and Dobson (1990) 

detected a higher pHu (> 5.74) in stressed animals transported to the slaughterhouse, compared 

to those shot in the paddock without handling (pHu < 5.74). In contrast, Cifuni et al. (2014) 

found no difference between the pH of meat frozen and stored for 3 months from stressed, dog 

hunted deer (pHu 5.61) and deer shot in the field (pHu 5.66). Pollard et al. (2002) also noted 

that the pH values of deer shot in the paddock and deer transported to the slaughterhouse were 

similar. Expected relationship between increased ante-mortem handling and increased pH 

values has been observed in some studies, but normal pHu values and physiological responses 

have also been found in deer species exposed to ante-mortem stressors (Wiklund et al., 1995; 

Grigor et al., 1997; Jago et al., 1997). This suggests a more complex relationship between 

ante-mortem handling and post-mortem muscle pH values than predicted only through effects 

of glycogen depletion (Pollard et al., 2002) and typically found in farmed species. The effects 



22 
 

on ultimate pH values have also been demonstrated to vary due to the degree of tameness 

(Rehbinder, 1990), or due to the physical condition, sex or age of the animals (Wiklund et al., 

1995), whereas effect of diet is likely ambiguous. The studies of Volpelli et al. (2003) and 

Hutchison et al. (2012) observed no effect of concentrate feeding on pHu values in fallow deer 

(Table 5). On the contrary, significantly lower pH values in deer supplemented with 

concentrates compared with animals grazing pasture were reported by Wiklund et al. (2005) 

and Wiklund et al. (2006). 

 

2.5.2.2 Meat colour 

One of the most important factors affecting consumer's choice and acceptability of the 

meat is its colour. Despite the fact that dark meat is usually associated with DFD defect (dark, 

firm and dry meat), in case of deer meat, more intense bright-cherry red colour is connected 

with freshness and good quality, and being considered by consumers a typical feature of 

venison (Ramanzin et al., 2010; Font-i-Furnols and Guerrero, 2014; Neethling et al., 2018). 

Objective colour evaluation is performed by reflectance spectroscopy using co-ordinates 

determining lightness (L*), chromaticity (a*, b*), chroma (C*) indicating the colourfulness 

and hue angle (h*) determining the qualitative attribute of colour. The colour co-ordinate a* 

(redness) is the most sensitive parameter of colour measurement, characterising red meat 

colour and its stability, whereas b* co-ordinate (yellowness) is associate with scorching and 

overall product degradation (García-Esteban et al., 2003; Pathare et al., 2013). Meat colour 

co-ordinates may be connected with various intrinsic (e.g. muscle type, pH values, sex) and 

extrinsic (e.g. diet, production system) factors.  

Feeding regime may influence the concentration of muscle myoglobin, while the 

farming system may cause changes in physical activity and influence metabolism (Priolo et 

al., 2001; Mancini and Hunt, 2005). According to Hoffman et al. (2005), muscles of wild 

animals work harder than those of farm-raised, and as a consequence contain higher amount 

of myoglobin responsible for dark colour. Thus, meat from wild grass-fed animals tends to be 

darker than from animals kept at the farm and finished on concentrates (Muir et al., 1998; 

Hopkins and Nicholson, 1999; Vestergaard et al., 2000). However, Volpelli et al. (2003), 

Mulley et al. (2006) and Hutchison et al. (2012) reported no significant effect of diet on the 

colour of muscles from pasture-fed fallow deer and those supplemented with concentrates 

(Table 5). Possibly due to the high content of pro-oxidants such as iron and copper, deer meat 
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has low colour stability at different storage conditions (Ramanzin et al., 2010). Therefore, the 

use of pasture containing higher levels of antioxidants is recommended as a way of improving 

colour stability, instead of the major use of concentrate feeding (Wood et al., 2003; Nuernberg 

et al., 2005; Wiklund et al., 2005; Hoffman and Wiklund, 2006; Mulley et al., 2006; Wiklund 

et al., 2006), or by vitamin E supplementation (Okabe et al., 2002; Florek and Drozd, 2013).  

 

2.5.2.3 Warner–Bratzler shear force  

Meat tenderness is highly variable among animal species as a result of various 

extrinsic and intrinsic factors. However, the differences are given mainly by proteolytic 

enzyme activity (ageing), different IMF and collagen content, muscle fibre characteristics and 

anatomical position of each muscle (Picard et al., 1998; Chriki et al., 2012; Żochowska-

Kujawska et al., 2012; Cawthorn et al., 2018). Only minor differences in WBSF values (meat 

tenderness) in relation to the diet have been observed in fallow deer. No significant effect of 

the diet fed to fallow deer in Italy has been reported by Volpelli et al. (2003). However, these 

findings are in contrast to that of Hutchison et al. (2012) for fallow deer in Australia. Animals 

supplemented with concentrates had significantly higher content of IMF and thus produced 

more tender meat than those with pasture fattening. 

 

2.5.3 Technological parameters  

Thawing loss, drip loss/purge, cooking/grilling loss and losses caused by the press test 

all belong to technological parameters and they are characterized by the formation of exudates 

from meat. All these parameters cause weight loss of the meat which is undesirable from both 

an economic and consumer acceptability perspective (Cawthorn et al., 2018). Results from the 

measurement of weight loss are considered to be good indicators of WHC and closely 

correlate with meat juiciness and tenderness (Pearce et al., 2011; Okuskhanova et al., 2017). 

No significant differences in cooking loss (Volpelli et al., 2003) or purge (Wiklund et 

al., 2005; Hutchison et al., 2012) were observed between fallow deer grazing pasture and 

those supplemented with concentrates. Similar results have been reported also for elk meat 

(Kim et al., 2017), beef (Avilés et al. 2015; Patino et al., 2015) or llama meat (Mamani-

Linares and Gallo, 2014). However, this effect of diet is in contradiction with the results of 

Wiklund et al. (2006) for red deer meat, who reported significantly lower drip loss (purge) in 

meat from the pasture-fed deer compared with the group fed pellets after three weeks of 
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storage. The authors suggest that the differences in drip loss could be related to a variation in 

meat composition, i.e. levels of vitamin E, which positively correlates with increased WHC in 

meat.  

 

Table 5: Physical and technological parameters of muscles from pasture-fed and 

concentrate-fed fallow deer (n = 16 per group).  

 

SET 
SED 

MLL 
SED 

Pasture Concentrates Pasture Concentrates 

pH 

9 hrs 5.48 5.40 0.15 5.35 5.37 0.07 

24 hrs 5.53 5.53 0.20 5.47 5.50 0.13 

48 hrs 5.63 5.62 0.17 5.60 5.61 0.13 

Colour 

L* 35.84 35.72 2.48 33.36 34.48 2.15 

a* 22.03 21.37 2.63 22.69 23.74 2.33 

b* 3.78 2.99 2.70 3.60 4.10 1.98 

WBSF (kg)    4.40 4.63 1.02 

Cooking loss (%)    26.72 26.25 4.11 

Drip loss (%) 2.86 3.12 1.34    

         (Adapted from Volpelli et al., 2003). 

 

2.5.4 Organoleptic properties 

Differences in texture, flavour and appearance are very important attributes affecting 

the market of domestic as well as game meats (Wiklund et al., 2003b; Resurreccion, 2004). 

These specifications are often established according to the amount of IMF, which influences 

many sensory descriptors of meat. A higher content of IMF has a positive effect on the 

sensory qualities of meat, such as flavour, tenderness or juiciness (Fernandez et al., 1999; 

Hoffman et al., 2007d). Nevertheless, despite the fact venison being considered a low-fat 

meat, it can score higher for organoleptic properties compared to meat from other livestock, 

such as beef, pork or poultry (Rødbotten et al., 2004; Wiklund et al., 2009; Bureš et al., 2015). 

Tenderness, an important factor to the sensory quality of meat, varies between species. 

IMF content, composition of connective tissues, location and physical activity of muscles all 

influence tenderness (Purchas et al., 2002; Joo et al., 2013). The tenderness of deer meat is 

comparable or superior to beef (Bureš et al., 2015). This result is in accordance with 

Rødbotten et al. (2004) who compared the sensory profile of meat from 15 species and found 
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that roe deer meat was more tender than beef. Similar result obtained Wiklund et al. (2009) 

who noted significant differences in the sensory attributes between beef and venison. Venison 

scored better in all assessed parameters but the most obvious difference was in tenderness.  

The sensory attributes of meat are also dependent on the type of diet (Rødbotten et al., 

2004). It has been shown that the feeding regime and the type of feed consumed by animals 

prior to slaughter alter the flavour and composition of the meat (Hutchison et al., 2012). 

Wiklund et al. (2003a, 2003b) and Finstad et al. (2007) reported that free-ranging animals 

produced meat with more “wild” and “gamey” flavour, whereas farmed deer fed with grain-

based diet had more “mild” and “beef-like” flavour. The results from the study of Wiklund et 

al. (2000) showed that a pasture-fed deer produced venison with more off-flavours compared 

to those supplemented with commercial deer pellets.  

Mulley et al. (2006) investigated the influence of supplementary feeding on 

organoleptic properties of venison from fallow deer. The only significant difference in sensory 

attributes detected by panellists was flavour strength between animals fed barley compared to 

those pasture-fed, with venison from grain-fed animals having a stronger flavour (Table 6). It 

is therefore appropriate to ensure supplementary feeding for animals, at least during the 

finishing phase, to produce carcasses that consistently meet market requirements (Russo, 

2005; Mulley et al., 2006).  



26 
 

Table 6: Sensory evaluation (mean ± standard error) of venison from pasture-fed and 

concentrate-fed fallow deer (n = 12 per group).  

Sensory attributes 
Diet 

Scale 
Pasture Concentrates 

Colour 8.56a ± 2.35 8.21a ± 2.48 
0 = extremely pale,  

12.5 = extremely dark 

Aroma 8.34a ± 2.41 8.14a ± 2.32 
0 = dislike extremely, 

12.5 = like extremely 

Aroma strength 7.88a ± 2.51 8.03a ± 2.63 
0 = none,  

12.5 = extremely strong 

Flavour 9.49a ± 2.18 9.97a ± 1.95 
0 = dislike extremely,  

12.5 = like extremely 

Flavour strength 8.08a ± 2.13 8.52b ± 1.84 
0 = none,  

12.5 = extremely strong 

Game flavour 6.99a ± 2.81 7.29a ± 2.67 
0 = none,  

12.5 = extremely strong 

Tenderness 9.74a ± 2.39 10.03a ± 2.16 
0 = extremely tough,  

12.5 = extremely tender 

Juiciness 8.34a ± 2.81 8.39a ± 2.72 
0 = extremely dry,  

12.5 = extremely juicy 

Overall liking 10.13a ± 2.38 10.55a ± 1.90 
0 = dislike extremely,  

12.5 = like extremely 

Measurements with the same letter in columns are not significantly different. 

The 12.5 cm line scale was used for the assessment.  

(Adapted from Mulley et al., 2006). 

 

Generally, flavours of various meat species are similar but differ in intensity 

(Rødbotten et al., 2004). The flavour of deer meat is strong, but meat from younger animals 

and does has less intensive flavour than that of adult bucks (Ramanzin et al., 2010). Bureš et 

al. (2015) compared the samples of meat from fallow deer, red deer, Aberdeen Angus and 

Holstein cattle aged for 7 days (Graph 1). The panelists were not able to recognize the 

difference between the samples from fallow deer and red deer, whereas marked differences 

between venison and beef in most sensory attributes were observed. In their study, venison 

had greater aroma and flavour intensity than beef, which may be partially explained by 

differences in the FA composition of muscle lipids.  
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Graph 1: Sensory evaluation of grilled LL muscles aged for 7 days (internal temperature 

of 70 °C on glass/ceramic plate grill) from fallow deer (n = 9), red deer (n = 9), Aberdeen 

Angus (n = 9) and Holstein cattle (n = 9).  

Key: Aroma intensity, game meat aroma, flavour intensity, game flavour, juiciness: 0 = low, 

100 = high; tenderness: 0 = though, 100 = tender; chewiness: 0 = scarcely chewable, 100 = 

easily chewable (Adapted from Bureš et al., 2015). 

 

 

2.6 Carcass suspension 

Palatability (depending on the sensory properties such as taste, odour or texture) is one 

of the most important attributes for the consumers in determining eating quality of meat, with 

flavour and texture being the two major factors (Donini et al., 2009; Rafe, 2019).  

In the late 1960s and early '70s, rapid carcass chilling and freezing before the onset of 

rigor mortis resulting in tough meat led to extensive research on meat tenderness (Sørheim 

and Hildrum, 2002). Thus, the relationship between meat textural parameters and different 

carcass suspension methods has been greatly studied since an article from New Zealand was 

published as early as in 1960 (Ahnström, 2008). The author of this article suggests that meat 
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texture (mainly tenderness) can be manipulated by means of stretching through the use of 

different suspension methods of the carcass (Figure 4) (Locker, 1960; Hostetler et al., 1970).  

 

 

Figure 4: Schematic drawing of carcass suspension methods.  

The Achilles tendon method (left) and the Tenderstretch method (right). 

(Ahnström, 2008) 

 

The traditional way of carcass suspension is by the hind leg using a hook passed 

behind the Achilles tendon. This method pulls back the hind leg, the spine is curved and 

carcass weight puts muscles into tension, thus contracts them as they go through rigor mortis. 

While muscles are in tension, muscle fibres overlap and muscles in the loin area and in the 

pelvic limb are allowed to shorten resulting in less tender meat (Hostetler et al., 1970; 

Ahnström et al., 2012).  

