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Highlights 

 Examines the scientific literature on water buffalo welfare during the entire 

slaughter process. 

 Buffalo handlers rely often more on coercive practices and instruments that 

cause pain and distress. 

 Water buffalo are susceptible to thermal stress during the transport. 

 The cranial anatomy of water buffaloes makes stunning difficult. 

 Significant potential for pain and stress during slaughter without stunning. 
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Highlights 

- Examines the scientific literature on water buffalo welfare during the entire 

slaughter process. 

- Buffalo handlers rely often more on coercive practices and instruments that cause 

pain and distress. 

- Water buffalo are susceptible to thermal stress during the transport. 

- The cranial anatomy of water buffaloes makes stunning difficult. 

- Significant potential for pain and stress during slaughter without stunning. 

 

 

Abstract 

This paper reviews the scientific literature on water buffalo welfare in all stages of the live 

animal supply chain from the farm gate to slaughter (loading/unloading, markets, 

transportation, handling, lairage, stunning and slaughter) with the objective of identifying 

risk factors and potential mitigation strategies. Although in some countries legislation 

exists to protect the welfare of farm animals during transport and killing, the handling 

practices used to load and unload buffaloes and move them in livestock markets and 

abattoirs are often harsh. This is frequently due to inadequate equipment designed 

principally for cattle, and the fact that water buffaloes are considered more temperamental 

than cattle. Additionally, more reactive animals have increased stress responses to handling, 

which can lead to more negative human interventions with increased numbers of skin 

lesions and bruises to the carcasses. During transport, buffaloes may suffer periods of 

thermal stress due to overstocking, inadequate ventilation and because in many tropical 
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climates trips are made during the hottest time of the day. The anatomical and physiological 

characteristics of water buffalo make them particularly susceptible to thermal stress in the 

absence of water for wallowing. Although water buffaloes belong to the same Bovidae 

family as domestic cattle, certain anatomical features of the head make effective stunning 

very problematic. Buffaloes have extensive sinuses and frontal bones, meaning that the 

penetrating captive bolt devices recommended for cattle may prove ineffective in reliably 

inducing unconsciousness. There is a need for further development of procedures, stunning 

positions and appropriate devices to improve the efficiency of buffalo stunning. Finally, in 

many parts of the world where buffalo are routinely slaughtered in basic conditions without 

prior stunning. Slaughter without stunning can result in pain and stress associated with 

delays in the time to loss of consciousness, pain from the cutting of the neck and potential 

distress associated with aspiration of blood into the respiratory tract. Specific legislation, 

guidelines and handler/stockman/operator training programmes should be developed to 

improve the welfare of buffaloes during all ante mortem stages of loading, unloading, 

handling, stunning and slaughter.  

 

Keywords: water buffalo, slaughter, stunning, stress, animal welfare, handling 

 

 

Introduction 

Water buffaloes (Bubalus bubalis) are multipurpose animals that are raised principally for 

draught and dairy purposes (Borghese, 2005). Compared to cattle, they are relatively 

disease-resistant and highly-adaptable to different environments where cattle cannot 

provide similar productivity (De la Cruz-Cruz et al., 2014). Water buffalo are also 
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increasingly considered to have high potential for meat production (Andrighetto et al., 

2008; Di Luccia et al., 2003; Kandeepan et al., 2009). Buffalo meat is redder than beef 

(Spanghero et al., 2004) owing to the high myoglobin content observed in this species 

(Kandeepan et al., 2013). Also, buffalo meat is lean and contains low amounts of saturated 

fat (40% less cholesterol and 55% less calories than beef), and this has created interest 

among health-conscious consumers (Ban-Tokuda et al., 2007; Irurueta et al., 2008; Purchas 

et al., 1993, Yilmaz et al., 2012) due to beneficial effects on cardiovascular risk profiles 

(Giordano et al., 2010). Nevertheless, in countries where buffaloes are mainly used in the 

dairy industry (e.g. India and Italy), the market for their meat is limited and welfare 

concerns are often raised regarding unwanted male calves who may suffer sub-optimal 

rearing conditions (Shivahre et al., 2014; Napolitano et al., 2017).  

Throughout the animal production chain there is high risk of compromised animal welfare, 

this can be from deviations from regulations and guidelines and improper 

husbandry/handling practices. Various studies have identified these issues and indicated 

how harm to animal welfare can be minimised. Much of this knowledge has now been 

implemented in legislative codes, voluntary guidelines, industry practices and standard 

operating procedures. However, despite significant efforts in this field, significant risks to 

animal welfare still exist, and this is especially true for the water buffalo. In this species, 

despite the rapid growth in the industry, there is limited research on welfare relating to 

handling, transport and slaughtering (Bornett-Gauci et al., 2006). The areas where 

significant advances in buffalo welfare have been made are focused primarily on the effects 

of space allowance and human-animal interaction on the behavioural, physiological and 

immune responses in female milk-producers and calves in confinement and in extensive 

conditions (De Rosa et al., 2009a, 2009b; Napolitano et al., 2013, 2004) . Generally, post-
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farm gate factors have garnered greater attention because of the negative effects they may 

have on animal welfare (Hemsworth et al., 2011), carcasses and meat quality (Romero et 

al., 2013). While this review does not focus specifically on meat quality, it is well-known 

that the post mortem glycolytic potential of meat can be influenced by stress during the 

production cycle prior to slaughter, which can cause depletion of muscle glycogen stores 

and decreased meat quality, and result in economic losses due to carcass bruising (Becerril-

Herrera et al., 2010; Teke et al., 2014).  

Water buffalo are often considered as large docile animals (Desta, 2012) that are generally 

more curious than cattle (Napolitano et al., 2013). However, observations by Hoogesteijn 

and Hoogesteijn (2008) suggest that water buffaloes, display defensive behaviour against 

predators. To livestock, humans can often be associated as potential predators, evoking 

fear, especially if they are not habituated to the presence of people (Rushen et al., 1999). In 

fact, buffaloes may even revert to the feral condition if not managed according to routine 

practices (Hoogesteijn and Hoogesteijn, 2008). Therefore, animals with excitable 

temperament (defined as a set of behavioural responses of animals to external stimuli when 

are exposed to human handling, such as nervousness, fear, aggressions, etc.) have 

heightened acute-phase response when a stress stimulus is applied during handling 

(Francisco et al., 2012). This may lead handlers to rely more heavily on coercive practices 

and the use of force, especially if they are unskilled (Ahsan et al., 2014; Napolitano et al., 

2013). In addition to issues associated with handling and restraint, water buffalo are more 

difficult to reliably stun and slaughter. This is principally due to characteristics of the skull 

and other factors (Schwenk et al., 2016).  

The objective of this review is to examine the existing scientific literature on water buffalo 

welfare in all stages of the live animal supply chain from farm gate to slaughter 
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(loading/unloading, markets, transportation, handling, lairage, stunning and slaughter) in 

order to identify risk factors and suggest mitigation strategies. Particular attention was 

given to key gaps in current knowledge of the ante mortem welfare of water buffalo.  

 

Loading, unloading and pre-slaughter handling 

The term stress refers to the behavioural, physiological and emotional status of an animal 

confronted with a situation that it perceives as threatening with respect to the correct 

functioning of its body or its mental state (Terlouw et al., 2008). The perception of stress 

from either an internal or external stimulus by an animal results in an adjustment in its 

physiology (Brown and Vosloo, 2017). The pre-slaughter handling of water buffaloes 

involves several stages that can compromise their welfare and causes stress (Table 1). This 

generally begins with the increased human contact that occurs at the point of origin as 

animals are loaded onto vehicles for transport to markets or abattoirs (Gregory et al., 2008). 

