
272 

 

P-ISSN: 2304-3075; E-ISSN: 2305-4360 
International Journal of Veterinary Science 

www.ijvets.com; editor@ijvets.com  
Review Article https://doi.org/10.47278/journal.ijvs/2022.194  

 

Physical Hazards in Wild Ungulate Meat Harvested for Food Purposes: A 
Systematic Review 
 
DV Nkosi1,* JL Bekker2 and LC Hoffman3 
 
1Department of Environmental Health, Tshwane University of Technology, Pretoria, South Africa 
2Department of Animal Sciences, University of Stellenbosch, Stellenbosch, South Africa 
3Centre for Nutrition and Food Sciences, Queensland Alliance for Agriculture and Food Innovation (QAAFI), University 
of Queensland, Digital Agricultural Building, 8115, Office 110, Gatton 4343, Australia 
*Corresponding author: nkosidv@tut.ac.za 
 
Article History: 22-652 Received: 25-Jun-22 Revised: 08-Jul-22 Accepted: 22-Jul-22 
 

ABSTRACT 
 

Meat safety includes the absence of physical hazards that has a potential of causing physical harm to consumers. Whilst 
there are physical hazards introduced in most in meat products, it is clear that some of the hazards, such as bullets 
particles and bone splinters, find their way in hunted wild ungulates in processes employed during killing. To assess the 
physical hazards that may occur in the game meat/venison industry, a systematic review of scientific literature 
published in English between 2000 and 2021 is conducted. The majority of studies evaluated and identified the risks of 
wild animal killing, which included fragmented bullets particles and bone splinters due to bones fracturing due to the 
killing process of game meat animals. Despite alternatives, such as the adoption of less fragmenting bullets, its 
compulsory implementation is proving a challenge in most countries.  
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INTRODUCTION 
 

The control of physical hazards in food, including 
meat, remains important in ensuring its safety and 
acceptability. These physical hazards are foreign objects 
that can be unintentionally introduced into food during the 
process of manufacturing, production, preparation or 
consumption of a specific food product from “plant to 
plate,” and may cause physical harm, such as trauma and 
injury, to an unsuspecting consumer (Olsen and 
Zimmerman 2002; Fu and Ying 2016). The three 
categories of food hazards are biological agents, such as 
pathogens, chemical, which include toxins from toxic 
metals leading to bioaccumulation of these toxins in the 
body, and physical trauma or injuries around the digestive 
tract from the ingestion of sharp or hard objects in food 
(Stoica et al. 2014; Das et al. 2019). Biological and 
chemical hazards are generally well investigated in the 
food industry, however the situation is different with 
physical hazards and their nature (EFSA Panel on 
Biological Hazards 2013; Trevisani et al. 2019). 

Physical hazards are plastic, stones, metals, bones, 
wood, glass and any other foreign substance that could be 
introduced to food during processing, or inherent in meat 

or carcasses (such as bones) (Cavalheiro et al. 2020). 
While studies have documented the toxicological risks 
from elements, such as arsenic (As), cadmium (Cd), lead 
(Pb) and copper (Cu), found naturally in the environment, 
and being ingested by meat animals and subsequently 
consumers, processes linked with the killing of game meat 
animals, such as the selection of a bullet or placement of 
the shot that may introduce these elements into the food 
chain in higher concentrations, are lacking (Mateo et al. 
2011; Marques et al. 2011). A number of studies 
documented the toxicological risks associated with the 
excessive consumption of contaminated meat from wild 
animals (Hunt et al. 2009; Lindboe et al. 2012; Nkosi et 
al. 2021). There has only been a few studies focusing on 
the occurrence of physical hazards and the effect thereof 
on the consumer’s health once ingested (Caudell 2013; 
BFR 2014; Martin et al. 2019). Olsen (1998) and food 
standards Codex Alimentarius Commission (2010) 
highlight four factors that determine the potential risk of 
physical hazards to consumers, namely (1) the size of the 
foreign object found on/in the food product, (2) the type 
of the contaminated food product, (3) the physical 
characteristic of the foreign object, and (4) the type of 
consumer eating the product. 
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Physical hazards present in food in larger sizes or 
quantities have the potential to cause adverse health 
effects, such as the risk of laceration, perforation and 
possibly secondary infection in an exposed person or a 
consumer (Olsen 1998; Chen et al. 2019). Fig. 1 illustrates 
the possible health effects and organs likely to be affected 
by physical hazards once consumed (adapted from Keener 
2001; Demaurex and Sallé 2014). 

