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Abstract 

 

The physical quality changes (pH, cooking loss, weep loss, CIE Lab colour, and 

WBSF) and the sensorial attributes of wet aged (vacuum packaged) and dry aged 

longissimus lumborum (LL) were evaluated for female (n = 6) common eland, 

during a 14-day post-mortem ageing period at 4°C. The dry aged LL muscle 

reached a maximum grilled shear-force of 57.6 N, while the wet aged LL muscle 

reached a maximum tenderness of grilled 63.3 N at Day 15. While values are 

typical for game meat, the meat could still be considered tough to the average 

consumer (> 49N). Weep loss increased throughout the ageing of the muscle, 

with the dry aged LL muscle having higher weeping loss. The LL muscle surface 

colour was less bright, but more red and yellow with ageing, for both wet aged 

and dry aged treatments, compared to the control. Additionally, descriptive 

sensory analysis demonstrated that dry aged LL muscle scored lower in abnormal 

aroma intensity and liver flavour compared to the wet aged LL muscle, which is 

a positive improvement in flavour for the consumer. The dry aged LL muscle 

scored higher in overall acceptability, even though the differences in tenderness 

between the two ageing techniques were not noted by the sensory panel. Thus, 

while ageing did improve the tenderness of the LL muscle, dry ageing showed 

favourable flavour development. However, the LL muscle shear force values 

were still above the threshold for the acceptable tenderness for the average 

consumer, and further processing techniques should be considered.  

 

Key words: Taurotragus oryx; Game Meat; Longissimus lumborum; Meat 

Quality; Tenderness 
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1. Introduction and Literature Review 

1.1. Introduction 

With a growing population, and demand for meat products, meat from game 

species (such as African antelope) may provide a potential resource to 

supplement this meat production, while also meeting modern consumer 

demands (Hoffman & Wiklund 2006). While the meat industry has had decades 

to develop meat products derived from domestic livestock, that is consistent in 

its nutritional properties, sensory quality, appearance, and safety (Troy & Kerry 

2010) this is not the case for game meat products. The decades of quality and 

quantity development in regard to meat products from domestic livestock has 

enabled a mutual understanding between producers and consumers for what is 

acceptable and expected. However, the infancy of commercial game meat 

production, and research into its improvement of quality, presents an issue with 

regards to maintaining these acceptable attributes and expectations. Thus, there 

needs to be a sustainable and consistent supply of game meat, alongside the 

availability of high-quality products (Hoffman et al. 2005). While the common 

eland (Taurotragus oryx) has been identified as a suitable game species for 

game meat production (Lightfoot & Posselt 1977) little is known regarding 

optimising their meat quality for commercial consumption.  

One such challenge that game meat faces is that, compared to 

domesticated livestock, their meat is considered tough, and it is known that 

consumers assess fresh meat-eating quality primarily by its tenderness (Grunert 

et al. 2004) Upon initial research, Needham et al. (2019a) and Needham et al. 

(2020a) found that the tenderness of fresh eland meat is unlikely to meet 

consumers expectations, considering their high shear force values. However, 

wet ageing and pelvic suspension of common eland carcasses has shown to 

improve tenderness, but dry ageing has not yet been investigated in common 

eland meat (Needham et al. 2020b). Dry-ageing has recently been revisited and 

revived in the meat industry, with flavour attributes supposedly benefitting from 

this process, yielding high-value premium products (Terjung et al. 2021). 
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Considering the potential of developing niche game meat products, dry ageing 

could be beneficial for flavour development in common eland meat, while 

improving tenderness.  In this study we compared the effects of wet-ageing and 

dry-ageing on the physical and sensory quality of common eland meat.  

1.2. Literature Review 

1.2.1 Game Meat Production 

In general, game farming systems are extensive in nature, and given the 

leanness of antelope game meat, the production of game meat in these settings 

not only fits the ethical requirements that consumers may have, but also the 

safety and health concerns that are raised in the context of intensive farming 

systems (Bartoň et al. 2014; Hoffman & Wiklund 2006). There are many reasons 

for the farming and meat production of game species, aside from the nutritional 

benefits, as a large proportion of land that is not suitable for the growth of crops 

is in fact suitable for ruminant production, as they can feed in various ways 

(Ramankutty et al. 2008). Also, the combination of farming an underutilized game 

species on land that is not optimal for the growth of crops for the production of 

meat simply makes sense from a sustainability context. Furthermore, current 

practises and hunting legislation in southern Africa support sustainable herd 

management and culling practices (van Schalkwyk & Hoffman, 2016). It is easy 

to see why even mixing game species with other forms of organic production is 

an attractive alternative to farmers. Additionally, game species can enhance and 

improve local biodiversity (Oberem & Oberem 2016).  

Currently, the farming of game species exists in different part of the world. 

Game species that are currently farmed for game utilization include: blesbok 

(Damaliscus pygargus phillipsi), impala (Aepyceros melampus), gemsbok (Oryx 

gazelle), springbok (Antidorcas marsupialis), and the common eland 

(Taurotagus oryx) (Hoffman & Wiklund, 2006; van Schalkwyk & Hoffman, 2016). 

It has also been established that the common eland can be kept in cattle pens 

(Bothma 1996), in farm sizes also similar to cattle, as long as the animals are fed 

accordingly (Bartoň et al. 2014). Still, while farming of game species is a growing 

industry, particularly in South Africa, the limited research on the fresh meat 
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quality and processing of the meat is an obstacle for its commercialization 

(Hoffman & Wiklund 2006). This means that additional research into optimising 

game meat quality is crucial for the development of commercial game meat 

farming.  

The economic aspects of game meat production are important, as 

profitability along with demand and supply dictate the success of game meat in 

the commercial market. Child et al. (2012) found that, in reality, game animals 

are more likely to generate higher net farm profit margins compared to 

domesticated livestock. Additionally, Berry (1986) noted that game species 

generate the highest net revenue per biomass weight, due to their multifaceted 

value in terms of ecotourism, hunting, and meat production. Currently, game 

meat is sold per kilogram since a grading carcass system has yet to be 

developed. It is for this reason that carcass yield is still the most important 

economic parameter for game meat production (Oberem & Oberem 2016). 

Fortunately, studies have shown that not only do antelope species produce 

leaner meat than domesticated species (Huntley 1971), but antelope species 

also tend to show higher dressing percentages than their livestock counterparts, 

which indicates a higher total meat yield (Van Zyl & Ferreira 2004).  

The absence of a grading system for game meat production means that 

carcass yield is currently the most important economic parameter in production. 

Due to this, production systems are focused on producing animals with high 

carcass yields and dressing percentages (Needham et al. 2020c). In general, 

game meat is produced in extensive production systems, given the importance 

of carcass yield, farmers are interested in exploring more intensive systems. 

While there are some game species that are more suitable than others, 

knowledge of husbandry systems of various game species is needed. As 

previously mentioned, the common eland was identified as a suitable species for 

production as they adapt to intensive systems similarly to cattle.  

1.2.2. Harvesting Practices & Microbial Safety of Game Meat  

Harvesting of game meat is an important process that can significantly 

affect meat quality. In the case of game meat, hunters (so-called “biltong” 

hunters) and commercial culling teams are currently the primary means of 
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harvesting antelope species, using the free-bullet technique. The harvesting of 

ungulates and other game species can represent an added value for sustainably 

sourced meat, particularly in rural areas, and provide additional sources of 

income, including (but not limited to) ecotourism, trophy and recreational hunting, 

and live sales, all of which can have positive economic impact on local 

economies (Gaviglio et al. 2018). Good harvesting practices are important, such 

as immediate death, complete bleeding, immediate evisceration, and proper 

handling and transportation, to guarantee meat quality, preservation, and reduce 

levels of microbial contamination (Hoffman & Wiklund 2006). 

 The first step in ensuring this is to minimize ante-mortem stress, as meat 

pH and its post-mortem changes has a major impact on the resultant physical 

and sensorial meat quality, and microbial safety (Lawrie & Ledward 2006). 

Hoffman (2000) reported that animals that were stressed prior and during killing 

showed signs of ante-mortem stress, which includes high pH, low drip loss and 

darker meat—also known as DFD, which is common in African game species 

due to the harvesting methods (e.g., hunting) of the animal. Hoffman and Ferreria 

(2000) established that the decrease rate in pH in the first couple of hours post-

mortem can be seen as an indicator that can provide useful information about 

the stress conditions of the animal before shooting and the efficiency of the 

exsanguination procedures. It is for this reason that the best practices for hunted 

animals are implemented, to obtain optimal acidification of muscles (Lonergan et 

al. 2010). Gill & Newton (1979) established that dry, firm, and dark (DFD) meat 

spoils at a faster rate, not necessarily due to high pH as reported by other 

researchers, but rather the absence of glycogen in meat with a high pH. Thus, 

the benefit of free-bullet harvesting is the omission of live animal transportation 

to abattoir facilities, which reduces the animal’s stress.  

Harvesting good practices and management differ depending on region 

and animal species. A study conducted specifically on harvesting practices in 

Italy by Viganò et al. (2019) found that in while there are quality parameters in 

place for the hygienic quality standards, good practices and management of the 

carcasses from the moment of shooting to the point of arrival at slaughterhouses 

are not always met when meat is harvested by hunters. Providing high-quality 

standards in wild game meat is crucial, as well as having an organized supply 
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chain, which can incentivize hunters to improve handling and management 

practices, while also creating a link between consumers and the local territory, 

which in turn can enhance the local natural resources and traditions (Viganò et 

al. 2019). Another example within another region, is that in order to improve the 

hygiene standards and commercial integration of game meat, commercial 

cropping (or culling) teams have been established in Southern Africa, who 

slaughter and process antelope carcass under strict and legislated conditions 

(van Schalkwyk & Hoffman 2016). 

Safety is imperative for consumers, and to meet expectations for both 

meat quality and safety according to the principles of hazard analysis and critical 

control points (HACCP), game meat harvesting, and processing has to adhere 

to these good practices (Casoli et al. 2005).  For carcasses to be either accepted 

or denied depends on various factors, mainly the level of contamination that a 

carcass may have, as well as the bacterial species that are associated with it. 

Contamination includes surface contamination such as skin and hides on the 

animal carcass, at the point of shooting and evisceration (intestine and faeces) 

(Atanassova et al. 2008), and in the slaughterhouse’s surfaces (Gill 2004). When 

animals are culled in the field, the animal are in contact the ground, which can 

be a source of contamination for the carcass, especially as cross contamination 

from the hides to the carcass can occur during the carcass dressing process (Gill 

2004). However, it must be noted that keeping the skin on during the dressing 

and transportation process allows for the skin to act as a barrier against dirt and 

other sources of contamination; however, cross-contamination between 

carcasses during transport may be an issue, depending on packaging.  

Regarding the overall safety of meat coming from game meat species, Gill 

(2007), noted that while there is the risk of food-borne pathogenic bacteria being 

present in products coming from wild game species, it is expected that the risks 

are small. Although, there has been reports of wildlife animals being carriers and 

transmitters of shiga toxin-producing Escherichia coli (STEC) strains (Miko et al. 

2009). However, with necessary precautions, such sterilization of all equipment 

from the field and abattoir, carcass health inspection, maintenance of the cold 

chain, etc., contamination of the carcass at the point of slaughtering may be 

decreased. Still, as the commercial production of game species meat grows, 
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more research needs to be done on the role of food-borne diseases coming from 

wildlife game species, and their effects on the safety and shelf-life of game meat 

products originating from various regions under differing conditions.  

1.2.3. Game Meat Nutritional and Physical Quality Traits  

Meat quality, which includes physical, nutritional, microbial, and sensorial 

attributes, is affected by ante-mortem factors, such as species, nutrition, breed, 

sex, age, muscle type, and husbandry techniques, as well as by post-mortem 

factors, including pH, temperature, and ageing techniques (Kudrnáčová et al. 

2018). The benefits of consuming meat from game species, from the nutritional 

point of view, are abundant. Game meat, which is classified as so-called “red” 

meat, has been found to be low in calories, as well as in cholesterol levels, it is 

a good source of protein, iron, zinc, vitamin B12, and of polyunsaturated fatty 

acid content (PUFA) (Bartoň et al. 2014). 

 Lastly, game meat can be low in fat, depending on factors such as age, 

sex, physiological condition (biological cycle), and harvesting condition (hunted 

vs farmed) (Ramazin et al. 2010). Furthermore, common eland meat 

(Taurotragus oryx), compared to beef, has lower levels of intramuscular fat with 

a higher proportion of PUFAs (Needham et al. 2019; Bartoň et al. 2014).  

Moreover, while it has been established that red meat does indeed 

provide high quality proteins which could positively affect the incidences of 

malnutrition and aid food security in developing countries (McNeill & Van Elswyk 

2012), consumers in developed countries do associate the consumption of red 

meat with high fat and cholesterol levels, deeming red meat to have high health 

risks (Wilcox et al. 2009). To motivate and support the commercialization of 

game meat, it is important to consider consumer opinions in this regard and 

educate them on the nutritional quality of game meat.  

