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Foreword 
This project seeks to address industry concerns and feedback from markets that there is an opportunity 
to enhance the welfare of buffalo during the slaughter process. The objectives of this project were to 
develop appropriate stunning methods through: 

• Measurement of key parameters of buffalo heads and necks in order to identify the optimal 
application point for percussive stunning; and gauge the power requirements for an effective 
stun. 

• Design of a prototype restraint unit for positioning of the buffalo head to allow good access to 
that optimal position.   

• Field trials to demonstrate effective stunning using the prototype restraint unit, and the power 
settings calculated, on buffalo within the northern Australian industry. 

• Preparation of clear guidelines and undertake training with processors for the stunning of 
smaller buffalo for the halal market.  

This report will be beneficial for buffalo processors, exporters, and regulatory bodies with 
responsibility for animal welfare, animal health and management both here in Australia and in our 
supply chains. The rangeland buffalo industry in the Northern Territory will benefit through 
enhancing access to current and future markets in South-East Asia. The emerging dairy buffalo 
industry in the southern states of Australia will benefit when their male calves and cull cows are 
slaughtered at domestic processors local to the farms, potentially opening the halal supply chain. 

The difficulties of stunning buffalo, as raised in previous studies, are addressed in this report. The 
research developed and tested a series of activities to deliver a suitable method of humanely stunning 
smaller buffalo prior to slaughter for halal meat production in overseas markets. As with all other 
studies this method, however, does not work for larger, mature buffalo. While further research will be 
needed to support humane stunning in larger animals, this study is a useful contribution to Australia's 
buffalo industry. Adoption of these recommendations and guidelines could have applicability to our 
supply chain partners for humane stunning in smaller animals.  

This report for the AgriFutures Buffalo Program is an addition to AgriFutures Australia’s diverse 
range of over 2000 research publications and it forms part of our Growing Profitability arena, which 
aims to enhance the profitability and sustainability of our levied rural industries. 

Most of AgriFutures Australia’s publications are available for viewing, free downloading or 
purchasing online at: www.agrifutures.com.au.  

 

John Smith 
General Manager Research  
AgriFutures Australia 
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Executive Summary 
What the report is about 

This research was commissioned following industry concerns and feedback from the markets that 
there is an opportunity to enhance the welfare of buffalo during the slaughter process. Australian 
media and public outcry regarding the slaughter of animals overseas, which led to the suspension of 
live export of cattle to Indonesia in 2011, have highlighted that both the Australian Government and 
public have an expectation that animals exported to other countries must be humanely treated and 
slaughtered. Previous studies have reported that buffalo are notoriously difficult to stun. This report 
covers a series of activities aimed at developing a suitable method of humanely stunning smaller 
buffalo prior to slaughter for halal meat production in overseas markets. 

Who is the report targeted at? 

The report is targeted at buffalo processors in Australia and overseas, buffalo exporters, and 
regulatory bodies. 

Where are the relevant industries located in Australia? 

The buffalo industry in Australia has two main centres: the rangeland buffalo in the Northern 
Territory (NT), which are destined for export live to South-East Asia after mustering, and the 
emerging dairy industry in the southern states, particularly Victoria. Male calves and cull cows from 
the dairy industry are slaughtered at domestic processors local to the farms. 
Both sectors may benefit from this work: the NT sector may benefit through enhancing access to 
current and future markets in South-East Asia, while the dairy sector may benefit from opening the 
halal supply chain. 

Background 

Aims/objectives 

This project aimed to develop recommendations and guidelines for effective stunning in halal 
slaughtered buffalo. 

Methods used  

The project began with a laboratory- and desk-based phase during which cadaver heads were 
sectioned and measured in order to understand the anatomical challenges to delivering an effective 
stun. Observation of animal movement, both live and from video footage, was used to develop 
conceptual restraint equipment designs. 

This was followed by an initial pilot phase assessing the potential for application of a percussive 
stunner at the poll position to deliver an effective stun. A further validation phase with a larger group 
of animals was then completed. 

Based on the outcomes of the animal studies, a conceptual design for a restraint unit was prepared. 

Results/key findings 

Buffalo head anatomy differs from that of bovines in a number of ways: 

• The brain is situated in a protected space under the crown – the reference points used for 
cattle stunning would not be suitable, as the impact point would miss a large portion of the 
brain. 
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• The frontal bone contains a large honeycombed frontal sinus, which adds additional 
protection against impact. 

• The bone over the crown and poll is very thick, but the frontal sinus ends behind the crown. 

A poll position approach, delivering impact at a point between the crown and the fold behind the 
horns where the head joins the neck, angled towards the lower jaw, with sufficient force, can provide 
an effective stun in small bulls and in cows (less than 600 kg). In older animals, particularly bulls, the 
soft tissue over the bone at this point thickens, which would further reduce the force of impact. 
Therefore, the reliability of percussive stunning in larger animals, particularly bulls, is limited.  

Good head restraint and positioning, such that easy access to the impact point is available, is vital to 
optimise stun effectiveness. In the validation study, non-penetrating percussive stunning was applied 
to the poll position, or at the top of the head (crown position) as described by Gregory et al. (2009), 
leading to effective first-shot stunning in 26 of 34 animals evaluated. Effective stun, based on the 
indicators: immediate collapse; absence of corneal reflex; and absence of rhythmic breathing, was 
consistent in smaller animals up to 183.6 kg hot standard carcass weight (HSCW; estimated 
liveweight 353 kg). Percussive stunning using a high-grain cartridge, at the poll position, was also 
effective in larger animals, up to 374 kg HSCW (estimated liveweight 623 kg), when the stun could 
be applied accurately to the desired impact point. 

First shot effectiveness is related to animal bodyweight; but is also significantly affected by the 
animal’s head position. If the muzzle is tipped upwards, folds of skin limit access to the poll position 
for accurate placement of the instrument. Stun effectiveness could be optimised by using a head 
restraint device that prevents the head from tilting above the horizontal plane. 

From a restraint point of view, it is likely that a combination of the ‘forward yoke’ and ‘nose bar’ 
concepts (Figure 1) may provide the most reliable access to the impact point, while fitment of a belly 
lift to prevent the animal lying down may also be valuable. 

Another potential aid would be to use a contact-firing stun implement mounted on a long handle, such 
that the operator’s hands can be separated from the area in which the horns can be wielded by the 
animal. Repeated accurate placement of such an instrument would probably require some practice. 
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Figure 1: Conceptual design of restraint unit 

  

Implications for relevant stakeholders 

An effective percussive stun can be delivered to smaller buffalo.  

Suitable restraint that prevents the animal from tipping its muzzle upward and compressing the neck 
just behind the horns would be essential to optimise placement of the instrument. This is particularly 
important when processing heavier animals. 

Two potential alternative technologies have been identified (Head-only electrical stunning and 
DTS:Diathermic Syncope®), but these were not assessed during the current project due to the degree 
of capital outlay and infrastructure required along with commercial availability, factors which may 
limit their utility in overseas markets. 

Head-only electrical stun has been successfully delivered to buffalo in commercial slaughterhouses in 
Australia (Allan Lee, personal communication). The Intellectual Property for this activity is owned by 
Jarvis Engineering Technologies. This option could be investigated further, but capital outlay and 
infrastructure requirements may hinder uptake of this technology in importing countries. 

An emerging technology, DTS:Diathermic Syncope®, may provide a halal-compliant means of 
rendering buffalo insensible prior to slaughter. However, this technology requires further development 
for use in buffalo. As with electrical stunning, capital outlay and infrastructure requirements may 
hinder uptake of this technology in importing countries. 

Recommendations 

Further work required to bring the percussive stunning technique into commercial use could include: 

1. Construction and testing of a prototype buffalo restraint unit; 

2. Assessment of the technique and approval by Halal Certification bodies; 

3. Greater assessment across a range of sizes, including large animals; 
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4. Application to the Department of Agriculture and Water Resources Meat Program for 
approval of the technique as halal, in consultation with overseas regulators. 
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Introduction 
This research was commissioned due to concerns from industry and feedback from the markets that there is 
an opportunity to enhance the welfare of buffalo during the slaughter process. The World Organisation for 
Animal Health (OIE) Terrestrial Animal Health Code does permit slaughter without prior stunning, but there 
is considerable pressure on exporters to ensure that all Australian animals are stunned prior to slaughter.  

One of the main areas of concern to the Northern Australian Buffalo Industry is the potential for live exports 
of buffalo to Indonesia to be halted due to issues around achieving effective stunning. A review of literature 
on stunning of buffalo found very little information on optimal methods for stunning of buffalo, particularly 
for the halal market, in which penetrating captive bolt stunning is disallowed due to the damage caused to the 
skull of the animal. The review identified percussive stunning at the poll position, and electrical head-only 
stunning to be the two most likely candidates for effective stunning of buffalo for the halal market. 

Mechanical stunning is a mature technology, widely used globally, and relatively cheap in terms of set-up 
and running costs. Non penetrating (percussive) stunning is accepted by a number of halal markets. High 
power percussive stunning in the poll position is a potential option for halal slaughtering of buffalo, but some 
optimization of head restraint and positioning, and understanding of the ideal placement is required. 

Electrical stunning is also a mature technology, widely used where electrical power is readily and reliably 
available. Installation is likely to be more expensive than mechanical stunning, and running costs are related 
to the cost of electrical power. Head-only electrical stunning is fully recoverable, and acceptable to many 
halal markets. No recommendations for use of electrical stunning in buffalo are currently available; there 
have been some questions in relation to the duration of the stun currently used in cattle.  

This project aimed to develop recommendations and guidelines for effective stunning in halal slaughtered 
buffalo. 
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Objectives 
Stage 1: 

• Understand the underlying physical attributes of buffalo that impact on effectiveness of mechanical 
and electrical stunning 

• Design a conceptual head restraint unit that allows optimal stun application 

Go/No-go decision based on: 

• Optimal application points for percussive stunning and realistic power requirements for electrical 
stunning identified. 

• The restraint unit to be easily retrofitted to existing restraining equipment 

Stage 2: 
• Develop effective mechanical stunning procedures for water buffalo 
• Develop effective head-only electrical stunning procedures for water buffalo 

Go/No-go decision based on: 

• Field trials successfully demonstrate effective mechanical and/or electrical head-only stunning using 
the prototype 

Stage 3:  
• Prepare clear guidelines, work instructions and training materials in regard to effective stunning of 

water buffalo. 
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Methodology 
Animal Ethics 
The study was carried out under the authority of the CSIRO Wildlife and Large Animal Ethics Committee, 
references 2015-25 (Pilot study) and 2019-05 (Validation study). 

Stage 1 

Objective 1.1: Understand the underlying physical attributes of buffalo that affect 
effectiveness of mechanical and electrical stunning 

Fourteen buffalo heads representing a range of ages and sizes of animal, Swamp and Riverine types, were 
obtained from a commercial abattoir and a buffalo producer, both based in the Northern Territory. The horns 
were removed, and the heads were frozen and transported to CSIRO, Armidale for morphometric 
measurement. For comparison purposes, two bovine heads were obtained from a beef processor local to the 
CSIRO research laboratory. 