Though inevitable, loading and unloading are considered the most stressful stages of 

transportation (Alam et al., 2010a; Jacobson and Cook, 1998), with the former apparently 

being more stressful than the latter (Fisher et al., 2009), depending on previous rearing 

conditions, the level and type of human-animal interaction, and breed. Most buffaloes are 

raised in traditional, small outdoor systems located in low-lying swampy areas under hot-

humid conditions, though others are kept in modern intensive systems (Napolitano et al., 

2013). In Asian countries, buffaloes are usually owned and managed in small numbers by 

individual smallholder farmers and contribute in many ways to household incomes (Yilmaz 

et al., 2012). Therefore, the level of human-animal interaction can vary greatly, from very 

close association in traditional small farms or in intensive dairy systems with close contact 

with humans –concentrated mainly in Italy (Campania and Lazio regions, in particular) 
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(Napolitano et al., 2013)– to limited human-animal interaction in extensively-managed 

animals reared for meat (De la Cruz-Cruz et al., 2016). 

 

Excitable temperament and duration of handling have a significant impact on the acute-

phase response of stress associated with loading/unloading and transportation. Especially 

when animals become agitated during handling, as they are motivated by fear and exhibit 

resistance to entering a squeeze chute, vocalize, show visible eye white, and swish the tail, 

compared to animals with calmer temperaments (Grandin, 2014).  

In addition, Grandin (2014) reported that extensively-raised animals generally have an 

excitable temperament and had higher stress levels when inside the working chute. This 

further complicates routine handling practices (Probst et al., 2013) and can lead to more 

negative animal-human interactions, such as the excessive use of instruments to increase 

the speed of movement (hitting with sticks or electric prods). Chandra and Das (2001b) 

reported that male buffaloes are generally more aggressive and difficult to handle under 

farm conditions, and that in India the most nervous animals are blindfolded before being 

loaded into the truck.  

 

Many of the reactions of livestock to humans are attributed to fear (Silveira et al., 2012), 

which has been shown to be related to factors such as species, breed, sex, age and prior 

experience (Rushen et al., 2001). During handling, animal welfare can be compromised by 

a series of factors that include: the training and attitude of operators (Villarroel et al., 2001), 

the nature of the handling procedures (gentle vs. rough), the temperament of the animals, 

and the quality of the facilities (Schwartzkopf-Genswein et al., 2012). One common 

practice at large-scale abattoirs is to use instruments such as sticks and electric prods to 
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increase the speed of movement, even though they can cause pain, tissue damage and stress 

(Adenkola and Ayo, 2010). In other countries, such as Bangladesh, buffaloes are fit with 

rope halters that sometimes pass through the nasal septum, or with a simple rope around the 

neck (Ahsan et al., 2014). A second method is tail-twisting, which occurs when an animal 

refuses to move (Alam et al., 2010c). In other cases, sticks or probes are applied to sensitive 

body regions (Chandra and Das, 2001b). In the European Union, current legislation on 

slaughter and pre-slaughter handling (European Union, 2009) prohibits the use of prods and 

other instruments with pointed ends, while electric probes may be used only with adult 

buffaloes. These devices can only be used when animals refuse to move, and only when 

there is open room ahead. Application of electric probes (electrical shock) should last no 

longer than one second in duration and should only touch the muscles of the hindquarters. 

Electric shocks from the probes should not be repeated if the animal fails to respond; a 

short shock from an electric prod is preferable to hard tail-twisting (Grandin, 2012). It is 

generally understood that strong pressure can cause pain, especially if the tail is broken 

(Alam et al., 2010c). Alam et al. (2010a) stated that the reasons for the harsh handling at 

the time of slaughter may be that buffaloes are sluggish walkers by nature and do not 

normally run or walk as fast as cattle, so handlers become impatient with them. On the 

other hand, the low commercial value of buffalo meat may lead handlers to be less careful. 

In addition, the fact that buffaloes are considered temperamental animals may also play a 

role (Ahsan et al., 2014).  

When loading, it is generally recommended that handlers avoid herding buffaloes during 

the hottest hours of the day and when solar radiation is most intense (Zava, 2011b), as these 

animals do not possess an efficient thermoregulation system when water or shade is lacking 

(Koga et al., 1999). The loading and unloading of livestock as mentioned above can be a 
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significantly stressful event, though the level of stress and number of animal-human 

interaction depends on many factors. Chandra and Das (2001b) evaluated the amount of 

time and labour required to load and unload 100 buffaloes transported in a cattle truck for 

30 min on a 20-km trip. They reported that 3 persons could load 10 buffaloes into a truck in 

11 minutes, but that loading times were significantly longer for heavier animals (87 vs. 43 s 

per head). These authors also reported that hitting water buffaloes with sticks significantly 

reduced loading times compared with animals that were dragged with a rope tied around the 

neck (41 vs. 83 s per head), and that the manpower requirements were 2.8 and 1.9 per head, 

for loading and unloading, respectively. Instruments are often used to encourage livestock 

to move in the required direction or to increase loading/unloading speeds; however, the 

overuse of such aids can cause pain and distress and can result in carcass damage.  

In addition to the stress associated with forced interactions with the environment and 

humans, race and ramp design can have a significant impact on water buffalo welfare and 

carcass quality. Ramps should not be too steep with a slope lower than 36.4% and 50% to 

the horizontal for calves and adult buffaloes, respectively. In addition, if the slope is steeper 

than 17.6%, ramps should be provided with foot battens, so the animals can climb and 

descend without risk or difficulty, as well as lateral protection to prevent them from 

escaping (European Union, 2009). Passageways should be clean, not slippery, and designed 

to minimise the risk of injuries. When race and chutes are too narrow, water buffalo may 

balk, which impedes loading and can result in an increased use of instruments intended to 

guide the animals and increase the speed of movement. This issue is especially important 

when herding large buffaloes (>600 kg) through narrow chutes designed for cattle, as this 

has been shown to increase falls and collisions. The presence of large horns can impact on 
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human safety and handler behaviour, with workers unwilling to get too close to these 

animals. 

This can result in handlers relying on movement aids (electric prods or pointed sticks), 

which have been shown to lead to an increased incidence (70%) of falls in water buffalo 

with blows being most prominent to the tuber coxae (De la Cruz-Cruz et al., 2014). Similar 

findings were reported in another study in which 61% of water buffaloes exhibited these 

behaviours during loading, while during unloading, 28% urinated and 72% urinated and 

defecated (Chandra and Das, 2001b). The increased frequency of these behaviours could 

indicate fear (Tarrant, 1990) that, in turn, could cause more slips and falls (Gregory, 2008), 

resulting in further suffering and damage to meat and other valuable animal by-products 

(Joshi et al., 2003; Mota-Rojas et al., 2006). In contrast, reducing stress during handling 

can improve productivity and product quality (Minka et al., 2009). One potential option for 

controlling these factors at intensive water buffalo operations could be introducing 

appropriate legislation and specific auditing protocols for buffalo welfare, like those 

already in place for other livestock species (Grandin, 2013, 2012, 2010). 

 

Vehicle transportation 

Transportation to/from markets and to abattoirs is for most animals the single, longest and 

most stressful journey they make in their lifetime. Grandin (2000) postulated that the 

condition in which transport takes place is more important than total journey time or the 

distance covered. During transportation, animals can experience hunger and thirst, fear, 

metabolic exhaustion, stress, and injury from bad driving (variations in speed, acceleration, 

braking), vibrations in the truck, novel or excessively loud noises, mixing with unfamiliar 

animals, high loading densities, long trip times, temperature extremes, novel environments 
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and physical trauma. Most of these are generally unavoidable when transporting animals to 

abattoirs (Becerril-Herrera et al., 2010; Gonzalez et al., 2012; Knights and Smith, 2007; 

Mota-Rojas et al., 2006; Roldan-Santiago et al., 2013a, 2013b; Vazquez-Galindo et al., 

2013). As animals usually experience a combination of stressors accumulated stress may 

have detrimental effects on their welfare and may cause depletion of muscle glycogen, 

leading to high final pH and, therefore, dark, firm, dry (DFD) meat (Brown and Vosloo, 

2017; Romero et al., 2017). 