A relatively high degree of homogeneity and consistency has been 

achieved in meat quality when it comes to attributes such as nutrition, safety, 

appearance and sensory quality for domesticated species (Troy & Kerry 2010), 

due to the fact that the production of meat from domesticated species has 

reached economies of scales and has had decades to develop quality and 
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quantity; however, this has been harder to achieve in game meat production and 

products (Hoffman & Ferreria 2003). The reason for this is limited control in the 

entire process including ante-mortem and post-mortem factors, which greatly 

influence meat quality (Neethling et al. 2016). And while Van Schalkwyk and 

Hoffman (2016) developed standard operating procedures (SOPs) for the 

commercial harvesting of game species in Namibia, we are still in need of 

improvement of quality for the different game species under different production 

conditions.  

Game meat can appear darker compared to domesticated livestock 

(Volpelli et al. 2003), but fortunately this does not appear as an issue to 

consumers as the dark colour of game meat is considered to be a typical attribute 

(Ramanzin et al. 2010). Needham et al. (2019) reported that, when compared to 

other game species, common eland meat was less dark and more closely 

resembled that of beef, which could be beneficial for consumer acceptance. The 

study of Needham et al. (2019) did note that the meat colour of the common 

eland was below the threshold value for consumer acceptability of venison meat 

according to the threshold values reported by Wiklund et al. (2001), inferring that 

game meat colour does matter to consumers, and needs to be taken into account 

when assessing meat quality. Furthermore, it should be noted that wild 

ungulates, such as the fallow deer, seem to be prone to pre-mortem stress, which 

is linked to higher pH values as well as a higher water holding capacity (Russo 

& Bentivoglio 2008). As mentioned earlier, ante-mortem stress is a concern, 

particularly for game meat quality. Such ante-mortem stress and pH changes 

can result in dark, firm, and dry meat (DFD), often seen in hunted African 

antelope, which is even darker in colour than usual, has poor tenderness, and 

decreased microbial stability (Shange et al. 2019).  

Muscle fibre type composition affects meat quality (Kudrnáčová et al. 

2018). The skeletal muscle of large mammals is composed of three fibre types, 

I, IIA and IIB, which derive their characteristics depending on the most abundant 

myofibrillar protein expressed in each fibre type (Brooke & Kaiser 1970).  The 

metabolic properties of meat are affected by muscle fibre type and composition, 

as the muscle consequently post-mortem becomes meat (Gagaoua et al. 2016). 

Studies have found that in most farm animal species, muscle fibre characteristics 
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play a role in meat quality (Klont et al. 1998; Picard et al. 2002), but information 

regarding the muscle fibre type and its relation to meat quality in various game 

species is limited.  

Tenderness is very important to consumers, as it is a parameter used to 

assess fresh meat quality, and as such, the optimization of tenderness is a focal 

point for game meat producers (Grunert et al. 2004). Given that toughness of 

meat is a challenge that is present in meat derived from game meat species, 

fibre typing can provide an explanation for the lack of tenderness in particular 

game meat species. For example, previous studies have found that muscles with 

IIB fibre type tenderize more rapidly during ageing (Dingboom & Weijs 2004; 

Klont et al. 1998). North et al. (2015), found that springbok reached tenderness 

after five days of ageing compared to beef at 14 days of ageing, this rapid 

tenderness in springbok was attributed to the fact that 50% of the longissimus 

lumborum muscle fibre type is IIB (Curry et al. 2012). While muscle fibre typing 

is not a focus point in this study, it still plays an important role in tenderness which 

we will touch later on in the review. Another important aspect that affects 

tenderness is that the structure of muscle fibres is supported by the layering of 

intramuscular connective tissue, the endomysium, the perimysium, and the 

epimysium. While the epimysium plays a small role in overall meat quality, since 

it is separated from the meat after cutting, the perimysium and endomysium play 

an important role in meat quality, weakening through the process of ageing meat 

(Zochowska-Kujawska et al. 2012).  

1.2.4. Game Meat Flavour and Sensory Quality 

In general, meat flavour is influenced by volatile aromatic compounds that 

stimulate the olfactory organs, which influence the sense of taste (Pegg & 

Shahidi 2004). The concentration of volatile aroma compounds in meat is 

important to determine the contribution in meat flavour (Lu et al. 2008). 

Additionally, free amino acids increase flavour development, due to the 

deterioration of proteins by peptides and aminopeptidases, which occurs in the 

ageing and tenderization process (Nishimura 1998). Keeping in mind that free-

amino acids and peptides cause changes in meat flavours, it is important to 

consider the effect of ageing on the volatile aroma compounds, as well as on the 
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non-volatile compounds, that affect taste as well as the role of ageing, which can 

also affect flavour quality (Van Ba et al. 2014). However, without aroma, one or 

more of the primary taste sensations such as salty, sweet, sour, or bitter would 

dominate (Lawrie & Ledward 2006).  

In meat, the flavour precursors can be divided into lipids and water-soluble 

components (Mottram 1998; Pegg & Shahidi 2004). Mottram (1998) established 

that sulphur-containing compounds are in fact crucial to the contribution of meat 

flavours, and when cooked, can significantly contribute to meat aroma. 

Additionally, lipids have been found to influence meat flavour, since volatile 

aroma compounds that are profiled in meat have been found to be predominantly 

derived from fat-derived compounds (Mottram 1998). Lipid degradation products, 

along with products of the Maillard reaction, produce a characteristic meat aroma 

(Wasserman & Spinelli 1972).  

Since the fatty acid profile is important in the process of meat flavour 

development, this means that, depending on the fatty acid profile, meats from 

different species will have differing meat flavours. Additionally, intramuscular fat 

is important to cooked meat as it plays a role in flavour development (Wood et 

al. 2008) and tenderness (Webb & O’Neill 2008). It has been established that 

game meat differs from their domesticated livestock counterparts in terms of 

flavour (Neethling et al. 2016). However, Needham et al. (2019) reported that 

farmed eland meat, after receiving cattle diets (silage and concentrate feed), has 

been described to have highly favourable flavour and aroma attributes, similar to 

beef. In general, games species have higher meat PUFA percentages (Swanson 

& Penfield 1991), and Field (2004) found that South African game species have 

a stronger flavour compared to their domestic counterparts. This may be 

attributed to the highly variable natural vegetation in southern Africa that they 

consume, as described in impala from varying production systems with different 

nutrition (Needham et al. 2021).  

Rødbotten et al. (2004) found that out of 15 game species evaluated in 

Norway, flavour attributes were in fact similar between species, but perceived 

differences remained. These species included reindeer meat and roe-deer meat, 

which were found to have the highest “gamey” flavour, overall, meat derived from 
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wild animals were found to have a liver-like flavour. These animals feed on 

pastures and forages, which has been linked to higher PUFA content in a number 

of games species (Wiklund et al. 2003). Similarly, Rincker et al. (2006) compared 

the sensory attributes of the Longissimus dorsi muscle in three different species: 

beef, reindeer, and caribou. The study found that while the reindeer and caribou 

meat had higher undesirable flavours, which were associated with the gamey-

like and liver-like flavours, beef meat had a higher flavour intensity. Thus, it can 

be inferred that descriptors such as “gamey” or “liver” are used to describe off-

putting or undesirable flavours among consumers. Intensity of game flavour, 

which is largely considered a negative attribute by most consumers, has been 

found to be reduced in beef when switched to a grain-fed diet (Brewer 2007). 

Bureš et al. (2015) established that, when compared to Aberdeen Angus 

and Holstein cattle, meat from red deer and fallow deer had a higher overall 

gamey flavour and aroma. The authors attributed these species-specific flavours 

not only to the fatty acid profiles, but also to the PUFA content. Needham et al. 

(2019a) also had similar results, in which eland meat was found to be low in 

intramuscular fat and high in PUFAs compared to beef. Moreover, Needham et 

al. (2019b) found that the gamey flavours and aroma, which is undesirable to 

consumers, scored relatively low, which appears to be positive for consumer 

acceptance. Given that gamey flavours are considered undesirable, further 

research on the development and changes in common eland meat flavour (which 

is associated with desirable descriptors) while improving tenderness, is 

necessary.  

 

1.2.5. Role of fatty acids and volatile compounds in the sensory 

quality of meat 

Lipids play a role in the development and influence of meat flavour and 

aroma, the reason being that the volatile compounds found in cooked meat are 

mainly composed on lipid-derived compounds (Mottram 1998). Just as 

tenderness and meat colour are important attributes to consumers, meat aroma 

is another important trait that not only affects the sensory quality of cooked meat 

but also acceptability of the product by the consumer (Calkin & Hodgen 2007). It 
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is important to note that meat aroma and flavour is thermally derived, as 

uncooked meat has little to no specific aroma or flavour, each type of cooked 

meat has its own unique flavour depending on the animal species (Shahidi et al. 

2004). When cooking meat, there are reactions that take place, including the 

Maillard reaction, which is the interaction between sugars and amino acids, lipid 

degradation, caramelisation of carbohydrates and so on (Neethling et al. 2016). 

Other secondary effects can occur when cooking meat, but high temperatures 

need to be used in order to get to that point, which is not ordinary in day-to -ay 

cooking (Pegg & Shahidi 2004). Cooking methods play a role in the development 

of aromas and also in its sensory qualities as well, for example broiling will result 

in different aromas and flavours than grilling, due to the higher content of 

moisture and low surface temperature, a core temperature of 65°C is 

recommended if the focus is on flavour, whereas if overall sensory is preferred 

75°C is recommended (Bejerholm & Aaslyng 2004).  

Intramuscular fat is important in the aroma of cooked meat, as removal of 

triglycerides can result in changes of the aroma in cooked meat and the 

development of alcohols and aldehydes (Mottram & Edwards 1983). While it has 

also been established that inter- and intramuscular fat in meat contains low 

quantities of PUFA (structural phospholipids contain high PUFA) and have little 

to no influence on meat flavour, ultimately, the differences in the fatty acid profiles 

will have a role in the development of volatile aroma compounds due to the 

interaction of lipids with sugars and amino acids (Farmer & Mottram 1990). 

Additionally, lipids act as solvents for fat-soluble compounds, which become 

volatile when undergoing the cooking processes (Pegg & Shahidi 2004). Lastly, 

the oxidation of lipids produces aldehydes, alcohols, ketones and lactones, 

which means that lipid oxidation products also contribute to meat aroma 

development (Mottram 1998).  

For the accurate analysis of the volatile compounds released from cooked 

meat, we have to identify the compounds involved and determine its impact, 

often by relating it to the sensory evaluation of the meat. While there are various 

methods with which to identify and analyse volatile compounds, Solid phase 

microextraction (SPME), which is an extraction technique for sample 

preparation, along with GC-MS, which is a combination of two techniques GC 
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and MS, has many advantages, including that it is simple to use, solvent-free, 

and cost-efficient (Bueno et al. 2019). SPME extraction is dependent on sample 

preparation, as well as the extraction conditions (Park et al. 2009). Wang et al. 

(2018) established that conditions of SPME extraction are important as changes 

in temperature, as well as time, influences the abundance and number of volatile 

compounds found. Kerth (2016) reported that cooking method could potentially 

affect the outcome for determining volatiles, but also the meat presentation, such 

as the way the meat is sampled, whether minced, thickness size, and/or pieces 

of difference sizes can impact the cooking effect, which means there could be 

modified heat exchange which affects the abundance and numbers of volatile 

compounds.  

While the intramuscular fat content of game meat is considered to be 

rather low, there may be other volatile compounds that contribute to its unique 

flavour and aroma profile. Furthermore, processing techniques, especially those 

which affect lipid oxidation, may influence these compounds. Information 

regarding the volatile compounds present in game meat and game meat 

products is limited, and thus basic description of these are required, while 

keeping in mind the most appropriate evaluation techniques thereof.   

1.2.6. Techniques in Wet Ageing and Dry Ageing: Opportunities for Game 

Meat Quality Improvement 

There are particular factors that affect meat quality that can be improved 

through ageing, such as flavour, juiciness and tenderness (Kim et al. 2018). 

Tenderization of meat during ageing occurs post-mortem, due to post-rigor 

reduction in toughness, caused by the calpain protease system (Hopkins & 

Thompson 2002). More specifically, tenderization is caused by the proteolysis of 

the myofibrillar and cytoskeletal proteins, and changes in the connective tissues 

(Chriki et al. 2013). There are various ways in which the tenderness of meat can 

be improved, whether in the ante-mortem stage, through techniques such as 

immunocastration, which is considered an ethical alternative that has 

demonstrated favourable effects on the meat quality of livestock (Needham et al. 

2017), or during the post-mortem process, through pelvic suspension (Needham 
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et al. 2020b), electrical stimulation, or meat processing techniques such as 

ageing, which should be furthered explored in game species.  

With respect to the tenderization of meat after rigor-mortis, ageing can be 

used to improve meat quality. There are various methods for meat tenderization 

through ageing, the most basic techniques involving vacuum/wet, dry, or 

permeable bag dry ageing. In the meat industry vacuum-ageing (or wet-ageing) 

is used most often, due to lower ageing losses and convenience during storage 

and transport (Warren & Kastner 1992). Before the development of the wet 

vacuum/sealing techniques that were developed in the 1970s, dry-ageing in a 

cooler was the most typical method for the fresh preservation and value-adding 

process of meat; what we know now as wet or vacuum ageing became more 

widespread with the development of vacuum packaging (Dashdorj et al. 2016).  