A standardised procedure was developed for collecting measurements from the head prior to sectioning 
(Table 1); electrical resistance prior to sectioning (Table 2); and after sectioning along the midline sagittal 
plane (Table 3). Electrical resistance was measured using a Kew Insulation/Continuity Tester (Model 3132A; 
Kyoritsu Electrical Instruments Works, Tokyo). Heads were sectioned using a commercial bandsaw. One 
head was further sectioned, parallel to the midline cut to visualise lateral aspects of the head, and two heads 
were sectioned horizontally for visualisation of the brain cavity relevant to external markers.kmjk 

Table 1: Standardised measurements of the head prior to sectioning 

Measurement Description 

Dentition Number of adult teeth erupted 

Across poll From base of one horn to the base of the opposite horn, at the highest point 
with the head placed on the table, supported by the jawbones (line A, Figure 
2) 

Distance between eyes From medial canthus of one eye, over the frontal bones to the medial 
canthus of the opposite eye (line B, Figure 2) 

Back of poll to between 
eyes 

Midline measurement from the fold below the bony ridge for the horns, 
where the neck joins the head, over the crown, to the line (B) joining the 
medial canthi of the eyes (Figure 2) 

Back of poll to nostrils Midline measurement from the fold below the bony ridge for the horns, 
where the neck joins the head, over the crown, to the line (C) joining the 
rostral tips of the nostrils (Figure 2) 

Foramen magnum width Horizontal gap between the occipital condyles (not illustrated) 

Foramen magnum depth Vertical space between the upper and lower parts of the occipital bone, 
bounding of the foramen magnum (line D, Figure 3) 

Tissue thickness at 
foramen magnum 

Soft tissue, including skin, between occipital bone and skin surface (line E, 
Figure 3) 
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Figure 2: Representations of reference points on unsectioned head; front view 

 

 

Table 2: Standardised resistance measurements of the head prior to sectioning 

Resistance Measurement Position of probes 

Across skull Skin surface midway between base of horn and lateral canthus of eye; one 
probe either side of head 

Midline One probe on skin surface midline on the line between the medial canthi of 
both eyes (line B, Figure 1); second probe on skin surface midline on the fold 
below the bony ridge for the horns, where the neck joins the head 

Cheek level Skin surface on muscle of cheek, approximately 3 cm below position for 
‘across skull’; one probe either side of head 
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Table 3: Standardised measurements of the head after sectioning 

Measurement Description 

Foramen magnum to 
frontal sinus 

Length of brain cavity from occipital condyles to underside of frontal bone 
(line 1, Figure 2, bottom) 

Depth of brain cavity Distance across brain cavity from underside of frontal bone at crown to base 
of brain at sphenoid bone (line 2, Figure 2, top) 

Bone thickness at crown Thickness of bone at crown (line 3, Figure 2, bottom) 

Tissue thickness at crown Skin and soft tissue depth at the crown - following the alignment of line 3, 
Figure 2, bottom 

Bone thickness level with 
eyes 

Thickness of bone at a point on the line between the lateral canthi of each eye 
(line 4, Figure 2, bottom) 

Tissue thickness level 
with eyes 

Skin and soft tissue depth at a point on the line between the lateral canthi of 
each eye - following the alignment of line 4, Figure 2, bottom 

Bone thickness at front of 
brain 

Thickness of bone at a point on the line between the medial canthi of each 
eye (line 5, Figure 2, top) 

Bone thickness at back of 
skull 

Thickness of occipital bone above foramen magnum (line 6, Figure 2, top) 

Tissue thickness at back 
of skull 

Skin and soft tissue depth over occipital bone - following the alignment of 
line 6, Figure 2, top 

Bone thickness behind 
poll 

Thickness of bone at the fold below the bony ridge for the horns, where the 
neck joins the head (line 7, Figure 2, bottom) 

Tissue thickness behind 
poll 

Skin and soft tissue depth at the fold below the bony ridge for the horns, 
where the neck joins the head occipital bone - following the alignment of line 
7, Figure 2, bottom 
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Figure 3: Measurements of sectioned skull; medial view 
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Objective 1.2: Design a conceptual head restraint unit that allows optimal stun 
application 

During a visit to a commercial buffalo farm, a group of Riverine buffalo heifers, aged between 2 and 4 years, 
were observed walking in yards and through a race and crush. Measurements of the race and crush were 
made, and video and still footage were collected. These were visually assessed in terms of the biomechanics 
and head carriage in buffalo, and images utilised to generate 2-dimensional drawings of buffalo in computer-
aided design (CAD) software (AutoCAD, Autodesk Inc, CA, USA). These in turn were utilised with the 
CAD software to generate conceptual restraint designs for buffalo. 

 

Stage 2 

Objective 2.1: Develop effective mechanical stunning procedures for water buffalo 

This objective was carried out in two stages: a pilot study, followed by a larger validation study. 

Pilot study 

The pilot study was carried out on two consecutive days, across two properties in the Northern Territory of 
Australia, as buffalo were available to be included in the study. At the first property, three buffalo were 
available for study – one bull, one cow and one yearling heifer. At the second property, a larger number of 
buffalo were available for study – seven cull bulls, and five cull cows. The Animal Ethics Approval was for a 
maximum of 10 animals to be studied, so not all animals at the second property were utilised in the study. 

At the first property, with three buffalo available, it was decided to carry out the following three treatments: 

1. Adult animal 1 (cow): penetrative captive bolt, 6-grain cartridge; 
2. Adult animal 2 (bull): percussive stun, 6-grain cartridge; 
3. Yearling animal (heifer): percussive stun. 4-grain cartridge. 

At the second property, the animals were significantly larger, and it was decided to assess 6-grain 
powerloads only. Again, the first animal received a penetrative captive bolt, and that having produced an 
effective stun, percussive stun was attempted on subsequent animals. Percussive stun was not successful on a 
large bull, so studies on bulls were terminated. A single cull cow was studied. Thus, the treatments studied 
on property 2 were: 

4. Bull: penetrative captive bolt, 6-grain cartridge; 
5. Bull: percussive stun, 6-grain cartridge; 
6. Bull: percussive stun, 6-grain cartridge; 
7. Cow: percussive stun, 6-grain cartridge. 

At this stage, a clear conclusion could be drawn from the pilot studies, and it was considered unnecessary to 
continue to assess cull cows during this phase of the project. Details of the animals studied are presented in 
Table 4. 
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Table 4: Animal details 

Sequence Gender Liveweight (kg) Dentition Age 

1 Female 322 2 tooth 2-3 years 

2 Male 366 6 tooth 3-4 years 

3 Female 230 Milk teeth 1 year 

4 Male 750 Full mouth 4 years 

5 Male 832 6 tooth 6 years 

6 Male 672 Full mouth 4 years 
7 Female 596 Full mouth 12 years 

 

The protocol for each animal was as follows: 

Bring first animal into crush 

• Start video recording 
• Record animal identification 
• Engineer to assess head capture and take measurements as necessary 
• Secure head – horns roped and head raised, to ensure safety of personnel applying 

electroencephalogram (EEG) pads 
• Apply EEG pads, and start electroencephalogram (EEG) recording 
• When clear trace gathered, stun animal 1 
• Assess for consciousness (corneal reflex, absence of rhythmic breathing) 

o If not stunned, immediately kill using firearm* 
• Gather EEG trace post-stun 
• Exsanguinate 
• Remove and skin head 
• Photograph head 
• Remove skull cap, inspect and photograph brain 

Repeat with animal 2 

Subsequent animals are not to be brought to crush until previous animal is dead and the carcase removed. 

* In practice, it was realised that the delay between the call for firearm in the event of a mis-stun and actual 
shot could be a few minutes, while the gun was loaded and the area made safe, whereas, if penetrative bolt 
was shown to be successful on the first animal, the penetrative bolt instrument could be pre-loaded and 
available for immediate use as a back-up stun to the percussive instrument, in the same manner as used in a 
commercial abattoir for cattle. Therefore, it was decided at the outset that the procedure in the event of a mis-
stun with the percussive instrument, the slaughterman would immediately apply a penetrative stun, while the 
marksman prepared the rifle. In this way, we could minimise the delay between mis-stun and effective stun. 

Live observations of indicators of insensibility, particularly lack of corneal reflex and lack of rhythmic 
breathing were used to assess effectiveness of stunning. 

Video footage was collected via three cameras: one positioned directly above the head of the restrained 
animal, linked to the EEG recording; one positioned to the left side in front of and facing the animal’s head; 
and one mobile hand-held camera on the right side, facing the animal’s head. Video footage was reviewed 
offline in order to pinpoint the sequence of events and calculate stun to stick intervals.  

EEG data was captured using a single channel, bi-hemispheric, four-electrode EEG montage (ground 
electrode on the base of the horn; non-inverting electrode midline on the nose, midway between the nostrils 
and the eyes; and the inverting electrodes on each frontal bone, between the eye and the poll). RedDotMini 
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electrode pads (3M Australia, North Ryde, NSW) were applied to the head, with good contact achieved by 
soaking the hair below the pad in superglue (Loctite 454, Loctite Australia, Caringbah, NSW). The EEG was 
recorded, using PowerLab and LabChart (ADInstruments, Sydney, Australia) for a period of up to 2 minutes, 
or until a stable, clear signal lasting for 30 seconds was observed on the screen, whichever occurred first, 
prior to application of the stun, and again for up to 90 seconds or until a stable, clear signal lasting for 30 
seconds was observed on the screen prior to sticking, unless the animal was deemed to be regaining 
consciousness, in which case a back-up stun was delivered. 

The EEG data were analysed offline using LabChart 8 (ADInstruments, Sydney, Australia). Artefacts were 
identified and rejected manually, with reference to video footage to identify event-related artefact. A band-
pass filter of 0.1 to 30 Hz was applied to the raw data, and the Spectral Analysis Package within LabChart 8 
was used to apply Fast Fourier Transformation (FFT), with multiplication using a Welch window in non-
overlapping 1-second epochs. The data pertaining to each of four frequency bands was extracted from within 
the spectrum: Delta (0.1-4 Hz); Theta (4.1-8 Hz); Alpha (8.1-13 Hz); and Beta (13.1-30 Hz). Within each 
EEG dataset, 10 serial epochs with minimal interference were selected for further analysis. From this subset, 
mean power; root mean square power (RMS); total power; 95% Spectral edge frequency (F95); and 
amplitude were calculated for each frequency band, and the proportion of total power within each frequency 
band, expressed as a percentage of the power spectrum within each 10-s series of 1-s epochs, at key stages 
(before stun; immediately after stun; before sticking; immediately after sticking and terminal, where 
available) was calculated. 

Statistical analysis of data was not carried out, as this was a pilot evaluation, and insufficient numbers were 
present in each treatment group to allow analysis. 

Validation study 

The validation study was carried out on a single processing day in July 2019, at a commercial abattoir in 
Victoria, Australia. Forty animals were sourced from a local buffalo dairy herd, encompassing a range of 
animal sizes. Animals were not weighed while live. They were delivered to the abattoir on the day before 
processing and allowed to rest in three group pens in the lairage overnight, with water available ad libitum. 
Processing began at 10:30 the following morning, beginning with the smaller animals presented. 

Each animal was individually brought to the knocking box using low-stress animal handling techniques: use 
of the flight zone to move the animal; use of a ‘flapper’ as opposed to an electric goad or stick; use of quiet 
voice or whistles and quiet movements. In the knocking box, the animal was restrained using neck bails 
where possible – in the case of the smaller animals, the neck bails were ineffective restraints and were 
obstructive to the operator rather than helpful, so were disengaged. Non-penetrating percussive stun (Cash® 
Magnum Concussion hand-held humane stunner, with 6 grain Red cartridge) was applied to the poll position 
(Figure 4), or to the top of the head, in the case of the smaller animals. Five animals were excluded from the 
study because either access to the poll target was restricted (2 animals), or the animals were over-agitated 
and excluded from the study on welfare grounds (the final three animals processed). 
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Figure 4: Diagram of buffalo skull (cross-section), showing stun application options 

 

Effectiveness of stun was assessed using the behavioural indicators: immediate collapse; absence of corneal 
reflex; and absence of rhythmic breathing. Where the initial first stun attempt was deemed ineffective, a 
back-up penetrative captive bolt stun (Cash® Magnum .25 calibre hand-held humane stunner, 6 grain Red 
cartridge) was immediately applied at the poll position. 