 

In India, surplus water buffaloes are transported in trucks and railroad cars, sometimes for 

several weeks (Bornett-Gauci et al., 2006). The average number of buffaloes on these 

trucks is typically 16-18 (Alam et al., 2010a). In Bangladesh, buffaloes are walked in 

groups of approximately five animals to local abattoirs (Ahsan et al., 2014). A significant 

proportion of these animals are transported out of India to Bangladesh and other local non-

Hindu countries and regions where they are slaughtered for human consumption.  

 

Though water buffaloes are adapted to tropical climates, when exposed to high 

temperatures with no access to shade or water for wallowing they can suffer heat-induced 

stress. Indeed, thermal conditions are among the main transport-induced stressors as, 

according to a study by Winckler et al. (2003), mean temperatures inside compartments in 

summer were 3-6°C higher than outside ambient temperatures. Transporting cattle during 

the hottest part of the day can cause significant heat stress; Romero et al. (2012) suggest 

that a common mistake is loading animals in the morning, because this means that they will 

inevitably be on the road during the hottest part of the day due to the long distances often 

covered (Petherick, 2005). The swamp water buffalo has dark skin, and only one-sixth as 
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many sweat glands as Bos indicus. Water buffalo skin is sparsely-covered with just 100-

200 hairs/cm2 compared to 550-1100 in Bos taurus, and 1400-2600 in Bos indicus (de la 

Cruz-Cruz et al., 2016). An additional issue is that, unlike cattle, buffalo hide is 2.5 times 

thicker, and the black pigmentation associated with a large amount of melanin captures 

greater quantities of ultraviolet rays (Zava, 2011a). These physical features make the 

buffalo highly-susceptible to thermal stress during transport, especially when exposed 

directly to the sun’s rays, since its evaporative cutaneous cooling mechanism is less 

effective than those of other species (Das and Khan, 2010; Marai and Haeeb, 2010). 

Prolonged exposure to high temperatures can trigger a series of dramatic changes in this 

species’ biological functions that include disturbances in water, protein and energy 

metabolism, as well as in mineral balances, hormonal secretions, enzymatic reactions and 

blood metabolites. The effect of heat stress is aggravated when is accompanied by high 

ambient humidity (De la Cruz-Cruz et al., 2014; Marai and Haeeb, 2010). High humidity 

accompanied by small diurnal changes in air temperature and evaporative heat loss are not 

highly effective in dissipating body heat (Napolitano et al., 2013). To reduce the potential 

for thermal stress, the European Union (2005) requires that all transport systems be 

designed to protect buffaloes from temperature extremes and adverse weather conditions. In 

particular, for trips longer than 50 km, trucks should have ventilation systems capable of 

maintaining the temperature within a range of 5-30°C (European Union, 2005). 

 

A study by Alam et al. (2010b) evaluated long-distance transport on blood-based welfare 

parameters of cattle and water buffalo exported from India to Bangladesh during the hot 

season (April). They reported that long-distance export trade was associated with 

dehydration, lipolysis and muscle injury or activation. The results suggest that the animals 
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were dehydrated, in metabolic distress and pronounced fatigue caused by extreme lipolysis 

and severe muscular damage. For this reason, it is recommended that water buffalo be give 

adequate food and water whenever they are off-loaded from vehicles over the course of a 

journey. In Gonzalez et al. (2012) examined in cattle the incidence of death, non-

ambulatory injuries, and lameness in animals transported for ≥400 km. They found that 

factors such as age predisposed animals to stress, as calves and cull cattle had higher 

mortality rates. These authors also stated that when ambient temperatures fall below -15°C, 

the probability of dying increased sharply, and that loss of body weight is related to loading 

density, trip duration and driving style, rather than to non-ambulatory injuries or lameness. 

Similarly, in water buffaloes, Zava (2011b) reported that animals transported for 700 and 

1,300 km lost 7% and 9% of body weight, respectively.  

The stress associated with transport can significantly impact animal behaviour, both 

towards humans and conspecifics. During stressful transport, cattle may exhibit aggressive 

(head-butting, pushing, threats, mock fights), dominant and sexual (mounting, chin-resting) 

behaviours (Tarrant, 1990). These actions can impact on meat quality, causing carcass 

damage, laceration to the hides, bruising, and dark-coloured cuts, which can result in the 

downgrading of the carcass and/or the need for excessive trimming. Chandra and Das 

(2001b) found 244 contusions in 100 water buffaloes. These were mostly small deep 

bruises (59%), followed by medium-sized (19.3%), small (9.8%), medium-deep (6.1%) and 

heavy bruising (5.7%). Most of these lesions were on the hind limbs (43.4%), followed by 

the abdomen and udder region (21.3%), shoulders, neck and back (16%), and the perianal 

area (11.1%). Similarly, a study in Bangladesh found that 89% of cattle and buffalo had 

injuries, mainly on the upper body, including the point of the pin bone, the ventral tail, the 

tail head, the points of the lumbar vertebrae the, buttocks, and points on the shoulder and 
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thorax. Additional injuries were observed in the sacral, thoracic and shoulder areas (Ahsan 

et al., 2014). Many of these injuries were likely caused by direct physical trauma from other 

animals and objects in the vehicles. The authors suggested that these injuries occurred due 

to high stocking densities in the transport vehicles (Ahsan et al., 2014), since water 

buffaloes have large horns and were closely confined in the vehicles (Alam et al., 2010a). 

Cattle transported at high stocking densities have limited room to move and adopt preferred 

orientations, such as aligning themselves with the direction of travel, which may increase 

their security of balance. Animals that slip and fall may be unable to get up and could be 

trampled (Strappini et al., 2009). Preventing bruises is important because they are 

indicative of rough handling and pain, and reflect poor welfare conditions during the pre-

slaughter period (Strappini et al., 2013, 2012). In order to prevent stress and injuries caused 

by high stock densities, different space allowances have been set according to the weight of 

the animals and means of transport (European Union, 2005); for instance, a 550-kg buffalo 

transported on road vehicles should have a space allowance of 1.3-1.6 m2. In addition, tied 

and untied animals, animals of significantly different size and age, of different species, or 

manifestly hostile to each other, should be transported separately using partitions to adapt 

compartments to specific requirements (European Union, 2005). In Colombia, legislation 

on the transport of cattle and buffalo states that the space allowance for animals weighing 

300, 500, 600, and 700 kg must be 0.84, 1.27, 1.46 and 1.75 m2, respectively (Resolution 

002341/2007). 

 

Water buffalo welfare at livestock markets  

Livestock markets operate mainly through direct sales between buyers and sellers or 

auctions (Fornari et al., 2016). Sales of animals can result in longer transport times, 
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multiple loading and unloading events, long fasting times, numerous handling procedures 

and, in all likelihood, mixing with unfamiliar animals (Roldan-Santiago et al., 2016; 

Romero et al., 2013). All of these conditions are associated with the risk of physical 

damage and bruising (Strappini et al., 2009). Generally, the welfare of animals sold in 

livestock markets is considered worse than that of animals transported directly (short 

journeys) to abattoirs. (Gregory, 2008). Welfare concerns include fatigue, fear and distress, 

fasting, dehydration, and physical injuries in finished cattle and, in store cattle, an 

additional concern is the acquiring of disease (Gregory et al., 2009a). In addition, it was 

reported that lambs were four times more likely to die in lairage or during transport if they 

had been purchased in a market, compared with direct supply to the abattoir from farms 

(Gregory et al., 2009b). 