On the other hand, pelvic suspension (known also as hip suspension, aitch-bone 

hanging, or 'Tenderstretch' presented by The Texas A&M Research Center) is a method where 

the carcass is hung through the eye of the aitchbone (obturator foramen) or the pelvic 

ligament, which leads to a carcass position more typical for the animals´ natural state. When 
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pelvic suspension is applied to a carcass, the hind legs hang free, vertically from the carcass, 

at a 90° angle. This relaxed position leads to straightening of the vertebral column so the 

number of muscles (MLL, SM, MGM, SET) are stretched when they enter rigor mortis. The 

stretching prevents muscle contraction and shortening, and affects the structure of myofibrils 

in muscle tissue greatly. The stretched muscles have longer sarcomeres and smaller muscle 

fibre diameter resulting in more tender meat compared to Achilles-hung samples (Hostetler et 

al., 1970; Sørheim and Hildrum, 2002; Ahnström, 2008; Warriss, 2010).  

This quality assuring intervention may reduce drip loss/purge and improve the 

tenderness of the affected muscles of 15 to 40% (Hopkins et al., 2000; Ahnström et al., 2012). 

A number of studies support the positive effects of Tenderstretch on tenderness and/or 

juiciness of beef (Hostetler et al., 1970; Ahnström et al., 2012; Liu et al., 2016), lamb or goat 

(Hopkins et al., 2000; Thompson et al., 2005; Basinger et al., 2019), alpaca (Smith et al., 

2017) and venison (Sims et al., 2004; Wiklund et al., 2004a; Hutchison et al., 2006; Mulley et 

al., 2006; Hutchison et al., 2010; Wiklund et al., 2012; Hutchison et al., 2014).  

Sims et al. (2004) and Mulley et al. (2006) evaluated the differences in tenderness 

between muscles from fallow deer carcasses being placed in different hanging positions whilst 

entering rigor mortis. The tenderness of MLL, BIF, SM, aductor femoris and vastus lateralis 

was significantly improved as a result of pelvic suspension in young fallow deer bucks (18 

months old). However, for the older fallow deer bucks (≥ 36 months old), significant effect of 

pelvic suspension on meat tenderness were only found in BIF and SM samples, and no 

significant impact at all on tenderness in muscles from fallow deer does (24 months old) was 

detected. In addition to increasing the tenderness level, Tenderstretch had also the ability to 

reduce drip loss and thus to enhance the juiciness of MGM muscle. Further studies confirmed 

these findings of increased tenderness and juiciness of several muscle samples from both 

fallow deer bucks and does (Hutchison et al., 2010; Hutchison et al., 2014). Similarly, as 

showed in the study of Hutchison et al. (2006), pelvic suspension used on fallow deer 

carcasses decreased drip loss and WBSF values of MLL samples. Thus, tenderstretched 

muscles scored significantly higher for both tenderness and juiciness in the sensory analysis.  

The positive effect of pelvic suspension on tenderness in venison from the reindeer 

steers is reported by Wiklund et al. (2012). For this study, significant effect of Tenderstretch 

was found for MLL with values from pelvic-suspended carcasses being lower. This finding 

was confirmed by the trained panellists, who rated the samples derived from aitch-bone hung 
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carcasses to be more tender. By contrast, juiciness was not affected by carcass suspension 

method. On the other hand, Wiklund et al. (2004a) pointed out that the carcass suspension 

method had an effect on drip loss and purge of fallow deer meat. Tenderstretch reduced purge 

in the vacuum-packed samples, while fresh meat exhibited significantly lower drip loss with 

Achilles tendon suspension.  

However, research in the area of deer meat quality is very limited and further studies of 

the relationship between carcass suspension methods and consumer acceptance of venison are 

essential.  
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3. AIMS AND HYPOTHESES  

A1: To evaluate the effect of different feed rations on the growth, carcass parameters and 

economic efficiency of the fattening.   

 

A2: To evaluate the effect of different feed rations on the chemical composition, physical and 

technological parameters and organoleptic properties of meat from farm-raised fallow deer. 

 

A3: To evaluate the effect of different carcass suspension methods on the sensory attributes of 

fallow deer meat.  

 

 

 

 

H1: Composition of the feed ration and supplementation with barley will affect growth, 

carcass composition and economic efficiency of the fattening.  

 

H2: Composition of the feed ration will affect chemical compostion, physical and 

technological parameters, and organoleptic properties of meat.  

 

H3: Pelvic suspension method will positively affect the quality attributes of fallow deer meat. 
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4. MATERIALS AND METHODS 

All experimental procedures used in this experiment were approved by the Animal 

Care Committee of the IAS. 

 

4.1 Animals, performance and diet 

A total of 45 fallow deer bucks (Appendix 2) at an initial age of 11 months and an 

average live weight 28.2±1.8 kg were involved in the experiment. The animals were fattened 

during the year 2015 on the farm Mnich near Kardašova Řečice situated in Southern Bohemia 

(49°16’71.9”N; 14°90’05.2”E). All animals originated from the same herd. Individual bucks 

were identified with plastic ear tags, and based on their body weights, they were assigned into 

three separate groups of 15 animals and placed into three 2-ha adjoining paddocks (0.13 

ha/animal). The bucks were weighed three times (until the onset of fraying) during the 

experiment, and paddocks were switched among the groups at six-week intervals.  

The groups were assigned to three different dietary treatments. Group P received only 

pasture, group B received pasture supplemented with barley, and group L received pasture 

supplemented with barley and lysine (LysiPEARLTM in the amount of 5 g/day). The 

LysiPEARLTM preparation (Kemin Industries, Inc., Iowa, USA) consisted of 50 % of synthetic 

lysine and 50% of hydrolysed palm oil. Animals were supplemented with encapsulated RPAA 

lysine (Appendix 3) that prevented its accessibility to rumen microorganisms and ensured its 

release in the abomasum. Supplementation with concentrates was done once daily via wooden 

troughs placed in the pasture. One meter of trough length was available for each animal. All 

groups received a mineral mixture lick (Premin Slanisko, VVS Verměřovice Ltd., Czech 

Republic). The finishing period was divided into two phases. In the first phase (90 days from 

the end of April until the end of July), the B and L groups received barley in the amount of 0.2 

kg/day per animal, whereas in the second phase (on average 79 days, from the beginning of 

August until slaughter) the dose of barley was increased to 0.4 kg/day per animal. Group L 

received the same amount of lysine (5 g/animal/day) over the entire experiment.  

 

4.2 Feed chemical composition 

The average chemical composition of the barley and pasture (consisted of herbaceous 

representatives of common pasture vegetation) is shown in Table 7. During the experiment, 

forage samples were collected three times from three locations within each paddock 
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(beginning of the fattening, middle/at the beginning of the second phase and at the end). All 

diet samples were freeze-dried (Freeze dryer ALPHA 1-4 LSC, Martin Christ 

Gefriertrocknungsanlagen GmbH, Germany), and the average nutrient composition was 

analysed as described by Jančík et al. (2017). The chemical composition of pasture samples 

was determined according to the following methods:  

Dry matter: oven drying for 6 h at 105 °C to a constant weight (AOAC, 1990).  

Ash: oven drying for 6 h at 550 °C (ISO 2171, 2007).  

Crude fat: 6 hours extraction with petroleum-ether using Soxtec 1043 (FOSS Tecator AB, 

Höganäs, Sweden).  

Nitrogen: Kjeldahl method (Kjeltec AUTO 1030 Analyser, Höganäs, Sweden) according to 

AOAC 976.05 (AOAC, 2005).  

Crude protein: calculated as N × 6.25.  

ADF and lignin: determined according to AOAC 973.18 (AOAC, 2005). 

NDF: analysed in the presence of sodium sulphite and α-amylase (Van Soest et al., 1991).  

 

Table 7: Chemical composition of the pasture and barley supplemented to the animals.  

Composition (g/kg dry matter) Barley Pasture 

Crude protein 11.27 12.74 

Crude fat 2.44 1.91 

Crude fibre 6.68 31.61 

Ash 2.51 8.49 

Nitrogen-free compounds 77.10 45.25 

Lignin 0.83 5.00 

ADF 7.26 35.23 

NDF 30.40 65.42 

 

4.3 Slaughter process, carcass composition and muscle sampling 

The experiment was terminated in October with the slaughtering of the bucks at an 

average age of 17 months. On each of three slaughter days (155, 169 and 183 days on feed, 

respectively), 15 animals (5 from each group) were randomly selected and stunned with a 

captive bolt within a handling box, weighed (slaughter weight – used for the calculation of 

slaughter characteristics), bled and eviscerated directly on the farm, and then transferred in a 

refrigerator truck to the experimental slaughterhouse of IAS for further processing. Within 5 
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hours after slaughter, the carcasses were uniformly dressed and divided along the spine into 

two halves. After splitting the carcass, both sides were suspended with the use of S-shaped 

hooks. The right side from each carcass was hung by the conventional Achilles tendon 

suspension, while the left side was suspended by the aitchbone (obturator foramen) 

(Appendix 4). Pelvic suspension allows the hind leg to hang free at 90° angle towards the 

vertebrae whilst the carcass was hanging through the eye of the aitchbone. This procedure was 

implemented as the carcasses entered the slaughterhouse chiller between 5–6 hours after 

slaughter. The weights of internal fat depots (kidney, rumen and scrotal fat) and dressed 

carcass weights were recorded. The dressing percentage was calculated as (carcass 

weight/slaughter weight) × 100. 

After chilling for 96 hours, the cold carcass weights were recorded, and the right sides 

were divided into standardised commercial joints. The joints were separated into lean meat, 

bones, tendons, and separable fat (subcutaneous and intermuscular), and their respective 

weights were recorded. The total meat yield was calculated as the lean meat from all joints 

plus the lean trimmings. The meat from the trimmed rump, shoulder, loin and tenderloin was 

considered high-priced meat, and the lean meat from the remaining joints plus the lean 

trimmings were considered low-priced meat. The whole LL and SET muscles were collected 

from each right carcass half. The samples of MLL (Figure 5) and SET (Figure 6) taken for 

further analyses were placed into polyethylene bags and labelled.  

 

 

Figure 5: The sample of LL muscle.             (Photo: author) 
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Figure 6: The sample of SET muscle.             (Photo: author) 

 

4.4 Chemical composition 

Two days after the slaughter, approximately 200 g of muscle tissue from each sample 

was homogenized in the blender, frozen at -20 °C and used to determine the dry matter, 

protein, ash, AAs, FAs, IMF and total collagen content, including determination of the 

proportion of the heat-soluble fraction of collagen. 

 

4.4.1 Dry matter, protein and fat contents 

The proportion of dry matter was determined by the gravimetric method where a given 

quantity was weighed from the homogenized sample. This amount was dried at +105 °C in the 

oven until the constant weight was reached (AOAC, 1990). The dried sample was 

subsequently pulverized using the Grindomix GM 200 knife mill (Retsch, Haan, Germany).  

Nitrogen was converted by the mineralization process to ammonia, which was 

determined by the titration after distillation. The content of N-substances (proteins) was 

determined using a conversion factor 6.25 (Kjeltec 2400/ 2460, FOSS Tecator AB, Höganäs, 

Sweden) (ISO 1871, 2009).  

Fat from the dried sample was extracted with an organic solvent (petroleum ether), 

which was then allowed to evaporate, and the residue was dried and weighed. Determination 

was performed using a Soxtec Avanti 2055 (FOSS Tecator AB, Höganäs, Sweden) (ISO 1444, 

1996).  
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4.4.2 Content of heat-soluble collagen  

The solubility of collagen was determined by extraction of two fat-free 1g meat 

samples by heating in a water bath for 63 minutes at 77 °C in Ringer´s solution. The samples 

were then placed in a centrifuge and centrifugated twice at 4,000 rpm for 10 minutes to 

separate the supernatant from the sediment. The filtrates were analyzed for the content of AA 

hydroxyproline using a Varian Cary 50 Probe (Mulgrave, Australia). Hydroxyproline was 

determined based on the colour reaction of its oxidation product  

4-dimethylaminobenzaldehyde (Bergman and Loxley, 1963). Conversion factors of 7.52 for 

soluble collagen (supernatant) and 7.25 for insoluble collagen (sediment) were used for 

recalculation (Cross et al., 1973). The total collagen content was determined as the sum of two 

fractions and expressed in grams of collagen per 1 kg of muscle tissue. Soluble collagen was 

calculated and expressed as a proportion of total collagen content (Hill, 1966). 

 

4.4.3 Amino acid composition 

To determine the AA content, the samples were homogenized and dried at +103 °C to 

achieve a constant weight (ISO 712, 2009). The AA content was determined using the AAA 

400 automatic AA analyzer (Ingos, Prague, Czech Republic). The samples were hydrolyzed 

with 6M HCl at +110 °C for 23 hours. For analysis of cysteine and methionine, the samples 

were oxidized with the mixture of 85% formic acid and 30% hydrogen peroxide (9:1) prior to 

hydrolysis (European Commission, 2009). The content of tryptophan was not determined for 

methodological reasons, due to its decomposition by oxidative degradation during acid 

hydrolysis (Yamada et al., 1991; Rutherfurd et al., 2015). 

 

4.4.4. Fatty acid composition 

The content of FAs was determined by the extraction of total lipids. The fat for 

analysis was extracted after the alkaline hydrolysis according to Folch et al. (1957), followed 

by trans-methylation of FAs (ISO 12966-2, 2017). The analysis was performed with a HP 

6890 gas chromatograph (GC/FID) (Agilent Technologies, Santa Clara, CA, USA) using a 

60m DB-23 capillary column with a length of 60 m × 0.25 mm × 0.25 μm (cyanopropyl-

methylpolysiloxane) (J&W Agilent Technologies, Santa Clara, CA, USA). Injector and 

detector temperatures were 230 and 260 °C respectively, and nitrogen at 0.8 ml/min was used 

as a carrier gas. An initial column temperature of 120 °C was held for 6 min., then increased 
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to 170 °C (gradient 15 °C/min.), then to 210 °C (gradient 3 °C/min., held for 13.5 min.). At 

last, the temperature was increased at 40 °C/min. up to the final temperature of 230 °C held 

for 7 min.; the split was at 1:40. FAs were identified by comparison of retention times to those 

of a standard FAME mixture (Supelco 37, Bellefonte, PA, USA). Contents of FA (mg/100 g 

muscle tissue) were determined with nonadecanoic acid (C19:0) as an internal standard. 