Thus, wet ageing is a relatively new process, where the meat is protected 

from spoiling and drying out when stored in a cooling environment with 

temperature control, at -1 to 2°C, lasting anywhere from 3 to 83 days (Kim et al. 

2018). Since wet ageing is the most frequently used packaging method in the 

meat industry, there are benefits, including significant reductions in product 

weight loss and trim loss, weight being a factor that is of the upmost economic 

importance for both livestock and game meat (Terjung et al. 2021; Kim et al. 

2018). Furthermore, less space is required during ageing in vacuum packaging, 

and there is a higher adaptability and reduction in microbial factors, as cooling 

helps with extending the shelf-life of the product, without significantly sacrificing 

sensorial attributes (Kim et al. 2018). Lastly, while it is the case that wet ageing 

can improve palatability traits of meat, the development of undesirable flavour 

attributes such as, bloody, metallic, and sour, can occur (Warren & Kastner 

1992), which are not accepted by consumers. Particularly, temperature and 

ageing time are the most critical factors in controlling the meat characteristics 

(Kim et al. 2018). 

On the other hand, dry ageing is known to enhance flavour attributes and 

palatability of meat, giving the meat a unique flavour profile, which has described 

such as, beefy, nutty, roasted, buttery, and sweet (Kim et al. 2016). The major 

reasons for dry-ageing meat, particularly beef, is solely for the enhancement of 
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palatability—mainly focused on attributes such as flavours and tenderness (Kim 

et al. 2016). Dry ageing has been practiced in small meat purveyors for upscale 

butcher shops, local meat processors and gourmet restaurants (Savell 2008). 

Currently, dry ageing of primal and sub-primal cuts take place without the 

protective packaging (Savell 2008). Which can present with additional 

challenges particularly in the food of microbiological safety.  

While ageing the primal and sub-primal cuts is more common, hanging 

the whole carcass side in a cooler for 10 to 35 days, otherwise known as 

conventional carcass dry ageing, is still practiced in small local meat processors 

as an added value to bring in more consumers (Jeremiah & Gibson 2003) Meat 

palatability must contain attributes such as flavour, juiciness and of course 

tenderness, as these are factors that are crucial to consumers (Smith et al. 

2008). Additionally, the same parameters that consumers evaluate beef, 

consumers evaluate game meat with these same attributes, thus expectations 

are the same. Interestingly, about ninety-five percent of consumers discriminate 

the quality of beef based on its tenderness (Boleman et al. 1997). 

While dry-ageing has been found to have desirable flavour development, 

which is acceptable to consumers, there are disadvantages to dry-ageing, 

including losses due to drying (Smith et al. 2014), and associated trimming, 

which is due to crust formation due to the ageing process, which is related to 

higher productions costs and thus to higher retail prices (Witte et al. 2020). The 

losses due to drying as well as trimming is particularly important when evaluating 

economic returns, and the price of dry aged meat products generally reflect the 

compensation there of, making it a premium product.  

A study conducted by Smith et al. (2014) found that wet aged ribeyes 

produced greater percentages of ribeye fillets, ribeye cap steaks, and lean 

trimmings compared to dry aged, additionally, the wet aged ribeyes also yielded 

a higher percentage of fat trimmings, purge, and heavy connective tissue and 

bone when compared to the dry aged beef. Overall, wet aged ribeyes had a 

greater total saleable yield than dry aged ribeyes, with 1.5 more saleable 

products. The findings were similar to those found by Laster et al. (2008) and 

Smith et al. (2008) also had similar finding in the difference in yield between wet 
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aged and dry aged beef short loins. Overall, the processing of dry aged sub-

primal cuts needed to be priced higher compared to the wet aged sub-primal 

cuts. Further research needs to be conducted on consumer willingness to pay 

for dry aged meat products.  

On the other hand, Smith et al. (2014) found that the extreme dry ageing 

of beef carcasses also resulted in the extreme drying of the M. Spinalis thoracis 

and M. gluteobiceps, and undesirable flavours, which were described as putrid 

and musty. Moreover, it has been established that beef aged over 28 days can 

potentially result in the formation of undesirable changes and tastes associated 

with bitterness and sourness (Neethling 2016). Thus, the outcomes of several 

studies have provided inconsistent results, with others showing no detectable 

dry-ageing impacts on palatability attributes of beef (Laster et al. 2008 & Smith 

et al. 2008). Studies have also concluded that wet ageing can actually result in 

the equivalent palatability attributes of beef muscle as their dry aged 

counterparts, with the main difference being the shrink and trimming losses that 

are associated with dry ageing (Parrish et al. 1991). These various contradictory 

findings raise the question of the efficiency and profitability for producers to 

produce dry aged meat.  

While there is a lot of research on the ageing process of beef, there are 

limited studies on the effects of meat ageing from game species. As noted in 

Neethling (2016), research that actively investigates the effects of ageing and 

ageing time on the sensory quality on various game meats is limited. Compared 

to domesticated livestock, it appears that game meat does differ in its optimal 

ageing period for tenderness (North & Hoffman 2015), being much shorter in 

springbok (~ 7 days) compared to that reported for beef. Reindeer Longissimus 

muscles were found to have higher levels of proteolytic enzyme activity, which is 

known to reduce toughness of the muscle post-mortem, and lower inhibitor 

levels, compared to beef muscles (Barnier et al. 1999). In the case of ostrich 

meat, Marks et al. (1997) established that when ostrich meat was aged for seven 

days, the development of the intensity of flavour was greater when compared to 

beef cuts. Thus, it is clear that ageing protocols should be investigated for each 

game species individually and cannot simply be extrapolated from those used 

for beef or lamb. 
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Currently, only two wet ageing studies on eland meat have been 

conducted, the first of which aged the longissimus thoracis lumborum and bicep 

femoris muscles for 35 days, and the results showed that while the shear force 

values decreased, they still exceeded those values which consumers would 

deem tender (Needham et al. 2020a). However, a combination of pelvic 

suspension with a wet aged treatment showed that eland meat reached its 

maximum tenderness at 7 days of ageing, with values of tenderness deemed 

acceptable to consumers (Needham et al. 2020b). However, a study comparing 

the effects on wet-ageing and dry-ageing of common eland meat still has not 

been conducted.  

As previously mentioned, dry aged meat can potentially develop 

acceptable flavours and can provide incentive for the development of high-value 

game meat products. While game meat can prove beneficial for the sustainable 

improvement of food security in developing areas, the relevancy for the meat 

industry lies in high-value products for the high-end consumer. The 

commercialization of game meat and development of high-value game meat 

products remains relatively underdeveloped, and investigation into such 

processing techniques of game meat is needed to assist the game meat market. 

The development of premium-valued products through techniques such as 

ageing, could positively influence the value of game animals. Thus, further 

research into these post-mortem processing techniques, such as dry ageing, is 

required in game meat, with the basic investigation into its effects on game meat 

quality and sensory acceptance being necessary.  

In conclusion, game meat is viewed as a healthy alternative compared to 

other red meats; however, much remains undefined with regards to the optimal 

post-mortem processing thereof, and the development of high-value game meat 

products. African antelope species are also currently underutilized, while being 

maintained under controlled game farming conditions, and thus may be further 

incorporated into the local commercial meat industry for additional economic and 

nutritional gain. However, there are many challenges that the production of game 

meat faces, including meat quality issues such as flavour and tenderness, which 

can be improved with meat ageing techniques. Thus, further research is needed 

to optimize game meat processing and explore the potential of different ageing 
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techniques in improving the sensory quality of popular antelope meat species, 

such as common eland. Additionally, to have a stable consumer base, there 

needs to be an understanding of what is expected from producers and 

consumers regarding game meat and game meat products.  
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 2. Aims of the Thesis 

This thesis thus aimed to compare the effects of wet versus dry ageing of 

common eland meat on its physical, microbial, and sensory quality. More 

specifically, the objectives were: 

• To evaluate the effect of ageing when compared to the control (fresh meat 

without ageing) on the physical characteristics of common eland meat. 

• To describe the potential losses and benefits of the two ageing 

techniques. 

• To compare the effects of dry and wet ageing on the instrumental physical 

meat quality of common eland meat.  

• To assess the effects of dry and wet ageing on the chemical composition 

of eland meat. 

• To assess the effects of dry and wet ageing on the microbiological quality 

of eland meat.  

• To compare the effects of dry and wet ageing on the sensorial attributes 

of common eland meat, as assessed by a trained panel.  

2.1. Research questions 

1. Does ageing, in general, affect the overall quality of farmed eland meat? 

2. How will dry ageing, when to compared to wet ageing, affect the physical, 

chemical, microbiological, and sensory meat quality? 

2.2 Hypotheses  

H0: Ageing will not affect the physical quality of common eland meat.  

H1: Ageing will affect the physical quality of common eland meat.  

H0: Wet-ageing and dry-ageing will not differ in their effect on the sensorial 

attributes or physical quality of common eland meat. 

H1: Wet-ageing and dry-ageing will differ in their effect on the sensorial attributes 

and physical quality of common eland meat.   
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3.  Materials and Methods 

The experiment was conducted at the Common Eland Research Facilities of the 

Czech University of Life Sciences Prague, at Lány (50°7'41.704"N, 

13°57'31.370"E) in the Central Bohemia region, Czech Republic (accreditation 

no. 63479_2016-MZE-17214; ethical clearance no. CZU 20/19). The sub-adult 

female eland for the experiment were randomly selected from a herd of 50 

farmed common eland, during routine culling operations.   

3.1. Animal Husbandry and Slaughtering  

The experiment was carried out on six sub-adult female common eland. 

All animals were slaughtered on site at the research facility, within a squeeze-

chute to which they were habituated to, thus minimizing pre-mortem stress. 

Slaughtering was performed using a captive bolt, rendering the animal 

unconscious. Immediate exsanguination of the animal using a thoracic stick 

followed, and bleeding of the animal was performed while the carcass was 

suspended. After the slaughter was completed, the internal organs were 

removed and placed in a bag labelled accordingly and transported together with 

the carcasses (with skin on) in a refrigerated truck to the research 

slaughterhouse of the Institute of Animal Sciences (IAS). The carcasses were 

processed in the assigned slaughter order and placed into a cool room for 24 

hours (± 4°C), while suspended by the Achilles tendon.  

3.2. Sample Collection and Ageing Protocol  

After the carcasses chilling, the longissimus thoracis et lumborum (LTL) 

muscles were removed from each side of the carcasses and placed onto a 

sterilized cutting board, and the longissimus lumborum (LL) region of the muscle 

was separated from the LTL, using a sterilized knife. Each muscle was randomly 

assigned to either wet or dry ageing, per animal. Approximately 150 g of each 

eland LL (left and right) was collected into sterile plastic bags for microbiological 

analysis (Control/d1). Thereafter, muscle pH was measured using an inoLab pH 

730 meter (WTW, Weilheim, Germany) in each muscle. Approximately 250 g of 
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each LL was taken to determine the chemical composition and lipid oxidation, 

according to the methodology described by Bartoň et al. (2014). Two steaks of 

approximately 2 cm thick were cut from each muscle for physical meat quality 

analysis, described further below. A third steak was cut for volatile fatty acid 

analysis, and frozen at -20°C until analysis. 

The remaining LL muscle was weighed, and then either vacuum-

packaged (wet ageing), or left unpackaged (dry aged), and placed into a 

controlled chamber for 14 days, at a temperature setting of 2°C, with humidity 

levels of 80 % and the air exchange in the chamber was 15% per hour. The 

ageing time length was chosen based on the previous research by Needham et 

al. (2020a, 2020b). After the ageing period (D15), the muscles were weighed to 

determine moisture loss, and placed onto a sterile cutting board. The outer edge 

of the muscle was cut off, and samples were taken for microbiological analyses 

again (150 g); however, the crust and the inside of the dry aged muscles were 

collected separately, avoiding cross contamination. The dry aged muscles were 

then photographed, together with a ruler scale, to determine the muscle area and 

crust penetration. A steak was cut for volatile fatty acid analysis, and frozen at -

20°C. The physical measurements were then repeated, and samples were taken 

for chemical analyses and lipid oxidation analysis.  

3.3. Physical, Chemical and Lipid Oxidation Analyses 

3.3.1. Physical Analyses 

The pH (pH24) values were obtained using a pH and temperature probe 

(inoLab pH 730 set, WTW, Weilheim, Germany). Of the two steaks cut, both on 

D1 and D15 for each muscle, the first steak was bloomed for 45 minutes 

(Needham et al. 2019) and were then measured for CIE Lab surface colour with 

a portable spectrophotometer (CM-700d, Konica Minolta, Osaka, Japan; 

aperture diameter: 8 mm; illuminant: D65; observer angle: 10° and specular 

component: 0% UV). Six colour measurements were taken at random places on 

the samples and were then averaged for each of the L*, a* and b* values. The 

second steak was used for determining the cooking loss percentage, by 

comparing the weights before and after cooking (Honikel, 1998). Steaks were 
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weighed, then placed in plastic bags and into a water bath at 80°C until the steak 

reach at internal temperature of 75°C (AD14TH, AmaDigit, Kreuzwertheim, 

Germany). The temperature of the steak was measured using a thermometer 

probe, which was placed right at the centre of the steak. After the steak was 

cooled down to room temperature and weighed, six cubes measuring 1 × 1 × 2 

cm were cut out of each sample, which were then used for shear force 

determination (WBSF). The average peak shear force was determine using the 

Universal Texture Analyzer 3365 (Instron, Canton, MA, USA) fitted with a 

standard Warner-Bratzler blade at a speed of 100 mm/min. The peak force (N) 

to shear each sample was then recorded and averaged per sample.  