Thus, the principle threats to animal welfare are the methods employed during handling, 

loading and unloading, and transport (Adenkola and Ayo, 2010). In a study of cattle 

markets in the UK, the key welfare issues were found to be slips and falls during unloading, 

impacts during grading, and refusal to load after sale. Slips and falls occurred when there 

was manure plus rain or urine on the concrete floor (Gregory, 2008). Design faults can 

include right-angled bends in races, dead ends, flooring with inadequate slope or grip, and 

steps. Projecting fittings and square-edged corners were potentially injurious; conversely, 

rounded posts and curved races facilitated the flow of cattle with minimal impacts (Weeks 

et al., 2002). 

 

The presence of skin lesions can indicate low animal welfare status and result in poor meat 

quality and lower hide prices (Adenkola and Ayo, 2010). Alam et al. (2010c) evaluated the 

frequency of nose and tail injuries in water buffalo at livestock markets in Bangladesh, 
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finding that 54% of the animals had septum rings. Often animals were pierced with a hot 

iron rod so that a rope could be run through the septum to make them more tractable and 

easily-led by hand. However, almost half of those animals (47%) suffered lacerations and 

ulcerations where the rope rubbed against their noses. Pus in the nostrils was observed in 

56% of the animals, and 57 and 58%, respectively, had severe or extensive nose injuries. 

To prevent nose lesions, animals should not be tied by nose rings during transportation 

(European Union, 2005). 

Another study by Alam et al. (2010a) assessed the number of body lesions in beef cattle 

and water buffaloes sold in livestock markets. They found that 99% of the buffaloes had 

potentially painful skin injuries. They also had more abrasions (95%), lacerations (57%), 

swelling (15%), and hyperkeratosis (32%) than the cattle in the same market. The most 

severely-affected body areas were the head, neck, forelimbs, thorax, abdomen, hips, 

buttocks and back (P<0.05), particularly in animals from India. Those researchers attributed 

their findings to the use of inadequate vehicles, in which animals rubbed against or 

impacted panel bolts that protruded into the box, and to abuse by handlers during loading 

and unloading. Another study showed that some animals sold at livestock markets exhibit 

clinical signs of illness, including eye congestion, tearing, nasal discharge, or salivation 

(Chandra and Das, 2001a).  

For most cattle that are directly consigned from farm to abattoir, the period of food and 

water deprivation is likely to be <24 h. However, this can extend to >48 h in livestock 

markets. One of the most obvious impacts of food and water deprivation is weight loss 

(Ferguson and Warner, 2008). Another potential stressor is noise. The principal sources of 

noise included clanging gates, vocalizing from nearby sheep and more distant cattle, 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 18

amplifiers used to broadcast the bidding, vehicles driving nearby, and people shouting 

while driving animals along corridors and into vehicles (Gregory et al., 2009b). 

 

Arrival at the abattoir  

Upon arrival at the abattoir, animals face not only unloading, inspections and penning in the 

lairage area (Schwartzkopf-Genswein et al., 2012) but also an unfamiliar environment with 

novel situations that present a whole series of stimuli that can cause fear and stress. 

Together, these constitute the causes of the so-called “abattoir effect” (Hemsworth et al., 

2011; Roldan-Santiago et al., 2011). Furthermore, older or poorly-designed abattoirs may 

have inadequate illumination, slippery floors and steep ramps in the herding corridors. 

Also, the design of animal holding and raceways in some abattoirs are compromised due to 

the existing architecture or where the priority has been to optimize available spaces or 

facilitate human activities above the requirements associated with animal behaviour 

(Hultgren et al., 2014; Miranda-de la Lama et al., 2012). In other, less developed countries, 

additional complications may impact welfare. Abattoirs are generally small-scale 

operations, ranging from simple buildings to open-air concrete slabs beside rivers, where 

animals are either slaughtered immediately on arrival, or cast or tethered awaiting 

slaughter. Ahsan et al. (2014) reported that in abattoirs in Bangladesh animals were 

tethered in positions that prevented them from lying down or having access to bedding in 

the lairage area. Also, they showed signs of faecal soiling, had insufficient rest areas, and 

were often housed on concrete slabs with sharp, broken edges that could cause injury, or 

were left outside, where they were exposed to rain and showed initial signs of hypothermia. 

 

Handling in the stunning box  
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An often overlooked factor in animal welfare at slaughter is handling and restraint systems 

(Grandin, 2013). At slaughter, all livestock can be exposed to handling that impacts their 

welfare (Hultgren et al., 2014), sometimes through the use of sticks and electric prods that 

cause pain and distress (Villarroel et al., 2001). In addition, handlers often use practices 

such as slapping the rear or front (i.e. slapping the animal behind or in front of the hip bone 

with the hand), shouting (speaking or yelling harshly or loudly), and beating rear (striking 

the animal behind the hip bone with an instrument) while herding animals through chutes 

into stunning and slaughter boxes (Hultgren et al., 2014). When entering narrow raceways 

and stunning and slaughter boxes, animals can collide with protruding objects and the 

guillotine-type door. Bourguet et al. (2011) found that 21% of cattle were struck by the 

guillotine door, perhaps because one animal may follow the one in front of it into the 

stunning box, causing the operator to suddenly close the door, which hits the second animal 

to impede it from entering the box.  

Collisions and attempts to escape can cause pain and injury, including bruising, and 

animals tend to panic when they slip. Also, they may balk and refuse to move, which can 

lead to the overuse of instruments intended to increase speed of movement. This is an issue 

especially with large water buffalo and other animals with long horns. When attempting to 

move livestock more quickly, workers have been seen to twist the animals’ tails (Hultgren 

et al., 2014), this can result in kinked tails due to dislocation, or even breakage. Alam et al. 

(2010b) found that in Bangladeshi livestock markets, 39% of cattle and water buffaloes had 

either kinked or missing end tails. 

The behaviour of animals upon entering the stunning or slaughter box can have a 

significant impact on the effectiveness of stunning and slaughter performance and can 

ultimately affect animal welfare. Agitated animals in the stunning box can complicate the 
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accurate placement of the captive bolt gun (CBG), which can unnecessarily increase the 

time spent inside (Grandin, 2013) and lead to inadequate stunning. Restraining aids can 

enhance stunning performance, as buffaloes stunned with a head-restraint spend less time in 

the box than those stunned without that apparatus (De la Cruz-Cruz et al., 2014). Head-

restraints can also significantly improve the accuracy of CBG stunning and so improve 

welfare (Atkinson et al., 2013; Grandin, 2002; von Wenzlawowicz et al., 2012). A study in 

Colombian abattoirs found that when buffaloes were stunned without head or body restraint 

systems, an average of 2.8 shots were required (range 1-8) to stun the animal. But where 

head and body restraints were used this figure decreased to 2.45 (range 2-3) (De la Cruz-

Cruz et al., 2014). However, Ewbank et al. (1992) reported that the use of head-restraints 

during CBG stunning for cattle can slow down the operation, when animals refuse to enter 

their heads in the restraint. This can result in more distress than shooting without restraint. 

For these reasons the design and operation of equipment can significantly affect stress. 

Grandin (2012) points out that diverse factors must be considered to facilitate entry into the 

stunning box, including: a) illumination, restraints and race entrances; b) blocking the view 

of distractors (animals should not be able to see people or activities through openings); c) 

eliminating sources of hissing air; d) reducing equipment noise; and e) equipping restraint 

devices with pressure controls. An additional recommendation is that animals be stunned as 

soon after restraint as possible (Muñoz et al., 2012). 