Like other processes of food manufacturing, game 
meat production could have similar or more physical 
hazards that need controlling. In reference to game meat 
production, processes such as game farming, hunting, 
slaughter practices and game meat product processing 
could all introduce physical hazards at any stage of the 
process (Verba et al. 2016). The dominant source of these 
hazards may be extraneous contributors, such as bullets 
used for hunting, slaughter equipment and the slaughter 
environment. Some of these hazards are common in 
hunted meat, such as bones splintering during the killing 
processes (Demaurex and Sallé 2014).  

In game meat producing countries, such as South 
Africa and Namibia, the two common methods used to 
kill game/ungulates are 1) through rifle shooting during 
hunting or harvesting, and 2) shotgun shooting from a 
helicopter during harvesting – although rifles are also 
used in Australia (Bekker et al. 2011; Cooper and Van der 
Merwe 2014). Pertaining to rifle shooting (single 
projectile), body shots are generally accepted and 
preferred by traditional hunters. Body shots of game are 
usually placed behind or on top of the front shoulder to 
ensure an instant kill, as the bulk of the vital organs (heart 
and lungs) are situated in this area (Uhl and Peterson 
2018; Trinogga et al. 2019). The thinking around body 
shots has always been rendering an instant kill; the target 
area is generally stationery and for the hunter, this 
position is regarded as the easiest shot that causes less 
harm or damage to the carcass (meat) of the animal 
(Winkelmayer and Paulsen 2018; Wassenaar et al. 2019). 

Shot gun shooting from a helicopter is usually linked 
with the killing of many animals in a short space of time 
for the purpose of game farm stock management or 
culling (Bekker et al. 2011; Hampton et al. 2021). The 
shotgun pellets are normally lead and have a large 
diameter (2-4mm). Sometimes there is the use of high 
calibre rifles, although hitting the head is more 
challenging with this methodology. The helicopter chases 
the animals and a shooter aims for the head while the 
animal is running, and a ground team is responsible for 
bleeding (exsanguination) the animals after they are shot. 
As an alternative, the helicopter guides the animals to a 
boma (enclosure), where animals will be rested, then 
channelled to a ‘death acre’ (small enclosure) where they 
are killed at close range with a low velocity rifle (Latham 
et al. 2018; Needham and Hoffman 2022). 

Both these procedures could contribute to some form 
of physical hazards from the killing processes. There is a 
variety of metals (copper, lead, zinc, nickel, iron, bronze, 
etc.) used in the manufacturing of bullets (Morse et al. 
2020), and fragments thereof could be left in the meat, 
especially when lead-made bullets are used for shooting 
animals (Trinogga et al. 2019). Additionally, a common 
result of shooting is the splintering and fracturing of the 
animals’ bones due to the bullet striking them (Chapin et 
al. 2013; Mathew et al. 2016). 

It is therefore obvious that the selection of killing 
methods could present an increased risk of consumer 
exposure to metal particles and bone splinters 
(Kalubowila and De Silva 2016; Gorham 2018; 
Cavalheiro et al. 2020). Bones are inherent in meat and 
the control and monitoring of smaller pieces to prevent 
physical harm to the consumer remains important. The 
discrepancies on how to monitor and control the presence 
of bone hazards in meat has led to food safety authorities 
and governments leaving the responsibility to food 
processors to detect and establish the risk, as well as to 
remove the physical hazards (Govender 2016). Depending 
on the size of the bone splinter, harm could occur in 
various areas within the consumer’s body (Fig. 1), 
including in the digestive system (Chapin et al. 2013; 
Mathew et al. 2016). Studies in the United Kingdom, the 
USA, Canada and Pakistan revealed that children below 
the age of 15 years were prone to choking from bones 
(Chapin et al. 2013; Sofos 2014; Dumas 2018). The 
effects of unintentional consuming of sharp or larger 
bones goes beyond choking, as some bones can lead to 
esophagus trauma, and/or sticking, where surgery may be 
required (Huck and Kyles 2018; Maqsood et al. 2018). In 
general, overcooking of meat and bones may render 
smaller bones more chewable and less dangerous to the 
consumer (Jin-Gi et al. 2019). This is however different 
with bullet particles.  

In numerous developing countries, the legal control 
and monitoring of physical hazards on meat is not well 
developed. This review highlights the need for a clear 
assessment of physical hazards that may occur in the 
game meat/venison industry during the provision of safe 
game meat, where applicable, and South Africa, as a 
developing game meat producing country, is an example. 