Once effectively stunned, the animal was rolled out of the knocking box, exsanguinated and dressed 
according to the abattoir’s normal process. All animals were observed for signs of effective stun and signs of 
recovery while on the bleed rail. Kill order, ear tag (where present) and HSCW were recorded. 

Data were analysed using R statistical software (R Core Team, 2018) using a Generalized Additive Model, 
with the binomial response variable ‘effective first stun’ fitting Sex, HSCW and ‘time in restraint’ as 
explanatory variables. 

 

Objective 2.2: Develop effective head-only electrical stunning procedures for water 
buffalo 

The electrical resistance measurements obtained in objective 1.1 (detailed below) indicated that a very high 
current would be required to successfully stun a buffalo. Electrical stunning equipment would also incur a 
large capital cost (estimated AUD 40,000 to 50,000 plus modifications to the restraint unit to ensure 
electrical safety; Jarvis Engineering, personal communication) and furthermore would require a reliable 
electricity supply at the processing facility. Discussion with MLA in-market personnel indicated that this 
latter infrastructure requirement could not be guaranteed, so it was decided not to continue with this line of 
investigation, but instead focus on mechanical stunning as the preferred option. 
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Stage 3:  

Objective 3.1: Prepare clear guidelines, work instructions and training materials in 
regard to effective stunning of water buffalo. 

This was a desk-based activity taking into account the learnings gained from Stages 1 and 2, to highlight 
safety considerations. 
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Results and discussion 
Stage 1 

Objective 1.1: Understand the underlying physical attributes of buffalo that affect 
effectiveness of mechanical and electrical stunning 

Physical measurements 

Fourteen buffalo and two bovine heads were measured. The buffalo were Swamp Bulls (n=2); Swamp Cows 
(n=9); a Riverine Bull; a 7/8 Riverine Cow and one unknown cow (visual appearance suggested Riverine 
cross). All Swamp animals were received from the normal slaughter process at an abattoir based in the 
Northern Territory; while the Riverine and Riverine cross animals were culled from a Northern Territory 
buffalo herd. The bovines were of unknown breed and age, received from the normal slaughter process at a 
beef abattoir local to the CSIRO research laboratory. One was horned, the other polled. The bovine heads 
were included to give an indication of anatomical differences between cattle and buffalo. Measurements 
taken are presented in Tables 5-7 below. 

Swamp buffalo heads were aged by dentition and ranged from no permanent incisors erupted to full mouths 
(8 permanent incisors erupted and in wear). Dentition was also recorded for the Riverine and Riverine cross 
animals, although dates of birth were known (April 2000 – head 2; January 2009 - head 3; and September 
2010 – head 4). In buffalo, the permanent incisors erupt at the following ages (Cockrill, 1974): 

• First pair: 2 ½ to 3 years 
• Second pair: 3 ½ to 4 years 
• Third pair: 4 to 5 years 
• Fourth pair: 5 to 5 ½ years 

Plots of measurements taken against dentition were prepared (Figures 5-8). Although only a small number of 
heads were examined, it appeared that there was low variability in the measurements, and weak to negligible 
relationships between dentition and measurement. There appeared to be greater variance within the data for 
older animals, but this could also be attributable to the three bulls measured (one 6-tooth, two full mouth). 
Bulls tended to have greater tissue and bone thickness than cows of similar dentition. There were insufficient 
heads in each dentition group to tease out statistically significant relationships, so the data were clustered 
into two groupings: less than 4 permanent incisors erupted (< 4); and greater than 4 permanent incisors 
erupted (> 4). Means and standard deviations by these groupings are given in Table 8. There were no 
statistically significant differences between the two groupings. Based on the samples measured, there were 
no statistically significant differences between breed in terms of head measurements. However, the Riverine 
animals were represented by only two samples, so there was low statistical power in the comparison between 
breeds. Utilising the calculated mean and standard deviation for bone thickness behind the poll in animals 
with greater than 4 teeth erupted (Table 8), a z-test power analysis indicates that 217 samples in each group 
would be required to identify a 10% difference between breeds. For animals with less than 4 teeth erupted, 
34 samples in each group would be required to identify a 10% difference in bone thickness behind the poll. 
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Table 5: Head measurements prior to sectioning 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Breed (S: Swamp, 
R: Riverine Buffalo) S 7/8 R Not 

known R S S S S S S S S S S Bovine 
Polled 

Bovine 
Horned 

Gender (if known) Bull Cow Cow Bull Bull Cow Cow Cow Cow Cow Cow Cow Cow Cow n/a n/a 

Bodyweight (kg) >500 650 750 635 >500 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Dentition (adult 
incisors erupted) 8 8 7 8 6 1 8 2 0 6 2 2 2 6 # # 

Across poll (mm) 185 300 235 280 190 200 215 185 180 200 190 190 200 200 145 165 

Distance between 
eyes (mm) 180 200 200 215 190 170 160 180 180 175 155 175 180 160 150 190 

Back of poll to 
between eyes (mm) 380 320 295 345 350 265 255 255 240 250 270 235 n/a 240 255 245 

Back of poll to 
nostrils (mm) 635 640 635 635 515 515 415 520 515 510 510 490 480 495 510 570 

Foramen magnum 
width (mm) 50 * * 45 45 40 35 40 45 45 40 40 40 45 45 45 

Foramen magnum 
depth (mm) 35 * * 50 32 35 40 33 32 30 35 36 35 40 40 40 

Tissue thickness at 
foramen magnum 
(mm) 

100 * * 100 80 90 80 70 62 85 75 94 70 70 n/a n/a 

 *: Atlanto-occipital joint damaged  #: Jaw removed by abattoir  n/a: Not available 
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Table 6: Measured electrical resistance across head 

Resistance 
Measurement (MΩ) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15# 16# 

Across skull 0.13 0.15 0.09 n/a 0.15 0.09 0.09 0.11 n/a 0.14 0.08 0.16 0.2 0.12 <0.0005 <0.0005 

Midline 0.09 0.1 0.15 n/a 0.02 0.15 0.06 0.15 n/a 0.05 0.1 0.15 0.2 0.1 <0.0005 <0.0005 

Cheek level 0.1 0.13 0.17 n/a 0.15 0.1 0.03 0.15 n/a 0.1 0.03 0.01 0.2 0.08 <0.0005 <0.0005 
n/a: Not available  #: head fully skinned – no soft tissue present 
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Table 7: Measurements taken from sectioned head 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Foramen magnum 
to frontal sinus 200 190 180 * 180 190 175 * 170 185 165 167 250 165 145 145 

Depth of brain 
cavity 90 70 80 * 75 85 85 * 61 100 95 70 67 70 85 60 

Bone thickness at 
crown 45 50 30 * 50 30 25 * 25 30 25 25 40 30 25 35 

Tissue thickness at 
crown 25 15 10 * 22 10 10 * 8 10 10 10 10 10 # # 

Bone thickness level 
with eyes 45 40 25 * 40 45 35 * 35 35 35 38 35 30 8 24 

Tissue thickness 
level with eyes 15 10 10 * 12 10 5 * 4 10 11 8 8 10 # # 

Bone thickness at 
front of brain 45 40 45 * 68 50 45 * 45 45 50 50 50 30 12 10 

Bone thickness at 
back of skull 25 10 15 * 20 15 10 * 13 20 15 11 15 15 33 30 

Tissue thickness at 
back of skull n/a n/a 55 * 80 n/a n/a * n/a n/a n/a n/a 40 15 # # 

Bone thickness 
behind poll 35 n/a 20 * 30 25 20 * 20 25 20 20 25 20 33 30 

Tissue thickness 
behind poll 35 n/a 15 * 40 15 20 * 10 15 10 12 15 15 # 10 

Units: mm n/a: Not available  *: not measured, head sectioned horizontally  #: head fully skinned – no soft tissue present
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Figure 5: Plots of head measurements prior to sectioning (units mm) 
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Figure 6: Plots of brain cavity dimensions (units mm) 

 

  

 

Figure 7: Plots of tissue thickness measurements (units mm) 
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Figure 8: Plots of bone measurements (units mm) 
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Table 8: Mean measurements for animals with less than, or greater than, 4 permanent incisors 
erupted 

 
Measurement (mm) 

Dentition < 4 
Mean (SD) 

Dentition > 4 
Mean (SD) 

 
Significance 

Across poll  190.83 (8.01) 225.63 (42.96) n/s 

Distance between eyes  173.33 (9.83) 188.75 (21.51) n/s 

Back of poll to between eyes 253.00 (15.25) 304.38 (52.54) n/s 

Back of poll to nostrils  505.00 (16.12) 566.88 (84.22) n/s 

Foramen magnum width  40.83 (2.04) 44.17 (4.92) n/s 

Foramen magnum depth  34.33 (1.51) 37.83 (7.22) n/s 

Tissue thickness at foramen magnum  76.83 (12.53) 85.83 (12.01) n/s 

Foramen magnum to frontal sinus 188.40 (35.85) 182.14 (11.13) n/s 

Depth of brain cavity 75.60 (13.99) 81.43 (11.07) n/s 
Bone thickness at crown 29.00 (6.52) 37.14 (10.75) n/s 

Tissue thickness at crown 9.60 (0.89) 14.57 (6.43) n/s 

Bone thickness level with eyes 37.60 (4.34) 36.43 (8.02) n/s 

Tissue thickness level with eyes 7.00 (2.45) 10.29 (2.98) n/s 

Bone thickness at front of brain 49.00 (2.24) 45.43 (11.39) n/s 

Bone thickness at back of skull 13.80 (1.79) 16.43 (5.56) n/s 

Tissue thickness at back of skull 40.00 (0.00*) 50 (32.79#) n/s 

Bone thickness behind poll 22.00 (2.74) 25.00 (6.32) n/s 

Tissue thickness behind poll 12.40 (2.51) 23.33 (11.25) n/s 
 *: insufficient data – one head only carried sufficient tissue to measure 
 # : little data – three heads only carried sufficient tissue to measure 
 

Anatomical Considerations 

In cattle, the recommended mechanical stun application point is centred on (penetrating mechanical 
stun), or slightly above (non-penetrating mechanical stun), the intersection of two lines running from 
the back of the eye to the base of the opposite horn (Figure 9). This delivers the impact at a narrow 
piece of frontal bone, directly over the brain (Figure 10). Some of the kinetic energy of the impact is 
absorbed by the skin over the bone, and some by the bone itself, but a large amount is transferred into 
the brain, physically moving it within the brain cavity. This results in the stun. 
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(a)  (b)  

Figure 9: Frontal shooting positions for cattle 
(Source: (a) Humane Slaughter Association; (b) Meat & Livestock Australia) 

 

 

Figure 10: Impact point of mechanical stun in cattle 

 

In contrast, the brain in the buffalo sits in a more protected position, under the crown of the skull, and 
the distance between the eye and the base of the horn is shorter. This means that if the reference 
points used for cattle are utilised for buffalo, the impact point is actually forward of the bulk of the 
brain, over the frontal sinus (Figure 11). Notwithstanding the enormous capacity of the skull to absorb 
and dissipate the impact – the honeycomb structure of the frontal sinus acts as a protective 
mechanism, similar to the crumple zone on a modern vehicle – only a small portion of the brain would 
be induced to move, and as such the production of sufficient neurological disruption to effect a stun 
would be less likely than if the impact point were directly over the body of the brain. It is important to 
note at this point, the key difference between free bullet (ballistic) shot and captive bolt (mechanical 
stun): in free bullet shot, the projectile is travelling at such speed that a compressive shock wave is 
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generated around and behind the motion of the projectile, which contributes to disruption of 
neurological function. This does not occur with captive bolt mechanical stun. 