3.3.2. Proximate Chemical Composition  

The LL samples (approximately 200 g) intended for chemical analyses 

were homogenized in a food blender and frozen at −20 °C. Dry matter content 

was determined by oven drying at 105 °C to a constant weight. Dried samples 

were pulverized using a Grindomix GM200 knife mill (Retsch, Haan, Germany) 

and analysed for crude protein (Kjeltec 2400, FOSS Tecator AB, Höganäs, 

Sweden), crude fat by extraction with petroleum ether (Soxtec Avanti 2055, 

FOSS Tecator AB, Höganäs, Sweden), and crude ash by incineration at 550 °C 

in an electric furnace for 24 hours.  

3.3.3. Quantification of Lipid Oxidation 

Malondialdehyde (MDA) concentrations in the LL muscles were 

determined using high-performance liquid chromatography (HPLC). Eland 

muscle samples were saponified with 1 ml of 1 M Potassium hydroxide (KOH) 

and 10 µl of 0.02 M Butylated hydroxytoluene (BHT) in methanol. This mixture 

was then placed in an enclosed tube and then placed in a water bath at 60°C for 

1 hour, while continuously shaking, in the dark. Afterwards, the solution was 

cooled down and then acidified using concentrated HCI to ~pH 2. The sample 

was centrifuged at 15,000 × g for 5 min, at approximately 5°C. To 200 µl of the 

supernatant, 300 µl of 0.1 M HCl and 50 µl of the 2,4-Dinitrophenylhydrazine 

(DNPH) solution were added. The resulting mixture was vigorously mixed and 

kept at 50°C for 1 hour in the dark. At the end of the derivatisation procedure, if 
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necessary, the sample was allowed to cool down and then once again 

centrifuged at 15,000 × g for 5 min at approximately 5°C. The solution was then 

placed in a vial, where 10-45 µl of the solution was taken, and injected into for 

chromatographic analysis according to Czauderna et al. (2011). 

3.4. Crust Penetration and Surface Area Loss 

The images were calibrated using the Fiji-ImageJ open access software 

(Schindelin et al. 2012; Rasband 2018), according to the ruler scale presented 

within each photograph. Using the software, ten measurements were taken per 

sample on each photograph, these measurements were then averaged to obtain 

the average depth crust formed on each of the dry aged eland meat (D15). This 

was done by drawing a line from the edge/tip of visible crust on the meat sample 

vertically to the outer edge of the crust.  

3.5. Microbiology 

To evaluate the influence of the ageing treatments on the microbiota 

composition of eland meat, samples of the LL muscle were analysed according 

to the adjusted methodology described by Li et al. (2013). During transport, the 

samples were stored on ice and aseptically grinded on the day of collection. Meat 

samples were taken from the inner portion of the meat, to exclude surface 

contact areas. For the dry aged crust, the whole crust was included in its 

analysis. The samples were homogenized, and 1 g of each sample was diluted 

in 9 ml of peptone water, prepared by adding 10 g of bacteriological peptone 

(Oxoid, Brno, Czech Republic) and 5 g of sodium chloride (Penta, Prague, Czech 

Republic) to 1 l of distilled water, and then vortexed. These initial samples were 

used to create a ten-fold serial dilution of every meat sample, up to 10-5 dilution. 

Every dilution sample was then shaken in a water-bath for 20 minutes at 37°C, 

and then vortexed. Subsequently, 50 µl of the sample dilution was spread-plated 

on a Petri dish with the appropriate solid medium (Oxoid, Brno, Czech Republic) 

in triplicate. To determine the total aerobic bacteria counts, samples were 

incubated on a Plate Count Agar for 72 hours at 30°C. The Enterobacteriaceae 

were cultivated 24 hours at 37°C on MacConkey Agar. The enumeration of lactic 
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acid bacteria followed culturing samples for 5 days at 25°C on MRS Agar. Yeast 

and moulds were cultivated using plates with Sabouraud Dextrose Agar with 

Chloramphenicol for 7 days at 25°C. 

3.6. Volatile Compounds Analysis (GC-MS) 

3.6.1 Sample Preparation and Extraction 

Three animals were randomly selected and the volatile compounds for 

each animal for both ageing treatments were evaluated (n=9). Samples were 

collected on D1 (control) and D15 (wet aged and dry aged), they were then grilled 

until the inside of the muscle reached a temperature of 70°C (AD14TH, AmaDigit, 

Kreuzwertheim, Germany), after which the samples were homogenized, and 2 

grams of each sample was placed into a 4 mL clear glass vial and sealed with a 

hole cap and PTFE-faced silicone septa. Each glass vial was then labelled 

according to the animal, day, and treatment. The samples were then packed into 

a clear sealable bag and placed in the freezer at -18°C until the time of analysis. 

A modified methodology based on Moran et al. (2021) was used for the analyses 

of volatile compounds.  

Before the analysis took place, the samples were taken out of the 

refrigerator and placed in room temperature to thaw. Prior to extraction, a 

preheated water bath was prepared at 70°C and each sample was then 

equilibrated within the water bath for 15 minutes, after which the vial was then 

subjected to Headspace-solid phase microextraction (HS-SPME). The SPME 

device, a silica fibre coated with 100 µm thick polydimethylsiloxane (PDMS) film 

was placed inside the headspace of the sample for 15 minutes. Then it was 

inserted into the injector, where the substances were desorbed. The fibre was 

left in the injection system until further extraction. The SPME fibre was 

reconditioned at 250°C before using to eliminate contamination from any 

previous usage. This blank measurement was performed for a total of 1 hour. 

Only one fibre was used throughout the entire extraction process. This method 

was repeated for each sample.  
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3.6.2. GC-MS Analysis  

The GC-MS analysis was processed on the Agilent 7890B/5977a 

GC/MSD System (Agilent Technologies, Santa Clara, California, USA) equipped 

with an autosampler Agilent 7693, a HP-5 column (30 m x 0.25 mm, film 

thickness 0.25 µm, Agilent19091s-433). The carrier gas helium had a flow rate 

of 1 ml/min. The injecting temperature was set at 250°C and maintained during 

the whole chromatography run, which was set to 55 minutes. The GC injector 

port operated in splitless mode with a 0.75 mm i.d. liner. The optimized GC oven 

temperature was programmed to increase from 40 °C (1 min) to 160 °C at 4 

°C/min. MassHunter Workstation Software Qualitative Analysis Version B.07.00 

was utilized to analyse the mass spectra. The software program was then set to 

obtain the peak areas by integration. Identification of compounds was based on 

a comparison of the retention indices (RIs) against the mass spectra with the 

National Institute of Standards and Technology library version 2.2 (NIST, USA). 

The confirmation of identification of components was based on the comparison 

of Kovats Index (KI) values, which were calculated by using the retention times 

of  n-Alkanes  series ranging from C7 to C40 (Sigma-Aldrich). The area under 

each identified peak was calculated, and the percentage contribution of each 

volatile compound was determined relative to the total area of all compounds 

identified in the sample. Substances that were not possible to be confirmed by 

comparison of KI was due to their unavailable retention time data. 

3.7. Sensory Evaluation  

The 2 cm-thick steaks cut for sensory analysis after ageing were weighed 

and cooked on a fiamma double glass-ceramic plate grill. For dry aged samples, 

the edges and crusts were removed. The plate grill was first pre-heated at 200°C 

and then a steak was placed and cooked until the internal temperature reached 

70°C. The internal temperature was taken by inserting a temperature probe 

(AD14TH, AmaDigit, Kreuzwertheim, Germany) into the centre of the meat. 

Afterwards, the cooked steaks were taken off the plate, and cooking loss was 

determined, this was done by comparing the weight of the steaks before they 

were grilled and after they were grilled. This was followed by obtaining six 
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samples to determine the WBSF, as described earlier. For preparing the sensory 

evaluation samples, 2 × 2 × 2 cm cubes were cut out of the steaks, omitting the 

edges which had contact with the grill, and then placed into glass containers (with 

lids) that were preheated, and maintained at 50°C for approximately 1 hour, until 

the sensory evaluation. Additionally, the containers were marked with 

randomized codes to ensure unbiases.  

The sensory evaluation was performed by ten trained panellists (ISO 

8586-1 1993) who were instructed to sit in individual booths, that were marked 

with a number, and under red lighting (ISO 8589 1988). The panellists were 

provided with an evaluation form on which the panellists were asked to give their 

evaluation of the sensory attributes of the common eland meat samples that 

underwent either a wet ageing or dry ageing treatment, according to the 

descriptors used in Bartoň et al. (2014). However, additional descriptors were 

also added, as it would allow panellist to clearly identify more specific sensorial 

attributes linked to dry ageing (Table 1). Each panellist was provided with two 

samples (wet aged vs. dry aged) from the same animal for the purpose of 

comparison, as demonstrated in Table 1. As the glass containers with the 

samples had randomized coding, the panellists were not aware of this 

comparison, and six sets of two samples were presented. Overall, the descriptory 

sensory analysis (DSA) included 12 samples from six animals. The panellists 

received the samples in a randomized fashion. Panellists were asked to open 

their container and take the time to first evaluate the /aroma, followed by the 

assessment of the texture and flavour, which were assessed on a continuous 

scale from 0 to 100. Lastly, the panel was provided with bread and water to 

cleanse their palette between samples.  
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Table 1. Description and scale of the sensory attributes (aroma, flavour, and texture) used to 

evaluate the longissimus lumborum from female common eland (Taurotragus oryx).  

Attribute Evaluation Scale 

Beef Aroma Intensity 
Before eating sample 

0 = very low                                                                                 
100 = very high Game Aroma Intensity  

Tenderness After first two or three chews 
0 = very tough                                                                              

100 = very tender 

Juiciness  

After first five or ten chews 

0 = very low                                                                                      
100 = very high 

Fineness 
0 = very coarse                                                                                        
100 = very fine 

Chewability After at least fifteen chews 
0 = difficult to chew                                                                            

100 = easily chewable 

Beef Flavour Intensity 

After first five or ten chews 
0 = very low                                                                                          

100 = very high 
 

Game Flavour Intensity 

Abnormal Flavour Intensity 

Liver Flavour 

Sour Flavour 

Nutty Flavour 

Roasted Flavour 

Overall Acceptance  
After completion of 
evaluation 

0 = not acceptable                                                                               
100 = highly acceptable  

3.8. Statistical Analysis  

The data was analysed in SAS (Version 9.4, SAS Institute Inc., United 

States). Data were evaluated using mixed linear models, and the parameters 

were estimated by the REML method using the MIXED procedure. For the 

physiochemical and microbiological data, the statistical model utilized the 

random effect of animal, and the fixed effect of ageing treatment (control, wet or 

dry ageing). As the design of the sensory data was to compare the effect of wet 

vs dry ageing within one animal, the assessor was also included as a random 

effect, together with the animal, and the ageing treatment (wet vs dry ageing) 

being a fixed effect in the model. A significance level of 5% was used throughout.  

The data in Table 3 are presented as least squares means (LSM) and 

standard errors of the mean (SEM). Differences between groups were compared 
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using Tukey’s range test. Due to the sub-sample size of the animals for the 

volatile compounds analyses, no statistics were performed on the data. 

4. Results 

4.1. Physical Characteristics 

Results for physical characteristics are shown on Table 2. Meat pH for the 

wet and dry treatments of the LL muscle differed (P < 0.001); the pH increased 

from D1 to D15 for the wet treatment, similarly, the pH of the dry aged meat 

increased from D1 to D15. The lightness of colour of the muscle under the wet 

and dry treatment also differed (L*; P = 0.001), with the dry ageing meat being 

darker on D15 compared to the wet treatment on D15. The dry aged LL muscle 

appeared redder (a*; P = 0.029) compared to the wet aged muscle on D15, which 

did not differ from that of the control. There was no apparent difference in the 

yellowness of the LL muscle under either treatment (b*; P = 0.165). The WBSF 

of the cooked meat (P = 0.189) and WBSF of the grilled meat did not differ 

between the ageing treatments, as well as compared to the control (P = 0.415). 

Muscle cooking loss differed between treatments (P < 0.001), with there being a 

higher cooking loss for the wet aged muscle than the dry aged muscle, both of 

which were lower than the cooking loss on D1 (control). Grilling loss percentage 

did not differ between wet aged and dry aged LL muscles (P < 0.184). Weep loss 

did differ (P < 0.0001), with the dry aged muscle having a higher weight loss on 

D15 compared to the wet aged muscle on D15.  
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Table 2. Physical characteristics of eland longissimus lumborum muscles before (control, day 1 

post-mortem) and after wet or dry ageing, for 14 days. 