 
MATERIALS AND METHODS 

 
To assess the physical hazards that may occur in the 

game meat/venison industry, there was a systemic review 
of scientific literature conducted utilizing English 
literature published between 2001 and 2021 on Google 
Scholar, Science direct, Research Gate and PubMed. The 
procedure used to search included entering the following 
key terms: Meat animals hunting, OR Hunting, OR 
Harvesting, AND Helicopter, OR Bullets, OR Pellets, OR 
Bones, OR Splinters, AND Africa, OR Europe, OR South 
America, OR North America, OR Asia, OR Australia, OR 
Antarctica. There was also a search of grey material from 
web pages of the European Union Communities 
(www.eur-lex.europa.eu), Australia and New Zealand 
(www.foodstandards.gov.au), Codex Alimentarius 
Commission (www.fao.org), the Republic of China 
regulation (www.npc.gov.cn), Canadian Standards 
Agency (www.laws-lois.justice.gc.ca), United States Food 
and Drugs Administration (USFDA) (www.fda.gov) 
pertaining to legislation and guidelines on allowable limits 
for physical contaminants in food, including meat (Table 
1).  

Fig. 2 depicts the search and review methodology of 
the literature pursued on research conducted on physical 
hazards in meat and related legal requirements across the 
world as per the PRISM diagram adapted from PRISMA-
P (Moher et al. 2015). 
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Fig. 1: Illustration of health effects and organs likely affected by 
the ingestion of physical hazards (Keener 2001; Demaurex and 
Sallé 2014). 
 

 
 
Fig 2: Methodology of search followed during the review 
process. 
 
Table 1: Physical hazards’ regulations or standards and health 
effect classification. 

Country (Regulation /Standard)  Reference  
EU countries (2002/99/EC) EU (2002) 

Republic of China 
(G/SPS/N/CHN/1055) 

Republic of China 
(2012) 

Australia (3.3.1/111-2009) FSANZ (2009) 
United States of America (21 CFR 
117.130) 

USDA (2019) 

Canada (SOR/2018-108) Canadian Food 
Inspection Agency 
(2018) 

Codex Alimentarius member 
countries (CAC/RCP 1-1969) 

Codex Alimentarius 
Commission (2010) 

Note: There was no literature found for any of the African 
countries; countries with no regulation generally used the codex 
guidelines. 

 
Records without specific reference to physical 

hazards in meat, studies in languages other than English, 

and postgraduate theses were excluded from this study as 
they did not relate to the objective of the study. The focus 
of the search was biased towards ungulates, although 
where applicable, there were smaller game species and 
birds included. Consequently, Table 2 presents an 
overview of studies conducted between 2011 and 2021 
globally. 
 

RESULTS 
 

In an “Any time” search on Google Scholar using the 
above-mentioned key words, the first recommendation on 
the identification of physical hazards was from 1991. 
Though initial studies were on extraneous matters that 
were not found in food products, there was also heavy 
reliance on consumer complaints and the presence of 
foreign material in food products including meat 
(Rhodehamel 1992). Although the concept of physical 
hazards identification and the risks associated with 
contamination is not new, as there have been a few studies 
on this topic conducted in developing countries. The 
numbers of studies conducted were as follows: Austria 
(3), China (1), France (1), Germany (3), Hungary (1), 
Italy (1), Ireland (1), Namibian and South Africa (1), 
Netherlands (1), Poland (1), Portugal (1), Serbia (1), 
South Africa (2), Sudan (1), United Kingdom (2) and 
United States of America (2); there was no information 
found on research in any of the other countries of the 
world. The majority of these studies identified the risks of 
wild ungulate killing, and these risks included the 
introduction of foreign material, such as fragmented bullet 
particles due to hunting, or a meat animal killing method 
adopted, and bone splinters due to bones fracturing in the 
killing process.  

Table 2 depicts the limits of physical hazards as 
categorized by their sizes and the probability of causing 
harm on affected organs. 

Regulated or not, the responsibility lies with all role-
players along the supply chain to monitor and ensure that 
processes (farm to fork) employed include physical hazard 
identification, evaluation and control (ISO 2018). Control 
measures, such as physical identification and removal, and 
the application of technology, such as X-ray and metal 
detection equipment, are already available for use in the 
food industry. For these measures to be effective, it must 
be coupled with the development and compliance to Good 
Manufacturing Practices (GMPs) and employee training at 
all times (Cerf et al. 2011; Demaurex and Sallé 2014). 

The situation is no different in the game meat 
production industry, there is reliance on the meat inspector 
to remove any physical hazards during primary meat 
inspection, although this may not be possible at all times. 
 