 

Adequate restraint is equally essential when slaughtering animals without stunning. In 

modern abattoirs, animals are restrained individually in either rotating (180° or 90°) or 

upright positions. These generally provide a high level of restraint by means of a back 

pusher, neck yoke, belly plate/belly rail or chin lift (Gibson et al., 2015b). However, 
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stunning water buffaloes in these restraining conditions is more complicated than 

slaughtering cattle, due to differences in body size and shape, their long horns, and their 

shorter neck. Also, there can be issues with stress and pain associated with hyperextension 

of the neck by the chin lift, excessive pressure exerted by some restraining systems, and 

organ compression in inverted designs (Gibson et al., 2015b). However, most slaughtering 

of buffaloes without stunning is performed in small-scale abattoirs in poorer areas where it 

is impractical and too expensive to have highly-mechanised, purpose-built restraining 

systems (Ahan et al., 2014; Gregory et al., 2012). Restraint often involves the manual 

casting of conscious animals on the ground or a concrete slab into lateral recumbency using 

ropes to secure their legs. This can result in significant pain and discomfort, especially 

where animals fall onto concrete slabs, and/or are cast and left for extended periods prior to 

slaughter (Ahan et al., 2014). At slaughter, the neck is manually twisted to present the 

ventral aspect where the cut is be made (Gregory, 2008). However, water buffalo’s long 

horns and shorter neck can make it almost impossible to expose the neck optimally, 

resulting in the cut being made as a stab in the side of the neck while the animal is in lateral 

recumbency. This can have a serious impact on the cut itself and the level of stimulation at 

the wound site, which can significantly impact welfare (see the section on Slaughter of 

water buffalo without stunning for further discussion). 

In some countries, water buffaloes are still immobilized prior to slaughter by an act called 

puntilla (FAO, 2001). Puntilla involves inserting a sharp knife into the back of the neck at 

the foramen magnum in an attempt to sever the spinal cord. The aim is to induce immediate 

collapse and immobilisation, allowing the animal to be bled without risk of injury to 

operators (Gibson et al., 2015d). Traditionally, this method was considered humane 

(Gregory, 1990); however, research with cattle has found that the stab is often ineffective, 
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as 91% of animals show signs of brain and spinal cord function, suggesting that they were 

still conscious and able to experience pain and distress (Dembo, 1894; Limon et al., 2010, 

2009). The puntilla method of stabbing cattle to immobilize them before slaughter, or 

cutting tendons, should be discontinued, as they are not permitted by the OIE (Grandin, 

2010). Unfortunately, they are still used in some small- and medium-sized slaughterhouses 

in developing countries like Viet Nam, Mexico, Chile, Peru and Bolivia (Limon et al., 

2012).  

 

Stunning  

The act of stunning is designed to render animals insensible to pain and leave them 

unconscious prior to slaughter (Önenç and Kaya, 2004; Roldan-Santiago et al., 2011; Mota-

Rojas et al., 2012; Bolaños-López et al., 2014; Terlouw et al., 2016b). It is essential to 

ensure that an animal is insensitive to pain and permanently unconscious before performing 

hoisting, skinning or other invasive dressing procedures (Grandin, 2013). Consciousness 

can be defined in various ways, but is generally associated with the state of wakefulness 

and the ability to perceive and respond to normal stimuli and interact with the environment 

and other organisms (Verhoeven et al., 2015a, 2015b). Most stunning methods induce 

unconsciousness by causing dysfunction in the cerebral hemispheres, thalamic structures, 

reticular formation and/or ascending reticular activating system via physical, electrical, 

hypoxic or chemical means (Terlouw et al., 2016a). Stunning and slaughter for human 

consumption is generally a two-step process with the former being followed by 

exsanguination (ventral neck incision and/or thoracic stab) (Hilsenbeck et al., 2007). Some 

stunning methods can be considered as single-step killing methods (i.e., free bullet, head-

to-body electrical stunning and some gas mixtures); however, captive bolt, which is 
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practiced legally on water buffaloes in most countries, requires exsanguination to prevent 

potential recovery of consciousness from inadequate stunning (England, 2015; European 

Union, 2009; New Zealand, 2016).  

In bovids, blood is supplied to the brain via the basi-occipital plexus and through branches 

of the carotid and basilar arteries (Gregory, 2008). In addition, the vertebral arteries supply 

oxygenated blood to the brain (Baldwin and Bell 1963a, 1963b). Although the correct use if 

the captive bolt causes an immediate cessation of breathing, if the animals are not bled, 

cardiac activity may continue for 8-10 min (Terlouw et al., 2016b). After application of the 

stun procedure, the animals must be bled as soon as possible (Terlouw et al., 2016a). In 

cattle and water buffaloes, exsanguination is usually performed by severing the carotid 

arteries and jugular veins on the ventral neck (ventral neck incision) or cutting the 

brachiocephalic trunk (chest stick or thoracic stab) (Gregory et al., 2009c; Robins et al., 

2014). The devastating effect of the haemorrhage during bleeding is mostly related to the 

lack of oxygenation of the organs, this can cause irreversible cessations of brain, structures 

responsible for vital functions like breathing, thermal and cardiovascular regulation and this 

can cause final cardiac arrest. (Terlouw et al., 2016a; 2016b).  However, the vertebral 

arteries remain intact during slaughter, though this only becomes an issue if the animal is 

not effectively stunned or is slaughtered without stunning. Because in some cases the 

vertebral arteries can continue to supply oxygenated blood to the brain after severance of 

the common carotid arteries (see the section on Slaughter of water buffalo without stunning 

for further discussion) (Terlouw et al., 2016a). 

Captive bolt stunning (CBG) is the method most commonly used with ruminants (Gibson et 

al., 2015c; Gilliam et al., 2012; Kim et al., 2013; Lambooij et al., 2012; Trentini et al., 

2011;). The effectiveness of CBG stunning for rendering animals unconscious can be 
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affected by the following factors: (a) selection of the appropriate CBG/cartridge 

combination for the species and/or animal class; (b) correct placement of the CBG shot; (c) 

expertise of the stunner operator; (d) storage conditions of the stunner and cartridges, in 

particular, damp conditions should be avoided; (e) behaviour of the animals, since the ease 

with which they are driven into the stunning box is associated with the number of stuns that 

may be needed; and (f) regular maintenance of the stunner, including removing excessive 

carbon build-up, regular rotation of the rubber buffers (recuperator sleeves), and replacing 

damaged firing pins and bolts (Bourguet et al., 2011; Gibson et al., 2015c; Grandin, 2002, 

1994, 1980; Gregory and Shaw, 2000). Guns for cattle and water buffaloes are powered 

either by compressed air or black powder cartridges. Conventional CBGs designed for 

cattle generally have insufficient bolt penetration depth and power to stun water buffaloes. 

Several manufacturers have designed specific CBGs for water buffaloes and very large 

cattle, for example models such as the Magnum XL with 6-gr cartridges (Acceles and 

Shelvoke Ltd) and the Schermer KL (Karl Schermer GmbH & Co) are currently on the 

market.  

Penetrative and non-penetrative captive bolt devices administer a concussive blow that 

involves transferring the kinetic energy of the moving bolt to the cranium, resulting in focal 

and diffuse damage throughout the brain. Focal damage is understood as direct physical 

damage at the injury site caused by bolt penetration, while diffuse injury is the result of a 

combination of shock waves, coup, countercoup and shear forces, cerebral haemorrhaging 

and neuron depolarisation. This large-scale injury and damage to specific brain structures 

prevents normal functioning and produces unconsciousness (Terlouw et al., 2016a; 

Schwenk et al., 2016).  
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During CBG stunning, animals experience a tonic spasm of approximately 10 s before 

relaxing, often followed by more violent clonic convulsions (Lambooij et al., 2012). Care 

must be taken during the convulsive stages since the rapid movement of the limbs and body 

can endanger the safety of an abattoir’s personnel (Robins et al., 2014). In cattle, the correct 

position for CBG stunning is the mid-forehead at the intersection of two imaginary lines 

between the base of the horn and the opposite eye (Grandin, 2010; Gregory et al., 2007). 