Proportions of FA (g/100 g of FA determined) were expressed as percentages of the total area 

of injected methyl esters. The atherogenic index (AI) was calculated using the following 

equation: AI = (C12:0 + 4 × C14:0 + C16:0)/(ƩMUFA + ƩPUFA) (Ulbricht and Southgate, 

1991).  

 

4.5 Physical analyses 

 

4.5.1 pH measurement 

pH readings were obtained using a puncture probe (SenTix Sp) connected to a pH 

meter 3310 set (WTW, Weilheim, Germany) at 45 min, 8 hours and 96 hours post-mortem in 

the LL and at 96 hours in the SET samples, with these pH96hrs readings being considered the 

ultimate pH values (pHu). 

 

4.5.2 Colour measurement 

Instrumental colour was measured on LL and SET samples 96 hours post-mortem 

using a portable spectrophotometer (CM-2500d, Minolta, Osaka, Japan; aperture size of 8 mm 

including specular component and 0% UV; illuminant/observer of D65/10°; zero and white 

calibration). The results were expressed by the L* (lightness), a* (redness) and b* 

(yellowness) co-ordinates of the CIELab colorimetric space (CIE, 1971; Honikel, 1998). 

Three measurements per sample distributed on the muscle cross-section surface were taken 

after 30 min of air exposure to allow blooming and an effort was made by the operator to 

avoid the areas of dense connective tissue or fat. The a* and b* values were subsequently used 

in the calculation of chroma (C*, saturation index= (a*2 + b*2)½ and hue angle (°) = tan-1 

(b*/a*). The mean values of the three measurements for each attribute were determined for 

each muscle from each animal, with these values being used for statistical analyses. 
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4.5.3 Warner–Bratzler shear force measurement 

Shear force was measured in cooked samples of LL and SET muscles that had been 

previously aged for 14 days (first four days within whole carcass halves and then vacuum-

packed in plastic bags and aged at +4 °C for an additional 10 days). Following this, the 

samples were removed from the vacuum packaging and cut into 20-mm thick steaks. The 

steaks were cooked on a double glass/ceramic plate grill (VCR 6l TL, Fiamma, Aveiro, 

Portugal) preheated to +200 °C, until an interval temperature of +70 °C was reached, as 

determined by a digital temperature probe (AD14TH, Ama-Digit, Kreuzwerheim, Germany). 

The cooked samples were subsequently cooled at +4 °C and the centre of each steak was 

divided into four rectangular blocks (20 mm × 10 mm × 10 mm), cutting perpendicularly to 

the muscle fibre direction. Care was taken to ensure that no visible connective tissue was 

included in the core. The peak force required to shear the samples across fibres was recorded 

using an Instron Universal Texture Analyzer 3365 (Canton, MA, USA) fitted with a V-shaped 

Warner–Bratzler (WB) shear blade running at a crosshead speed of 100 mm/min. The 

maximum mean force in newtons (N) required to shear through the sample was based on at 

least nine measurements per each muscle from each animal. 

 

4.6 Technological analyses 

 

4.6.1 Thawing and grilling loss 

MLL and SET samples were weighed prior to vacuum packaging in order to determine 

the initial weight. After thawing (prior to the sensory analysis), the samples were weighed 

again to determine the weight remaining after purge. Thaw loss was calculated as the 

difference in the weight of fresh samples which were frozen and subsequently thawed. Results 

of the moisture loss were expressed as a percentage of the initial weight of each muscle 

sample.  

To determine grilling loss, meat samples were weighed before and after the heat 

treatment. Individual slices with thickness of 20 mm prepared were weighed to obtain their 

initial weight. After weighing, the portions were placed on a double sided glass-ceramic plate 

grill (VCR 6l TL, Fiamma, Aveiro, Portugal) preheated at 200 °C. Once the required 

temperature of +70 °C has been reached, the samples were removed from the grill and after  
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3-minute resting period were weighed again. Losses during the heat treatment were expressed 

as a percentage of the raw weight of each portion (Honikel, 1998). 

 

4.7 Sensory analyses 

Muscle samples intended for sensory analyses were divided into two groups (MLL and 

SET), vacuum packed and aged for 14 days at +4 °C. After that, samples were frozen and 

stored at -20 °C until the sensory analyses was carried out. One day prior to the sensory 

analysis, samples were removed from the freezer and placed in a refrigerator where they were 

defrosted at +4 °C inside the plastic bag. Upon thawing, the samples were cut into slices of  

20 mm in thickness and grilled on a double sided glass-ceramic plate grill (VCR 6l TL, 

Fiamma, Aveiro, Portugal) preheated at 200 °C to a final internal temperature of +70 °C 

(Appendix 5), measured with a digital probe thermometer (AD14TH, Ama-Digit, 

Kreuzwertheim, Germany). After the heat treatment and 3-minute resting period, peripheral 

parts were removed and slices were cut into 20 × 20 × 20 mm cubes. Samples were placed 

into covered glass containers and encoded using three-digit numeric codes. The samples were 

kept at +60 °C until they were served to the assessors and analysed.  

The sensory panel was composed of 10 experienced and trained assessors (ISO 13300-

2, 2006) with previous experience in the sensory evaluation of venison. Prior to the testing 

phase, portions from the six of 45 fallow deer bucks were used to train the panel during the 

two training sessions, where eleven sensory attributes were decided upon and elucidated. 

Reference samples were used during the training period to help the panel define the attributes 

(Table 8). Within the training period, each panel member received one block from each 

fallow deer portion, and the reference sample.  

Evaluations were performed in the sensory laboratory (ISO 8589, 2007) in separate 

booths to prevent the visual contact of assessors with the surroundings. All analyses were 

conducted under controlled environmental conditions and red light to mask visual differences 

among the samples. The assessment was carried out using a quantitative descriptive analysis 

with a complete and balanced design. Five sets of three samples were randomly presented to 

the assessors within each of the three separate assessment days. Each set evaluated within one 

day consisted of three samples from the sirloin (MLL) of three animals differing in groups, 

which were slaughtered on the same day. The 100mm graphical unstructured line scale was 

used for the assessment (Appendix 6), which was then transformed to the numerical scale (0-
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100) for the further calculation. Bread, 10-degree beer or water was served to the panellists as 

a taste neutralizer. Through the sessions preceding the own assessment, the panellists were 

provided with reference samples to train and help them define the attributes. The panellists 

evaluated a total of 9 characteristics in MLL samples: intensity of aroma and flavour, game 

aroma and flavour intensity, tenderness, juiciness, grassy flavour, liver flavour, astringency 

flavour. Evaluation of SET samples was based on 8 sensory parameters: intensity of aroma 

and flavour, game aroma and flavour intensity, fibrosity, tenderness, juiciness, chewiness. 

Applied sensory descriptors, their characteristics and method of assessment are presented in 

Table 8. 

 

Table 8: Descriptions and scales for assessment of each attribute used during descriptive 

sensory analyses. 

Sensory attribute Description and evaluation Scale 

Aroma intensity 
The overall intensity of aroma upon removing the 

cover, in first few sniffs. 
0 = very low, 100 = very high 

Flavour intensity The overall intensity of flavour after 5–10 chewings. 0 = very low, 100 = very high 

Game aroma intensity 
Odour associated with the meat from wild animal 

species in first few sniffs. 
0 = very low, 100 = very high 

Game flavour intensity 
Flavour associated with the meat from wild animal 

species after 5–10 chewings. 
0 = very low, 100 = very high 

Tenderness 
Impression of tenderness during mastication; force 

required to chew the sample, after 2–3 chewings. 

0 = very tough,  

100 = very tender 

Juiciness 
Amount of moisture released; the impression of 

juiciness after 2–3 chewings. 
0 = very dry, 100 = very juicy 

Chewiness 
The ease of chewing; residual tissue remaining after 

mastication, after at least 15 chewings. 

0 = scarcely chewable,  

100 = easily chewable 

Fibrosity 
Extent to which fibres are perceived during chewing, 

fineness or coarseness degree after 5–10 chewings. 

0 = very coarse,  

100 = very fine  

Grassy flavour Fresh, clean, green, grass-fed flavours. 0 = very low, 100 = very high 

Liver flavour Fresh liver flavour, slight bitterness. 0 = very low, 100 = very high 

Astringency flavour Dry, mouth-puckering, sharp, metallic, bitter. 0 = very low, 100 = very high 
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4.8 Statistical analyses  

The data were evaluated by the statistical software SAS 9.4 (SAS, 2006). Each 

variable was previously tested for normality using the Kolmogorov-Smirnov goodness of fit 

test and for homogeneity of variance with the Levene test. Data were analysed with a mixed 

linear model and parameters were estimated by the restricted maximum likelihood (REML) 

method using the MIXED procedure. The statistical model for carcass parameters and 

chemical composition of the meat involved the fixed effect of diet and the random effect of 

the day of slaughter. The model used for the evaluation of sensory analyses included the 

random effect of panellists. The data in tables are expressed as the least square means (LSM) 

with the corresponding standard errors of the mean (SEM; n = 15). Thus, bar charts presenting 

the same numbers are depicted without the addition of standard error bars. The Tukey-

Kramer´s range tests were used for post-hoc analyses. Differences were considered significant 

at the level of P < 0.05. A probability level of 5% was considered significant for all 

significance tests.  
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5. RESULTS 

5.1 Growth performance 

Animal performance and slaughter traits over the entire experiment are presented in 

Table 9. While the average live weight of fallow deer at the beginning of the experiment was 

28.2±1.8 kg, and the average slaughter weight was 48.5±3.5 kg. As expected, there were no 

differences in the initial weight (P > 0.05) among the three dietary treatment groups. 

Significant differences attributable to different dietary treatments were observed in the growth 

of deer, particularly in the second part of the experimental period. The live weight at the end 

of fattening phase I tended to be higher in groups B and L than in group P, although not 

significantly different (P = 0.054). Groups B and L gained faster than group P in both 

fattening phases (P < 0.001) and over the entire experiment (P < 0.001) (Graph 2). The 

differences in gain between the grain-supplemented groups B and L and the grazing deer P 

were 30.3 and 29.4 g/day, respectively. Overall, supplemented deer (Groups B and L) showed 

significantly better fattening ability compared to animals only grazing pasture, as shown in 

Graph 3. Moreover, at slaughter, B and L animals were 5.2 and 4.5 kg heavier on average, 

respectively, than group P animals (P < 0.001). 

The grain-fed deer (Groups B and L) produced carcasses that were 5.4 and 4.8 kg 

heavier, respectively, with 5% higher dressing percentages (P < 0.001) than the pasture-fed 

(Group P) animals. However, the addition of lysine to the barley had no significant effect on 

any of the growth parameters or carcass dressing percentage when compared with 

supplementation with barley alone. Concentrate feeding resulted in a marked increase in the 

proportion of internal fat (P < 0.001), which was nearly 2.5-fold higher in group B than that 

recorded in group P (P < 0.001). Fallow deer receiving the lysine (Group L) had a 

significantly lower proportion of internal fat (P < 0.05) than that found in group B, but a 

significantly higher proportion (P < 0.001)  than group P.  
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Table 9: Growth performance and slaughter traits of fallow deer bucks (n = 45), 

indicated as least square mean (LSM) and standard error of the mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + 

lysine (n = 15) 
SEM P-value 

Initial weight 

[kg] 
28.4 28.5 27.9 0.47 0.589 

Weight at the 

end of the I. 

fattening phase 

[kg] 

37.1 39.1 38.2 0.56 0.054 

Slaughter 

weight [kg] 
45.3B 50.5A 49.8A 1.03 < 0.001 

Daily gain  - 

phase I [g/day] 
97.1B 118.4A 115.0A 3.80 0.001 

Daily gain – 

phase II [g/day] 
106.3B 147.0A 148.2A 1.41 < 0.001 

Daily gain – 

entire 

experiment 

[g/day] 

100.7B 131.0A 130.1A 6.22 < 0.001 

Carcass weight 

[kg] 
23.0B 28.4A 27.8A 0.48 < 0.001 

Dressing 

percentage [%] 
50.8B 56.2A 55.9A 0.46 < 0.001 

Total internal 

fat [% slaughter 

weight] 

0.83C 1.97A 1.65B 0.08 < 0.001 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 
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Graph 2: Weight gains [g/day] of fallow deer (n = 45) during the experiment. 

 

 

 

Graph 3: Fattening ability [kg] of fallow deer (n = 45) during the experiment. 
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5.2 Carcass characteristics and economic efficiency of the fattening  

The different dieatry treatments significantly affected most of the carcass composition 

traits (Table 10). Group P produced leaner and lighter carcasses with lower amounts of meat, 

bones and tendons, and separable fat (P < 0.001) compared with groups B and L. A 19% 

higher right side weight, as well as the weight of meat obtained from this carcss half were 

recorded in deer supplemented with concentrates, compared to the pasture-fed animals P 

(Graph 4).  

Group P had the lowest amount of high-priced meat in the carcass (P < 0.001), but the 

proportion of the right-side weight in the group P was higher (P < 0.001) than that in group B 

and similar to that in group L. While respect to high-priced meat, group P had the highest 

proportion of meat from the rump (P < 0.001), the group L had the highest proportion of meat 

from the shoulder (P < 0.001) and a higher proportion of meat from the tenderloin than group 

B (P < 0.05). Compared with groups B and L, pasture-fed animals (Group P) exhibited 

a lower proportion of low-priced meat (P < 0.001) and a lower ratio of meat to bones (P < 

0.001), but a higher proportion of bones and tendons and ratio of high- to low-priced meat (P 

< 0.001 and P < 0.01, respectively).  