 

Figure 11: Impact point if reference points appropriate to cattle are used on buffalo 

 

The frontal sinus extends across the width of the forehead, so moving the impact point to one side or 
the other will not avoid this structure. Midline sections of the heads suggests that a crown or poll 
position may be more effective than a frontal position (Figure 12), as the frontal sinus appears to end 
and the skull becomes a thick sheet of bone behind the poll. In older animals, particularly bulls, it 
appears that the skin thickness over this bone increases, which will also contribute to absorption of the 
impact and reduction in the ability to produce an effective stun. Similarly, moving further back behind 
the poll will result in a greater amount of soft tissue absorbing the impact and a further reduction in 
kinetic energy transfer. 
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Figure 12: Poll position approach to stunning 

 

Electrical Resistance 

Measured electrical resistance across buffalo heads ranged from 0.01 MΩ to 0.2 MΩ, i.e. 10,000 to 
200,000 Ω. This is substantially higher than the resistance encountered in bovine heads: <500 Ω 
recorded from skinned heads in the current study; and ranges of 10 to 200 Ω calculated from voltage 
and current data described by Anil (2012). Published data on electrical resistances of bovine heads 
was not found despite an extensive literature search, although measured electrical resistance of whole 
cows from mouth to hooves has been reported to range from 244 Ω to 851 Ω (Craine et al., 1970; 
Norell, 1983). It is possible that the fact that the buffalo heads had been frozen, stored and transported 
from the Northern Territory to New South Wales prior to testing might have altered the electrical 
resistance across the heads, but these very high resistance measurements suggest that electrical 
stunning of buffalo would be challenging, requiring a very high voltage in order to overcome this 
resistance and allow sufficient current to flow to effect a stun. 

 

Objective 1.2: Design a conceptual head restraint unit that allows optimal stun 
application 

In bovines, where the frontal approach to captive bolt stunning is optimal, head capture units are 
designed to lift the head upwards, presenting the flat frontal area to the operator. Bovines tend to look 
down and explore the ground surface for an escape route when entering a knocking box. However, as 
prey animals, they also attempt to bring moving objects on the edge of their visual field into focus. 
Utilising this innate behavioural tendency, a neck bail arrangement for bovine was designed by one of 
the authors in 1983 (Figure 13) and fitted to the stun process chamber at a commercial abattoir in 
Queensland (Ray White, personal communication). A pair of loose capture bails introduced behind 
the animal’s head and only into their peripheral vision induced the bovine to lift its head and step 
backward in an attempt to focus on these loose bails. The live bovine’s head was successfully 
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captured, lifted and tilted in a backward rotation to best present the animal for frontal position captive 
bolt stunning. After publication, commercial units of this equipment are now available in domestic 
and international markets. 
 

 
Figure 13: Cattle head capture unit 

 
For a bovine, a comfortable stance is with the head in a lowered position. Buffalo, however, normally 
stand with the head erect and lift their heads to a higher angle than beef cattle. This behaviour is 
necessary in their natural semi-aquatic environment when little more than their eyes and nose protrude 
above the waterline. Although difficult to illustrate, the photographs in Figures 14 and 15 show 
buffalo and cattle respectively in yards. The buffalo, particularly the heifer to the left of the image, 
and those in the back of the group, are holding their noses up and looking along the nose at the 
camera, whereas the bovines in Figure 15, although curious and alert to activity outside the yards, 
have their noses tipped to a more downward position. When held in a race, the buffalo tends to hold 
its head high (Figure 16), while a bovine in the same situation looks down (Figure 17). In a bovine 
head capture unit, the frontal approach to stun is achieved, but the poll approach, optimal for buffalo, 
is impeded. 

Based on these observations, a brainstorming session was carried out, resulting in three possible 
conceptual devices, which are detailed below. 
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Figure 14: Normal stance of buffalo in yards 

 

 

Figure 15: Normal stance of bovines in yards 
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Figure 16: Buffalo heifer in race 

 

 

Figure 17: Bovine in race 
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Conceptual design 1: Modified head capture unit – Neck and Nose Bar 

A modification of the head capture unit was considered, but with a nose bar functioning in the 
opposite direction to the neck bails to force the head in a down and forward rotation position to 
expose the back of the head for a poll position stun (Figure 18). This concept has the following 
potential problems: 

• Physically forcing an animal into any position other than their natural stance will result in 
stress; 

• Any contact with the nose/snout/whiskers area of the animal will contribute to stress; 
• The animal’s natural behaviour of keeping their head back to look up to see what is going on, 

along with their high neck strength is likely to result in the animal kneeling and looking up 
rather than rotating its nose downward; 

• The animal is likely to be able to rotate its head from side to side, presenting a safety risk to 
the operator attempting to apply the stun between the horns. 

 

 
Figure 18: Neck and Nose Bar 
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Conceptual design 2: Double neck bails 

A double set of neck bails could be used to extend the neck, and thereby open the space between the 
highest point of the withers and the poll, presenting the head for a poll position stun (Figure 19). This 
design could also be suitable for unstunned slaughter: a long blade inserted between the dual neck 
bails could be utilised for the neck cut. Rapid exsanguination could be assisted by maintaining the 
head in a lifted, extended position after the cut. This concept has the following potential problems: 

• The short and powerful neck of the buffalo would not allow sufficient space for equipment 
and head rotation to expose sufficient access to stun at the poll position; 

• The complexity of neck bail equipment would also hamper stun equipment access to the 
optimal target on the poll. 

• The double neck bail design must apply considerable force in the neck region to restrain the 
animal. This design was not successful with bovine trials at the CSIRO Meat Research 
Institute in Cannon Hill, QLD, in the 1980s due to elevated stress levels (Ray White, personal 
communication). 

 

 
Figure 19: Double Neck Bails 
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Conceptual design 3: Deep Vee Yoke Capture 

A deep vee shaped head capture unit would allow a buffalo to approach and fit its head through a high 
opening aligning with the animal’s natural head carriage (Figure 20). If the deep vee is then forced 
closed the animal will be required to lift their head further in the vee to maintain a comfortable 
position (Figure 21). This will allow access to the poll stun position through the wide opening at the 
top of the head. Further advantages of this concept are: 

• The animal will be held in a position close to their natural stance, with any neck stretch 
similar to their natural deep water/swimming position; 

• Most high powered “power load” stun units are long and tubular and will fit into the available 
space, accessing the poll from behind the yoke; 

• The neck bails can be manufactured from modest diameter pipe reinforced by side plates to 
prevent horn entrapment, protect the operator and shield the animal from seeing the approach 
of the operator; 

• Manufactured equipment could be a relatively simple design for retrofit into existing 
facilities, e.g. for proof of concept installation or a more functional design for a standalone 
complete unit; 

• The head is supported, so the coup and contra-coup effect of a mechanical stun is maximised, 
potentially increasing the effectiveness of the stun. 

 

Of the three concepts developed, the Deep Vee would appear to be the best option, based in the 
information available, and outline engineering drawings were prepared (Figure 22). 

 

 

 

Figure 20: Deep Vee Yoke capture 
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Figure 21: Deep Vee Yoke lifting action 

 

In the conceptual Deep Vee system, the equipment is powered by two pneumatic cylinders located 
above the restraint box. The current design is based on a restraint box of 75 cm internal width, with 
straight sides. The sides of the neck bail mechanism are attached to the sides of the box and able to 
slide up and down. 

Figure 22 shows, from right to left: 

• Right hand image – fully open: both cylinders are extended to collapse the bails against the 
box sides to enable animal removal. 

• Middle image – neck capture engaged: the lower cylinder is collapsed, swinging the neck 
bails into place to allow an animal to walk in & place head over the vee. 

• Left hand image – fully raised: the upper cylinder is collapsed lifting the animal's head for 
stun 

To reopen the unit, both cylinders extend, the upper releasing the animal’s head, at which point the 
side slides hit a stop forcing the neck bails to collapse to the side of the box. 
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Figure 22: Preliminary engineering drawings of the Deep Vee concept. 

 

Refinement and development of the most appropriate design 

The Deep Vee concept appears to show the greatest potential for restraint of a buffalo for stunning. 
However, the current concept design assumes a straight-sided restraint box for retro-fit, and this may 
not be the case in target overseas markets. Furthermore, before selecting a preferred design, more 
information on the biomechanics of applying a stun to the poll of the buffalo is required. For example, 
how easy is it to access the target – does neck thickness restrict access? 

Key knowledge gaps remaining at the end of Stage 2 were: 

• Characteristics of existing restraint facilities currently installed at overseas processors. This 
would inform the potential to retro-fit existing facilities; 

• A better understanding of the thickness of the buffalo neck compared to the width at the back 
of the skull. A physical concept within the cattle head capture design is to just touch the neck 
and allow the animal to pull back against the bails. This may be usable in a buffalo restraint 
design; 

• Whether a neck lift mechanism would be better employed to lift the animal’s head while the 
vee closes rather than lifting the vee. This could allow one side of the neck bails to remain 
stationary, simplifying the final design; 
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• The minimum gap between the bails that would allow the stun operator to approach the 
animal’s head for stun application in the poll position; 

• Suitability of brands/models of stun guns for approaching the buffalo in the poll position 
between narrow neck bails whether they are parallel or in a vee formation. 

Contact was made with MLA advisers in Indonesia and Malaysia to ask about existing restraint 
devices and stun equipment in these markets. There are essentially two systems in use for 
slaughtering:  

1. The Mark 1 slaughter box, which is a simple rectangular device with a side door that opens 
either by swinging to the side, or lifting up. Access to the animal’s head is facilitated by 
installing a walkway to one side; 

2. A simple neck bail with chin lift device, described by Troja et al. (2013); MLA project 
W.LIV.0397. 

Although pneumatic percussive stunning is permitted under halal guidelines, in practice, the majority 
of processors are using cartridge-driven percussive stunners, such as the Cash Magnum knocker (.25 
calibre; Accles & Shelvoke, UK) or the Schermer KC non-penetrating stunner (.22 calibre; Schermer, 
Germany). Both these stunners are cylindrical, approximately 35-40 cm in length, with a trigger on 
one side. As an illustration, Figure 23 shows two Accles & Shelvoke stunners – the lower stunner is 
the Cash Magnum .25 calibre, the upper is the Cash Magnum .22 calibre. The hand grip is between 
the trigger and the muzzle, leaving only 13 cm between the hand and the contact point. This could 
restrict access to the poll in cases where the neck bails are parallel; and present a risk of hand injury to 
the stun operator.  

 

 

Figure 23: Captive bolt stunners 
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Stage 2 

Objective 2.1: Develop effective mechanical stunning procedures for water 
buffalo 

Pilot Study 

Effectiveness of Stun 

A summary of the stun outcomes is presented in Table 9 (detailed data from each individual animal 
are held by AgriFutures in PRJ-009441 Annual Report number 4). A penetrative stun was effective in 
two animals as a first stun, and in a third as a back-up when the non-penetrative stun was not 
effective. In one animal, the non-penetrative stun was not effective, and neither was the penetrative 
stun back-up. This animal was killed using a .308 calibre rifle. This animal, although lighter in 
bodyweight than two others in which the penetrative stun was effective, had a very thickened horn 
ridge and skull, with skin of between 50- and 80- mm thickness over the poll. The station manager 
reported that this animal was known to often fight with other bulls, which may have contributed to the 
excess tissue. 