Although water buffaloes belong to the same family of Bovidae as domestic cattle, the 

anatomical characteristics of the head differ considerably between the two species 

(Schwenk et al., 2016). It is well-documented that the efficacy of the stunning device 

depends greatly on the anatomical features of individual animals. In cattle the precise 

location of the brain relative to the forehead varies among breeds (Gilliam et al., 2012), 

genders and skull shapes (Terlouw et al., 2015).  

In this regard, studies of buffaloes have determined that the frontal stunning method may 

not be as efficient as in cattle because the frontal bones are significantly thicker (Gregory, 

2008). In addition, they have extensive frontal sinuses within the frontal and parietal bones 

rostrodorsal to the brain, with the left and right frontal sinuses separated by a highly-

developed, complete median inter-frontal septum. In cattle, in contrast, the two frontal 

sinuses are communicated caudally where the inter-frontal septum is deficient (Alsafy et 

al., 2013). For this reason, applying the conventional penetrating CBG recommended for 

cattle (bolt length = 9 or 12 cm) to the forehead of water buffaloes may not be effective in 

producing sufficient trauma and energy transfer to the brain to induce unconsciousness 

(Schwenk et al., 2016). A recent study by Schwenk et al. (2016) using computerised 

tomography (CT) determined that the mean distance from the forehead skin surface to the 
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inner bone table in buffaloes and cattle is 7.4 cm (5.6-10 cm) and 3.6 cm (2.9-4.4 cm), 

respectively, and from the skin to the thalamus, 14.48 cm (11.71-17.20 cm) and 10.20 cm 

(10.1–12.10 cm), respectively. In addition, there can be significant differences in skull 

anatomy due to sex and age, as males aged over 30 months had greater skull size and skin 

thickness in the frontal position (8.6 cm) than males under 30 months (7.4 cm). This 

highlights the importance of selecting the correct CBG/cartridge combination for each 

animal type. Swiss legislation recommends that for CBG stunning bolt penetration must be 

at least 12 cm in order to achieve a sufficient level of unconsciousness in adult buffaloes, 

while the diameter should be at least 9 mm with a velocity of 60-70 m/s (Ufficio Federale 

della Sicurezza Alimentare e di Veterinaria, 2010).  

The efficacy of stunning methods is tested by assessing specific brain stem reflexes 

(Erasmus et al., 2010). Key parameters commonly assessed as signs of a good stun, include 

immediate collapse, lack of rhythmic breathing (verified at the muzzle and/or flank), tonic 

and clonic convulsions, no conscious vocalizations, absence of palpebral and corneal 

reflexes, absence of nystagmus, no eyeball rotation/facing forward, no spontaneous 

blinking, lack of muscle tone (jaw muscle tension or tongue protrusion when on the 

bleeding rail), no responsiveness to pain (responses to scraping a fingernail along the 

animal’s inner nostril or to tongue pinching), and no righting reflex (defined as lateral head-

turning associated with apparent struggling movements) (Ahsan et al., 2014; Gregory et al., 

2007; Neves et al., 2016; Terlouw et al., 2016a). The presence or absence of these 

indicators must be checked after stunning and during bleeding for both conventional and 

religious slaughter (Terlouw et al., 2016b). Nystagmus or intermittently positive corneal or 

palpebral reflexes can indicate a shallow depth of concussion, but this does not necessarily 
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indicate compromised welfare since the animal may still be unconscious (Gibson et al., 

2015a, 2015d). Spontaneous, simple, unintentional movements after clonic convulsions 

originate from anoxia in the spinal cord, peripheral nerves and/or central rhythm generators. 

and are considered unrelated to consciousness (Grandin, 2010; Terlouw et al., 2015). 

Placement of the captive bolt shot has a significant effect on stunning performance. 

Gregory et al. (2009c) evaluated the efficacy of different captive bolt stunning sites 

(frontal, crown and poll) in water buffalo with different gun/cartridge combinations. They 

reported that bulls over 30 thirty months old (skull thickness at the frontal position = 8 cm) 

shot in the frontal position did not collapse after the first shot. Shooting in the crown (16-19 

cm from the foramen magnum) produced a shallow depth of concussion with continued 

respiration and eyeball rotation post-collapse in some animals. In contrast, animals shot in 

the poll (occipital) position (1-4 cm from the foramen magnum) (Figure 1), especially those 

aged over 30 months, showed signs of rhythmic breathing that began slowly at 38 s after 

shooting, while eyeball rotation was seen in 19% of animals. In poll-shot water buffaloes 

79% had damage to the cerebellum, and 71% to the medulla and/or pons. However, 3 of the 

animals that were shot in the poll position were considered to have been shot improperly 

because the bolt went into the spinal cord (n=2) or did not penetrate the brain (n=1) 

(Gregory et al., 2009c). Similar work by Schwenk et al. (2016) reported that shooting in the 

poll position (depression below the intercornual protuberance but above the attachment 

points of the Ligmenta nuchae), dramatically reduces the bone-to-thalamus distance to a 

median of 87 mm (range: 81-98 mm), compared to 127 mm (range 93-106 mm) for the 

frontal position. Furthermore, a pilot study in Colombian abattoirs found that a higher 

percentage of buffalo shot in the frontal position showed signs of sensibility compared to 

those stunned in the poll position (De la Cruz-Cruz et al., 2014). Taken together, these 
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results highlight the potential risks and benefits of the poll shot for water buffalo. The risks 

are that (1) when shooting in this position the brain may be missed entirely, hitting only the 

spinal cord; and (2) in both positions, the bolt length of commercially-available guns may 

be insufficient for large adult buffaloes. Shooting only the spinal cord could potentially 

result in animals being paralysed but not losing consciousness; therefore, the immediate 

and permanent loss of standing posture must be interpreted with caution (Terlouw et al., 

2016b). Moreover, insufficient bolt length might result in inconsistent stunning and 

potential welfare deterioration. However, overall results from these studies suggest that the 

poll position (depression below the intercornual protuberance but above the attachment 

points of the Ligmenta nuchae) is the more reliable shooting site for water buffaloes. Shots 

in this position should be directed towards the base of the tongue in buffaloes under three 

months of age, but towards the nose in older animals. The shot also needs to be directed 

rostrally to ensure that the brain, and not only the spinal cord is penetrated (Gregory et al., 

2009c). However, some authors consider the occipital position of the stunner unsuitable for 

practical reasons, as some buffaloes show interest in the device and may tend to move their 

heads (Meichtry, 2015). Another anatomical study using computed tomography, suggested 

that the most suitable position on the frontal sinus is on a line that joins the mid-temporal 

regions, about midway between the median plane and the lateral margin of the head (Alsafy 

et al., 2013). However, there is no stunning efficiency data in the literature to support this 

suggestion. 

Due to issues associated with the non-stunned slaughter of bovids (see the section, 

Slaughter of water buffalo without stunning, below), some Muslim communities accept the 

use of non-penetrating stunning in the Halal slaughter of cattle and buffalo, as long as the 

device does not penetrate or fracture the cranium (Nakyinsige et al., 2013). However, non-
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penetrating CBGs are recognized as being largely ineffective in reliably inducing 

unconsciousness in animals with large heads, such as bulls and water buffaloes (EFSA, 

2004). For this reason, the European Union does not permit their use with bovid species 

(European Union, 2009). Reversible electrical methods are also allowed for the Halal 

slaughter of cattle, provided they use non-lethal currents greater than 100 Hz in frequency 

(Dalmau et al., 2012). However, there is currently no published information on the 

electrical stunning of water buffaloes. 