DISCUSSION 
 

This review has shown that extensive work has been 
done on the identification of biological and chemical 
hazards especially lead (Casoli et al. 2005; Mateo et al. 
2011; Crotta et al. 2022) during the killing of wild 
ungulates. Whilst the research on physical hazards in 
game was widespread in developed countries, there is still 
more needed in developing countries and game meat
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Table 2: Summary of studies conducted in food (meat) for physical hazards detection between 2000 and 2021 
Country Aim Product 

investigated 
Research 
type 

Study findings and recommendations Sources 

Austria  To assess copper content in 
muscles of deer species 
hunted with two types of 
solid copper bullets 

Deer 
(Cervidae) 

Critical 
review  

 Bullets made from copper contributes to 
physical hazards contamination when used 
for killing of deer 

 Copper made bullets fragment less compared 
to lead-based bullets upon hitting a target 

 Copper monitoring during slaughter must be 
done and kept below 1.25 mg/kg on products 

Irschik et al. 
(2013) 

Austria  To report on bullets 
composition during hunting 
and the food safety 
implications 

Game 
meat 
animals  

Literature 
review  

 Large fragments embedded in meat may 
constitute a physical hazard upon ingestion 

 Depending on size, shape and material 
characteristics, fragments may represent 
physical hazards 

Irschik et al. 
(2014) 

Austria  To investigate the levels  
of copper and Nickel in meat  
as contributed by bullets  

Deer 
(Cervidae) 

Laboratory 
analysis  
(Hunted meat 
animals) 

 Nickel and copper in bullets present an 
eminent risk of physical contamination to 
game meat 

 Due to its shiny nature, nickel-plated bullets 
could be identified easier in carcasses 

 Infrared lights could be used during meat 
inspection to identify shinny fragments from 
nickel-plated bullets 

Paulsen and 
Sager, (2017) 

Australia  To investigate metrics and 
terminal ballistic 
performance for lead-based 
and lead-free (non-lead) 
bullets for aerial shooting   

Wild pigs 
(Sus scrofa) 
in eastern 
Australia 

Research   Radiographic images revealed a higher 
average number of fragments per animal  

 Lead-based bullets display a higher degree of 
fragmentation 

Hampton et al.  
(2021) 

China  To investigate recent Near-
infrared Spectroscopy (NIS) 
and imaging applications for 
food safety evaluation 

Food 
products 
including 
meat  

Review 
literature  

 NIR spectroscopy and imaging can be 
effective in metal detection in food industries 

 NIR spectroscopy and imaging can be 
effective tools that will play indispensable 
roles for food safety evaluation in processing 
plants  

Fu and Ying 
(2016) 

 

France  To investigate the 
effectiveness Good 
Manufacturing Practices 
(GMP) and Hazard Analysis 
Critical Control Points 
(HACCP) to detect physical 
hazards 

Game meat  Critical 
literature 
review 

 HACCP alone cannot totally eliminate 
physical hazards at primary level of 
production and is thus not fit for purpose 

 GMP must be implemented at farm level 
during killing of meat animals to ensure a 
comprehensive system management 

Cerf et al. 
(2011) 

Germany  To compare the efficiency 
rapid kill from lead bullets 
and lead-free bullets on wild 
ungulates  

Wild 
ungulates  

Research   Lead-free rifle bullets fragments similar 
conventional bullets. 

 Bullet type significantly influenced wound 
diameters at bullet entry and exit points   

 Proper placement shots could lead to rapid 
death by extensive blood loss 

Trinogga et al. 
(2013) 

Germany  To examine the contamination 
of game meat with copper and 
zinc during killing 

Deer 
(Cervidae) 
and Wild boar 
(Sus scrofa) 

Field 
experiment  
(Animal 
hinting) 

 Compared to copper, zinc made bullets 
fragment less upon hitting a target or bone 
during killing 

 

Schlichting et 
al. (2017) 

Germany  To investigate the suitability 
of bullets for hunting, and for a 
better understanding of  
the terminal ballistics needed  
for quick and humane kills 

Wild 
ungulate 
species 
 
  

Technical 
report 

 Risk analysis of hazards induced by hunting 
rifle bullets must be done on all meat 
destined for human consumption 

 Ballistic data must be used to understand the 
contamination of game meat by bullets particles 

Gremse et al. 
(2014) 

Germany  To assess the differences in the 
fragmentation patterns of lead-
based and lead-free hunting 
rifle bullets using the 
radiographic characteristics of 
gunshot wounds 

Wild 
ungulate 
species 

Field 
experiment  

 Lead based bullet fragment more than lead 
free bullets on impact during hunting 

 The choice of a bullet could lead to reduced 
risks of physical hazards in hunted game  

 Head shots and subsequent condemnation of 
the head and neck is recommended  

Trinogga et al. 
(2019) 

Hungary  To analyse the change of the 
quantity of venison produced 
in Hungary and the distribution 
of game meat between game 
species 

Wild 
ungulates 
 

Retrospective 
study on 
existing 
records  

 The type of bullets to be used for game meat 
animals killing must be regulated and such 
regulations enforced by authorities 