 

 

Table 10: Carcass composition and characteristics of the right carcass half from fallow 

deer bucks (n = 45), indicated as least square mean (LSM) and standard error of the 

mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + lysine 

(n = 15) 
SEM P-value 

Weight [kg] 

  Right-side  

  weight 
11.26B 13.89A 13.65A 0.24 < 0.001 

  Total meat   8.59B 10.63A 10.56A 0.20 < 0.001 

  Bones and  

  tendons  
2.52B 2.84A 2.81A 0.05 < 0.001 

  Separable fat  0.16C 0.42A 0.28B 0.04 < 0.001 
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  High-priced  

  meat 
5.24B 6.24A 6.29A 0.13 < 0.001 

  Low-priced    

  meat 
3.34B 4.39A 4.27A 0.10 < 0.001 

Right side proportion [%] 

  Total meat 76.21 76.59 77.34 0.38 0.052 

  Bones and  

  tendons 
22.34A 20.46B 20.57B 0.29 < 0.001 

  Separable fat 1.45C 2.95A 2.09B 0.29 < 0.001 

  High-priced  

  meat  
46.52A 45.01B 46.22AB 0.34 0.004 

  Low-priced  

  meat  
29.69B 31.58A 31.12A 0.50 0.001 

Meat [%] 

  Rump   31.40A 29.85B 30.34B 0.21 < 0.001 

  Shoulder 7.30B 7.32B 8.40A 0.26 < 0.001 

  Loin 5.82 5.92 5.44 0.28 0.821 

  Tenderloin 2.00AB 1.92B 2.04A 0.05 0.033 

Ratio 

  Meat/bones 3.42B 3.75A 3.77A 0.06 < 0.001 

  High/low- 

  priced meat 
1.57A 1.43B 1.48B 0.04 < 0.001 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 
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Graph 4: Weight of the right carcass half and total weight of the meat [kg]. 

 

 

An analysis was conducted to evaluate the economic benefit of concentrate 

supplementation of grazing fallow deer. Table 11 shows that supplemented deer had higher 

weight gain and carcass weight. Thus, overall higher sales were obtained from the carcasses of 

supplemented deer. Despite the additional feeding costs for barley and lysine, the total profit 

from supplemented deer (Groups B and L) was higher of 414 CZK (15.4 EUR) = 16.4% 

(Group B) and 249 CZK (9.2 EUR) = 9.8% (Group L), excluding personnel costs.  
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Table 11: Economic efficiency of the fattening.  

 
Pasture Barley Lysine 

Difference 

Barley Lysine 

Weight gain 

[g/day] 
100.7 131.0 130.1 23.1 % 22.6 % 

Carcass weight 

[kg] 
23.0 28.4 27.8 5.4  4.8 

Price per carcass 

[CZK] 
2531.7 3126.2 3060.2 594.5  528.5 

Price per carcass 

[Eur] 
93.7 115.8 113.3 22.1 19.6 

Additional 

feeding costs per 

animal [CZK] 

- 180.4 279.3 414.1  249.2 

Additional 

feeding costs per 

animal [Eur] 

- 6.7 10.3 15.4 9.2 

The average price of the feeding barley in 2015 was 3.63 CZK/kg (0.135 Eur/kg).                     

The average price of the LysiPEARLTM preparation was 117 CZK/kg (4.35 Eur/kg). 

Both prices are excluding VAT. 

(Adapted from MZe ČR; Roubalová, 2015). 

 

From the Graphs 2, 3 and 4, and Tables 9, 10 and 11 it can be concluded that H1: 

“Composition of the feed ration and supplementation with barley will affect growth, 

carcass composition and economic efficiency of the fattening”, has been confirmed.  

 

5.3 Meat quality  

The term quality covers all the features that can be measured or/and described. Thus, 

meat quality attributes are included in proximate chemical composition, physical 

characteristics, technological parameters and organoleptic properties. 
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5.3.1 Proximate chemical composition 

 

5.3.1.1 Dry matter, protein and fat contents 

The chemical composition of meat (LL) from the three treatment groups differed 

significantly in some parameters (Table 12). Supplemented deer B and L showed slight but 

significant increase in the content crude fat (P < 0.001) and a consequent reduction of water 

content and thus significantly higher content of dry matter (P < 0.001). Furthemore, 

supplemented deer B produced venison with significantly higher content of insoluble collagen 

(P = 0.013) compared to grazing deer P, and significantly higher content of hydroxyproline  

(P = 0.004) than group L deer supplemented with RPAA lysine.  

 

Table 12: Proximate chemical composition [g/kg muscle] of LL muscle from fallow deer 

(n = 45), indicated as least square mean (LSM) and standard error of the mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + lysine 

(n = 15) 
SEM P-value 

Dry matter   253.31B 258.14A 261.19A 1.67 < 0.001 

Protein  233.90 235.43 235.47 2.05 0.384 

Crude fat  4.05B 7.81A 7.43A 0.46 < 0.001 

Hydroxyproline 0.51AB 0.55A 0.47B 0.02 0.004 

Insoluble 

collagen 
1.80B 2.07A 1.88AB 0.10 0.013 

Soluble collagen  1.45 1.53 1.39 0.10 0.270 

Total collagen 3.25 3.60 3.27 0.16 0.063 

Soluble collagen 

[%] 
44.65 42.26 42.40 1.81 0.077 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 
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5.3.1.2 Amino acid composition 

No apparent effects of barley or lysine supplementation have been observed in AA 

composition of LL muscle of fallow deer in this study (Table 13). No significant differences 

have been found between individual dietary treatments. Regardless the nutrition, among AAs, 

glutamic acid + glutamine, aspartic acid + asparagin, lysine and leucine occurred in the meat 

from fallow deer at the highest quantities. Moreover, the total amount of AAs in the LL 

muscle of the animals examined was between 80.8 and 81.41 g/100 g of muscle tissue. The 

content of essential and semi-essential AAs in the meat was 41.38–41.52 g/100 g of muscle 

tissue.  
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Table 13: Amino acid composition [g/100 g muscle] of LL muscle from fallow deer  

(n = 45), indicated as least square mean (LSM) and standard error of the mean (SEM). 

 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + 

lysine (n = 15) 
SEM P-value 

Essential and Semi-essentiala 

  Histidine 3.70 3.67 3.73 0.04 0.575 

  Isoleucine 4.10 4.09 4.14 0.04 0.622 

  Leucine 6.98 7.03 7.09 0.07 0.526 

  Lysine 7.14 7.01 7.04 0.10 0.602 

  Methionine 2.38 2.37 2.39 0.02 0.517 

  Phenylalanine 3.59 3.53 3.60 0.04 0.464 

  Threonine 3.83 3.84 3.85 0.04 0.946 

  Valine 4.34 4.39 4.36 0.06 0.789 

Non-essential 

  Alanine 4.78 4.85 4.88 0.05 0.372 

  Arginine 5.32 5.33 5.32 0.06 0.984 

  Aspartic acid +   

  Asparagin 
7.95 7.93 8.07 0.09 0.527 

  Cysteine 0.78 0.78 0.78 0.01 0.706 

  Glutamic acid  

  + Glutamine 
12.38 12.37 12.61 0.16 0.497 

  Glycine 3.47 3.49 3.54 0.05 0.589 

  Proline 3.08 3.11 3.11 0.04 0.874 

  Serine 3.11 3.14 3.16 0.03 0.582 

  Tyrosine 3.87 3.82 3.74 0.06 0.380 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 

a The content of tryptophan was not determined due to its decomposition during acid hydrolysis. 
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5.3.1.3 Fatty acid composition 

The most obvious differences when comparing the three dietary treatment groups was 

significantly higher content of n-3 FAs (P = 0.011), and as a consequence, significantly lower 

n-6/n-3 ratio (P = 0.024) in the meat from pasture-fed deer (Group P) compared to deer with 

grain-based diet and lysine supplementation (Group L) (Table 14). The FAs primarily 

responsible for this increase were C18:3 n-3 and C22:5 n-3. On the contrary, LL muscles of 

supplemented deer (Groups B and L) contained slightly higher content of 18:2 n-6 typical for 

concentrated feed. The addition of dietary lysine to the feed ration was responsible for slightly 

decrease of C18:3 n-3, C22:5 n-3 and 18:2 n-6 in the meat of group L compared with group B.  

The muscle lipid FA contents and proportions in fallow deer venison are presented in 

Tables 15 and 16. Only major and nutritionally important FAs, representing more than 96% 

of total FAs, are reported. FA profiles were compared between the grass-fed and concentrate-

fed deer. Neither the use of pasture fattening nor the supplementation with barley or RPAA 

lysine caused the significant differences in AI and in the FA composition of LL muscles 

analysed. 

 

Table 14: Fatty acid sums and proportions [%] in LL muscle from fallow deer (n = 45), 

indicated as least square mean (LSM) and standard error of the mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + 

lysine (n = 15) 
SEM P-value 

SFA 38.55 38.51 39.47 0.71 0.561 

MUFA 35.04 35.11 35.73 0.77 0.782 

PUFA 25.36 25.37 23.82 0.63 0.148 

n-6 17.79 18.33 17.30 0.47 0.307 

n-3 7.57A 7.03AB 6.52B 0.23 0.011 

n-6/n-3 2.38B 2.63AB 2.67A 0.08 0.024 

PUFA/SFA 0.67 0.66 0.61 0.02 0.153 

MUFA/SFA 0.92 0.91 0.91 0.03 0.960 

AI 0.47 0.47 0.49 0.02 0.667 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05).
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Table 15: Fatty acid contents [mg/100 g muscle] in LL muscle from fallow deer (n = 45), 

indicated as least square mean (LSM) and standard error of the mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + lysine 

(n = 15) 
SEM P-value 

C14:0 12.54 14.58 14.37 1.87 0.698 

C14:1 n-5 0.90 1.12 1.17 0.18 0.533 

C16:0 213.38 241.41 245.04 28.40 0.691 

C16:1 n-7 16.87 19.96 21.29 3.12 0.593 

C18:0  126.41 135.63 139.33 13.67 0.790 

C18:1 n-7 20.48 21.83 21.90 2.56 0.908 

C18:1 n-9   303.69 333.12 328.58 41.71 0.866 

C18:1 trans-11 4.36 4.81 4.49 0.49 0.801 

cis-9, trans-11a 1.27 1.21 1.31 0.17 0.925 

C18:2 n-6 127.28 143.82 132.51 17.25 0.788 

C18:3 n-3 28.63 29.15 25.62 2.89 0.650 

C18:3 n-6 1.75 1.95 1.76 0.18 0.667 

C20:3 n-6 2.23 2.41 2.39 0.28 0.874 

C20:4 n-3 0.22 0.22 0.20 0.02 0.894 

C20:4 n-6 37.09 40.73 38.86 4.72 0.862 

C20:5 n-3 12.78 12.58 11.73 1.24 0.819 

C22:4 n-6 0.66 0.68 0.67 0.12 0.992 

C22:5 n-3 19.79 21.47 19.45 2.09 0.767 

C22:6 n-3 8.46 8.33 8.52 1.49 0.996 

Total fat 959.87 1059.55 1042.57 121.48 0.825 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 

a CLA – Conjugated linoleic acid.  
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Table 16: Fatty acid proportions [%] in LL muscle from fallow deer (n = 45), indicated 

as least square mean (LSM) and standard error of the mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + lysine 

(n = 15) 
SEM P-value 

C14:0 1.34 1.37 1.37 0.10 0.972 

C14:1 n-5 0.10 0.10 0.11 0.01 0.756 

C16:0 22.46 22.59 23.25 0.38 0.297 

C16:1 n-7 1.70 1.75 1.96 0.09 0.124 

C18:0  13.55 13.26 13.61 0.38 0.785 

C18:1 n-7 2.13 2.06 2.12 0.07 0.771 

C18:1 n-9   30.87 30.96 31.33 0.73 0.898 

C18:1 trans-11 0.48 0.48 0.44 0.03 0.464 

cis-9, trans-11a 0.13 0.12 0.12 0.01 0.388 

C18:2 n-6 13.08 13.60 12.80 0.39 0.341 

C18:3 n-3 3.07 2.86 2.59 0.18 0.178 

C18:3 n-6 0.20 0.19 0.17 0.01 0.294 

C20:3 n-6 0.24 0.24 0.23 0.01 0.869 

C20:4 n-3 0.02 0.02 0.02 0.01 0.169 

C20:4 n-6 3.89 3.92 3.73 0.19 0.766 

C20:5 n-3 1.40 1.24 1.19 0.07 0.079 

C22:4 n-6 0.06 0.06 0.06 0.01 0.631 

C22:5 n-3 2.18 2.12 1.89 0.11 0.155 

C22:6 n-3 0.82 0.72 0.77 0.06 0.438 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 

a CLA – Conjugated linoleic acid. 
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5.3.2 Physical characteristics 

The weights, pH values, colour parameters and WBSF measured in LL and SET 

muscles of fallow deer bucks are presented in Table 17. There were no significant differences 

observed for any physical components unless where stated. The supplemented diets resulted in 

heavier LL muscles in groups B and L compared with group P (P < 0.05), whereas no 

apparent dieatry effect (P = 0.472) on the weight of the SET muscle was observed among the 

individual groups. In addition, diet had no apparent effect on pH values of either LL or SET 

muscles after slaughter. Although not significant, lower decrease of pH values was observed 

in LL muscle of grazing deer (Group P) caused by the pasture fattening. Supplemented groups 

B and L obtained more saccharides from the concentrated feed. During post-mortem changes, 

muscle saccharides were break down to glycogen (energy) that was further converted to lactic 

acid, and this resulted in slightly lower pH values of supplemented deer (Graph 5).  