Parameter 

 

Treatment 

SEM P-value Control Wet Dry 

pH 5.62a 5.64a 5.72b 0.06 <0.001 

L* (lightness) 40.9a 38.9b 37.6b 1.66 0.001 

a* (redness) 11.2b 12.3ab 12.5a 0.91 0.029 

b* (yellowness) 12.2 12.9 12.9 1.09 0.165 

WBSF (N) cooked meat 77.6 90.6 85.9 7.04 0.189 

WBSF (N) grilled meat - 63.3 57.6 5.99 0.415 

Cooking loss (%) 31.4a 20.4b 17.1c 0.80 <0.001 

Grilling loss (%) - 19.8 16.9 2.11 0.184 

Weep loss (%) - 3.0 b 22.1a 0.61 <0.001 

a,b,c Means with different superscripts within the same row differ significantly (P < 0.05) 

WBSF: Warner-Bratzler shear force 

 

4.2 Chemical Composition 

The chemical composition of the LL muscle after different ageing 

treatments, and the control (D1), are depicted in Table 3. The moisture content 

between the two ageing treatments differed (P < 0.001), with the wet aged 

muscle having a higher moisture content compared with the dry aged muscle; 

however, a higher moisture content was found in the control muscle compared 

to the dry aged muscle only. Crude protein content differed (P < 0.001), with the 

dry aged muscles having a higher crude protein value compared to the wet aged 

LL muscles and control samples. Similarly, intramuscular fat differed (P = 0.002), 

with the dry aged LL muscles having higher values than the wet aged and control 

muscles; however, the control muscles had higher values compared to wet aged. 

The ash content also differed between the two treatments (P < 0.001), with dry 

aged LL muscles having a higher ash content compared to the wet aged. 

Additionally, there was an overall increase in ash content from D1 to D15 in both 

the wet aged and dry aged LL muscles, compared to D1 (control). The 
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malondialdehyde (MDA) levels differed in both LL muscle ageing treatments (P 

= 0.047), with the dry aged LL muscles having higher levels of MDA (higher 

degree of lipid oxidation) compared to the wet aged LL muscles and the control.  

 

Table 3. Chemical composition of the eland longissimus lumborum muscle before (control, day 

1 post-mortem) and after wet or dry ageing, for 14 days. 

 Treatment 
SEM P-value 

Parameter Control Wet Dry 

Moisture (%) 74.75a 74.34a 67.40b 0.364 <0.001 

Crude protein (%) 22.89a 23.55a 29.98b 0.281 <0.001 

Intramuscular fat (%) 0.42a 0.32b 0.50a 0.093 0.002 

Ash (%) 1.03c 1.10b 1.49a 0.013 <0.001 

MDA (mg/kg) 0.35b 0.73b 1.64a 0.244 0.047 

a,b,c    Means with different superscripts within the same row differ significantly (P < 0.05) 

MDA: malondialdehyde (lipid oxidation) 

 

4.3 Crust Penetration and Surface Area Loss  

The dry aged LL muscles’ (n=6) overall surface area, wet surface area, 

and dry surface area were measured and depicted in Table 4. The average 

percentage loss per muscle was 16.7%, with one dry aged LL muscle sample 

having the maximum percentage loss of ~21%, while the minimum percentage 

loss recorded was 13%. There was low variability in the penetration depth of the 

crust, which means that crust formation and penetration were similar across all 

samples.  
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Table 4. Descriptive analysis of crust penetration and surface area loss of dry aged common 

eland meat on D15 post-mortem.  

Parameter Mean Minimum Maximum 
Standard 
Deviation 

Overall Surface Area (cm2) 44.05 35.87 51.30 6.15 

Wet Surface Area (cm2) 36.62 29.06 41.97 4.89 

Dry Surface Area (cm2) 7.43 5.71 10.67 1.86 

Percentage Loss (%) 16.78 13.08 20.79 2.75 

Depth Crust Average (cm2) 0.32 0.26 0.39 0.06 

 

4.4 Microbial Analysis  

The microbial composition of the longissimus lumborum muscle of eland 

meat is shown in Table 5. The total bacteria count (TBC) between the different 

ageing treatments, and when compared to the control, did not have any 

significant differences (P = 0.296). The Enterobacteriaceae (EAB) count differed 

(P < 0.001) with between treatments, with dry aged meat having a lower count 

compared to wet aged meat, but a higher count compared to the dry crust. Lactic 

acid bacteria (LAB) count was significantly different (P = 0.021; the LAB count 

was similar for the control and wet aged treatment, but the values differ 

significantly from dry aged meat. The LAB count from the dry crust was 

significantly higher compared to the dry aged meat. Yeast levels between 

treatments did not differ (P = 0.939), but mould levels did differ between 

treatments (P = 0.004), with levels decreasing compared to the control. Wet aged 

meat had lower mould counts compared to dry aged meat, while on the other 

hand, the dry crust had lower mould development compared to the control 

treatment and internal meat samples of both wet and dry ageing treatments. 
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Table 5. Total bacteria count (TBC), Enterobacteriaceae (EAB), lactic acid bacteria (LAB), yeast 

and mould counts before (control, day 1 post-mortem) and after wet or dry ageing, for 14 days.  

a,b,c  Values with different superscripts differ at P < 0.05. 

 Unit: log CFU/g, but data of < log 1.0 was adjusted to 0.01 

(TBC) total bacteria count  

(EAB) Enterobacteriaceae 

(LAB) lactic acid bacteria 

 

4.5 GC-MS Analysis of Volatile Compounds 

In the GC-MS analysis, a total of 11 compounds of 3 different classes 

(aldehyde, alcohol, and hydrocarbon) were identified in the eland meat samples. 

The chemical composition is demonstrated in Table 6. Hexanal and nonanal 

were the primary compounds identified. In the control, hexanal (73.5%) was the 

main constituent, followed by another aldehyde, nonanal (9.47%), and the 

alcohol, 1-octen-3-ol (4.44%). Similarly, in the wet aged treatment, hexanal 

(64.19%) was the main compound with the highest percentage contribution, 

followed by benzaldehyde (11.29%) and nonanal (10.07%). The percentage 

contribution of benzaldehyde in the wet aged LL muscle differed from the control 

(2.17%) and the dry aged meat (3.32%), as the percentage contribution was 

lower in both the control and dry aged meat compared to the wet aged LL muscle. 

Within the dry aged LL muscle, hexanal (73.43%) was the main component with 

the highest percentage contribution, followed by nonanal (6.19%); the other 

compounds’ percentage contributions were similar. However, the dry aged 

treatment differed with the control and wet aged treatment in that the alcohol, 2-

Parameter 
(log CFU/g) 

Treatment 

SEM P-Value 

Control Wet Dry   Crust 

TBC 5.46 5.60 4.37 5.18 0.517 0.296 

EAB 4.58a 2.87b 0.29c 0.01c 0.394 <0.001 

LAB 3.18ab 3.61ab 1.99b 3.97a 0.605 0.021 

Yeast 4.39 4.13 4.26 4.41 0.476 0.939 

Mould 4.22a 1.42b 2.00b 0.53b 0.654 0.004 
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Ethylhexan-1-ol (3.17%), only appeared in the dry aged treatment but was not 

detected in the control or wet aged treatments.  

 

Table 6. Volatile compounds identified using gas chromatography-mass spectrometry in cooked 

eland meat, before (control, day 1 post-mortem) and after wet or dry ageing, for 14 days (day 

15). Values are presented as a percentage of the contribution of each volatile compound relative 

to the total compounds identified in the sample.   

Compound 
RT 

(mins) 

RI 
Relative Contribution of Compound 

(%)  

Obs Pubs Control Wet  Dry  

Pentan-1-ol 6.68 773 779 1.44 1.24 2.80 

Hexanal 7.43 801 800 73.50 64.19 73.43 

m-Xylene 10.01 872 872 0.21 0.09 0.33 

Heptanal 11.14 904 899 3.04 2.98 2.73 

Benzaldehyde 13.75 976 978 2.17 11.29 3.32 

1-octen-3-ol 14.32 991 978 4.44 4.97 3.45 

Octanal 14.84 1006 1001 2.29 3.85 2.82 

2-Ethylhexan-1-ol 16.02 1041 1045 c c 3.17 

2-Decen-1-ol 17.42 1082 d 1.41 0.92 1.20 

Nonanal 18.31 1109 1098 9.47 10.07 6.19 

Pentadecanal 33.93 1724 1717 2.02 0.41 0.54 

RT: retention time; RI: retention index 
a retention index is calculated from retention times and based on C7-C40 alkanes 
b Data taken from NIST (2018) 
c Compound not detected in the sample 
d Literature data not available  

 

4.6 Sensory Evaluation 

The effect of the two ageing treatments on the sensory characteristics of 

the LL muscle of eland meat were evaluated by trained panellists after 14 days 

of ageing, and the results are summarized in Table 7. Beef aroma intensity did 

not differ between the ageing treatments (P =0.465). Additionally, game aroma 

intensity (P = 0.214), tenderness (P = 0.673), juiciness (P= 0.280), fineness (P = 

0.763), chewiness (P = 0.939), beef flavour intensity (P = 0.549), game flavour 
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intensity (P = 0.811), abnormal flavour intensity (P = 0.109), sour flavour (P = 

0.415), nutty flavour (P = 0.529), roasted flavour (0.114), and overall acceptance 

(P = 0.153) did not differ between treatments. However, abnormal aroma 

intensity (P = 0.013) and liver flavour (P = 0.014) did differ, with wet aged meat 

having a higher abnormal aroma and liver flavour compared to dry aged meat.  

 

 Table 7. The effect of different ageing on the sensory characteristics of eland meat (longissimus 

lumborum) as evaluated by a trained panel after 15 days of ageing, scored on a 0 to 100 

continuous line scale.  

 

 

 

 

 

 Descriptor 

Ageing 

SEM P-value 

Wet Dry 

Beef aroma intensity 43.8 46.1 5.02 0.465 

Game aroma intensity 46.0 42.6 4.37 0.214 

Abnormal aroma intensity 29.6 22.2 6.08 0.013 

Tenderness 58.0 59.5 5.65 0.673 

Juiciness 53.3 57.6 4.62 0.280 

Fineness 55.4 54.2 4.50 0.763 

Chewiness 55.5 55.8 5.23 0.939 

Beef flavour intensity 50.9 49.3 4.51 0.549 

Game flavour intensity 36.9 36.3 4.76 0.811 

Abnormal flavour intensity 19.7 16.5 4.73 0.109 

Liver flavour 29.1 22.0 3.99 0.014 

Sour flavour 34.2 31.5 5.94 0.415 

Nutty flavour 18.2 19.5 4.45 0.529 

Roasted flavour 28.5 24.5 5.14 0.114 

Overall acceptance 47.9 52.8 4.27 0.153 
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5. Discussion 

Meat quality is affected by pH, which can influence an array of parameters, 

such as shelf-stable life, which includes factors such as colour and microbial 

stability. In this study, it was observed that pH values increased from D1 to D15 

for both wet aged and dry aged LL muscle; the rise of pH values was also 

observed in Shange et al. (2019), the study focused on the physiochemical and 

microbiological changes of back wildebeest under two treatments; high pH 

muscle and normal pH muscle, as well as in the work of Rodriguez-Calleja et al. 

(2005) where the focus was on pH levels on rabbit meat and its microbiological 

effects. When amino acids breakdown, they release other basic compounds that 

increases the alkalinity, thus increasing pH (Gill & Newton 1979). It must be 

noted that the by-products of this process are responsible for spoilage 

symptoms, including off-odours and off-flavours (Braggins 1996). Additionally, 

bacteria growth is not necessarily affected by a variation of pH between 5.5 and 

7 (Gill & Newton 1979). 

 In the present study, the pH levels were always under 6, meaning that for 

game meat, these are normal pH levels that could potentially benefit from a 

longer shelf-life. Braggins (1996) reported that with an increase in ultimate pH 

values there was an increase in the development of undesirable flavours and 

odours, as well as a decrease in the concentration of aromatic compounds such 

as aldehydes. However, in this study the pH value of dry aged meat was higher 

than the control and wet aged meat, but the percentage of aldehyde compounds, 

was lower (89.04%) compared to the control (92.50%) and wet aged (92.79%) 

muscle, while no direct conclusions can be drawn due to the limited subset of 

data—this is an interesting observation. Van Ba et al. (2013) found that volatile 

aroma compounds developed desirable attributed of meat at a pHu of 5.5 

compared to a pH of 6.2. It is possible that because the pH level of the dry aged 

meat was higher compared to the other treatments, this could explain the lower 

concentration of aldehydes.  