The non-penetrative percussive stun was effective in smaller animals: two bulls (Sequence 2, 366 kg); 
one heifer (Sequence 3, 230 kg, on which a 4-grain cartridge was used); and one cow (Sequence 7, 
596 kg).  

Table 9: Summary of stun outcomes 

Sequence Gender Liveweight 
(kg) 

Stun applied Stun effectiveness 

1 Female 322 Penetrative, 6-
grain 

Effective 

2 Male 366 Percussive, 6-grain Effective 

3 Female 230 Percussive, 4-grain Effective 

4 Male 750 Penetrative, 6-
grain 

Effective 

5 Male 832 Percussive, 6-grain Not effective 
Penetrative, 6-grain back-up - effective 

6 Male 672 Percussive, 6-grain Not effective 
Penetrative, 6-grain back-up – not 
effective 
Rifle shot - effective 

7 Female 596 Percussive, 6-grain Effective 
 

Effectiveness of stun was determined based on behavioural indicators, particularly immediate 
collapse, absence of corneal reflex and absence of rhythmic breathing. A range of behavioural 
indicators of effective mechanical stun have been proposed (Table 10), but there is no overall 
consensus as to which of these signs are the most reliable indicators of unconsciousness. However, the 
indicators suggested are consistent across species (cattle, sheep and horses), so we can expect to be 
able to apply these indicators to buffalo. For mechanical stun, Gracey and Collins (1995) cite ‘no 
rhythmic breathing’ as the cardinal sign, while Grandin (2002) advises observers to focus on ‘limp 
head, extended tongue and blank stare’. The corneal reflex cannot distinguish accurately between 
consciousness and unconsciousness, but if there is no corneal reflex, it is likely that the animal is 
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unconscious (Anil and McKinstry, 1991; Gregory and Grandin, 2007). In the current study, corneal 
reflex was present in animals prior to stun, and absent following effective stun. 

Other authors have reversed the approach and considered utilising indicators of ineffective stunning. 
For example, Gouveia et al. (2009), studying 2800 cattle stunned using captive bolt in a commercial 
Portuguese slaughterhouse, found that the most common signs of ineffective stunning were muscle 
tone of the ears (17.8%), absence of muscle spasms in the back and legs (11.5%), presence of 
rhythmic breathing (9.4%), and vocalisation (7.9%). They also observed animals that showed signs of 
recovery (e.g. corneal response and righting reflex returning) and suggested that this might be 
predicted by lack of immediate collapse (100%), eyes rotated rather than fixed (91.3%), rhythmic 
breathing (91%) and response to nose or ear pinch (84.6%). In the two buffalo in which the stun was 
not immediately effective, we saw lack of immediate collapse, presence of corneal reflex and 
presence of rhythmic breathing. 

Table 10: Suggested indicators of an effective stun 

Behavioural sign Source# 

Immediate collapse A, B, C 

No attempt to stand up A, D 

Body and muscles immediately rigid (tonic) A, B, C 
Lack of normal rhythmic breathing A, B, C 

Eye open and staring straight ahead / glazed expression A, C 

No attempt to raise head C 

Ears relaxed and drooping C 

Tongue loose and flapping / hanging out C, D 

Corneal reflex absent B, C 

No spontaneous eye blinking C 

Straight back and floppy head D 

No vocalisation of any kind D 

No response to painful stimulus B 

Gradual pupillary dilation B 
# Sources: 
A: Terrestrial Animal Health Code (OIE, 2015)  
B: Scientific Opinion on Welfare Aspects of Animal Stunning and Killing Methods 
(EFSA, 2004)  
C: National Animal Welfare Standards for Livestock Processing Establishments 
(AMIC, 2009)  
D: Humane Handling Guidebook (USDA-FSIS, 2009). This also lists indications 
that an animal is NOT properly stunned: Vocalisation, eye blinks, eye reflexes in 
response to touch, rhythmic breathing, curled tongue 

Behavioural indicators and responses to certain stimuli are used to monitor the effectiveness of 
stunning in a commercial situation where it is impossible to utilise techniques such as 
electroencephalography (EEG, in which electrodes are placed on or into the skin of the scalp) or 
electrocorticography (ECoG, in which the electrodes are implanted into the superficial parts of the 
brain). The electroencephalogram (EEG) is a measure of central nervous system activity, assessed as 
the changing electrical activity between the applied electrodes. The electrical impulses detected by the 
surface electrodes represent a tiny fraction of the electrical activity occurring within the brain, partly 
because the signals are distorted by the insulating properties of the overlying tissues such as bone, 
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skin, blood and meninges; but also because negative and positive electrical potentials cancel each 
other out. Many billions of nerve cells (neurones) are actively emitting electrical signals 
simultaneously within the brain, and the electrodes also pick up electrical impulses from muscle cells 
and nerve cells within the tissues overlying the brain. The resulting data collected seems apparently 
chaotic. However, techniques have been developed to filter out much of the background noise from 
muscle and overlying tissues and collect objective data (Cohen, 2014). 

Early analyses of EEG data were essentially qualitative, inspecting the raw data trace for different 
characteristics. For example, a conscious animal shows a trace characterised by relatively low 
amplitude (height of waves between lowest and highest power) and contains fast waves, or high 
frequency (a large number of waves within a specific time period). Immediately after stunning, the 
EEG is described as ‘transitional’: the amplitude increases and the frequency decreases. This pattern 
is also referred to as ‘High Amplitude, Low Frequency’ or ‘HALF’. These changes become more 
profound in true unconsciousness, and finally the EEG becomes isoelectric, or ‘flat-line’, when brain 
activity ceases (Verhoeven et al., 2015; McKeegan et al., 2007; Daly et al., 1988). In the current 
study, in the cases in which the stun was effective, immediately after stun, the root mean square 
(RMS) power increased, the amplitude increased, and the mean power frequency decreased, 
indicating that the EEG was in the transitional or HALF pattern. In the animals in which the stun was 
not effective, these changes were limited, and indeed the mean power frequency of animal 5 
increased. Following back-up stunning, HALF pattern was evident. Subsequently, as time progressed, 
the EEG trended towards the isoelectric state, particularly following exsanguination. These findings 
are consistent with the existing literature on EEG as a tool for measuring effective stunning 

More recently, quantitative methods of EEG analysis have been developed. These have been utilised 
extensively in human neurology research and sleep studies; and quantitative methodologies are being 
applied to animal neurology research, particularly with regard to characterising pain and nociception 
responses (Gibson et al., 2009a, 2009b, 2009d, 2009c, Gibson et al., 2007, Johnson et al., 2012, 
Jongman et al., 2000, Morris et al., 1997). From the power spectrum, measures such as total power 
(Ptot); Amplitude; RMS (an alternative measure of power), Median Power Frequency (F50; which 
measures the frequency below which 50% of the total power is located) and Spectral Edge Frequency 
(F95; which is the frequency below which 95% of the power is located), can be derived. These give 
numerical values that can be compared more objectively than qualitative assessment of traces. These 
derived values (Ptot, Amplitude, RMS, F50 and F95) are often used in human sleep research, and the 
values are derived from particular frequency bands within the EEG spectrum. These bands are 
characterised as alpha (α), beta (β), delta (δ) and theta (θ) waves. In an awake animal, α and β waves 
predominate, with β activity being associated with physical movement and heightened alertness. As 
an animal falls into sleep or reduced consciousness, δ and θ waves predominate (Knyazev, 2012). 

Unfortunately, there are few papers in the literature that characterise the post-stun EEG of animals in 
terms of these measures, and it is also likely that differences in experimental set-up and equipment 
used will impact on actual values generated in each study. However, we can report that following 
effective stun, particularly as the EEG progresses towards the isoelectric state, Delta (δ) waves form 
an increasing component of the power spectrum (Table 11 and Figure 24). This finding concurs with 
previously published data relating to mechanical stunning of bovines (Lambooy, 1982, Verhoeven et 
al., 2016, Zulkifli et al., 2014). 
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Table 11: Example of EEG data, Animal 1. Effective stun. 

Measure Timepoint 

Total EEG 
spectrum 
(0.1 – 30 

Hz) 

Delta 
(0.1-4 

Hz) 

Theta 
(4.1-8 

Hz) 

Alpha 
(8.1-13 

Hz) 

Beta 
(13.1-30 

Hz) 

Mean 
power (μV) 

Before stun 0.15 -0.15 0.017 -0.007 -0.003 
Immediately after 
stun 

2.14 2.60 0.53 0.15 0.10 

Prior to sticking -12.62 14.15 0.008 0.005 0.002 
RMS 
(μV) 

Before stun 14.94 10.06 3.43 2.52 4.60 
Immediately after 
stun 75.21 

49.28 16.26 12.92 15.44 

Prior to sticking 22.14 32.37 3.46 2.59 4.35 
Amplitude 
(μV) 

Before stun 79.73 30.14 18.40 12.92 26.76 
Immediately after 
stun 399.79 

111.27 98.35 92.15 136.13 

Prior to sticking 69.08 44.58 14.64 13.11 22.53 
Ptot (μV2) Before stun 178.72 66.48 9.77 6.90 23.51 

Immediately after 
stun 

2567.00 858.06 438.04 207.37 2.53 

Prior to sticking 141.73 118.90 12.26 4.61 16.29 
F95 
(Hz) 

Before stun 26.62 3.61 8.62 12.76 20.50 
Immediately after 
stun 24.20 

4.20 8.83 12.45 19.92 

Prior to sticking 25.77 3.96 8.46 12.92 20.49 
F50 
(Hz) 

Before stun 11.19 1.48 5.83 9.87 16.39 
Immediately after 
stun 7.69 

1.82 5.62 9.49 15.82 

Prior to sticking 11.3 1.61 5.55 9.76 16.67 
(mean values across 10, 1-sec epochs at each timepoint) 
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Figure 24: Example of distribution of power bands within EEG (percentage of 
total power), Animal 1, effective stun 

Considerations on restraint 

The crush restraints used in the pilot study are shown in Figure 25. 

Animals 1 – 3 were processed using a Monarch Cattle Crush manufactured by Thompson Longhorn, 
Goomburra QLD. This equipment consisted of Ø90 mm neck bails and Ø40 polyurethane covered 
neck extender bars positioned 90 mm forward of the neck bails. The neck extender bars were not 
present on the animal’s right-hand side, preventing vertical movement. 

Animals 4 – 6 were processed using a basic model Pro Chute manufactured by Leicht’s Country 
Industries Australia Goombungee QLD. This equipment held the animal between rectangular section 
neck bails 50 mm thick, curved to suit the neck profile. No other bars were fitted to this cattle crush to 
assist with neck capture. 

Animal 7 was processed using a Pro Chute – Interrogator manufactured by Leicht’s Country 
Industries Australia Goombungee QLD. The animal was held by rectangular section neck bails, cut & 
welded to form a shallow vee on each side of the neck. This unit also had a head extension rail, 
curved to follow the shape of the neck and hold the head 60 mm forward of the neck bails. 

All animals easily navigated their horns through the lead up race, chute and capture areas. All animals 
held their heads in a position slightly lower than shoulder height, lower than when comfortably 
standing erect but much higher than bovines when held in a crush. This head position could possibly 
be their natural stance when under threat. Each animal was further restrained by rope around the 
horns, tied to an overhead beam to reduce movement during the trial, and thereby make application of 
the stun safer (Figure 26). Better head restraint would be necessary to safely process buffalo in a 
commercial environment. Where the head is not secured, a high injury risk is presented to the operator 
so effective control of the head and horns is necessary with the operator isolated from the range of 
movement of the animals. 
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Both Pro Chute and Monarch equipment can be supplied with chin lift mechanisms by their 
manufacturers as an accessory to replace the rope restraint although a vee shape that extended upward 
behind the head would reduce the animal’s ability to move their horns. 