Although the differences of most colour parameters in both muscles were not 

significant, the tendency in colour was similar. Overall, the lightness (L*) values were 

numerically lower for both LL and SET muscles from group P animals indicating darker meat. 

Meat of deer supplemented with concentrates (Groups B and L) exhibited slightly lighter 

colour due to higher content of IMF. Diet appeared to have significant effect to the redness 

(a*) and yellowness (b*) parameters of the LL muscle, with more intensely red and yellow 

meat in group B than in group P (P < 0.001 and P < 0.01, respectively). Group P had both the 

lowest a* and b* values for both LL and SET muscles, significantly so for the LL muscle 

indicating less red and yellow meat. The highest values of saturation index (chroma) were 

observed in the LL muscl from group B (P < 0.001). Chroma values for SET muscle did not 

differ significantly among individual dieatry treatments.  
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Table 17: Physical characteristics of LL and SET muscles from fallow deer (n = 45), 

indicated as least square mean (LSM) and standard error of the mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + 

lysine (n = 15) 
SEM P-value 

Longissimus lumborum 

Weight [g] 832.9B 966.5A 941.5A 30.00 0.010 

 pH45min 6.82 6.75 6.83 0.19 0.758 

pH8hrs 6.02 6.07 5.94 0.10 0.171 

pHu 5.78 5.70 5.70 0.24 0.347 

Colour 

 Lightness [L*] 35.32 36.59 36.68 0.71 0.285 

 Redness [a*] 12.26B 14.98A 13.38AB 0.39 < 0.001 

 Yellowness [b*] 9.90B 12.26A 11.31AB 0.44 0.002 

 Chroma [C*] 15.77B 19.39A 17.55B 0.52 < 0.001 

 Hue angle [°] 55.52 54.05 52.09 2.58 0.644 

WBSF [N] 24.63 26.59 26.14 2.16 0.295 

Semitendinosus 

Weight [g] 184.8 176.2 178.5 5.11 0.472 

pHu 5.93 5.88 5.77 0.28 0.126 

Colour 

 Lightness [L*] 37.65 39.91 40.01 1.01 0.186 

 Redness [a*] 12.28 13.58 13.26 0.68 0.385 

 Yellowness [b*] 10.88 13.03 12.94 0.67 0.048 

 Chroma [C*] 16.47 18.88 18.60 0.86 0.110 

 Hue angle [°] 48.01 40.44 39.66 3.88 0.255 

WBSF [N] 41.77 39.21 43.37 2.41 0.252 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 
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Graph 5: pH values measured after the slaughter.  

 

5.3.3 Technological parameters 

 The thawing loss, grilling loss and total weight loss of LL muscle from fallow deer fed 

the three experimental diets are depicted in Table 18. There was found a significant effect of 

diet on some technological parameters of fallow deer meat with the LL muscles from the 

grain-supplemented bucks (Groups B and L) having significantly greater thawing loss  

(P < 0.001), as well as total weight loss (P = 0.023), while the values for pasture-fed deer 

(Group P) being the lowest. By contrast, diet had no significant effect on the grilling loss.    

 

Table 18: Technological parameters [%] of LL muscle from fallow deer (n = 45), 

indicated as least square mean (LSM) and standard error of the mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + 

lysine (n = 15) 
SEM P-value 

Thawing loss 4.88B 7.73A 7.35A 0.38 < 0.001 

Grilling loss 18.69 18.47 20.00 0.86 0.406 

Weight loss 23.57B 26.20A 27.35A 0.98 0.023 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 
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5.3.4 Organoleptic properties 

Eating quality parameters of LL muscle are summarised in Table 19. The sensory 

profile of venison in this study was conducted with descriptors that are general, such as 

intensity of aroma and flavour, game aroma and flavour intensity, grassy, liver and astringency 

flavour, tenderness and juiciness. Results of the sensory analyses show that organoleptic 

properties were not greatly affected by diet. Although results did not differ significantly, 

grass-fed animals P tended to have tougher and less juicy meat than deer B and L 

supplemented with concentrates. Some flavour differences between fallow deer raised on 

pasture or fed concentrates are reported in Graph 6. The only difference in sensory attributes 

detected by panellist was a difference in flavour between grain-fed animals and those grazing 

pasture. It is clear that significantly stronger intensity of “grassy” flavour (P = 0.008) has been 

found in the pasture-fed animals P. On the contrary, “liver flavour” was more intense in deer 

with grain-based diet (Groups B and L) (P = 0.003).  

No significant effect of lysine supplementation on sensory attributes of fallow deer 

meat has been observed in this study. 
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Table 19: Sensory characteristics of grilled LL muscle from fallow deer (n = 45), 

indicated as least square mean (LSM) and standard error of the mean (SEM). 

 

Pasture 

(n = 15) 

Barley  

(n = 15) 

Barley + lysine 

(n = 15) 
SEM P-value 

Odour intensity   62.15 61.69 62.23 2.76 0.957 

Game aroma 

intensity 
60.52 62.35 59.11 2.49 0.268 

Tenderness  64.92 62.45 62.59 3.47 0.472 

Juiciness 57.17 58.47 61.47 3.36 0.114 

Flavour 

intensity 
62.82 61.96 63.40 3.23 0.712 

Game flavour 

intensity  
60.81 60.79 60.55 2.89 0.988 

Grassy flavour 50.58A 45.42B 43.91B 2.43 0.008 

Astringency 

flavour 
41.56 42.33 43.11 3.01 0.769 

Liver flavour 44.98B 52.33A 52.08A 2.90 0.003 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 
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Graph 6: Sensory analysis of grilled LL muscle (internal temperature of 70 °C on 

glass/ceramic plate grill) from fallow deer grazed pasture (n = 15), supplemented with 

barley (n = 15) and supplemented with barley + lysine (n = 15).  

Key: Aroma intensity, game meat aroma, flavour intensity, game flavour intensity, juiciness, 

grassy flavour, astringency flavour, liver flavour: 0 = very low, 100 = very high. Tenderness:  

0 = very tough, 100 = very tender. 

 

 

Composition of the feed ration influenced some attributes of chemical composition (content of 

dry matter, crude fat, hydroxyproline, insoluble collagen, n-3 FA and n-6/n-3 ratio), physical 

characteristics (weight, redness, yellowness and chroma values of LL muscle) and sensory 

properties (grassy and liver flavour) of fallow deer meat. Thus, H2: “Composition of the 

feed ration will affect chemical compostion, physical and technological parameters, and 

organoleptic properties of meat”, has been confirmed. 
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5.4 Carcass suspension 

The sensory evaluation score of SET muscle from fallow deer hung by either the 

Achilles tendon or by pelvic suspension is presented in Table 20. The following sensory 

attributes were used to evaluate venison eating quality in this study: intensity of aroma and 

flavour, tenderness, juiciness, fibrosity and chewiness. When the data were analysed for 

differences between the trained sensory panel evaluation of fallow deer venison from 

carcasses hung by either pelvic suspension or Achilles tendon, the Tenderstretch method 

scored significantly lower for tenderness (P = 0.001), juiciness (P < 0.001) and chewiness  

(P = 0.020). There were no statistical differences between the Achilles hung and 

tenderstretched carcasses for the sensory meat quality parameters of odour, flavour and 

fibrosity. 

 

Table 20: Sensory characteristics of grilled SET muscle from fallow deer (n = 45), 

indicated as least square mean (LSM) and standard error of the mean (SEM). 

 Carcass suspension 

SEM P-value 

 

Pelvic 

suspension 

(n = 45) 

Achilles 

tendon  

(n = 45) 

Aroma intensity   67.11 66.84 3.86 0.770 

Game aroma intensity 62.35 63.71 4.01 0.244 

Tenderness  55.23B 59.71A 2.88 0.001 

Juiciness 54.05B 59.74A 2.76 < 0.001 

Flavour intensity 66.02 66.46 3.76 0.664 

Game flavour 

intensity  
63.98 65.41 3.68 0.243 

Fibrosity 56.48 58.47 2.97 0.188 

Chewiness 54.26B 57.68A 3.49 0.020 

A, B, C Values in a row with different superscripts differ significantly (P < 0.05). 
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Graph 7: Sensory analysis of grilled SET muscle (internal temperature of 70 °C on 

glass/ceramic plate grill) from fallow deer grazed pasture (n = 15), supplemented with 

barley (n = 15) and supplemented with barley + lysine (n = 15).  

Key: Aroma intensity, game aroma intensity, flavour intensity, game flavour intensity, 

juiciness: 0 = very low, 100 = very high. Tenderness: 0 = very tough, 100 = very tender. 

Chewiness: 0 = scarcely chewable, 100 = easily chewable. Fibrosity: 0 = very coarse, 100 = 

very fine. 

 

 

Table 20 and Graph 7 suggest that H3: “Pelvic suspension method will positively affect 

the quality attributes of fallow deer meat”, has been rejected. 
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6. DISCUSSION 

The experiment was performed with the aim of evaluating the effect of diet on the 

animals’ growth rates, carcass composition, proximate chemical composition, physical and 

technological quality attributes, and organoleptic properties of fallow deer venison. Fallow 

deer bucks were reared under identical conditions and all of them entered the experiment at a 

similar average live weight. Animals were assigned into three different dietary treatment 

groups – P (pasture fattening), B (pasture fattening + barley supplementation) and L (pasture 

fattening + supplementation with barley and RPAA lysine). The addition of lysine-containing 

preparation has been verified because this essential amino acid belongs to those that are very 

often insufficient in the feed rations for ruminants. As far as could be ascertained, the current 

study is the first one to focus on the effect of RPAA lysine on the growth, carcass 

characteristics and quality attributes of meat obtained from fallow deer. 

 

Growth performance 

Barley-supplemented animals clearly showed greater daily live weight gain during the 

entire experimental period. This finding is in agreement with previous studies of concentrate-

fed versus pasture fed deer, where a positive effect of the concentrates on growth performance 

has also been reported (Brelurut et al., 1995; Volpelli et al., 2002; Wiklund et al., 2003b; 

Wiklund et al., 2005; Phillip et al., 2007). Diet was a significant source of variation of daily 

weight gain, particularly during the second fattening phase, during which groups B and L 

received a double dose of barley (0.4 kg/day/animal).  

As shown in Figure 7, there was 46 tropical days (temperature above 30 °C) in the 

Czech Republic in 2015, although long-term average is only 13 days. Extreme draught 

conditions during the summer months were responsible for an inadequate pasture capacity, 

althought the grazing area was sufficient and the stocking rate did not exceed the carrying 

capacity of the pasture (0.13 ha/animal). Over this period, deer supplemented with 

concentrates (Groups B and L) were shown to produce greater weight gain than did pasture-

fed deer (Group P). As with our results, Bovolenta et al. (2013) also reported better growth 

rates for fallow deer supplemented with concentrates compared with those only grazing 

pasture. This difference was associated with the poor herbage allowance that was not able to 

fully satisfy the nutritional requirements of the pasture-fed animals. 
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Figure 7: Draught intensity in the Czech Republic [August 2015].  

(Adapted from ČHMÚ; Daňhelka et al., 2015). 

 

The differences between groups B and L and thus the effect of RPAA lysine on growth 

performance were smaller in magnitude. These results are broadly in agreement with those of 

Huang et al. (2015), who reported no effect of lysine supplementation (crude protein-deficient 

diets with 3 g/kg lysine, 3 g/kg lysine + 1 g/kg methionine, and 3 g/kg lysine + 2 g/kg 

methionine) on growth performance in sika deer (Cervus Nippon). Similarly, Hussein and 

Berger (1995) and Klemesrud et al. (1999) found no significant differences in performance 

responses to supplemental RPAA lysine in cattle. 

 

Slaughter traits 

In this study, concentrate supplementation of fallow deer increased carcass weights, 

similar to other studies with fallow deer (Volpelli et al., 2002; Wiklund et al., 2005), red deer 

(Phillip et al., 2007) and reindeer (Wiklund et al., 2003b). By contrast, Wiklund et al. (2003a) 

reported slightly higher carcass weights of red deer grazing natural pasture compared with 

those fed a pelleted feed mixture, although this difference was not significant.   

Fallow deer in this experiment showed good dressing percentage, similar to those 

reported previously for fallow deer (Hogg et al., 1990; Volpelli et al., 2002; Bovolenta et al., 

2013; Janiszewski et al., 2015), but lower than those observed by Wiklund et al. (2005) or 

Stanisz et al. (2015). In agreement with other studies comparing carcass traits in deer (Volpelli 

et al., 2002; Phillip et al., 2007), the supplemented deer from groups B and L produced 

heavier carcasses and had higher dressing percentage, mostly due to their markedly higher 

deposition of internal fat. Similar effect of diet on internal fat deposition were previously 
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reported by Phillip et al. (2007) in red deer fed diets with different ratios of concentrate:dried 

and pelleted roughage.  

It is noteworthy, that supplementation with lysine (Group L) significantly decreased 

the internal fat, as well as carcass fat proportions of fallow deer in this study. The close 

correlation between internal fat and separable fat indicates that the total fatness of fallow deer 

could be affected by lysine supplementation. Lipogenesis inhibition and repartitioning of 

nutrients towards lean tissue deposition rather than fat deposition as a result of increasing 

dietary lysine levels was previously reported in broilers (Sibbald and Wolynetz, 1986; 

Hickling et al., 1990; Grisoni et al., 1991), ducks (Attia, 2003) and pigs (Tous et al., 2014). 

However, the true reason for the reduced fatness in fallow deer supplemented with lysine is 

not clear and requires more investigation. 