 

Free bullet dispatch  

Unlike CBGs, the free bullet technique is classified as a killing method that does not 

require any secondary procedure(s), as long as the bullet is fired directly into the cranium to 

destroy the brain. However, to ensure good meat quality and animal welfare it is important 

that animals be bled after shooting. Free bullet shooting is often used to dispatch water 

buffaloes due to the ineffectiveness of some CBGs in rendering them unconscious. 

Generally, rifles and pistols are used (Gibson et al., 2015a; Machado et al., 2013; Meichtry, 

2015; Thomson et al., 2013;). Pistols range from specifically-designed single- or twin-shot 

slaughter types (Cash .32 Humane Killer) to military grade weapons (Meichtry, 2015; 

Schwenk et al., 2016).  

The AVMA recommends that the combination of the firearm and ammunition selected 

must achieve a muzzle energy of at least 300 ft-lb (407 J) for animals weighing up to 400 lb 

(180 kg), but for animals over 400 lb, 1,000 ft-lb (1,356 J) is required (American 

Veterinary Medical Association, 2013). Animals are generally shot at close range, but in 

the case of extensively-reared, stressed or dangerous livestock, it may be more appropriate 

to shoot from a distance. However, according to the Euthanasia Guidelines of the AVMA 
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(2013), it may not be possible or appropriate to target the head of the animal when 

attempting to kill it from a long distance because missed shots may result in jaw fractures 

or other non-fatal injuries. It is advisable to use a silencer to minimise noise and, hence, 

disturbances to other animals. The gun and ammunition should be appropriate for the 

distance and species involved. It is also important to ensure that the marksmen are 

adequately trained and licenced, and that the ammunition is designed and constructed so 

that it does not exit the animal’s head. The use of hollow-point or non-jacketed rounds can 

reduce the risk of ricochets or bullets exiting the animal because they are designed to 

deform and fragment upon impact (Gibson et al., 2015a). This kind of ammunition has the 

added advantage of increasing the surface area and severity of the wound (Farjo and 

Miclau, 1997; Hollerman et al., 1990; Thomson et al., 2013). Safety, however, is the most 

important consideration when animals are to be killed using the free bullet method, due to 

the potential for ricochets off bone or solid objects. Therefore, animals should not be shot 

in enclosed spaces or areas with substantial solid objects (e.g. metal gates). Sandpits, 

earthen floors and walls, or rubber tire enclosures can be used to minimise the risk of 

ricochets and prevent further travel of the projectile if it exits the animal’s head (Gibson et 

al., 2015a). 

To ensure effective killing, it is recommended that animals be shot in the head in a way that 

maximises damage to the structures of the brainstem (i.e., midbrain, pons and medulla). 

Schwenk et al. (2016) reported immediate collapse, unconsciousness and extensive brain 

damage in water buffaloes shot with a variety of pistols. Those animals were shot in 

different positions and at distinct angles, and the damage to the diencephalon and frontal 

lobe was more uniform and extensive than in beasts shot with penetrating CBGs. As in the 

case of CBGs, the free bullet method requires that the position and angulation of the shot be 
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adequate for each specific type of animal. Also, the projectile must have enough kinetic 

energy to ensure that it will penetrate and cause sufficient damage to the brain to produce 

death instantaneously. Recent work by Meichtry et al. (2015) has resulted in the design and 

development of a new, experimental, twin-barrelled, 9-mm, free bullet casing rifle for the 

frontal shooting of water buffaloes. Having two barrels means that one can be used as an 

immediate backup if the first shot fails. This gun was designed to maximise effectiveness 

and reliability, minimise suffering, and reduce risks to operators. These authors achieved 

complete unconsciousness for almost all buffalo categories including males aged up to 5 

years, though one bull aged 9.8 years did not collapse after the first shot in the frontal 

position and had to be shot again, this time in the occipital site. After the second shot, the 

animal lost almost all reflexes but still had eyeball rotation. Analysis of the CT found that 

both shots (frontal and occipital) had failed to penetrate the cranial vault, so the brain 

damage was limited to mild haemorrhagic lesions (Meichtry et al. 2015), suggesting that 

despite being shot twice the animal was only incompletely concussed.  

 

Slaughter of water buffalo without stunning 

In several countries, it is mandatory that a stunning method be used to render animals 

unconscious during and after the slaughter process. However, some have dispensations and 

special permits that allow slaughtering without stunning for consumption by members of 

certain religious faiths (Terlouw et al., 2008). Although slaughter without stunning is 

permitted by the OIE, the European Union and numerous other nations, it is a highly-

controversial issue from the perspective of animal welfare and meat labelling (Farouk, 

2013). Slaughter of water buffaloes without stunning is done primarily to satisfy the 

demand for Halal meat in Muslim communities, particularly in Africa, the Indian 
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subcontinent and Southeast Asia, where animals are killed by cutting the soft tissues of the 

ventral aspect of the neck (skin, muscle, trachea, oesophagus, carotid arteries, jugular veins, 

other blood vessels, sensory and motor nerves, and connective tissue) with a sharp knife 

(Gibson et al., 2015b; Nakyinsige et al., 2013). This must be performed by a member of the 

Muslim faith who invokes the name of Allah during the act (Grandin and Regenstein, 

1994). Some Muslim communities require that the animal be facing Mecca, but this is not 

universally observed. During slaughter without stunning, the principle welfare concerns 

are: the stress and pain associated with restraint (Berg and Jakobsson, 2007; Daly et al., 

1988; Grandin, 1998; Grandin and Regenstein, 1994; Gregory et al., 2012b; Velarde et al., 

2014); the pain from the cut itself and the stimulation of nociceptors in the wound (Gibson 

et al., 2015a, 2015b; Zulkifli et al., 2014); the distress associated with delays to loss of 

consciousness (Daly et al., 1988; Gregory et al., 2010); and the distress caused by aspiring 

blood into the respiratory tract (Grandin and Regenstein, 1994; Gregory et al., 2010).  

Unlike Shechita slaughter (the Jewish method), Halal has no special requirements for the 

knife used (Gibson, 2009). As a result, knives of inadequate length and sharpness may be 

utilized. This is especially important when slaughtering water buffaloes because their thick 

hide, long horns and short neck can make it difficult to perform a clean cut. This can extend 

the time required to perform the cut and result in incomplete severance of the carotid 

arteries, followed by stabbing, hacking and chopping motions with the knife, all of which 

increase the pain associated with this practice (Ahsan et al., 2014). Gregory et al. (2008) 

reported that this can be further complicated by the inability of operators to manually 

reposition the animal’s head –because of its horns– to ensure adequate exposure of the 

ventral surface of the neck for cutting. Their study shows that when the head cannot be 

repositioned correctly, the knife had to be stabbed into the side of the neck repeatedly, 
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causing many small cuts. One animal had to be cut 17 times before the soft tissues of its 

neck were severed (Gregory et al., 2008). Similarly, a study in Bangladesh reported that the 

knife point was often used to stab animals in the throat area in the initial phase of the 

cutting process. In some cases, after cutting the wound site was stimulated by washing or 

filling the trachea with water (Ahsan et al., 2014). The tissue damage associated with the 

neck cut and additional stimulation of the wound site has been shown to cause significant 

pain and distress during the slaughter of cattle without stunning (Gibson et al., 2009a, 

2009b; Zulkifi et al., 2014). 

