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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

Quiality; 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
guantity 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).

1



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

industry, particularly in South Africa, the limited research on the fresh meat
2



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
3



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 Vigano 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 (Vigano 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 (Kudrnacova 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) (Bartori 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; Barton 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

6



guantity; 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 (Kudrnacova et al.
2018). The skeletal muscle of large mammals is composed of three fibre types,
[, 1A 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
7



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 11B (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

8



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).

Radbotten 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



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).

Bures 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 d