 Regulating the type or position of shots that 
may be acceptable for meat production is 
important, so as to prevent the use of animals 
shot in the body for meat purposes 

Bleier et al. 
(2013) 
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Italy To compare copper and lead 
based ammunitions 
fragmenting on wild boars 
carcasses 

Wild boars 
(Sus scrofa) 

Laboratory 
experiments  

 The dispersion of lead made ammunition in a 
carcass of a wild boar is greater than copper 
made bullets 

 Copper ammunition is a safer alternative 
compared to lead core bullets in respect to 
physical contamination  

 Radiographic evaluation of carcases can be 
used to identify different bullets fragments in 
hunted and killed wild boars 

Menozzi et al. 
(2019) 

Italy  To investigate the ammunition 
types and evaluate the mean 
weight of the embedded gunshot 
on Woodcock  

Woodcock 
(Scolopax) 

Research   Radiographic images revealed whole pellets 
and fragmentation centres in majority of shot 
carcasses  

 Pb pellets are generally, non-magnetic, dark, 
dull and deformed, and these attributes could 
be used during meat inspection 

Andreotti et al. 
(2016) 

Ireland  To provide a review of specific 
NIS in muscle applications 
dealing with meat and fish 
quality and safety attributes 

Red meat   Literature 
review  

 Near Infrared Spectroscopy (NIS) technology 
can be used in meat and fish to detect 
physical hazards  

Weeranantanaphan 
et al. (2011) 

Namibia 
and South 
Africa  

To discuss major methods 
employed to harvest game on a 
commercial basis in South 
Africa and Namibia 

Game 
meat 
animals  

Critical 
review  

 Use of cropping methods suited to specific 
species being cropped is efficient in 
minimizing ante mortem stress and thus bone 
damages from running of animals 

 Cropping in game meat production can be 
effectively used to select animals and the 
position of the shot at close range  

 This method can be effectively used for 
domesticated game meat animals 

van Schalkwyk 
et al. (2011) 

 

Nether-
lands 

To investigate the efficiency of 
diagnostic regiments adopted for 
game meat animals handling in 
dealing with hazards of concern 

Game 
meat 
animals  

Literature 
review  

 The current one-point meat inspection system 
based on individual animal inspection is not 
effective compared to an integrated food 
safety assurance system 

 Mitigation including meat inspection will 
have to be adaptive and risk based on game 
meat animals presented for inspection 

 Technology such as metal detection is 
necessary to assist with physical hazards 
identification during game meat animal 
killing 

Vågsholm 
(2014) 

Norway  To investigate fragments from 
bullets used for moose hunting 
and carcass contaminate meat,  

Moose 
(Alces 
alces) 

Research   Lead-based bullets deposited 690 kg of lead 
in moose carcasses 

 Copper based bullets deposited 21 kg of 
copper in killed moose carcasses  

Stokke et al. 
(2017) 

Poland  To investigate the relationship 
between bullet materials made 
for the purpose of hunting birds 
and the impact it has as a 
physical hazard 

Game 
birds  

Literature 
review  

 Bullets made for hunting of birds could 
present real risks of physical hazards 
contamination from the projectile 

 Meat from birds shot with lead pellets should 
be excluded from the human diet 

 The use of lead pellets in bird hunting should 
be banned, not only for the residue risks but 
also for fragmenting capabilities of the 
bullets to cause physical harm to consumers 

Felsmann et al. 
(2016) 

Portugal  To investigate hazards 
associated with game meat 
production  

Game  
meat  

Literature 
review  

 Game meat can contain small and numerous 
bullet fragments and bone splinters that may 
be dangerous to the slaughter personnel and 
consumer 

 Radiographic images can be used to detect 
bullets and bone splinters to improve meat 
safety 

 Though this technology cannot be effectively 
implemented by all abattoirs due to its cost 

Costa et al. 
(2016) 

Serbia  To identify hazards important 
for wild boar meat safety 

Wild boars 
(Sus 
scrofa) 

Laboratory 
analysis  

 There are no specific physical hazards 
controls for wild boars killed 

 Control measures may include good 
manufacturing practices such as the 
development of GMP programmes for game 
meat animals’ slaughter 

 Improved meat inspection systems to control 
physical hazards in slaughtered game meat 
animals 

Petrović et al. 
(2015) 
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South 
Africa  

To determine and identify the 
most essential food safety 
management points in game 
meat supply chain 

Game 
meat 
supply 
chain  

Qualitative, 
game 
industry and 
literature 
reviews  

 Policies that regulate the slaughter and 
control of hazards in game meat supply in 
South Africa are lacking  