Microbial spoilage can be present in aged meat and is undesirable as it 

can pose health issues. There are microbial spoilage limits that have been used 

by Shange et al. (2018) in game meat, to understand what counts are acceptable 
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and not acceptable in terms of safety. Currently, bacterial counts of 7 log cfu/g 

are considered unacceptable to the current consumer for consumption. In the 

present study, the LL muscles under the various treatments were under 7 log 

cfu/g for total bacteria count (TBC), which means that the control, along with the 

aged meats, would be considered acceptable for consumption. The TBC was 

higher in the control and wet aged meat, which can be due to the fact that the 

wet aged meat was packaged, as well as both the control and wet aged meat 

had a higher moisture content compared to dry aged meat. While packaging can 

effectively be a barrier for many forms of contamination, the packaging can also 

create a thriving environment for anaerobic bacteria.  

This is further explained by the fact that LAB was higher in wet aged meat 

compared to the control and dry aged meat. Similar results were reported by 

Parrish et al. (2001), in which LAB is dominant in this kind of environment. Yeast 

levels did not different across treatments in the present study, but yeast counts 

can be decreased in dry ageing by ageing in a bag compared to traditional dry 

ageing (Ahnström et al. 2006). Mould growth was higher in the control, which 

means that is it likely that there was the presence of cross-contamination or 

transfer of mould spore to the carcass. Another contributor could be due to the 

differences in moisture content compared to the dry aged and wet aged meat, 

and while the moisture content did not differ between the control and wet aged 

meat, the wet LL muscle was aged in a vacuum package, which again, acts as 

a barrier. 

Moreover, the presence of Enterobacteriaceae in the control indicates that 

there was initial contamination that could be related to the harvesting process, 

which typically occurs during the dressing/slaughtering processes (Gouws et al. 

2017; Humphrey & Jørgensen 2006). Furthermore, potential lacerations of the 

gastrointestinal tract and contact with the carcass skin contributes to the 

microbiological contamination of the muscle (Gill 2007). It is for this reason that 

proper protocol of harvesting and dressing procedures are followed, as well as 

ensure the hygiene of workers and slaughterhouse to decrease the potential of 

microbial contamination. Further research on techniques to minimize 

contamination of muscle during the dressing of the animal should be investigated 

under less-controlled field harvesting conditions for game species.  
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Moisture content was lower for dry aged meat compared to the control 

and wet aged meat, as well as the weep loss. This is simply due to the fact that 

dry aged meat has higher muscle weight loss, as during the ageing process the 

muscle is essentially dried out, without any barrier to prevent moisture loss. While 

dry ageing does lead to a development of positive sensorial attributes, it is also 

linked to higher losses compared to wet aged meat. According to the results of 

the crust penetration, ~20% of overall surface area of the LL muscle was lost 

after ageing. Given that currently game meat’s most important economic 

parameter is yield, this is an important aspect that producers as well as 

commercial consumers need to take into consideration. Lastly, further research 

on alternative uses of the trimmings lost as the crust should be investigated, such 

as adding it to other processed products to improve their flavour. Xue et al. 

(2021) reported that using beef crusts as an additive in the production of beef 

patties did not have any negative effects on lipid oxidation, moreover, adding the 

dry aged beef crust was found to enhance the flavour of the beef patties.  

The colour stability of meat plays an important role in a consumer’s 

decision in meat selection (Needling et al. 2016). In South African game meat, it 

is typical to have a meat colour range from dark red to red brown in colour. These 

colour differences have been attributed to the fact that wild ungulates, such as 

eland, are more active compared to their livestock counterparts (Hoffman 2001), 

and thus meat myoglobin content is higher in game species, for example, the 

myoglobin content was reported to be of 7.25 to 7.50 mg/g for impala (Hoffman 

et al. 2005). During ageing of the eland meat in this study, the L* 

(brightness/lightness) decreased, while a* (redness) and b* (yellowness) of the 

meat surface (after blooming) increased over the ageing period. Lightness of 

colour decreased with ageing because of changes in protein structures, allowing 

for a higher dispersion of light (Joseph & Connely 1970). However, the overall 

colour of the meat still had levels similar to what is generally expected of game 

meat (L* > 33, a* > 13, b* ~10, C* > 17 and Hab > 36; Shange et al. 2019), 

meaning that ageing did not have a significant impact on the colour stability of 

the meat. The low IMF content that is found in game species also plays a role in 

the darkness of its colour, by giving the meat a darker appearance, which is 

typically undesirable by consumers (Hoffman & Wiklund 2006). While colour is 
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important to the consumer, the redness and brightness of the muscles in this 

study would still be considered acceptable to the consumer (Shange et al. 2019). 

The WBSF is an indicator that gives insight to the toughness or 

tenderness of meat. Currently, consumers consider meat with a shear force of 

<42.87 N as tender (Destefanis et al. 2008). The shear force values of grilled LL 

muscle were similar to the results of Needham et al. (2020a), where the BF 

muscle reached a maximum tenderness of 57.5 to 67.5 N, and the LTL muscle 

reached a maximum tenderness of 57.0 to 67.5 N. However, broiled LL muscles 

had high shear force values, which would deem the meat to be unacceptable to 

the consumer, but when looking at the shear force after grilling, more favourable 

values were obtained. The application of heat can either increase tenderness or 

decrease it depending on two main facts: time and temperature (Ismail et al. 

2019). Cooking methods impact not only the juiciness and tenderness, but also 

the volatile aroma of the meat (Kerth 2016; Shahidi 2004; Bejerholm & Aaslyng 

2003). While cooking method was not a point of focus for this study, it is still an 

area for further research on how different cooking methods, at different 

temperatures and durations, can further improve tenderness of game meat.  

When meat is cooked, there are modifications of the connective tissue as 

well as of the myofibrillar proteins (Ismail et al. 2019), additionally the application 

of heat allows for the dissolvement of collagen which means the softening of the 

muscle, or increase in tenderness — on the other hand, heat can also be 

responsible for denaturing myofibrillar proteins which can decrease tenderness 

(Walsh et al. 2010). Overall, shear force values for both grilled meat and broiled 

meat of the LL muscle would indicate that for the average consumer, the LL 

muscle would still be considered tough after both vacuum/wet ageing and dry 

ageing, therefore concluding that additional strategies to improve tenderness. 

However, when considering the sensory evaluation, the sensory panel did not 

determine any differences in tenderness between the ageing treatments and 

scored the samples on the “more tender” side of the line scale. 

There are various ageing techniques that exist to enhance the quality of 

meat, and currently, vacuum-ageing, or wet ageing, is the most popular method 

used within the commercial industry, due to lower ageing losses and 
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convenience during storage and transport (Warren & Kastner 1992). On the other 

hand, dry ageing has been found to enhance desirable flavour development; 

however, there are additional ageing losses due to a higher loss of moisture 

(Smith et al. 2014), as already mentioned, moreover, cooking loss values are 

lower for dry aged meat compared to wet aged meat. In general, temperature is 

the main factor impacting cooking loss in meat Modzelewska-Kapituła et al. 

2012), as well as the period of time the meat is cooked for (Silva et al. 2015).  

Furthermore, ante-mortem and post-mortem factors directly and indirectly 

influence the tenderness of meat (Koohmaraie et al. 2002). Hawkins et al. (1987) 

reported that over 50% of the tenderness outcome is dependent on muscle traits. 

Intramuscular fat content also plays a role in meat tenderness (Webb & O’Neill 

2008), with higher IMF content having higher tenderness levels. Needham et al. 

(2019) and Bartoň et al. (2014) have established that eland meat has low levels 

of intramuscular fat, and given that eland meat is considered tough, this can 

provide further supports the linkage between tenderness and IMF. Game species 

are known to have lower IMF levels due to higher activity levels as these are 

wild/free-range animals. Moreover, the levels of IMF content and moisture having 

an important relation to one another (Cho et al. 2010), the results of this study 

agree with Han et al. (1996), that higher IMF levels account for a lower cooking 

loss and vice-versa.   

 Meat flavour is important to consumers and it is a combination of tastes 

and aromas (James & Calkins 2008). Volatile compounds are responsible for 

determining the aroma and flavours of cooked meat, and a myriad of compounds 

are responsible for this, as aroma and flavours cannot be attributed to just a 

single compound or class of compounds (Pegg & Shahidi 2004). In this study, 

wet aged meat scored higher for liver flavour compared to dry aged meat; liver-

like flavour has been attributed to gamey flavour (Neethling et al. 2016). Gamey 

flavour functions as the main contributing factor to flavour the various game 

species, but the lack of specific descriptors makes it difficult to compare between 

different studies (Needling et al. 2016). Gamey flavour, along with abnormal 

aroma, could also be attributed to lipid oxidation, as the degradation of lipids can 

release off-odours and flavours. While the levels of MDA were higher for dry aged 

meat compared to the control and wet aged meat, it is also known that dry aged 
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meat benefits from the development of unique flavour. Higher MDA levels are 

also expected in the dry aged meat, as the dry aged meat was not packaged, 

and thus exposed to oxygen. On the other hand, wet aged meat does not 

necessarily benefit from the development of deeper more complex flavours as 

does dry aged meat, and thus the levels of MDA could have negatively impacted 

the sensory quality of the wet aged meat, which can provide an explanation of to 

higher abnormal odour compared to dry aged meat.  

The development of particular gamey flavours could also be attributed to 

the diets of games species. Particularly, South African species, with the 

availability of different types of terrain in the region have access to different types 

of feed (Van Der Merwe et al. 2013) which could influence the flavour of game 

meat, especially compared to domesticated livestock. The reason that diet can 

influence the flavour of meat is because diet has been found to influence fatty 

acid profiles in ruminants (Wood et al. 2008), which as it has been established 

fatty acids influence not only meat flavour but also aroma. Additionally, the wet 

aged LL muscle had more intense abnormal aroma intensity compared to dry 

aged meat, this can be attributed to the fact that dry aged meat tends to develop 

different flavours and aromas that are favourable to the consumer. Overall, there 

were no differences found in the overall acceptance of either wet aged or dry 

aged meat, despite the more favourable scores for liver flavour and abnormal 

aroma intensity in dry aged eland meat.   

6. Conclusions & Recommendations 

Ageing under the current techniques had a negligible influence on eland 

meat tenderness, and the meat could still be considered as tough to the average 

consumer. Thus, additional processing techniques would need to be further 

implemented to improve tenderness quality, such as pelvic suspension or 

alternative ageing techniques and times. Overall, there was a preference for dry 

aged meat amongst the sensory panel, as it scored higher in overall preference 

and scored lower in abnormal aroma intensity and liver flavour, both of which are 

negative attributes from the consumer’s perspective. Thus, dry ageing indeed 

showed better flavour and aroma development than wet ageing, but overall 
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acceptance was not significantly affected. Dry aged meat showed higher weep 

loss compared to the control and wet aged meat, as well as ~20 % crust loss, 

making it an expensive product. Overall, ageing did not negatively influence the 

colour of eland meat and produced microbially-safe meat. Further research on 

meat internal cooking temperatures and times should be conducted, to 

investigate appropriate cooking methods for game meat, considering the 

differences obtained for the shear force in the broiled versus grilled preparation 

methods. Additionally, a combination of ageing techniques should be further 

investigated, as well as alternative technologies, such as dry-bag ageing, to 

further improve the tenderness of eland meat.  

 



41 

7. References 

Ahnström ML, Seyfert M, Hunt MC, Johnson DE. 2006. Dry aging of beef in a bag highly 

permeable to water vapour. Meat Science 73:674-679. 

Atanassova V, Apelt J, Reich F, Klein G. 2008. Microbiological quality of freshly shot 

game in Germany. Meat Science 78:414–419.  

Barnier VMH, Wiklund E, van Dijk A, Smulders FJM, Malmfors G. 1999. Proteolytic 

enzyme and inhibitor levels in reindeer (Rangifer tarandus tarandus L.) vs. 

bovine longissimus muscle, as they relate to ageing rate and response. Rangifer 

19:13-18. 

Bartoň L, Bureš D, Kotrba R, Sales J. 2014. Comparison of meat quality between eland 

(Taurotragus oryx) and cattle (Bos taurus) raised under similar conditions. Meat 

Science 96:346–352. 

Bejerholm C, Aaslyng MD. 2004. The influence of cooking technique and core 

temperature on results of a sensory analysis of pork—depending on the raw 

meat quality. Food Quality and Preference 15:19-30. 

Bertolini R, Zgrablic G, Cuffolo E. 2005. Wild game meat: Products, market, legislation 

and processing controls. Veterinary Research Communications 229:97–100. 

Berry MPS. 1986. A comparison of different wildlife production enterprises in the 

Northern Cape Province, South Africa. South African Journal of Wildlife 

Research 16:124–128. 

Boleman SJ et al. 1997. Consumer evaluation of beef of known categories of 

tenderness. Journal of Animal Science 75:1521-1524. 

Bothma J. 1996. Game ranch management. JL van Schaik Publishers, Pretoria, South 

Africa. 

Braggins TJ. 1996. Effect of stress-related changes in sheepmeat ultimate pH on 

cooked odor and flavor. Journal of Agricultural and Food Chemistry 44:2352–

2360. 

Brewer S, Novakofski J. 2007. Consumer Sensory Evaluations of Aging Effects on Beef 

Quality. Journal of Food Science 73:78-82. 



42 

Brooke MH, Kaiser KK. 1970. Muscle Fiber Types: How Many and What Kind? Archives 

of Neurology 23:369-379. 