 

Carcass composition  

As a result of concentrate supplementation, the B and L animals in this study produced 

higher amount of meat indicating increased muscle development. However, the total meat 

proportion did not differ significantly among individual dietary treatments. The separable lean 

meat proportion in our study was broadly within the range 72.7–76.0% reported by Drew 

(1992) for all farmed deer species less than 26 months of age. Similar results have been found 

by Volpelli et al. (2002) for fallow deer aged 14 to 30 months. Significantly higher weights of 

lean meat were reported for fallow deer fed concentrates in a daily amount of 500 g dry 

matter/head (40% maize, 25% sugar beet pulp, 20% alfalfa, 13% soy flakes, 2% mineral and 

vitamins) compared with fallow deer grazing on herbage for 4 months. However, the opposite 

trend was observed by Phillip et al. (2007) in red deer with slightly higher lean meat 

proportion in red deer fed forage:concentrate in the ratio 75:25 than those with ratios 50:50 

and 25:75.  

There was found a significant effect of diet on the ratio of high- to low-priced meat, 

weight and proportion of low- and high-priced meat, and proportions from the rump, shoulder 

and tenderloin. Due to the better growth performance of supplemented animals (Groups B and 

L), the supplemented deer in this study produced higher amounts of both high- and low-priced 

meat. However, the proportion of high-priced meat was higher in group P, mainly due to the 

higher proportion of meat from the rump. As with our results, Volpelli et al. (2002) also 

reported significantly higher weight of the rump in fallow deer supplemented with 
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concentrates. However, due to their heavier weight, the proportion of the rump was higher in 

pasture-fed deer.  

Data reported in Table 10 show significantly higher amounts but lower proportions of 

bones and tendons in carcasses of B and L deer. These results are consistent with those of 

feeding experiment comparing pasture-fed and concentrate-fed fallow deer (Volpelli et al., 

2002) and those of Phillip et al. (2007), who reported decreasing bone yield proportion with 

increasing diet concentrates levels in red deer.  

In the present study, concentrate feeding in the form of barley had a major impact on 

carcass fatness with the highest amount and proportion of separable fat in group B. This 

increase in carcass fatness with grain-based diets is consistent with the results of Volpelli et 

al. (2002) on fallow deer or those reported by Phillip et al. (2007) for red deer. In addition, 

Wiklund et al. (2003b) observed higher amount of separable fat in reindeer fed a commercial 

feed mixture compared to those grazed on natural pastures. Similar to the effects on internal 

fat depots, the addition of dietary lysine decreased both the amount and proportion of the 

separable fat in barley-supplemented deer. The decrease in carcass fatness might be a matter 

of concern as venison is valued for its low but favourable fat content, and this result indicates 

that the total fatness of fallow deer meat/muscle could be reduced by RPAA lysine 

supplementation.  

 

Economic efficiency of the fattening 

The purchase price of venison in the Czech Republic is relatively unstable, depending 

on the overall market situation. It is subjected to the same economic market laws as other 

foods (e.g. pork or beef), and its value per unit is equally dependent on demand and supply 

(Kupka, 2004; Vodňanský, 2007). Deer farmers are thus searching for ways to achieve 

maximum yield and profit with low/decreased feed expenses. 

Low-cost, pasture-based forage systems are widely used practice in deer farming 

(Volpelli et al., 2003). Properly managed pastures are high in nutritive value and offer an 

opportunity to reduce the costs of producing forage during the grazing season (Soder and 

Rotz, 2001). The quality of pasture can be assessed in terms of animal performance which is 

dependent on various factors such as feed intake, nutrient and energy concentration or 

digestability. These requirements represent the amount of feed which must be consumed to 

sustain a defined level of production. Sufficient nutrients and energy must be therefore 
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supplied to the animals to meet metabolic demands for any specified level of performance 

(e.g. live weight gain, carcass conformation). Feed requirements can be expressed as 

digestible and metabolizable energy - the most limiting factor for grazing ruminants and meat 

production (Mertens, 1994; Caton and Dhuyvetter, 1997; Soder and Rotz 2001).  

Supplementation of deer with concentrates proved to be favourable with respect to the 

animal performance and some aspect of the meat quality. However, the key question becomes 

whether the supplementation is profitable also for deer breeders. As expected, daily weight 

gain, carcass weight and dressing percentage increased as concentrate supplementation was 

implemented to the feed ration. Despite the additional feeding costs for barley (3.63 CZK/kg), 

the overall higher profits (of 414 CZK/carcass) were obtained for pasture-fed deer with barley 

supplementation.   

 

Dry matter, protein, fat and ash content 

In comparison with fallow deer grazing pasture, venison from deer supplemented with 

concentrates contained higher amount of dry matter and IMF. These findings are consistent 

with the results of Volpelli et al. (2003) for LL and SET muscles from farm-raised fallow 

deer. Higher contents of dry matter (LL: 24.24 vs 23.73; SET: 23.11 vs 22.42 %) and IMF 

(LL: 0.72 vs 0.56; SET: 0.78 vs 0.55 %) have been detected in both muscles of concentrate-

fed fallow deer compared to those with pasture fattening. Anyway, despite the differences due 

to the experimental factors, the fat content of fallow deer venison is very low, as previously 

documented by Bureš et al. (2015), Piaskowska et al. (2016) or Bykowska et al. (2018b). This 

fact promotes the importance of venison in the human diet.  

Collagen is a major component of the intramuscular connective tissue that is 

responsible for toughness/tenderness of meat (Lepetit, 2008; Dominik et al., 2012). 

Supplementation with barley had an effect on the content of insoluble collagen in LL muscle 

indicating the dependence such that the meat is less tender the more insoluble collagen there 

is, and the WBSF value is therefore slightly higher than in pasture-fed deer. Opposite trend 

has been observed by Volpelli et al. (2003). Although results did not differ significantly, 

slightly higher content of insoluble collagen but lower WBSF values have been reported for 

fallow deer grazing pasture than those supplemented with concentrates.   

As proline is the second most abundant AA in barley (Wu et al., 2010), one would 

assume that venison from fallow deer fed barley would contain higher amount of 
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hydroxyproline (a metabolite of proline) than that from pasture-fed deer. Interestingly, meat 

from fallow deer supplemented with barley and RPAA lysine contained lower amount of 

hydroxyproline than meat of animals grazing pasture, and significantly lower amount than in 

meat of animals supplemented only with barley. It is possible that incorporation of lysine to 

the feed ration may affect the proline catabolism through multiple pathways (Jimenez and 

Rosenbloom, 1974; Wu et al., 2010). Regrettably, there is a lack of data that compare the 

proximate composition of venison from deer fed different diets.  

 

Amino acid composition 

Venison is considered to be an important source of essential AAs due to its relatively 

high content of proteins (Higgs, 2000; Kwiatkowska et al., 2009; Cygan-Szczegielniak and 

Janicki, 2012; Okuskhanova et al., 2017). The AA composition of meat has been noted to be 

influenced by factors such as production region (possibly due to variation in vegetation and 

thus the composition of the diet) (Hoffman et al., 2007b) or sex (Cygan-Szczegielniak and 

Janicki, 2012). On the contrary, species (Sales, 1995; Okuskhanova et al., 2017) or age 

(Hoffman et al., 2007b; Lorenzo et al., 2018) seem not to have a significant effect.  

The two AAs present at highest levels were glutamic acid + glutamine, aspartic acid + 

asparagin, wich contributed 12.4 to 12.6, 7.9 to 8.1 g/100 g of muscle, respectively. In regard 

to the essential AAs, leucine and lysine were present at the highest levels, both in an amount 

of 7.0 to 7.1 g/100 g of muscle. A similar trend has been observed by Cygan-Szczegielniak 

and Janicki (2012) in roe deer (Capreolus capreolus L.), with leucine and lysine being the two 

essential AAs, and glutamic acid and aspartic acid being two non-essential AAs present at 

highest levels. As with our results, the essential amino acids with the highest concentration in 

the LL muscles of red deer reported by Okuskhanova et al. (2017), are lysine (9.85 g/100 g) 

and leucine (7.40 g/100 g).  

The values of total amount of AAs (80.8–81.41 g/100 g muscle tissue) detected in the 

meat of fallow deer in this study are considerably lower than those given by Cygan-

Szczegielniak and Janicki (2012) for roe deer (94.52 and 96.91 g/100 g). Regarding the 

content of essential and semi-essential AAs that are known to have beneficial effects on 

human health, our results (41.38–41.52 g/100 g of muscle tissue) are broadly in accordance 

with the value 42.61 g/100 g obtained by Okuskhanova et al. (2017) for red deer meat. 

Noticeably higher amount (54.31 and 56.35 g/100 g) has been found by Cygan-Szczegielniak 
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and Janicki (2012) in roe deer venison of 2–3 years-old bucks and does but markedly lower 

amount (27.65 g/100 g) has been reported in red deer meat by Strazdina et al. (2013). 

Although the AA profiles vary little between species, the above-mentioned differences might 

be due to many reasons, such as age, sex etc. (Sales, 1995).    

 

Fatty acid composition 

Individual FAs have different effects on the concentrations of low-density lipoprotein 

cholesterol. While MUFA and PUFA are beneficial for human health, SFA increase 

cholesterol concentrations associated with increased risk of cardiovascular diseases. It is 

therefore recommended to replace SFA with MUFA and PUFA, and decrease the n-6/n-3 ratio 

(WHO & FAO, 2003; Salter, 2013). 

Dietary lipids (specifically PUFA) are hydrogenated by microorganisms in the rumen. 

However, some dietary PUFA escape rumen biohydrogenation leading to an increased content 

of SFA in ruminant meats (Wood et al., 2003). Several studies performed on ruminants have 

indicated that the fatty acid composition in meat may change in response to different diets 

(Manley and Fors, 1979; Volpelli et al., 2003; Wiklund et al., 2003a; Phillip et al., 2007). In 

general, concentrates are a good source of C18:2 n-6, whereas forage diet is rich in ALA and 

DPA (Wood et al., 2003; Polak et al., 2008). As expected, the meat from pasture-fed deer in 

this study exhibited a higher content of n-3 PUFA and thus also more favourable ratio of  

n-6/n-3 due to the presence of ALA and DPA in the grass. This is in accordance with the 

results reported for fallow deer (Volpelli et al., 2003), red deer (Wiklund et al., 2003a), rusa 

deer (Dahlan and Norfarizan-Hanoon, 2007) or cattle (Melton et al., 1982).   

No effect of the diet has been observed in the contents and proportions of individual 

FAs. In contrast to these results, the use of concentrate feeding in the study of Volepelli et al. 

(2003) caused an increase in the content of SFA and MUFA in supplemented deer compared 

to those grazing pasture. Similarly, Wiklund et al. (2003a) and Phillip et al. (2007) reported a 

significant effect of diet on the composition of some FAs in LL muscles from pasture- and 

pellet-fed red deer.  

Since various FAs have different effects on human health, Ulbricht and Southgate 

(1991) proposed two indices, AI and thrombogenic index, that might better characterize the 

atherogenic and thrombogenic potential of the diet than just PUFA/SFA ratio (Fehily et al., 

1994). Although AI obtained in the present study did not differ significantly among individual 
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dietary treatments, all the AI values are favourable, as it is assumed that AI < 1 is beneficial 

for human health (Pilarczyk and Wójcik, 2015). 

Nevertheless, further research on deer meat is warranted to investigate the content of 

conjugated linoleic acid (CLA) noted for numerous human health benefits as well as the 

relationship between health-promoting and negative health effects of FAs using atherogenicity 

and thrombogenicity indices (Nantapo et al., 2015). The way of enhancement of the amounts 

of favourable n-3 FA in deer meat may be another topic of interest. 

 

pH values 

Venison (defined as meat derived from cervids) pH value after slaughter ranges from 

6.5 to 7.2 and falls to a normal range of 5.8–5.3 within 24–48 hours post-mortem as reported 

by several authors (Volpelli et al., 2003; Hutchison et al., 2012; Ludwiczak et al., 2017; 

Bykowska et al., 2018b; Cawthorn et al., 2018; Neethling et al., 2018). Decrease in pH and 

acidification of muscles after slaughter is desirable mainly due to better microbial stability of 

the meat and thus prolonged shelf life. However, due to various ante-mortem stress factors 

such as transportation, chasing or slaughter method (Hoffman et al., 2011; Kudrnáčová et al., 

2018), fallow deer can be suspected to exhibit the phenomenon known as DFD defect, 

typically found when meat pHu is > 6 (Wiklund et al., 2004b; Daszkiewicz et al., 2015). 

Unlike higher pHu values (pHu > 6.0) indicating increased risk of DFD meat reported for deer 

in Poland (Daszkiewicz et al., 2015) or UK (MacDougall et al., 1979), no pHu values > 6.0 

were recorded in this work. In general, the differences between the groups in pH values 

measured after slaughter were small and not significant. In agreement with our results, 

previous studies also reported no effect of concentrate feeding on pHu values in fallow deer 

(Volpelli et al., 2003; Wiklund et al., 2005; Hutchison et al., 2012) or red deer (Wiklund et al., 

2006).  

 

Meat colour 

The colour of meat strongly affects consumer acceptability and influences consumer 

purchase decisions (Mancini and Hunt, 2005). As reviewed by Neethling et al. (2017), 

consumers perceive bright, cherry-red meat as more fresh and wholesome in comparison with 

discoloured and/or dark meat, which is usually associated with the DFD defect. However, as 

pointed out by Ramanzin et al. (2010), in case of venison, more intense or darker red colour 
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seems to be acceptable to consumers as it is considered a typical feature of this type of meat. 

Darker and red-brown colour of venison can be attributed to higher content of myoglobin in 

comparison with meat of other domestic livestock species (Young and West, 2001). 

According to Volpelli et al. (2003), this darker colour is characterised by L* value < 40, high 

a* values and lower b* values.  