 Law enforcers and the industry to establish 
and implement management programmes that 
will ensure a safe game meat product to the 
consumer 

Bekker et al. 
(2011) 

South 
Africa  

To identify and highlight 
existing deficiencies and 
knowledge gaps in the food 
safety assurances systems of the 
wildlife meat market for export 

Wildlife 
meat 
products  

Data review   The availability of prescribed food safety 
management systems does not guarantee 
prevention of physical contamination of meat 
and animal products 

 Food safety systems must be combined with 
efficient and effective implementation 
strategies from farm to fork 

 The continuous review and adaptations of 
food safety regulations is necessary to keep 
pace with the changing food supply, 
scientific advances and the demand to 
safeguard human health 

Magwedere et 
al. (2015) 

United 
Kingdom 

To provide an overview of the 
main hazards posed by game 
meat to humans, as well as some 
practical suggestions for 
managing those risks 

Game  
meat 
animals 

 

Literature 
review  

 Game killing processes may introduce 
hazards such as bullets, and these hazards 
must be managed during killing processes 

 The selection of the bullet type is part of 
physical hazards management during killing 

 Allow only head shots for game meat 
production where possible 

Radakovic and 
Fletcher 
(2011) 

United 
Kingdom  

To describes Food Standard 
Agency’s (FSA) overall 
approach to game meat safety in 
the United Kingdom  

Game  
meat  

Literature 
review  

 The identification of future risks to the safety 
of foods with emphasis on game meat is slow 

 Early identification or prediction of food 
safety incidents fundamental to the 
implementation of timely, proportionate, and 
decisive corrective and preventive actions to 
protect consumers must be done 

 Data should be used to make predictions 
about emerging physical food safety threats 
in the game meat supply chain 

Randles et al. 
(2014) 

United 
Kingdom  

To investigate whether gunshot 
pellets also fragment upon 
impact in wild birds  

Wild  
birds  

Investigative 
research  

 Removal of big pellets could occur during a 
normal home inspection before cooking.  

 Small fragments could still contribute physical 
risks and contamination by lead toxins  

Pain et al. 
(2010) 

USA To investigate meat and meat 
handling practices likely to 
introduce physical hazards in 
meat 

Meat and 
meat 
products  

Critical 
literature 
review of 
HACCP 

 The strategy for hazard control in meat 
should focus on (1) good animal production 
practices on the farm; (2) slaughtering of 
animals that are disease-free; (3) processing 
of carcasses and meat in properly designed 
and maintained facilities and under sanitary 
and hygienic conditions 

 Critical limits for physical hazards must be 
regulated for game meat products 

Sofos (2014) 

USA To investigate whether rifle 
bullet fragments are an 
additional source of human lead  

White-
tailed deer 
(Odocoileus 
virginianus) 

 

Field 
investigation 

 Bullets fragments are prevalent in wild deer 
killing with a rifle and standard lead-based 
rifle bullets 

 One or more consumers of a hunter-killed, 
commercially processed deer will consume 
bullet fragments at a given time  

Hunt et al. 
(2009) 

USA To investigate the fragmentation 
of lead bullets and the 
implications to scavengers  

Deer 
(Odocoileus 
virginianus) 

Field 
research  

 Metal fragments broadly distributed along 
wound channels 

 Few fragments could be found in deer killed 
with copper expanding bullets 

Hunt et al. 
(2006) 

USA, To quantify the number of bullet 
fragments deposited in sheep 
carcasses shot with different 
types of lead and lead-free, high-
velocity centre-fire rifle bullets, 
and with lead projectiles fired 
from shotguns and muzzleloader 
rifles  

Sheep 
carcass  

Field 
experiment  

 Rifle bullets produced more fragments than 
shotgun and muzzleloader projectiles 

 Bullets design plays a role is fragmenting of 
these hunting bullets upon impact. Rapid-
expansion bullets produced the greatest 
number of fragments 

 Fragments from fragmenting bullets can be 
found farther away (up to 45 cm) from the 
entry point 

Cruz- 
Martinez 

    (2015) 
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Fig. 3: Impala carcasses showing shot fired from a shotgun in a helicopter targeting the head (Left a), and single projectile fragments 
and bone splinters around the chest cavity of an impala shot during a commercial harvest (Right b) (Nkosi et al. 2021). 
 
producing countries such as South Africa/Namibia. Most 
studies focused on the concentration of toxic metals, such 
as lead, nickel and copper, and not on the probability of 
bullet fragments causing physical harm when consumed 
as part of the meat by non-suspecting consumers 
(Andreotti et al. 2016; Martin et al. 2019).  