 

                     

Figure 25: Restraint equipment used for trials 

Animals 1 – 3 
Property 1 

Monarch Cattle Crush 

Animals 4 – 6 
Property 2 – Remote Yard 

Pro Chute 

Animal 7 
Property 2 Main Yard 

Pro Chute - Interrogator 
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Figure 26: Buffalo restrained in crush and rope, while baseline EEG was collected 
 

The stun position used for the study was the poll position (Figure 27), because, as determined in 
Objective 1, this is the area with the thinnest covering of bone and hide in direct contact with the 
brain. This allows the greatest transfer of kinetic energy from the stunner to the brain, optimising the 
likelihood of effective induction of insensibility. However, approach from this angle was not easy, 
and the slaughterman needed to take care not to be bumped by the horns, even though their movement 
was limited somewhat by application of the rope restraint. Ideally, access to the stun point would be 
from behind the neck yoke, but the stun implement was too short to reach the contact point when this 
approach was attempted. 
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Figure 27: Stun position 

 
Safe access to stun the animal in the poll position could be provided by using a chin lift cradle or yoke 
coupled with the bails of the crush sufficiently closed to prevent forward movement of the shoulder. 
The wider position of the crush gates provides the operator access to reach forward through the crush 
gates from behind the animal’s head to apply the stun, while the forward yoke prevents backward 
movement and reduces lateral movement of the head. A design for such a yoke, that swings into place 
after the neck is captured, is shown in Figures 28 - 30. 
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Figure 28: Preliminary conceptual design of forward yoke 

 

 

 

 Figure 29: Preliminary forward yoke mounting position 
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Figure 30: Design of preliminary chin lift / yoke mechanism 

 

Other considerations 

Recoil 

The slaughterman reported an excessively strong recoil (kick-back) using 6 grain cartridges with the 
percussive stunner. Although not unexpected, as strong recoil is observed when using heavy 
cartridges in captive bolt instruments in bovine stunning, the recoil using a non-penetrative stunner on 
buffalo heads was strong enough that he was unable to hold onto the stunner after the shot, without 
wrenching his arm and shoulder muscles. 

The causes of the strong kick back from the percussive stunner using a 6 grain charge include: 

• Compromised high bolt velocity due to the percussive bolt being in contact with the hide prior 
to firing the stun gun with the very thick buffalo hide hindering bolt acceleration; 

• The thick buffalo hide spreading the stun force over a relatively large area of the skull bone 
and horn root structure to engage this solid mass to push back and resist the movement of the 
percussive head; 

• The explosive force of the stun cartridge that is resisted by the target forcing the stun gun in 
the opposite direction. 

Potential solutions to increase the force applied to the target animal include: 
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• Increase the mass of the stun gun. This could be achieved by attaching a metal handle, either 
linear to allow the operator to hold the stun gun two handed when accessing the animal from 
behind, or as a pole attachment on the stunner. This could be similar to previous Cash 
instruments, perhaps with contact firing mechanism so the handle/pole would buffer the recoil 
(e.g. https://www.accles-shelvoke.com/tools/cash-accessories/cash-magnum-long-handle); 

• Increase the percussive bolt stroke length and prevent close contact with the percussive head 
so a high percussive bolt velocity can be achieved prior to contact with the animal. 

Although not tested, it is likely that repeated firing under 6 grain cartridges would lead to stress-
fractures in the bolt body, and the lifespan of stunner components may be compromised. 

Exsanguination 

On all buffalo processed, a ‘thoracic stick’ was used to bleed the animals. The ‘thoracic stick’ was 
selected over the ritual transverse cut of the neck behind the jaw. This method was selected to ensure 
that the animals exsanguinated rapidly post-sticking, as there was a delay between stunning and 
sticking in order to collect the post-stun EEG. The normal knife insertion position for beef animals at 
the thoracic inlet failed to sever the target artery, the brachiocephalic trunk. In order to sever this 
artery, the required knife insertion position was 80 mm higher, a position in the lower neck of the 
animal. Further to the above, this artery was much deeper than in cattle, and a larger gash opening was 
required than in cattle to allow a good bleed-out. All other arteries in the neck region also appeared to 
be located deeper in the neck, i.e. the overlying tissues are thicker in buffalo than in cattle. This may 
mean that the transverse neck cut normally used in the halal slaughter of cattle would be less easy to 
execute in buffalo. Therefore, it is recommended that an exsanguination position in the lower neck, 
similar to that used for the halal slaughter of camels, be adopted for buffalo. 

Validation study 

A summary of data collected, including observations by the stun operator, is presented in Table 12. 
Liveweights were estimated from hot carcase weight (HSCW) based on a 52% dressing percentage.  

In small animals, up to 89.6 kg HSCW, percussive stunning was consistently effective when applied 
to the top of the head. Percussive stunning continued to be effective on first application at the poll 
position in animals up to 183.6 kg HSCW (estimated 353 kg liveweight, based on a 52% dressing 
percentage). Effective percussive stuns were observed in larger animals, up to 374 kg HSCW, if 
accurate placement of the instrument was possible. When animals were agitated, they tended to tip the 
nose upwards, compressing the neck at the poll position, and blocking access to the desired impact 
point (Figure 31).  
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Figure 31: Diagram showing increasing neck skin folds and restriction of access to the desired 

impact point as the animal lifts its muzzle to horizontal and above. 

 

Animals processed later in the mob were more agitated than those earlier in the mob. Percussive 
stunning was not effective in three animals weighing 385 kg HSCW (estimated 740.4 kg liveweight, 
based on a 52% dressing percentage) and above. 

Statistical analysis confirmed that there is a significant (P < 0.005) effect of HSCW (Figure 32) on 
first stun effectiveness, but no significant effect (P = 0.96) of time in restraint (Figure 33). It is worth 
noting here that time in restraint, although slightly prolonged due to the need to collect baseline EEG 
data, was less than 2 minutes in all but 5 animals, and therefore similar to time in restraint in low-
volume commercial cattle abattoirs. Analysis of deviance indicated that Sex does have a significant 
effect on effectiveness of first stun, but this may be confounded by the fact that the majority of the 
smaller animals were male, while the majority of larger animals were female. 

Plots of model outputs (Figure 34 including Sex and HSCW, and Figure 35 including HSCW as the 
explanatory variable) indicate a threshold of opportunity below 300 kg, and optimal efficacy below 
200 kg HSCW for effective percussive stunning at the poll position.  
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Figure 32: Effect of hot carcase weight (HSCW, kg) on effectiveness of first stun 
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Figure 33: Effect of time in restraint (minutes) on effectiveness of first stun 
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Figure 34: Plot of Generalized Additive Model including Sex and HSCW as explanatory 

variables 

 

 
Figure 35: Plot of Generalized Additive Model with HSCW as the only explanatory variable 
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Table 12: Buffalo enrolled in the study, sorted by Hot Carcase Weight, showing effective first 
stun (y) or not (n) 

Kill 
order 

Sex Hot 
carcase 
weight 

(kg) 

Time in 
restraint 

(min) 

Effective 
first 
stun 

Estimated 
liveweight* 

(kg) 

Comment 

1 M 60.4 9 y 116.2 Small animal, difficult to reach poll 
position. Percussive stun applied at top 

of head 

3 M 64 1 y 123.1 Small animal, difficult to reach poll 
position. Percussive stun applied at top 

of head 

9 M 80.6 0 y 155 Small animal, difficult to reach poll 
position. Percussive stun applied at top 

of head 

5 M 83.6 4 y 160.8 
 

10 M 83.8 1 y 160.8 
 

2 M 84 0 y 161.5 Small animal, difficult to reach poll 
position. Percussive stun applied at top 

of head 

8 M 85.6 2 y 164.6 
 

17 M 85.6 0 y 164.6 
 

4 M 89 0 y 171.2 Small animal, difficult to reach poll 
position. Percussive stun applied at top 

of head 

16 M 89.6 1 y 172.3 Small animal, difficult to reach poll 
position. Percussive stun applied at top 

of head 

12 M 97 1 y 186.5 
 

7 M 119.8 0 y 230.4 
 

11 M 120 2 y 230.8 
 

21 M 123.6 0 y 237.7 
 

15 M 132 0 y 253.8 
 

6 M 132.2 1 y 253.8 
 

19 M 134.6 1 y 258.8 
 

23 M 136.6 0 y 262.7 
 

14 M 151 1 y 290.4 
 

20 M 154.2 2 y 296.5 
 

35 F 178.6 2 y 343.5 
 

13 M 183.6 1 y 353.1 
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Kill 
order 

Sex Hot 
carcase 
weight 

(kg) 

Time in 
restraint 

(min) 

Effective 
first 
stun 

Estimated 
liveweight* 

(kg) 

Comment 

18 M 188.2 1 n 361.9 Unable to access poll position with 
percussive stunner, so tried top of head 

position. Not effective. 

22 M 201.2 0 n 386.9 Unable to access poll position with 
percussive stunner, so tried top of head 

position. Not effective. 

31 F 234.4 1 y 450.8 
 

40 F 237.8 1 Excluded 
from 

analysis 

457.3 Agitated, one of last three animals. 
Penetrative captive bolt used on welfare 

grounds 

30 F 246.8 1 Excluded 
from 

analysis 

474.6 Misfire first attempt, animal becoming 
agitated. Penetrative captive bolt used 
for second attempt on welfare grounds 

34 F 256.8 2 Excluded 
from 

analysis 

493.8 Unable to access poll position with 
percussive stunner. Penetrative captive 

bolt used as first option 

29 F 291.8 0 y 561.1 
 

37 F 297 1 n 571.2 Difficult positioning, animal tipping 
head up and compressing poll area 

28 F 308.2 0 y 592.7 
 

26 F 316.4 1 n 608.5 
 

27 F 340 6 Excluded 
from 

analysis 

653.8 Unable to access poll position with 
percussive stunner. Penetrative captive 

bolt used as first option 

25 F 342 5 n 657.7 Difficult positioning, animal collapsed in 
box 

36 F 374 2 y 719.2 
 

24 M 385 4 n 740.4 
 

32 F 388.4 2 n 746.9 
 

33 F 401.8 1 n 772.7 
 

38 F 425.4 1 Excluded 
from 

analysis 

818.1 Agitated, one of last three animals. 
Penetrative captive bolt used on welfare 

grounds 

39 F 436.6 1 Excluded 
from 

analysis 

839.6 Agitated, one of last three animals. 
Penetrative captive bolt used on welfare 

grounds 
* liveweight estimated based on a 52% dressing percentage 
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Buffalo are notoriously difficult to stun (Mazabrund, 1992; HSA, 2008), due to the presence of large 
frontal sinuses in the skull, which absorb the kinetic energy of a captive bolt instrument applied at the 
frontal position. Free bullet shooting or extremely high-powered captive bolt instruments can 
effectively stun buffalo when applied at the frontal position (Meyer and Fiedler, 2005; Kraczewski, 
2011; Schwenk et al., 2016; Glardon et al., 2018; Meichtry et al., 2018) and effective poll stunning of 
buffalo using penetrative captive bolt has previously been reported (Gregory et al., 2009). However, 
all these methods result in skull damage and are unacceptable to the halal market. In the validation 
study, non-penetrating percussive stunning was applied to the poll position, or at the top of the head 
(crown position) as described by Gregory et al. (2009), leading to effective first-shot stunning in 26 of 
34 animals evaluated. First shot effectiveness is related to animal bodyweight, but also significantly 
affected by the animal’s head position. If the muzzle is tipped upwards, folds of skin limit access to 
the poll position for accurate placement of the instrument. Stun effectiveness could be optimised by 
using a head restraint device that prevents the head from tilting above the horizontal plane. 