In bovid species slaughtered without stunning, there may be a prolonged latency between 

loss of consciousness and death, though this will vary from one individual to another. In 

their work on veal calves, Lambooij et al. (2012) reported that brain activity continued for 

up to a mean of 80 s, while Gregory et al. (2010) using collapse as an early sign of loss of 

consciousness during non-stunned Halal slaughter in cattle observed that most animals 

collapsed within 20 s after the cut, but a significant proportion (8%) took more than 60 s. It 

has been suggested that the combination of continued cerebral perfusion by the intact 

vertebral arteries plus the formation of false aneurysms (carotid occlusions) on the cephalic 

and cardiac ends of the severed carotid arteries could prolong latency to loss of 

consciousness (Baldwin and Bell, 1963a, 1963b; Gregory et al., 2010). False aneurysms are 

thought to form when a severed carotid artery retracts into its surrounding sheath of 

connective tissue, causing the blood from the severed vessel to impregnate and swell the 

adventitia (Gregory et al., 2006). The swelling of the adventitia impedes –and may even 

block– the flow of blood from the artery which present a theoretical risk of recovery of 

consciousness or prolonged periods of consciousness (Gibson et al., 2015b). As in cattle, 

false aneurysms can also form in the severed carotids of water buffaloes. Gregory et al. 
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(2008) reported that the prevalence of false aneurysms 3 or more cm in diameter in Halal-

slaughtered water buffaloes was greater than in cattle slaughtered in a similar way. 

However, the sample size of the water buffalo population in that study was relatively small 

(n=11). Work in Bangladesh, meanwhile, reported that the average time from neck cut to 

cardiac arrest was 7 to 8 min (Ahsan et al., 2014). However, this figure must be used with 

caution because cardiac arrest does not directly relate to time of loss of consciousness. In 

sheep, calves, adult cattle and chickens, irregular and sometimes isolated heart contractions 

(cardiac fibrillation) may continue until 5 to 10 min after the end of bleeding, whether the 

animal was stunned or not, or after the installation of isoelectric EEG (Vimini et al., 1983; 

Terlouw et al., 2016a). Ahsan et al., (2014) also reported that in some abattoirs the 

dressing-out process was performed in less than 30 s after the neck cut; thus there is a 

significant risk that some animals would still have been conscious during this period and 

would have suffered accordingly. 

Recent work with non-stunned Halal cattle has shown that performing a high neck cut 

(HNC) (in relation to the first two trachea rings or first cervical vertebra) compared to the 

standard low neck cut (LNC), significantly reduced the time to final collapse (LNC 18.9 ± 

1.1 s; HNC 13.5 ± 1.3 s) and the proportion of animals that took over 20 s to collapse 

(Gibson et al., 2015). Similarly, Gregory et al. (2012a) reported reduced false aneurysm 

development in Halal-slaughtered cattle cut in the HNC position. Taken together these 

results suggest that the HNC could significantly improve exsanguination and time to loss of 

consciousness. However, this work has not yet been replicated with water buffaloes. 

Clearly, there is a need for additional research on the time to unconsciousness in non-

stunned water buffaloes. However, based on the physiological similarities with other bovids 

and the limited number of studies carried out up to now we can assume that, like cattle, 
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water buffaloes are at risk of prolonged times to unconsciousness during non-stunned 

slaughter. 

 

Conclusions 

Animals raised for meat production are unavoidably subjected to certain painful and 

stressful events and procedures during their lifetime. In the case of water buffaloes, the risk 

of deteriorated welfare may be higher than in other species due to various factors. However, 

it is important to note that there has been little research on the effects of ante mortem 

handling procedures, stunning and slaughter methods in this species. Specific legislation 

and handler training programmes in developed and developing countries need to be 

produced and implemented to try to reduce the welfare risks to buffaloes during all ante 

mortem stages, including handling, loading, unloading, transport, trading at the livestock 

market and slaughter.  

The critical aspects to be improved are: (a) the use of harsh methods to handle and move 

buffaloes (e.g. electrical prods, sticks, ropes passed through the nose), especially those 

reared in extensive conditions; (b) transportation in terms of loading density, thermal stress 

and journey times; (c) the mixing of unfamiliar animals at livestock markets; (d) inadequate 

stunning methods and positioning when using the CBG or free bullet techniques such that 

they fail to induce complete unconsciousness; and (e) slaughter without stunning in 

developed and developing countries, where the focus should be on developing practical and 

humane restraining techniques, improved cutting procedures that reduce time to death, and 

research into stunning methods that do not induce cardiac arrest but are acceptable for Halal 

meat production. Many of these points relate to improving education and communication 

with stockmen, slaughterers and communities to highlight the importance of improving 
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welfare not just for the animals’ sake, but also in the interests of improving meat quality 

and productivity, and enhancing human safety. 
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Figure 1. Water buffalo shot in the poll position with the bolt entering into the occipital 

lobe and terminating in midbrain. Total bolt and bone fragment travel of 10 mm. Photo 

courtesy of N. Gregory 
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Table 1. Effects of ante-mortem procedures and stunning on water buffalo welfare 

Ante mortem stage Negative effects Reference 

Handling during 
loading and 
unloading  

 blood pH with increasing restraining time in the working chutes.  
 blood lactate values at 5 and 15 minutes in the working chutes.  
 pCO2 values in unweaned calves compared to weaned calves, 
steers and bulls. 
blood glucose values with longer times in the working chutes in 1 
year buffaloes. 
 nervousness and restlessness of buffaloes raised in extensive 
conditions. 

de la Cruz-Cruz (2015) 

 loading times for heavier as compared with lighter animals (87 vs. 
43 s). 
 unloading time with sticks as compared with lassoes.  

Chandra and Das (2001b)  

 number of falls, collisions and blows to the most prominent parts 
of their body (Tuber coxae) when moving >600 kg buffaloes 
through narrow chutes (80-85 cm). 

de la Cruz-Cruz et al. (2014b) 

Sale for slaughter 
in livestock 
markets 

 percentage of (99%) with visible body lesions (abrasions, 
lacerations, inflammation, hyperkeratosis) as compared with cattle. 
The most affected areas were: head, neck, forequarters, 
hindquarters, thorax, abdomen. 

Alam et al. (2010a) 

2.4 lesions per animal; most commonly, small, deep contusions 
(59%). The most affected areas were: hindquarters, abdomen, 
udder. 

Chandra and Das (2001b)  

47% of the buffaloes with lacerations and ulcerations of the nostrils 
caused by ropes used to tie them during transport. 

Alam et al. (2010c) 

Frequent signs of distress: ocular congestion, tearing, nasal 
discharge, salivation. Chandra and Das (2001a). 

Transport 

In Bangladesh rope halters passing through the nasal septum cause 
severe injuries 

Ahsan et al. (2014). 
 

Temperature extremes causing thermal stress. Zava (2011a) 

 blood glucose levels in hot seasons. Alam et al. (2010b) 

Loss of body weight for transports over 700 km (7% to 9%). Zava (2011b) 

In Bangladesh 89% of animals had injuries on various parts of their 
bodies. Ahsan et al. (2014). 

Stunning methods  

The frontal bones and sinuses of water buffaloes are up to 8 cm 
thick. 

Gregory (2008). 

The left and right frontal sinuses are separated by a highly-
developed, complete, median interfrontal septum. Alsafy et al. (2013) 

In water buffaloes and cattle, respectively, the median distance from 
the frontal skin surface to the inner bone table is 7.4 cm vs. 3.6 cm, 

Schwenk et al. (2016). 
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and from skin to the thalamus, 14.48 vs. 10.2 cm. 

Discharges in the forehead do not cause immediate loss of posture. 
When shot in the crown position, animals continue to breathe 
rhythmically with ocular rotation post-collapse. 
When shot in the poll position, buffaloes –especially those over 30 
months old– present rhythmic respiration and ocular rotation;  
79% of the animals stunned in the poll position suffered damage to 
the cerebellum, and 71% damage in the medulla and/or pons. 

Gregory et al. (2009c) 

 
 