As seen in Table 2, researchers have documented the 
risks of physical hazards in meat, however, the majority of 
the published work has been literature reviews (n=13), 
while a few (n=16) reported on the actual occurrence or 
existence, the risks posed and the classification of these 
physical hazards in game meat animals. Regarding 
physical hazards occurrences, a number of these 
investigations were on small game, including birds. The 
estimation of toxic metals, such as lead, around bullet 
fragments embedded in carcasses present an interesting 
possible indicator for toxin contamination in carcasses 
(Iqbal et al. 2009; Lindboe et al. 2012). This is practical in 
formal wild ungulate killing and slaughter plans, however, 
in the context of South Africa and many countries, a large 
number of game animals are hunted for personal 
consumption and such meat may not be subjected to 
professional inspection or tested for any indication of 
toxin contamination (Cornatzer et al. 2009). It is generally 
assumed by the authorities that the hunter will take 
responsibility for ensuring the safety (including physical 
hazards) of the meat s/he is going to consume (South 
Africa 2000; Woldehanna and Zimicki 2015). The 
situation is similar to commercial harvesting, where the 
owner of a food establishment must ensure the 
identification and possible removal of hazards that could 
be detrimental to consumers (ISO 2018). In most 
scenarios, this is by visual inspection and cutting away of 
the bullet entry point and other areas where there is excess 
blood; this could be misleading as not all bullet and/or 

bone fragments are visible or in one area. As an example, 
Fig. 3 depicts the x-ray of an impala (Aepyceros 
melampus) (a) (left image) shot from a helicopter with 
shotgun pellets (AAA size) targeting the head and the 
distribution of pellets in the chest area. The image (b) on 
the right shows the dispersion of bullet fragments and 
bone splinters from a single projectile bullet targeting the 
chest cavity of an impala during a commercial hunting. 

Fig. 3 shows that ammunition can contribute a 
significant number of physical hazards (bullet particles, 
shotgun pellets, bone splinters) during killing of any wild 
animal. Some important and implementable measures can 
be adopted from recommendations made (Table 2) for 
improved control of physical hazards in game animal 
slaughter. These measures must however be integrated to 
ensure or facilitate the promotion of “one health” for 
game meat production from farm-to-fork (Giuggioli et al. 
2017). The following recommendations need 
implementing to ensure game meat is free of physical 
hazards: 
 Regulation: In contrast with developed countries 
where guidelines or regulations on physical hazards exist 
(Table 1), most developing countries have none. To 
minimize the presence of physical hazards in meat, 
regulation should only allow for the use of specific 
ammunition types that will provide a quick kill and shots 
aimed at specific parts of the body. This then calls for 
progressive review of generally accepted game meat 
animal killing methods and consideration of developing 
trends in the meat supply chain (McTee et al. 2017; Loyer 
et al. 2020). Regarding ammunition, high velocity bullets 
can be used to kill meat animals without leaving 
fragments in the body of the animal as the bullets tend to 
exit the carcass (Martin et al. 2017). However, the use 

 Thereof becomes challenging when shooting species 
that tend to form herds as the emerging bullet might strike 
(and wound) a second animal within the herd; this is also 
known to happen when the bullet ricochets off a bone 
within the body of the targeted animal and exits at an 
angle.  
 Regarding shot placement, shots may include head or 
neck placement where the affected part can be condemned 

(Vieira-Pinto et al. 2014; Demaurex and Sallé 2014). For 
these shots it is suggested that a lighter calibre rifle be 
used utilizing copper bullets (without any lead) that have 
minimal fragmentation upon impact. It is recognized that 
using light bullets becomes challenging when harvesting 
long distances under windy conditions. Meat derived from 
abdominal or chest cavity shots and suspected to be 
contaminated must not be approved for human 
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consumption. These can be coupled with compulsory 
training of hunters involved in the game meat animals’ 
killing plan and standardization of processes that must be 
followed to ensure proper targeting (Das et al. 2019; de-
Calesta, 2019). 
 Bullet type selection: Hunting bullets tend to 
fragment into smaller pieces that could be ingested by 
unsuspecting consumers, thus causing physical harm 
(Table 1) (Irschik et al. 2014; FDA, 2018; Canadian Food 
Inspection Agency 2018); copper and nickel bullets tend 
to fragment less (Fu and Ying 2016; Trinogga et al. 2019). 
This confirms earlier findings that bullets used for killing 
of game must be selected based on their ability to stay 
intact, even after hitting the target (Menozzi et al. 2019). 
The adoption of other metal types and/or synthetic 
materials for the making of bullets in controlling bullet 
fragmentation is a viable option to be investigated in game 
meat hunting (Paulsen et al. 2017). While it can be argued 
that during killing, bone splinters also present a significant 
risk for consumers, the dangerous situation with bullets 
compared to bones is that no cooking process can make it 
softer and less hazardous to the consumer (Stärk et al. 2014). 
 Improved slaughter and meat inspection: The 
slaughter process of wild meat animals presents a 
significant number of physical hazards that must be 
controlled or removed by trimming of affected parts 
during meat inspection as they pose a health risk (Kautto 
et al. 2017). Improved cropping or wild meat animals’ 
harvesting strategies could also present a better solution to 
the challenge posed by the slaughter of stressed animals 
that have been running (Lizana et al. 2022). As 
mentioned, a helicopter could be utilized to guide the 
animals to a boma (enclosure), where animals will be 
rested before being shot in the head at close range (Bekker 
et al. 2011). Researchers Vågsholm (2014) and Kautto et 
al. (2017) confirmed that this practice could be beneficial 
to the welfare and safety of the animal being killed and for 
the quality of the meat.  