The meat from animals finished on pasture diets is usually darker than the meat from 

animals finished on concentrate diets (Priolo et al., 2001). As reported by these authors, 

several factors are responsible for this difference, but pH and IMF appear to have the greatest 

impact. However, only minor differences in some colour parameters were observed in our 

study. Numerically higher L* values (lighter meat) were detected for both muscles in 

concentrate-fed groups. Similarly, Volpelli et al. (2003), Mulley et al. (2006) or Hutchison et 

al. (2012) reported no significant effect of diet with or without concentrates on the colour 

parameters of muscles from fallow deer but with similar tendency of meat lightness. A 

possible explanation, as proposed in a review (Priolo et al., 2001), is that commonly farmed 

ruminants have higher levels of (visible) IMF, which reflects light and thus gives a lighter 

appearance (higher L* values). By contrast, cervids have low levels of IMF (Kudrnáčová et 

al., 2018), even when fed supplements, and thus would not necessarily have statistically 

higher L* values than only pasture/forage-reared fallow deer. 

The a* value is known to be in a close relationship with the myoglobin content in 

meat, whereas the b* value is related to redness and lightness of meat. In general, the greater 

the myoglobin content in meat, the higher the a* and b* values (Vestergaard et al., 2000; Kim 

et al., 2010). Significant differences were found in our study between groups P and B in the 

redness and yellowness of LL muscle showing higher a* and b* values (higher redness and 

yellowness) in supplemented deer. Since the a* and b* values are used to calculate chroma 

values, muscles with significantly higher a* and/or b* values will also have a higher chroma 

values (Cawthorn et al., 2018), as observed in the LL muscle of group B. Similarly, 

Vestergaard et al. (2000) reported higher redness, yellowness and chroma values in LL 

muscles of concentrate-fed bulls, although pigmentation was higher in bulls grazing pasture. 

Nevertheless, these colour differences were probably primarily attributable to differences in 

physical activity rather than feeding level, as group P likely spent more time foraging to 

consume sufficient feed, particularly during the dry period.  
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Although not all differences were detected as significant, it appears that the meat from 

supplemented fallow deer was lighter, had more intensely red and yellow colour, and higher 

chroma value than that from animals only grazing pasture. However, as reported by Hopkins 

and Nicholson (1999), direct effect of the diet on meat colour is considered rare and 

dependent rather on the effect of diet on muscle myoglobin. Anyway, the colour of both 

muscles reflects the known characteristics of venison that is attractive to consumers.  

 

Warner–Bratzler shear force  

Meat tenderness is highly variable among animal species as a result of various 

extrinsic and intrinsic factors (Cawthorn et al., 2018). However the differences are given 

mainly by proteolytic enzyme activity, different collagen content, muscle fibre characteristics 

and anatomical position of each muscle (Picard et al., 1998; Chriki et al., 2012; Cawthorn et 

al., 2018). While beef LL is classified into intermediate tenderness category, the SET muscle 

is considered to be tough (Sullivan and Calkins, 2011). As well as for fallow deer, Cawthorn 

et al. (2018) and Dominik et al. (2011) also noted differences in tenderness among muscles 

with LL muscle being stated as inherently tender. Our results are in broad agreement with 

these observations, although the comparison of muscles was not the subject of this study. 

As only minor differences in shear force values (meat tenderness) were observed in 

this study, it can be concluded that the dietary treatment had no effect on the tenderness of 

fallow deer meat. These results correspond with those reported for fallow deer in Italy 

(Volpelli et al., 2003). On the contrary, Mulley et al. (2006) reported significantly lower 

WBSF for meat samples from fallow deer fed concentrates compared to those grazing pasture. 

Similar results were obtained by Hutchison et al. (2012) for fallow deer in Australia. 

Supplementation with barley (800 g/animal/day) had an indirect effect on shear force values, 

and as a consequence of concentrate feeding, supplemented animals had a significantly higher 

IMF content and thus produced more tender meat than those with pasture fattening.  

 

Technological parameters  

The terms thawing loss, thermal drip (cooking/grilling loss, drip loss/purge refer to the 

loss of water from muscle tissue. They closely correlate with WHC, as they are important 

parameters that influence total weight loss, and they are thus related also to some organoleptic 

properties of meat (Warner, 2014).  
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Thawing loss of LL muscle in the present study ranged between 4.88 and 7.73%. 

Slightly higher values of thawing loss (8.26–9.20%) were presented by Cifuni et al. (2014) for 

fallow deer meat after 3 months of freezer storage. These values are overall higher than those 

reported by Daszkiewicz et al. (2017b) for 10-month freezer storage LL muscle (2.3%) from 

fallow deer, but markedly lower than those observed by Mulley et al. (2006) for LL muscle 

(17.89–19.79%) of fallow deer does. These data indicate that freezing, freezer storage, and 

thawing compromise the WHC of meat. As a result, the WHC of thawed meat decreases and 

total weight loss increases.  

No difference was found in grilling loss between the samples collected from fallow 

deer fed different diets. The obtained values range from 18.47 to 20.00%, similar to other 

studies with fallow deer (Piaskowska et al., 2018a; Ludwiczak et al., 2017). The values of 

grilling loss of LL muscle recorded in this study are, however, nearly 1.5-fold lower than 

those for cooking loss of different muscles from wild fallow deer, as presented by Cawthorn et 

al. (2018), or Piaskowska et al. (2015) for both wild fallow deer bucks and does. Similarly, 

Stanisz et al. (2015) noted slightly higher values of thermal drip of SM samples obtained from 

fallow deer bucks (27.4%) and does (26.4%) aged from 31 to 32 months. By contrast, 

Żochowska-Kujawska et al. (2019) reported generally lower cooking loss of different muscles 

from fallow deer of various ages, ranging from 11.29% (BIF sample; 18 months old animals) 

to 19.32% (BIF sample; 54 months old animals).  

In the current study, thawing loss and total weight loss of LL muscle increased with the 

addition of barley to the feed ration. The result that diet influences the thawing loss and total 

weight loss of fallow deer muscle is in agreement with that for cooking loss, drip loss or purge 

of red deer (Wiklund et al., 2006) and fallow deer (Volpelli et al., 2003; Wiklund et al., 2005; 

Mulley et al., 2006; Hutchison et al., 2012) fed different diets. No significant differences in 

purge/freeze-thaw loss (Wiklund et al., 2005; Mulley et al., 2006; Hutchison et al., 2012) and 

cooking loss (Volpelli et al., 2003) were observed between fallow deer grazing pasture and 

those supplemented with concentrates. However, this effect of diet is in contradiction with the 

results of Wiklund et al. (2006) for red deer meat, who reported significantly lower drip loss 

(purge) in meat from the pasture-fed deer compared with the group fed pellets after 3 weeks of 

storage.  

The effect of diet on thawing loss is not clear, although it could be possibly linked to 

slightly lower pH values in carcasses from the supplemented animals, as the loss of water 
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from meat is known to be associated with the pHu values (Cawthorn et al., 2018). It is also 

suggested that the differences could be related to a variation in levels of antioxidants (e.g. 

vitamin E) in muscle tissue, which positively correlate with increased WHC in meat (Cheah et 

al., 1995; Zhao et al., 2013; Maraba et al., 2018). In addition, these differences might be due 

to different methods of measurement used, as other experiments use different procedures 

based on different temperatures and times. 

 

Organoleptic properties 

Sensory evaluation is designed to measure the eating quality, based on evaluation of 

predictive characteristics (Hutchison et al., 2012). Meat acceptability parameters include, 

among others, various organoleptic components such as flavour, odour and texture (e.g. 

tenderness, juiciness, chewiness). Trained sensory panel or consumers are widely used for the 

assessment of unprocessed meat (Toscas et al., 1999). However, there is a lack of studies that 

compare the sensory attributes of deer venison affected by different feed rations or feeding 

systems.  

In general, red meat from animals raised on pasture is considered by consumers to be 

different than that obtained from animals with grain-based diet, especially in terms of 

“grassy”, “milky” or “game” and “liver” or “fatty” flavour (Young et al., 1999; Priolo et al., 

2001). The terms “grassy” or “game” flavour mostly indicates meat from animals raised on 

forage diets (Larick et al., 1987; Wiklund et al., 2003a), whereas “liver” or “fatty” flavour is 

characteristic for grain-fed animals (Melton et al., 1982). Similar descriptors have been 

previously used for beef (Monsón et al., 2005; Nuernberg et al., 2005; Campo et al., 2006), 

lamb meat (Priolo et al., 2002; Nute et al., 2007), venison (Wiklund et al., 2000; Wiklund et 

al., 2003a, 2003b; Mulley et al., 2006; Finstad et al., 2007) or game meat (North and 

Hoffman, 2015). It is likely, that increased “liver” or “fatty” flavour intensities contribute to 

stronger and more desirable flavoured meat as animals are fed concentrates (Melton et al., 

1982; Mulley et al., 2006). However, as reviewed by Priolo et al. (2001), the consumer´s 

preferences between different flavours are very individual and dependent on various factors, 

such as culture or previous experiences.   

Our resutlts suggest that venison from concentrate-fed fallow deer scored higher for 

“liver flavour”, whereas greater intensity of “grassy” flavour has been detected in meat of 

animals with pasture fattening. As there were no significant differences in other sensory 
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descriptors, panellists were not able to detect differences between pasture and concentrate-fed 

fallow deer in juiciness or tenderness, although the content of IMF, which is often positively 

associated with these sensory properties (Fernandez et al., 1999; Hoffman et al., 2007d), was 

markedly higher in supplemented deer. These data are supported by other studies which also 

reported different flavour profiles of venison from deer fed concentrates or grazed pasture. As 

with our results, “grassy” flavour of red deer meat grazing pasture compared to pelleted-fed 

animals received higher scores from trained panellists in a study of Wiklund et al. (2000) with 

no differences for any of the other attributes assessed. Similarly to our study, Wiklund et al. 

(2003b) comparing sensory attributes of venison from reindeer reported significantly greater 

“liver flavour” in animals fed a commercial feed mixture compared to those grazed on natural 

pasture. By contrast, Forss et al. (1979) reported no evidence of ability to dicriminate between 

samples obtained from red deer fed different diets. The trained sensory panel was not able to 

distinguish grassfed venison from feedlot in tenderness, juiciness, flavour or overall 

acceptability.   

There have been identified more than 1000 volatile compounds responsible for 

differences in meat flavour (Mottram, 1998) and some of them can be influenced by different 

dieatry components. The diet-specific differences can be paritally explained by differences in 

the FA composition of muscle lipids (Elmore et al., 1999). Generally, a higher proportion of 

long, unsaturated FAs responsible for “grassy” and “game” flavour were found in meat from 

grazing animals compared with animals fed a grain-based diet (Wiklund et al., 2000; Wiklund 

et al., 2003b; Finstad et al., 2007). A “grassy” flavour and aroma is also determined by 

products of α-linolenic acid oxidation and its derivatives (hexanal) (Priolo et al., 2001). 

Studies of Barbieri et al. (1992) and Flores et al. (1997) on dry-cured hams suggest that 

“grassy” or “green” aroma is also linked to 1-penten-3-ol, as well as selected aldehydes such 

as hexanal (greenish), octanal (green-fresh) and nonanal (green). However, the unsaturated 

FAs are more prone to oxidation and thus, they may contribute to the development of various 

“off-flavours” in meat (Demeyer, 1999; Wood et al., 2003; North and Hoffman, 2015). The 

enhanced post-mortem proteolytic activity often results in the development of “off-flavours” 

and formation of bitter-tasting peptides that are sometimes described as “liver” flavour 

(Rousset-Akrim et al., 1997; Yancey et al., 2006). These findings are supported by Fisher et 

al. (2000), who attributed a stronger liver flavour in lamb meat to the susceptibility of n-3 

PUFA to peroxidation. Although the meat derived from grass-fed animals often have a higher 
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oxidative stability due to higher concentrations of antioxidants (Nuernberg et al., 2005), 

Wiklund et al. (2000) and Wiklund et al. (2003b) reported the meat from pellet-fed animals to 

have less “off-flavours” compared with those fed on the pasture. This indicates that natural 

grazing is contributor to the development of various “off-flavours” in meat, depending on 

effects of the FA composition. However, several authors suggested that a liver-like flavour is 

not linked only to lipid oxidation. Yancey et al. (2006) determined the total iron, pigment 

concentration, lipid oxidation and fatty acid composition, and their relationship to “livery” 

flavour development in beef muscles. The results suggest, that “livery” flavour is rather 

attributable to total iron content and myoglobin concentration. Rousset-Akrim et al. (1997) 

found higher liver-like flavour intensities in meat derived from 8.5 years old ewes suggesting 

that the enhanced intensity may have its origin in age-related metabolic changes of muscle 

tissue. Nonetheless, as stated by Yancey et al. (2006), “liver”flavour is a complex trait that 

cannot be related to any single characteristic.  

The differences between groups B and L and thus the effect of RPAA lysine on 

organoleptic properties were of smaller magnitude. The effect of different lysine/methionine 

ratio and protein level on sensory attributes of meat from ruminants has been evaluated only 

by Prado et al. (2015). These authors reported overall higher acceptability, tenderness and 

flavour of meat from steers fed a diet containing high protein (16.8% DM basis) and high 

lysine/methionine ratio (3.4) compared with the meat from animals fed a diet with low protein 

level (14.6% DM basis) and low lysine/methionine ratio (3.0). Nevertheless, to our 

knowledge, no studies have been carried out on cervids and thus, this aspect warrants further 

research.  

 

Carcass suspension 

It is well known that post-mortem conditions (e.g. storage and processing conditions) 

affect the odour and flavour, as well as the textural parameters of meat that are involved in its 

palatability and overall acceptability (Khan et al., 2016). The Tenderstretch method resulted in 

more tender meat in previous studies on fallow deer (Sims et al., 2004; Wiklund et al., 2004a; 

Hutchison et al., 2006; Mulley et al., 2006; Hutchison et al., 2010; Hutchison et al., 2014), red 

deer (Hutchison et al., 2010) and reindeer (Wiklund et al., 2012), as determined by shear force 

measurement and/or sensory evaluation by either trained panel members or consumers.  
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For this study, pelvic suspension method instead of the normal carcass position hung 

by the Achilles tendon resulted in decreased tenderness, juiciness and chewiness in SET 

muscle of fallow deer bucks but not for other parameters tested. This finding is inconsistent 

with several previous studies. In the studies of Hutchison et al. (2006) and Hutchison et al. 