Bueno M, Resconi VC, Campo MM, Ferreira V, Escudero A. 2019. Development of a 

robust HS-SPME-GC-MS method for the analysis of solid food samples. Analysis 

of volatile compounds in fresh raw beef of differing lipid oxidation degrees. Food 

Chemistry 281:49-56. 

Bureš D, Bartoň L, Kotrba R, Hakl J. 2015. Quality attributes and composition of meat 

from red deer (Cervus elaphus), fallow deer (Dama dama) and Aberdeen Angus 

and Holstein cattle (Bos taurus). Journal of the Science of Food and Agriculture 

95:2299-2306. 

Calkins CR, Hodgen JM. 2007. A fresh look at meat flavor. Meat Science 77:63-80. 

Casoli C, Duranti E, Cambiotti F, Avellini P. 2005. Wild Ungulate Slaughtering and Meat 

Inspection. Veterinary Research Communications 29:89-95. 

Child BA, Musengezi J, Parent GD, Child GFT. 2012. The economics and institutional 

economics of wildlife on private land in Africa. Pastoralism: Research, Policy and 

Practice 2:18. 

Cho SH, Kim J, Park BY, Seong PN, Kang GH, Kim JH, Jung SG, Im SK, Kim DH. 2010. 

Assessment of meat quality properties and development of a palatability 

prediction model for Korean Hanwoo steer beef. Meat Science 86:236-242. 

Chriki S, Renand G, Picard B, Micol D, Journaux L, Hocquette JF. 2013. Meta-analysis 

of the relationships between beef tenderness and muscle characteristics. 

Livestock Science 155:424–434. 

Curry JW, Hohl R, Noakes TD, Kohn TA. 2012. High oxidative capacity and type IIx 

fibre content in springbok and fallow deer skeletal muscle suggest fast sprinters 

with a resistance to fatigue. Journal of Experimental Biology 215:3997-4005. 

Czauderna M, Kowalczyk J, Marounek M. 2011. The simple and sensitive measurement 

of malondialdehyde in selected specimens of biological origin and some feed by 

reversed phase high performance liquid chromatography. Journal of 

Chromatography B 879:2251-2258. 



43 

Dashdorj D, Tripathi VK, Cho S, Kim Y, Hwang I. 2016. Dry aging of beef; Review. 

Journal of Animal Science and Technology 58:20. 

Daszkiewicz T, Gugołek A, Janiszewski P, Kubiak D, Czoik M. 2012. The Effect of 

Intensive and Extensive Production Systems on Carcass Quality in New Zealand 

White Rabbits. World Rabbit Science 20:25-32. 

Destefanis G, Brugiapaglia A, Barge MT, Dal Molin E. 2008. Relationship between beef 

consumer tenderness perception and Warner–Bratzler shear force. Meat 

Science 78:153-156. 

Dingboom EG, Weijs WA. 2004. The effect of growth and exercise on muscle 

characteristics in relation to meat quality. Pages 83-102 in te Pas MFW, Everts 

ME, Haagsman HP, editors. Muscle development of livestock animals: 

physiology, genetics and meat quality. CABI, Wallingford. 

Farmer LJ, Mottram DS. 1990. Interaction of lipid in the maillard reaction between 

cysteine and ribose: The effect of a triglyceride and three phospholipids on the 

volatile products. Journal of the Science of Food and Agriculture 53:505-525. 

Field RA. 2004. Game. Pages 1302 - 1308 In Devine C, Dikeman M, editors. 

Encyclopedia of Meat Sciences. Vol. 3. Oxford: Elsevier Academic Press. 

Gagaoua M, et al. 2016. Sensory quality of meat from eight different types of cattle in 

relation with their biochemical characteristics. Journal of Integrative Agriculture 

15:1550-1563. 

Gaviglio A, Marescotti M, Demartini E. 2018. The Local Value Chain of Hunted Red 

Deer Meat: A Scenario Analysis Based on a Northern Italian Case Study. 

Resources 7:34. 

Gill CO. 2004. Visible Contamination on Animals and Carcass and the Microbiological 

condition of Meat. Journal of Food Protection 67:413-419. 

Gill CO. 2007. Microbiological conditions of meats from large game animals and birds. 

Meat Science 77:149-160. 

Gill CO, Newton KG. 1979. Spoilage of vacuum-packed, dark, firm, dry meat at chill 

temperatures. Applied and Environmental Microbiology 37:362-364. 



44 

Gouws PA, Shange N, Hoffman LC. 2017. Game meat hygiene. Pages 223-228. 

Paulsen P, Bauer A, Smulders FJM, editors. Microbial quality of springbok 

(Antidorcas marsupialis) meat in relation to harvesting and production process. 

Wageningen Academic Publishers.  

Grunert KG, Bredahl L, Brunsø K. 2004. Consumer perception of meat quality and 

implications for product development in the meat sector - A review. Meat Science 

66:259-272. 

Han GD, Kim DG, Kim SM, Ahn DH, Sung SK. 1996. Effects of aging on the physico-

chemical and morphological properties in the Hanwoo beef by the grade. Korean 

Journal of Animal Science 38:589-596. 

Hawkins RR, Davis GW, Cable JK Jr., Ramsey CB.1987. Fragmentation Index as an 

Early Postmortem Predictor of Beef Tenderness. Journal of Animal Science 

64:171-176. 

Hoffman LC. 2000. Meat quality attributes of night-cropped Impala (Aepyceros 

melampus). South African Journal of Animal Science 30:133-137. 

Hoffman LC. 2001. The effect of different culling methodologies on the physical meat 

quality attributes of various game species. Pages 212-221 in Ebedes H, Reilly B, 

Van Hoven W, Penzhorn B, editors. Proceedings of the 5th international wildlife 

ranching symposium: Sustainable utilisation — Conservation in practice. South 

Africa: Pretoria.  

Hoffman LC, Ferreria AV. 2000. pH decline of the M. longissimus thoracis of night-

cropped Grey Duiker (Sylvicapra grimmia). South African Journal of Animal 

Science 30:16-17. 

Hoffman LC, Kritzinger B, Ferreira AV. 2005. The effects of region and gender on the 

fatty acid, amino acid, mineral, myoglobin and collagen contents of impala 

(Aepyceros melampus) meat. Meat Science 69:551–558. 

Hoffman LC, Wiklund E. 2006. Game and venison – meat for the modern consumer. 

Meat Science 74:197-208. 

Honikel KO. 1998. Reference methods for the assessment of physical characteristics 

of meat. Meat Science 49:447-457. 



45 

Lonergan EH, Zhang W, Lonergan SM. 2010. Biochemistry of postmortem muscle - 

Lessons on mechanisms of meat tenderization Meat Science 86:184-195. 

Humphrey T, Jørgensen F. 2006. Pathogens on meat and infection in animals – 

Establishing a relationship using campylobacter and salmonella as examples. 

Meat Science 74:89-97. 

Huntley BJ. 1971. Carcass composition of mature male blesbok and kudu. South 

African Journal of Animal Science 1:125–128. 

Ismail I, Hwang YH, Bakhsh A, Joo ST. 2019. The alternative approach of low 

temperature-long time cooking on bovine semitendinosus meat quality. Asian-

Australasian Journal of Animal Sciences 32:282-289. 

ISO 8589:1988. 1988. Sensory analysis—General guidance for the design of test 

rooms. ISO, Geneva. 

ISO 8586-1:1993. 1993. Sensory analysis—General guidance for the selection, training 

and monitoring of assessors—Part 1: Selected assessors. ISO, Geneva. 

James JM, Calkins CR. 2008. The influence of cooking rate and holding time on beef 

chuck and round flavour. Meat Science 78:429–437. 

Jeremiah LE, Dugan MER, Aalhus JL, Gibson LL. 2003. Assessment of the chemical 

and cooking properties of the major beef muscles and muscle groups. Meat 

Science 65:985–992. 

Jeremiah LE, Gibson LL. 2003. The effects of postmortem product handling and aging 

time on beef palatability. Food Research International 36:929–941. 

Kerth C. 2016. Determination of volatile aroma compounds in beef using differences in 

steak thickness and cook surface temperature. Meat Science 117:27-35. 

Kim YH, Kemp R, Samuelsson LM. 2016. Effects of dry-aging on meat quality attributes 

and metabolite profiles of beef loins. Meat Science 11:168-76.  

Kim YHB, Ma D, Setyabrata D, Farouk MM, Lonergan SM, Huff-Lonergan E, Hunt MC. 

2018. Understanding postmortem biochemical processes and post-harvest aging 

factors to develop novel smart-aging strategies. Meat Science 144:74-90. 

Klont RE, Borcks L, Eikelenboom G. 1998. Muscle fibre type and meat quality. Meat 

Science 49:S219-S229. 



46 

Koohmaraie M, Kent MP, Shackelford SD, Veiseth E, Wheeler TL. 2002. Meat 

tenderness and muscle growth: is there any relationship? Meat Science 62:345-

352. 

Kudrnáčová E, Bartoň L, Bureš D, Hoffman LC. 2018. Carcass and meat characteristics 

from farm-raised and wild fallow deer (Dama dama) and red deer (Cervus 

elaphus): A review. Meat Science 141:9-27. 

Laster MA, Smith RD, Nicholson KL, Nicholson JDW, Miller RK, Griffin DB, Harris KB, 

Savell JW. 2008. Dry versus wet aging of beef: Retail cutting yields and 

consumer sensory attribute evaluations of steaks from ribeyes, strip loins, and 

top sirloins from two quality grade groups. Meat Science 80:795–804. 

Lawrie RA, Ledward DA. 2006. Lawrie's meat science (7th ed.). Woodhead Publishing 

Limited. Cambridge, England. 

Li X, Babol J, Wallby A, Lundström K. 2013. Meat quality, microbiological status and 

consumer preference of beef gluteus medius aged in a dry ageing bag or 

vacuum. Meat Science 95:229-234. 

Lightfoot CJ, Posselt J. 1977. Eland (Taurotragus oryx) as a ranching animal 

complementary to cattle in Rhodesia. 4. Management. Rhodesia Agricultural 

Journal 74:115- 120. 

Lopp A, Weber H. 2005. Research into the optimising the tenderness of beef from: parts 

of the forequarter. Fleischwirtschaft 85:111-116. 

Lu P, Li D, Yin J, Zhang L, Wang Z. 2008. Flavour differences of cooked longissimus 

muscle from Chinese indigenous pig breeds and hybrid pig breed 

(Duroc×Landrace×Large White). Food Chemistry 107:1529-1537. 

Marks J, Stadelman W, Linton R, Schmieder H, Adams R. 1998. Tenderness Analysis 

and Consumer Sensory Evaluation of Ostrich Meat from Different Muscles and 

Different Aging Times. Journal of Food Quality 21:369-381. 

Miko A, Pries K, Haby S, Steege K, Albrecht N, Krause G, Beutin L. 2009. Assessment 

of Shiga Toxin-Producing Escherichia coli Isolates from Wildlife Meat as 

Potential Pathogens for Humans. Applied and Environmental Microbiology 

75:6462–6470. 



47 

McNeill S, van Elswyk ME. 2012. Red meat in global nutrition. Meat Science 92:166-

173. 

Modzelewska-Kapituła M, Dąbrowska E, Jankowska B, Kwiatkowska A, Cierach M. 

2012.The effect of muscle, cooking method and final internal temperature on 

quality parameters of beef roast. Meat Science 91:195-202. 

Mottram DS. 1998. Flavour formation in meat and meat products: a review. Food 

Chemistry 62:415-424. 

Mottram DS, Edwards RA. 1983. The role of triglycerides and phospholipids in the 

aroma of cooked beef. Journal of the Science of Food and Agriculture 34:517-

522. 

Moran L, Aldai N, Barron LJR. 2021. Elucidating the combined effect of sample 

preparation and solid-phase microextraction conditions on the volatile 

composition of cooked meat analyzed by capillary gas chromatography coupled 

with mass spectrometry. Food Chemistry 352:129380. 

Needham T, Engels RA, Hoffman LC. 2021. Sensory Characteristics of Male Impala 

(Aepyceros melampus) Meat, Produced under Varying Production Systems and 

Nutrition. Foods 10:619. 

Needham T, Engles RA, Bureš D, Kotrba R, van Rensburg BJ, Hoffman LC. 2020c. 

Carcass Yields and Physiochemical Meat Quality of Semi-extensive and 

Intensively Farmed Impala (Aepyceros melampus). Foods 9:418. 

Needham T, Kotrba R, Hoffman LC, Bureš D. 2020a. Ante-and post-mortem strategies 

to improve the meat quality of high-value muscles harvested from farmed male 

common eland (Taurotragus oryx). Meat Science 168:108183. 

Needham T, Lambrechts H, Hoffman L. 2017. Castration of Small Livestock and the 

Potential of Immunocastration to Improve Animal Welfare and Production Traits: 

Invited Review. South African Journal of Animal Science 47:731-742. 

Needham T, Laubser JG, Kotrba R, Bureš D, Hoffman LC. 2019. Sex influence on 

muscle yield and physiochemical characteristics of common eland (Taurotragus 

oryx) meat. Meat Science 152:41–48. 