The adoption of an integrated hazard control system 
in meat production remains the cornerstone of achieving 
effective hazard identification by meat inspectors. Studies 
concur that the role of primary meat inspection (PMI) 
should be coupled with capacitating the inspector with 
training and ensure that slaughter operators are 
sufficiently skilled with available technology they could 
implement for the purpose of physical hazards 
identification during slaughter (Akkina et al. 2021). In 
line with the one health approach, physical hazards, such 
as protruding sharp bone splinters, must be removed 
before they possibly hurt slaughter operators and 
consumers (Paulsen et al. 2014).  

To ensure the general safety of meat and meat 
products, sufficient hazard elimination plans need 
implementing (Govender 2016; ISO 2018). Generally, the 
control of hazards in food centres on the responsibility a 
producer has in ensuring that food products produced are 
evaluated for the presence of and the significance of food 
safety hazards, including physical hazards (EU 2002; 
Codex Alimentarius Commission 2010). These standards 
require an organization in the supply chain to determine 
the origin of the raw material (e.g. game farms), the 
conditions under which it was produced (e.g. 
hunting/harvesting) and the supplier must provide 

evidence (e.g. Certificate of Analysis/Declaration of 
Conformance) that the meat was not contaminated (ISO 
2018). The adoption of technology in the identification 
and removal of physical hazards in game meat 
hunting/harvesting processing remains an important 
option to meat safety controls.  

Advances in research on physical hazards 
identification in meat and meat products has been growing 
(Olsen 1998; Keener 2001; Demaurex and Sallé 2014). 
These advances include the use of metal detectors, Near 
Infrared Spectroscopy (NIRS) and Imaging X-ray 
equipment to identify specific and significant physical 
hazards (Fu and Ying 2016; Trinogga et al. 2019); 
however, in some instances, a combination of these 
technologies may be necessary to give effective control. 
Until now, these advances are generally not useful in the 
southern African game farming, hunting and abattoir 
industries due the cost, practicability and availability.  

The development of limits with respect to physical 
hazards in food, including meat products, is still lacking 
worldwide (Azuamah et al. 2018). While clear evidence 
exists around the size of a physical hazard and its ability 
to cause harm has been documented, some consumers 
may be affected by the smallest hard particle or foreign 
material found in products being eaten (Verba et al. 2016). 
The question remaining is - to what size are physical 
hazards supposed to be regulated? 
 
Conclusion 

In line with the one-health principles, it is important 
to identify physical hazards from game meat production, 
and where practical, remove from the supply chain. For 
authorities, the control of game meat animals’ killing 
starts at the farm and ends at an abattoir or slaughter 
depot. It is at the abattoir during secondary dressing and 
meat inspection where most of the interventions for 
physical hazards control or mitigation are centred. As 
described, the two major physical hazards of interest in 
wild meat animals’ slaughter are bullet particles and bone 
splinters. The contribution of these physical hazards is 
generally by the actual game animal killing method, and 
the control is only by manipulating the root cause or even 
changing a specific process of killing.  

This review has revealed that an integrated approach 
needs adopting by the game meat industry in order to 
reduce or minimize the presence of physical hazards 
before consumers are exposed. This approach could focus 
on proper selection of the game meat animals’ killing 
plan, regulating the type of ammunition to reduce the 
distribution of bullet fragments, shot placement to the 
head or neck to limit bone splintering, and the training of 
hunters. In addition, improved meat inspection techniques 
by well-trained meat inspectors, specifically aimed at the 
identification of physical hazards, is vital. Another 
consideration is the use of technology such as metal 
detectors X-rays and NIRS but because of cost and other 
limitations, it may not be useful to the smaller 
organizations or developing countries. 
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