(2010), panellists clearly distinguished differences in tenderness, juiciness and overall liking 

for venison from fallow deer and red deer carcasses hung through the aitchbone compared 

with the Achilles tendon suspension, with tenderstretched carcasses scored better for all these 

parameters. This result is in accordance with Mulley et al. (2006) who performed the sensory 

evaluation of venison from Achilles-hung and pelvic-suspended carcasses and found that the 

Tenderstretch method significantly improved the tenderness in meat from young fallow deer 

and was responsible for lower purge loss of vacuum-packed samples. This results on the 

positive effects of pelvic suspension on WHC support earlier findings in fallow deer (Wiklund 

et al., 2004a), though the positive effects of the Tenderstretch on purge were also reported. A 

similar trend in meat tenderness was observed by Wiklund et al. (2012) for reindeer meat. The 

samples from pelvic-suspended carcasses were more tender, as assessed by the trained sensory 

panel and by shear force measurement, however juiciness remained unaffected. Similarly, the 

studies of Hutchison et al. (2014) and Sims et al. (2004) reported that pelvic suspension of 

fallow deer carcasses produced venison (the most valuable carcass cuts) significantly more 

tender than that from carcasses hung by the Achilles tendon, as evaluated based on the 

instrumental meat quality attributes (WBSF). 

The literature indicates that the Tenderstretch method is usually applied within 45 to 

90 min. after bleeding, while the muscles are still extensible and in the prae-rigor state 

(Sørheim and Hildrum, 2002). For this reason we can assume that the time post-mortem is the 

major limiting factor and that it is necessary to maintain the period between the death of the 

animal and the carcass hanging below one hour. However, the Tenderstretch in this 

experiment was applied 5–6 hours after bleeding. Thus, we can speculate that the negative 

changes in some textural parameters were most likely as a result of delayed pelvic suspension 

after slaughter and ongoing post-mortem processes in meat rather than the result of the 

Tenderstretch method.  

However, pelvic suspension influences muscles in the carcass differently and in 

addition, slower ageing rates observed in pelvic-suspended muscles (Thompson, 2002) may 

decrease the variance in palatability of meat obtained from tenderstretched and Achilles-hung 

https://www.sciencedirect.com/science/article/pii/S0924224402000699#!
https://www.sciencedirect.com/science/article/pii/S0924224402000699#!


78 
 

carcasses with the ongoing ageing period. A study of Bouton and Harris (1972) showed that 

the tenderness of LL and SM samples from pelvic-suspended beef carcasses at two and a half 

days after slaughter were equal to the tenderness of non-stretched muscles after 2 weeks of 

ageing. In a study of Joseph and Connolly (1977), the results of sensory analysis did not show 

any tenderness changes in beef SET samples as a result of tenderstretching. Similarly, WBSF 

values obtained by Bouton et al. (1973) for mutton SET samples were not significantly 

affected by the pelvic suspension method.  

Another possible explanation for our results is the higher quantity of collagen fibres 

per cm2 in the SET muscle that has to be cut during WBSF measurement and/or chewing 

during the sensory analysis. And so, the high content of connective tissue in the SET muscle 

determines the tenderness more than the possible stretching of myofibrillar proteins during 

carcass pelvic suspension (Crouse et al., 1984; Sørheim and Hildrum, 2002).  

 

 

 

 

 

 

https://www.sciencedirect.com/science/article/pii/S0924224402000699#!
https://www.sciencedirect.com/science/article/pii/S0924224402000699#!
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7. CONCLUSION 

Since deer farming has become more popular and venison has become accessible also 

for common consumers, the outcomes of this study are important for the assessment of 

marketing quality of farmed fallow deer. The results of this study suggest that by meeting the 

animal´s requirements for amino acids without overfeeding, efficiency of protein utilization 

can be maximized. Supplementation with concentrates in the form of barley was an effective 

nutritional strategy to enhance the growth, performance and carcass yield of fallow deer bucks 

and it had a substantial impact on the profitability of fallow deer farm in this experiment. This 

strategy has led, however, to an increase in internal and carcass fatness. On the contrary, 

addition of RPAA lysine to the barley-based diet decreased the total fatness of the fallow deer. 

Further research is required to determine whether lysine and/or other AA supplementation 

could also improve/enhance other attributes of venison that is considered by consumers a 

healthy alternative to traditional types of meat. Moreover, while the effect of supplementation 

with RPAA lysine on the performance, carcass traits and meat qualitative parameters is 

ambiguous, further research in this area is suggested as the direction to the future and as a 

valuable contribution to the field. 

On the other hand, diet appeared to have a less pronounced effect on some physical 

parameters of LL muscle and no effect on the physical aspects of SET muscle, with 

inconclusive results. The obtained pHu values indicated no incidence of DFD meat, and colour 

parameters were generally desirable for venison derived from fallow deer. In contrast, the 

results of this study emphasis the fact that diet may have a significant effect on the chemical 

composition of fallow deer meat, as a result of variation in the available nutrients. Diet 

significantly affected the dry matter, IMF, hydroxyproline, insoluble collagen and n-3 PUFA 

content, as well as the ratio of n-6/n-3. Taking into account the overall low amount of IMF 

and beneficial ratio of n-6/n-3 PUFA, fallow deer venison can be acknowledged as a health-

promoting and valuable food source. The experimental diets caused noticeable differences in 

grilling loss and total weight loss between LL muscles of pasture-fed and grain-fed deer.   

From the results of sensory assessment, it can be concluded that deer grazing on 

pasture produced venison with increased “grassy” flavour intensity, whereas grain-based diet 

was responsible for strong “liver” flavour of the meat. It is of great interest to explore further 

how the consumers appreciate venison produced within different feeding regimes. 
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Furthermore, this knowledge may be of some importance to deer farmers producing fallow 

deer venison for particular market preferences. 

Tenderstretch had a negative effect on the textural parameters of fallow deer meat. It 

resulted in significant decreases in tenderness, juiciness and chewiness. However, these 

negative textural changes were most likely as a result of delay in post-mortem pelvic 

suspension. This suggests that carcass suspension by the aitchbone should be applied in prae-

rigor state, within one hour after the animal bleeding.  

This study provides insight in the various qualitative parameters of the meat derived 

from farm-raised fallow deer bucks, as affected by different diets. However, this effect of diet 

should be evaluated also in other species-specific categories such as fawns, juveniles, or does 

and bucks at different ages. Moreover, it is apparent from this study that there are number of 

factors that warrant further research for the promotion of fallow deer meat or/and venison as 

an alternative to traditional red meat products. In order to meet the potential of farming deer 

species as meat producers and to meet target market specifications, further investigations in 

this area are required. Particular attention should be drawn towards the effects of various 

slaughter methods or ageing conditions on meat quality of farm-raised fallow deer.  
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Appendix 1: Fallow deer – a survey of published studies and parameters observed. 

Reference 
Production 

system 
Effect studied Parameters observed 

Krzywiński et al. (1984) Fa Sex, nutrition Growth 

Asher et al. (1987) F Sex, nutrition Growth 

Hogg et al. (1990) F Age, sex Growth, carcass characteristics 

Mulley and English (1992) F Sex Carcass characteristics 

Toman and Massányi (1996) Wb - Cd content in body tissues 

Zomborszky et al. (1996) W 
Muscles, wild deer x 

cattle 
Meat chemical composition 

Zomborszky and Husvéth 

(2000) 
W Rut Liver lipids, FAc 

Volpelli et al. (2002a) F Age, nutrition 
Carcass characteristics, meat 

chemical composition, FA 

Morgante et al. (2003) F Nutrition Meat chemical composition, FA 

Volpelli et al. (2003) F Age, nutrition 
Meat chemical composition and 

physical parameters, FA 

Hutchison et al. (2004) F Sex, body condition 
Meat chemical composition and 

physical parameters 

Vengušt and Vengušt (2004) W - 
Content of minerals and toxic 

elements in the liver 

Wiklund et al. (2004) F - 
Meat physical parameters, 

glycolytic potential 

Ru et al. (2005) F Salt intake Growth 

Volpelli et al. (2005) F Nutrition, age Myofibril fragmentation index 

Wiklund et al. (2005) F Nutrition 
Meat physical parameters, carcass 

characteristics 

Mulley et al. (2006) 

F 

Slaughter and 

handling, carcass 

suspension 

Carcass characteristics, meat 

physical parameters and sensory 

evaluation 

F 

Body condition, 

nutrition, carcass 

suspension 

Meat physical parameters and 

sensory evaluation 

Srebočan et al. (2006) W - Cd content in body tissues 

Dahlan and Norfarizan-

Hanoon (2007) 
F Nutrition FA 

Čelechovská et al. (2008) W - 
Cd, Pb and Hg contents in body 

tissues 



ii 
 

Dahlan and Norfarizan-

Hanoon (2008) 
F Muscles 

Meat chemical composition, 

physical parameters and sensory 

evaluation 

Janiszewski et al. (2008) F Season Growth 

Pinto et al. (2009) F Age 

Carcass characteristics, meat 

chemical composition and 

physical parameters, FA 

Żochowska-Kujawska et al. 

(2009) 
W - 

Textural parameters of meat, 

muscle fibres 

Hutchison et al. (2010) F 
Sex, body condition, 

carcass suspension 
Meat sensory evaluation 

Mulley et al. (2010) F 
Stunning, 

slaughtering method 
Ecchymosis prevalence 

Wójcik et al. (2010) F Sex, age 
Textural and structural parameters 

of meat, muscle fibres 

Tešanović et al. (2011) W Ageing 
Meat physical parameters and 

sensory evaluation 

Curry et al. (2012) F - Muscle fibres 

Hutchison et al. (2012) F 
Body condition, 

nutrition 

Meat physical parameters and 

sensory evaluation 

Bovolenta et al. (2013) F Nutrition Growth 

Florek and Drozd (2013) F Sex Meat chemical composition, FA 

Cifuni et al. (2014) W 
Slaughter and 

handling 

Carcass characteristics, meat 

physical parameters 

Hutchison et al. (2014) F Carcass suspension Meat physical parameters 

Lazarus et al. (2014) W - 
Cd, Pb and Hg contents in body 

tissues  

Bureš et al. (2015) F Farmed deer x cattle 

Meat chemical composition, 

sensory evaluation and physical 

parameters, FA 

Daszkiewicz et al. (2015) W, F Production system 

Meat chemical composition, 

sensory evaluation and physical 

parameters, FA 

Janiszewski et al. (2015) F Housing Carcass characteristics 
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Piaskowska et al. (2015) W Sex 

Meat chemical composition, 

physical parameters and sensory 

evaluation, FA 

Stanisz et al. (2015) F Sex 
Carcass characteristics, meat 

physical parameters 

Piaskowska et al. (2016) W 
Storage time and 

method 

Meat physical parameters, 

chemical composition and sensory 

evaluation 

Chakanya et al. (2017) F Storage conditions 
Colour and oxidative stability of 

meat 

Daszkiewicz et al. (2017a) W Carcass cuts 
Meat physical parameters and 

chemical composition 

Daszkiewicz et al. (2017b) W Storage conditions 
Meat physical parameters and 

chemical composition 

Ludwiczak et al. (2017) F Sex 
Meat physical parameters and 

chemical composition 

Bykowska et al. (2018a) F Ageing 
Meat physical parameters and 

chemical composition 

Bykowska et al. (2018b) F Sex, ageing, muscles 

Meat physical parameters, 

chemical composition and sensory 

evaluation 

Cawthorn et al. (2018) W Sex, muscles Meat physical parameters 

Neethling et al. (2018) F 
Sex, muscles, 

storage time 
Meat physical parameter (colour) 

Żochowska-Kujawska et al. 

(2019) 
F Age 

Carcass characteristics, muscle 

fibres 

a Farm-raised. Deer under some of the following interventions: supplementary feeding, availability of housing 

during winter, medication of animals for welfare reasons, frequent handling and movement among multiple 

enclosures, separation of young (weaning) and sexes, selection of breeding stock.  

b Wild.  

c Fatty acids.  
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Appendix 2: Fallow deer buck at the age of 16 months. 

 

(Photo: author). 
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Appendix 3: Encapsulated RPAA lysine. 

 

(Photo: author). 
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Appendix 4: Carcass suspension by Achilles tendon (right carcass half; see on the left) 

and through aitchbone (pelivc suspension or tender stretch; left carcass half; see on the 

right). 

 

(Photo: author). 
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Appendix 5: Sample of the LL muscle intended for sensory analyses grilled on a double 

sided glass-ceramic plate grill. 

 

(Photo: author). 
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Appendix 6: Fallow deer questionnaire used by trained sensory panel for assessment of 

MLL sample during descriptive sensory analyses. 

Sensory analysis "fallow deer meat 2016" Booth no.: 

Assessor no.: Date: Set no.: 

   

 
Aroma intensity 

 very   very 

low 

 
high 

   

 
Game meat aroma intensity 

 very   very 

low 

 
high 

   

 
Tenderness 

 very   very 

tough 

 
tender 

   

 
Juiciness 

 very   very 

dry 

 
juicy 

   

 
Flavour intensity 

 very   very 

low 

 
high 

   

 
Game meat flavour intensity 

 very   very 

low 

 
high 

   

 
Grassy flavour 

 very   very 

low 

 
high 

   

 
Astringency flavour 

 very   very 

low 

 
high 

   

 
Liver flavour 

 very   very 

low 

 
high 
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