48 

Needham T, Laubser JG, Kotrba R, Bureš D, Hoffman LC. 2020b. Influence of ageing 

on the physical qualities of the longissimus thoracis et lumborum and biceps 

femoris muscles from male and female free-ranging common eland (Taurotragus 

oryx). Meat Science 159. 

Neethling J, Hoffman LC, Muller M. 2016. Factors influencing the flavour of game meat: 

A review. Meat Science 113:139-153. 

Nishimura T. 1998. Mechanism Involved in the Improvement of Meat Taste during 

Postmortem Aging. Food Science and Technology International, Tokyo 4:241-

249. 

NIST Chemistry WebBook. 2018. NIST Standard Reference Database Number 69 

Available at https://webbook.nist.gov/chemistry/. Accessed March 30, 2021. 

North MK, Frylinck L, Hoffman LC. 2015. The physical and biochemical changes in 

springbok (Antidorcas marsupialis) Longissimus thoracis et lumborum and 

Biceps femoris muscle during ageing. Meat Science 110:145–152.  

North MK, Hoffman LC. 2015. Changes in springbok (Antidorcas marsupialis) 

Longissimus thoracis et lumborum muscle during conditioning as assessed by a 

trained sensory panel. Meat Science 108:1–8.  

Oberem, P.; Oberem, P. 2016. The New Game Rancher. Briza Publications: Pretoria, 

South Africa. 

Park S-Y, Yoon Y-M, Schilling MW, Chin K-B. 2009. Evaluation of Volatile Compounds 

Isolated from Pork Loin (Longissimus dorsi) as Affected by Fiber Type of Solid-

phase Microextraction (SPME), Preheating and Storage Time. Korean Journal 

for Food Science of Animal Resources 29:579-589. 

Parrish FC, Boles JA, Rust RE, Olson DG. 1991. Dry and Wet Aging Effects on 

Palatability Attributes of Beef Loin and Rib Steaks from Three Quality Grades. 

Journal of Food Science 56:601-603. 

Pegg RB, Shahidi F. 2004. Heat Effects on Meat| Flavour Development. Pages 570-

578 in Wener KJ, editors. Encyclopedia of Meat Sciences. Academic press. 

Picard B, Lefaucheur L, Berri C, Duclos MJ. 2002. Muscle fibre ontogenesis in farm 

animal species. Reproduction, Nutrition, Development 42:415–431. 



49 

Ramankutty N, Evan AT, Monfreda C, Foley JA. 2008. Farming the planet: 1. 

Geographic distribution of global agricultural lands in the year 2000. Global 

Biogeochemical Cycles 22:GB1003. 

Ramanzin M, Amici A, Casoli C, Esposito L, Lupi P, Marsico G, Mattiello S, Olivieri O, 

Ponzetta M.P, Russo C. 2010. Meat from wild ungulates: Ensuring quality and 

hygiene of an increasing resource. Italian Journal of Animal Science 9:3. 

Rasband WS. 2018. ImageJ, U. S. National Institutes of Health, Bethesda, Maryland, 

USA, Available at https://imagej.nih.gov/ij/, 1997-2018: Accessed 2021-02-03. 

 
Rincker PJ, Bechtel PJ, Finstadt G, Van Buuren RGX, Killefer J, Mckeith FK. 2006. 

Similarities and Differences In Composition And Selected Sensory Attributes Of 

Reindeer, Caribou And Beef. Journal of Muscle Foods 17:65-78. 

Rodriguez-Calleja JM, Garcia-Lopez ML, Santos JA, Otero A. 2005. Development of 

the aerobic spoilage flora of chilled rabbit meat. Meat Science 70:389-94. 

Rødbotten M, Kubberød E, Lea P, Ueland Ø. 2004. A sensory map of the meat 

universe. Sensory profile of meat from 15 species. Meat Science 68:137-144. 

Russo C, Bentivoglio M. 2008. Effetto dell’eta’ di macellazione e del sesso sulla 

composizione acidica della carne di daino (Dama dama): risultati preliminari. 

Annali della Facoltà di Medicina Veterinaria di Pisa 60:114-118 (In Italian). 

Savell JW. 2008. Dry-aging of beef. Executive summary. Centennial, CO: National 

Cattlemen’s Beef Association.  

Schindelin J, et al. 2012. Fiji: an open-source platform for biological-image analysis. 

Nature methods 9:676-682. 

Shahidi F, Samaranayaka AGP, Pegg RB. 2004 Heat Effects on Meat | Maillard 

Reaction and Browning. Pages 578-592 in Werner KJ, editor. Encyclopedia of 

Meat Sciences. Academic Press. 

Shange N, Gouws P, Hoffman LC. 2019. Changes in pH, colour and the microbiology 

of black wildebeest (Connochaetes gnou) longissimus thoracis et lumborum 

(LTL) muscle with normal and high (DFD) muscle pH. Meat Science 147:13–19.  



50 

Shange N, Makasi TN, Gouws PA, Hoffman LC. 2018. The influence of normal and high 

ultimate muscle pH on the microbiological and colour stability of previously frozen 

black wildebeest (Connochaetes gnou) meat. Meat Since 135:14-19. 

Silva DRG, Torres Filho RA, Cazedey HP, Fontes PR, Ramos ALS, Ramos EM. 2015. 

Comparison of Warner-Bratzler shear force values between round and square 

cross-section cores from cooked beef and pork Longissimus muscle. Meat 

Science 103:1-6. 

Smith AM, Harris KB, Griffin DB, Miller RK, Kerth CR, Savell JW. 2014. Retail yields 

and palatability evaluations of individual muscles from wet-aged and dry-aged 

beef ribeyes and top sirloin butts that were merchandised innovatively. Meat 

Science 97:21-26. 

Smith GC, Tatum JD, Belk KE. 2008. International perspective: characterisation of 

United States Department of Agriculture and Meat Standards Australia systems 

for assessing beef quality. Australian Journal of Experimental Agriculture 

48:1465-1480. 

Terjung N, Witte F, Heinz V. 2021.The dry aged beef paradox: Why dry aging is 

sometimes not better than wet aging. Meat Science 172:108355. 

Troy DJ, Kerry JP. 2010, September 1. Consumer perception and the role of science in 

the meat industry. Meat Science 86:214-226. 

Van Ba H, Amma T, Hwang I. 2013. Significant influence of particular unsaturated fatty 

acids and pH on the volatile compounds in meat-like model systems. Meat 

Science 94:480-488. 

Van Ba H, Park K, Dashmaa D, Hwang I. 2014. Effect of muscle type and vacuum chiller 

ageing period on the chemical compositions, meat quality, sensory attributes and 

volatile compounds of Korean native cattle beef. Animal Science Journal 85:164-

173.  

Van der Merwe M, Hoffman LC, Jooste PJ, Calitz FJ. 2013. The hygiene practices of 

three systems of game meat production in South Africa in terms of animal class 

and health compliance. Meat Science 94:145-152. 

Van Schalkwyk DL, Hoffman LC. 2016. Guidelines for the harvesting & processing of 

Wild Game in Namibia 2016. Windhoek. 



51 

Van Zyl L, Ferreira A v. 2004. Physical and chemical carcass composition of springbok 

(Antidorcas marsupialis), blesbok (Damaliscus dorcas phillipsi) and impala 

(Aepyceros melampus). Small Ruminant Research 53:103–109.  

Viganò R, Demartini E, Riccardi F, Corradini A, Besozzi M, Lanfranchi P, Chiappini PL, 

Cottini A, Gaviglio A. 2019. Quality parameters of hunted game meat: Sensory 

analysis and pH monitoring. Italian Journal of Food Safety 8:7724. 

Volpelli LA, Valusso R, Morgante M, Pittia P, Piasentier E. 2003. Meat quality in male 

fallow deer (Dama dama): effects of age and supplementary feeding. Meat 

Science 65:555-562. 

Walsh H, Martins S, O’ Neill EE, Kerry JP, Kenny T, Ward P. 2010. The effects of 

different cooking regimes on the cook yield and tenderness of non-injected and 

injection enhanced forequarter beef muscles. Meat Science 84:444-448. 

Wang X, Zhu L, Han Y, Xu L, Jin J, Cai Y, Wang H. 2018. Analysis of volatile compounds 

between raw and cooked beef by HS‐SPME–GC–MS. Journal of Food 

Processing and Preservation 42:e13503. 

Warren KE, Kastner CL. 1992. A  Comparison of Dry‐aged and Vacuum‐aged Beef 

Strip Loins. Journal of Muscle Foods 3:151–157. 

Wasserman AE, Spinelli AM. 1972. Effect of some water-soluble components on aroma 

of heated adipose tissue. Journal of Agricultural and Food Chemistry 20:171-

174. 

Webb EC, O’Neill HA. 2008. The animal fat paradox and meat quality. Meat Science 

80:28-36. 

Wiklund E, Johansson L, Malmfors G. 2003. Sensory meat quality, ultimate pH values, 

blood parameters and carcass characteristics in reindeer (Rangifer tarandus 

tarandus L.) grazed on natural pastures or fed a commercial feed mixture. Food 

Quality and Preference 14:573–581.  

Wiklund E, Pickova J, Sampels S, Lundström K. 2001. Fatty acid composition of M. 

longissimus lumborum, ultimate muscle pH values and carcass parameters in 

reindeer (Rangifer tarandus tarandus L) grazed on natural pasture or fed a 

commercial feed mixture. Meat Science 58:293–298.  



52 

Wilcox S, Sharkey JR, Mathews AE, Laditka JN, Laditka SB, Logsdon RG, Sahyoun N, 

Robare JF, Liu R. 2009. Perceptions and Beliefs About the Role of Physical 

Activity and Nutrition on Brain Health in Older Adults. The Gerontologist 49:61-

71. 

Witte F, Smetana S, Heinz V, Terjung N. 2020. High-pressure processing of usually 

discarded dry aged beef trimmings for subsequent processing. Meat Science 

170:108241. 

Wood JD, Enser M. 1997. Factors influencing fatty acids in meat and the role of 

antioxidants in improving meat quality. British Journal of Nutrition 78: S49–S60. 

Wood JD, Enser M, Fisher AV, Nute GR, Sheard PR, Richardson RI, Hughes SI, 

Whittington FM. 2008. Fat deposition, fatty acid composition and meat quality: A 

review. Meat Science 78:343-358. 

Xue S, Setyabrata D, Bonham CC, Kim YHB. 2021. Evaluation of functional and 

chemical properties of crust from dry-aged beef loins as a novel food ingredient. 

Meat Science 172:108403. 

Zochowska-Kujawska J, Lachowicz K, Sobczak M, Bienkiewicz G. 2010. Utility for 

production of massaged products of selected wild boar muscles originating from 

wetlands and an arable area. Meat Science 85:461–466.  



I 

8. Appendices 

APPENDIX I: Sensory evaluation questionnaire provided to the panellists to 

score the wet and dry aged eland meat, using the continuous line scale method. 

protokol senzorického hodnocení "eland 2020" box num: set num: 

kód hodnotitele / assessor: 
dne: 
27.08.2020   

        

  Intenzita vůně hovězího m. (beef aroma intensity)     
        

velmi   velmi   

nízká   vysoká   

        

  
Intenzita vůně zvěřiny (game meat aroma 

intensity)     

        

velmi   velmi   

nízká   vysoká   

        

  
Intenzita abnormální vůně (abnomal odour 

intensity)     

        

velmi   velmi   

nízká   vysoká   

        
  Křehkost (tenderness)     
        

velmi   velmi   

nízká   vysoká   

        
  Šťavnatost (juiciness)     
        

velmi   velmi   

nízká   vysoká   

        

  Vláknitost (fineness)     
        

velmi   velmi   

nízká   vysoká   

        
  Žvýkatelnost (Chewability)     

        

velmi   velmi   

nízká   vysoká   

        



II 

  Intenzita chuti hovězího m (beef flavour intensity)     

        

velmi   velmi   

nízká   vysoká   

        

  
Intenzita chuti zvěřiny (game meat flavour 

intensity)     
        

velmi   velmi   

nízká   vysoká   

        

        

  
Intenzita abnormální chuti (abnormal flavour 

intensity)     
        

velmi   velmi   

nízká   vysoká   

        
  Chuť jater (liver flavour)     

        

velmi   velmi   

nízká   vysoká   

        

  Chuť kyselá (sour flavour)     
        

velmi   velmi   

nízká   vysoká   

        
  Chuť oříšková (nutty flavour)     
        

velmi   velmi   

nízká   vysoká   

        

  Chuť pečeného masa (roasted flavour)     
        

velmi   velmi   

nízká   vysoká   

        
  Celková přijatelnost (overall acceptance)     
        

velmi   velmi   

nízká   vysoká   

        

 

 

 



III 

APPENDIX II:  Images of LL muscle overall surface, wet surface, and crust 

penetration depth measured, using ImageJ software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IV 

APPENDIX III: Examples of chromatograms from the GC-MS Analysis of eland 

longissimus lumborum meat volatiles.  

Animal C on D1 (Control)

 

Animal 231 D15 Wet Aged

 

Animal C D15 Dry Aged

 

Animal 231 D15 Wet Aged

 