The slaughterman carrying out the stunning in both the pilot study and the validation study made 
some valid observations. In terms of behaviour, it appeared that the buffalo response to stress was to 
lie down in the box and ‘sulk’. The last three animals in the validation study all laid down in the box 
and were observed to be panting. The slaughterman took the decision not to attempt percussive stun 
with these animals because he felt they were over-stressed and wanted to ensure an accurate first stun. 
He was not confident of achieving accurate placement with the percussive stun instrument, because 
the box was deep, and he was at full extension leaning over the side of the box to apply the stun when 
the animals were lying down. In general, he felt that it had been a bit easier to apply the stuns during 
the pilot phase, when the buffalo were in a standard crush and he was approaching form the side, than 
in the validation phase, when the buffalo were in an abattoir knocking box and he was approaching 
from above. This was because of the effect of the buffalo tipping the nose upwards to look at the 
movement above, compressing the neck skin and reducing access to the desired impact point (Figure 
30). He also commented that the buffalo ‘were very accurate with their horns: once they knew you 
were there, you were in trouble’, indicating that some means of restricting horn movement would be 
imperative from a safety point of view. 

Taking this feedback into consideration, it is likely that a combination of a ‘forward yoke’ (Figure 36) 
with a ‘nose bar’ (Figure 37) may provide the most reliable access to the impact point, while fitment 
of a belly lift to prevent the animal lying down may also be valuable. 

Another potential aid would be to use a contact-firing stun implement mounted on a long handle, such 
that the operator’s hands can be separated from the area in which the horns can be wielded by the 
animal (e.g. https://www.accles-shelvoke.com/tools/cash-accessories/cash-magnum-long-handle). 
Repeated accurate placement of such an instrument would probably require some practice. 
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Figure 36: Conceptual design of forward yoke 

  

 
Figure 37: Conceptual Neck and Nose Bar 
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Objective 2.2: Develop effective head-only electrical stunning procedures for 
Water Buffalo 

Head-only electrical stunning for water buffalo was not investigated. The information developed in 
objective 1.1 suggested that electrical stunning of buffalo would be challenging, due to very high 
resistance measurements. To test this objective would require a very high voltage in order to 
overcome this resistance and allow sufficient current to flow to effect a stun. Electrical stunning 
equipment would also incur a large capital cost (estimated AUD 40,000 to 50,000 plus modifications 
to the restraint unit to ensure electrical safety; Jarvis Engineering, personal communication) and 
furthermore would require a reliable electricity supply at the processing facility. Discussion with 
MLA in-market personnel indicated that this latter infrastructure requirement could not be guaranteed. 
As such, it was not deemed feasible in this study to investigate this objective further. 

 

Stage 3:  

Objective 3.1: Prepare clear guidelines, work instructions and training materials 
in regard to effective stunning of water buffalo. 

Work instructions are site-specific, particularly in regard to the cross-referencing between other site 
work instructions and local regulations. Example content presented in the format of a Safe Work 
Instruction is presented in Appendix 1. 

Example content for training materials and guidelines is presented in Appendix 2. The format is based 
on the MINTRAC ‘Knock and Stun’ training materials. 

It was clear from the work conducted under Objectives 1 and 2 that stunning of buffalo in a standard 
cattle stun box was challenging. Unimpeded access to the impact point behind the poll is vital to 
optimise stun efficacy. Key challenges with buffalo are related to their acute awareness of their 
surroundings, and the resultant tendency to lift the nose, compressing the tissues on the upper neck 
and obscuring the impact point. A conceptual restraint unit has been designed with features that aim to 
prevent the animal compressing the upper neck and tilting the nose upwards, this is presented in 
Appendix 3. 

The restraint unit does not retro fit onto an existing cattle stunning box. When the operator approaches 
from above the animal, as in most cattle stunning boxes, buffalo tilt their heads upwards to focus on 
the movement above, obscuring access to the impact point. We recommend that the operator is 
situated more on the ground level relative to the animal, such that its attention remains low. A light or 
flag that can be briefly shown at ground level in front of the box may assist in drawing the animal’s 
attention forward.  

Once the animal is restrained, the operator can apply the stun. To protect the operator from injury 
associated with recoil, the stun instrument can be mounted, within reach, above the restraint unit, e.g. 
on counterweights. Then, once the instrument has been fired, the operator can step back and allow it 
to retract. Use of an extension handle on the instrument (e.g. https://www.accles-
shelvoke.com/tools/cash-accessories/cash-magnum-long-handle) can allow the operator to be 
positioned further to one side, away from the points of the horns. However, use of such an instrument 
requires practice to achieve consistent accurate placement. 

 

 

https://www.accles-shelvoke.com/tools/cash-accessories/cash-magnum-long-handle
https://www.accles-shelvoke.com/tools/cash-accessories/cash-magnum-long-handle
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Implications 
Buffalo head anatomy differs from that of bovines in a number of ways: 

• The brain is situated in a protected space under the crown – the reference points used for 
cattle stunning would not be suitable, as the impact point would miss a large portion of the 
brain. 

• The frontal bone contains a large honeycombed frontal sinus, which adds additional 
protection against impact. 

• The bone over the crown and poll is very thick, but the frontal sinus ends behind the crown. 

A poll approach, delivering impact at a point between the crown and the fold behind the horns where 
the head joins the neck, angled towards the lower jaw, with sufficient force, can deliver an effective 
stun, particularly in younger animals. In older animals, particularly bulls, the soft tissue over the bone 
at this point thickens, which would further reduce the force of impact. Standard cattle stun boxes do 
not facilitate unimpeded access to the optimal impact position, and a conceptual restraint specifically 
for stunning of buffalo has been designed. We recommend that a prototype be built and tested, and 
any modifications made, prior to the design being promulgated to the wider industry.   

Industry fit 
A non-penetrating percussive stun, applied in the poll position, can provide an effective stun in small 
bulls and in cows (less than 600 kg). Good head restraint and positioning, such that easy access to the 
impact point is available, is vital to optimise stun effectiveness. In the validation study, non-
penetrating percussive stunning was applied to the poll position, or at the top of the head (crown 
position) as described by Gregory et al. (2009), leading to effective first-shot stunning in 26 of 34 
(76%) animals evaluated. First shot effectiveness is related to animal bodyweight, but also 
significantly affected by the animal’s head position. If the muzzle is tipped upwards, folds of skin 
limit access to the poll position for accurate placement of the instrument. Stun effectiveness could be 
optimised by using a head restraint device that prevents the head from tilting above the horizontal 
plane. 

Some skull fractures were evident in the smaller cows studied during the pilot study. For the halal 
market, the presence of a large degree of bone damage (skull cracks or fractures) at the impact point 
for frontal position stunning in cattle is unacceptable (LPPOM-MUI, 2012), and the carcase is deemed 
to be haram, not fit for consumption, although slight cracking is considered acceptable. At this stage, 
it is unclear as to whether or not the skull cracks observed in the buffalo stunned using the poll 
position would be acceptable or unacceptable to the halal market. In a country such as Australia, there 
is an outlet for non-halal carcases. Where the carcase passes the criteria for ante- and post-mortem 
inspection, it may enter the non-halal supply chain. If it does not pass inspection, and is deemed unfit 
for human consumption, it may enter the pet meat supply chain, or be rendered. In many Islamic 
countries, e.g. Indonesia, there is no outlet for non-halal meat. The underlying tenets of halal food 
production are the protection of public health and animal welfare. That which is haram (non-halal) is 
considered to be not fit for human consumption, must be rejected and disposed of. This results in loss 
of revenue associated with that material, and also disposal costs. Incineration is not widely available, 
and burial poses both a risk of environmental pollution, but also a risk to public health. In terms of the 
pet food supply chain, it would be considered a public health risk to market haram material to 
consumers for feeding to their pet. Halal-certified pet food is either imported or prepared in the home 
from halal foods purchased for human consumption. 
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Alternative stunning methods 

Electrical stunning 

When an electrical current of sufficient Amperage is passed through the brain, chaotic neural activity, 
similar to that of an epileptic fit, is induced (Cook et al., 1991; Cook et al., 1995). When the current is 
removed, the brain slowly returns to normal function, and the animal will recover if it has not been 
otherwise killed (e.g. by exsanguination or cardiac arrest). Systems that pass the current through the 
brain alone (known as ‘head-only’ systems) are acceptable to many halal markets, and are commonly 
used for halal sheep production. The electrical resistance measured in the cadaver heads was 
surprisingly high, suggesting that electrical stunning of buffalo could be challenging. However, the 
measures of resistance may have been affected by the freezing and storage of the cadavers, so further 
investigation of the technology could be warranted. 

Electrical stun systems for cattle (Jarvis Engineering Technologies, New Zealand) are in use in 
Australia, New Zealand, the UK and the USA. Most of these involve a cardiac arrest phase, but head-
only stunning of cattle is in use in New Zealand. Head-only electrical stun has been successfully 
delivered to buffalo (Allan Lee, personal communication). The Intellectual Property associated with 
this activity is owned by Jarvis Engineering Technologies. This option could be investigated further, 
but capital outlay (estimated to be in the region of $40,000 plus modifications to the restraint unit) and 
infrastructure requirements (consistent supply of sufficient electrical current) may hinder uptake of 
this technology in importing countries. 

Electromagnetic field 

An emerging technology, Diathermic Syncope: DTS®, may provide a halal-compliant means of 
rendering buffalo insensible prior to slaughter. Preliminary research has shown that electromagnetic 
energy technology is likely to induce recoverable insensibility in animals and could result in an 
effective reversible stunning method that is suitable for religious slaughter (Small et al. 2013). The 
mechanism of action is to selectively increase the temperature in the brain, to the point that 
hyperthermic syncope (fainting) occurs, but below the point at which irreversible brain damage and 
death occurs, i.e. between 40 and 45°C (Ohshima et al., 1992). Recent pilot studies utilising cattle 
have resulted in successful induction of insensibility (Small et al., 2019). However, this technology 
requires further development for use in buffalo. As with electrical stunning, capital outlay (estimated 
to be in the region of $60,000 plus modifications to the restraint unit) and infrastructure requirements 
(consistent supply of sufficient electrical current and water for cooling) may hinder uptake of this 
technology in importing countries. 
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Recommendations 
Non-penetrating percussive stunning of buffalo, using a high-grain cartridge, at the poll position, can 
consistently result in an effective stun in smaller animals up to 183.6 kg HSCW (estimated liveweight 
353 kg), based on the indicators: immediate collapse; absence of corneal reflex; and absence of 
rhythmic breathing. Percussive stunning using a high-grain cartridge at the poll position, can also be 
effective in larger animals, up to 374 kg HSCW (estimated liveweight 719 kg), but only if accurate 
placement of the instrument is possible.  

Suitable restraint that prevented the animal from tipping its muzzle upward and compressing the neck 
just behind the horns would be essential to optimise placement of the instrument. This is particularly 
important when processing heavier animals. 

Further work is required to bring the technique into commercial use including: 

1. Construction and testing of a prototype buffalo restraint unit; 

2. Assessment of the technique and approval by Halal Certification bodies; 

3. Application to the Department of Agriculture and Water Resources Meat Program for 
approval of the technique as halal. 

 

Head-only electrical stun has been successfully delivered to buffalo in commercial slaughterhouses in 
Australia (Allan Lee, personal communication). The Intellectual Property associated with this activity 
is owned by Jarvis Engineering Technologies. This option could be investigated further, but capital 
outlay and infrastructure requirements may hinder uptake of this technology in importing countries. 

An emerging technology, Diathermic Syncope: DTS®, may provide a halal-compliant means of 
rendering buffalo insensible prior to slaughter. However, this technology requires further development 
for use in buffalo. As with electrical stunning, capital outlay and infrastructure requirements may 
hinder uptake of this technology in importing countries. 
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Appendix 1: Example safe work instruction 
SAFE WORK INSTRUCTION TEMPLATE 

TITLE /DESCRIPTION OF ACTIVITY: Stun Buffalo 
Created By  Document 

No. 
 Risk 

Assessment 
No. 

 

Initial Issue Date  Current 
Version 

 Next Review 
Date 

 

SCOPE   Applies to slaughter staff processing buffalo 
AUTHORISATIONS  (List specific operator competency requirements, e.g. area induction, qualifications, 

certificates, OHS training, supervision. List who can approve that competency has been 
achieved)  

Prior Authorisations: 
Site induction 
Safe handling of livestock training 
Use of restraint equipment training 
Knock and Stun training 
Assess insensibility training 
Exsanguination training 
Use and maintain percussive stun equipment 
 

HAZARDS  
 

(List all the potential hazards and associated consequence, e.g.  chemical exposure – 
inhalation or skin absorption, leading to irritation, burns, acute or chronic injury). 

Injury from large livestock 
Injury from horns 
Injury from stunner recoil 
Injury from misuse of stunner 

SAFETY CONTROLS  (e.g. fume-hoods, biosafety cabinets, emergency equipment, machine guarding, spill kits, 
specific personal protective equipment requirements, first aid response, any after-hours 
work restrictions or rules) 

Injury from large livestock 
Use of ‘flappers’ and goads to move animals, do not enter the race with the 
animal 
Injury from horns 
Use of head restraint with forward yoke to limit horn movement 
Use of long handled percussive stun implement 
Injury from stunner recoil 
Stunner to be suspended on a counterbalance line above the work area 
Injury from misuse of stunner 
Stunner to be used and maintained according to SWI number XXXX ‘Use 
and maintenance of percussive stunner’ 
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PRESTART 
REQUIREMENTS  
 

(List tasks to be completed before commencement of work, e.g. conduct a prestart safety 
check of equipment; review chemical MSDS, risk assessment or lab rules; prepare work 
area, equipment and/or operator) 

Pre-start check of restraint equipment for safety and smooth operation 
Pre-start check of percussive stunner and back-up equipment for safety and 
smooth operation 
Ensure supply of 6-grain cartridges to fit stunning equipment 
Ensure operator responsible for exsanguination is also ready to begin 
processing 
 
 

INSTRUCTIONS  (List step by step procedures for the task. You can use photos, flow charts, diagrams etc.) 

Pre-load 6-grain cartridge in to both the percussive stunner and the back-
up stunner; 
Bring animal quietly into the restraint unit according to SWI XXX ‘Safe 
handling of livestock’; 
Apply neck bails; then belly lift; then forward yoke and nose bar according 
to SWI XXX ‘Use of restraint equipment’ 
Apply stun at the poll position, delivering the impact at a point between the 
crown and the fold behind the horns where the head joins the neck, angled 
towards the lower jaw: 

 
Check for signs of an effective stun: no corneal reflex; lack of rhythmic 
breathing; animal collapses when forward yoke, neck bails and belly lift 
retracted. 
If animal is not properly stunned, re-apply a stun using the back-up 
stunner 
When animal is properly stunned, release the body from the restraint and 
exsanguinate immediately according to SWI XXX ‘Stick and bleed animal’. 
Observe animal during bleed for returning rhythmic breathing and corneal 
reflex; if present. Apply back-up stun immediately. 
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CLEAN UP/ SHUT 
DOWN 
PROCEDURES  

(List procedures for disposal of waste, decontamination, storage, shut down of equipment) 

 
Site specific rules 

EMERGENCY 
PROCEDURES 
 

(Emergency response procedures e.g. power isolation procedures, spill containment 
procedures, first aid response) 

 
Site specific rules 
 
 

FURTHER 
INFORMATION  
 

(e.g. Site specific procedures, relevant legislation, definitions, reference to other safety 
information) 

SWI number XXXX ‘Use and maintenance of percussive stunner’ 
SWI XXX ‘Safe handling of livestock’ 
SWI XXX ‘Use of restraint equipment’ 
SWI XXX ‘Stick and bleed animal’. 
 
Site specific rules and local regulations 
 
 

 
APPROVALS 

Title  Name  Signature  Date 
Supervisor    
Safety Officer     
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Appendix 2: Example content for training 
materials and guidelines 
This content is formatted to align with the section ‘How do you achieve an effective stun?’ in the 
MINTRAC ‘Knock and Stun animal’ training materials 

Buffalo 
After loading into the restrainer, buffalo are stunned by applying the appropriate penetrating or non-
penetrating captive bolt stunner to the head in what is known as the ‘poll position’. This position is 
midline at a point between the crown and the fold behind the horns where the head joins the neck, 
angled towards the lower jaw: 
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The animal’s head needs to be aligned so that the nose is tipping downward, because if it tips up, the 
skin behind the horns will fold up and block clean access to the bony plate behind the horns. The 
power load used in the stunner is dependent on the breed, sex and age of the stock, but will either be 
4-grain for small animals or 6-grain for large animals. The correct power load will be detailed in your 
work instructions and in the manufacturer's instructions. 
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Appendix 3: Conceptual restraint unit 
Unimpeded access to the impact point behind the poll is vital to optimise stun efficacy. Key 
challenges with buffalo are related to their acute awareness of their surroundings, and the resultant 
tendency to lift the nose, compressing the tissues on the upper neck and obscuring the impact point. A 
conceptual restraint unit has been designed with features that aim to prevent the animal compressing 
the upper neck and tilting the nose upwards. 

The restraint unit does not retro-fit into an existing cattle stunning box. When the operator approaches 
from above the animal, as in most cattle stunning boxes, buffalo tilt their heads upwards to focus on 
the movement above, obscuring access to the impact point. We recommend that the operator is 
situated more on the ground level relative to the animal, such that its attention remains low. A light or 
flag that can be briefly shown at ground level in front of the box may assist in drawing the animal’s 
attention forward. Operators of shorter stature may require a step placed beside the neck yoke 
mechanism in order to reach the stun application position. 

Once the animal is restrained, the operator can apply the stun. To protect the operator from injury 
associated with recoil, the stun instrument can be mounted, within reach, above the restraint unit, e.g. 
on counterweights. Then, once the instrument has been fired, the operator can step back and allow it 
to retract. Use of an extension handle on the instrument (e.g. https://www.accles-
shelvoke.com/tools/cash-accessories/cash-magnum-long-handle) can allow the operator to be 
positioned further to one side, away from the points of the horns. However, use of such an instrument 
requires practice to achieve consistent accurate placement. 

The design presented has been prepared with the assumption that mechanical assistance is limited to 
levers or rope-and-pulley (block-and-tackle). However, if local infrastructure allows, pneumatic or 
hydraulic mechanical assistance devices can be added. 

The design has not yet been constructed and tested, and minor adjustments in the measurements 
proposed may be required. We recommend that a prototype unit be built and tested for ease of access 
to the impact point, and any adjustments made, prior to the design being promulgated for general use. 

The following section presents a series of diagrams, with associated explanatory notes. 

 

Diagram 1: Side view, with animal in position, all restraint components retracted. 

When all restraint components are fully retracted, the animal can enter the stun box, and the rear gate 
closed.  

A rear pusher can be fitted if required to push smaller animals forward.  

The animal’s head protrudes from the front of the stun box, with the tilt gate mechanism sitting 
between the shoulders and horns. 

 

https://www.accles-shelvoke.com/tools/cash-accessories/cash-magnum-long-handle
https://www.accles-shelvoke.com/tools/cash-accessories/cash-magnum-long-handle
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Diagram 1: Side view, with animal in position, all restraint components retracted. 
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Diagram 2: Front view, with animal in position, neck capture open (left) and closed (right) 

In the retracted position (left hand image), the neck bails form a wide Vee-shape to accommodate 
most buffalo horn profiles with the contact surfaces against the neck and shoulders well rounded.  

The open vee consists of two elements, a fixed structure that allows the animal to lean / push against 
and a pair of movable bails to close in against the neck and capture the animal between head and 
shoulder by locking the bails in the closed position.  

The right hand image shows the bails in the closed position, closing the neck bails is carried out by 
the operator moving the neck capture lever sideways (numbered 1). 

 

Diagram 3: Front view, detail of neck bail closure 

In the fully retracted position, the neck bails sit at 60° from vertical. As the operator pulls the neck 
capture lever to the side, the bails first simultaneously swing to 30° from vertical (1), then the offside 
bail closes more rapidly than the nearside (operator side) bail.  

This design feature takes into consideration the fact that the animal will first tend to focus attention on 
the operator movement/noise on the nearside, and the head is likely to swing to the nearside, moving 
the offside horn forward, and opening the space between the shoulder and horn.  

When the animal feels the offside bail touch the neck (at stage 2 or 3), it will turn the head to the 
offside, opening the space between the horn and shoulder on the nearside, facilitating closure of the 
nearside neck bail.  

In practice, this sequence will occur so quickly that the operator will not be aware of the different 
rates of closure between the two neck bails.  

At stages 4 and 5, the mechanical linkages in the mechanism will lock into place, providing the 
operator with some mechanical advantage. 
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Diagram 2: Front view, with animal in position, neck capture open (left) and closed (right) 
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Diagram 3: Front view, detail of neck bail closure 
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Diagram 4: Application of tilt gate and nose restraint, side view 

Once the animal is captured, the tilt gate lever is pushed forwards, parallel to the animal’s body 
(numbered 2), bringing the neck bails up behind the horns. 

The objective is to prevent the animal pulling back and compressing the neck tissues, rather than to 
pull the head forward – excessive pressure will lead to stress in the animal. 

To provide mechanical assistance, a rope and pully system as shown by number 3 can be used by a 
second operator to assist in positioning the neck bails to effectively capture the animal. Rope tension 
can be maintained by using a cam cleat, shown near the arrow drawn at the end of the rope.  
Alternative tension mechanisms such as a boat winch would be equally effective. 

The nose restraint is lowered, to prevent the nose tilting up, and hold the head in a forward position 
for processing. Again, excessive pressure on the nose will lead to stress in the animal. 

The nose restraint unit can be moveable along the length of the nose restraint lever to allow for 
adjustment to fit animals of differing sizes. 

 

Diagram 5: Maximum forward tilt position 

This image details the maximum forward tilt that the head capture unit can achieve. (33deg rotation). 

The moderate forward head rotation coupled with the nose restraint is expected to provide sufficient 
tension of the hide at the back of the head for a humane stun. 

 

Diagram 6: Alternative nose restraint 

If the straight nose restraint bar interferes with stun application, an alternative would involve putting 
an arch into the nose restraint bar. 
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Diagram 4: Application of tilt gate and nose restraint, side view 
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Diagram 5: Maximum forward tilt position 
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Diagram 6: Alternative nose restraint bar 
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Diagram 7: View from above, opening wide to allow easy removal of the body. 

After stunning, the head and neck capture mechanism is fully retracted, and can then be swung open 
by disengaging a cam over latch and swinging the complete head capture assembly forward to 
position 5.  

The side gate can them open and the body be easily removed from the stun box. 
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Appendix 4: Engineering Diagrams for 
conceptual restraint unit 
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