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Introduction
The goal of humane euthanasia is to produce a “good death” 
by inducing a rapid, ideally instantaneous, loss of conscious-
ness followed quickly by respiratory and cardiac arrest. Bovine 
euthanasia often presents significant challenges due to the 
size and nature of the animal, limited options for euthanasia 
methods, facility limitations and operator experience among 
many others. In particular, euthanasia under field conditions 
may present unique challenges. Developing a plan, or standard 
operating procedure, can reduce the risk of adverse events and 
help ensure both the welfare of the animal being euthanized 
and the personnel performing the task. However, the varied 
circumstances under which bovine euthanasia may be needed 
can require adaptability and flexibility. Veterinarians and 
other individuals performing euthanasia should be familiar 
with standard euthanasia practices and be comfortable with a 
variety of euthanasia methods to allow adaptability to ensure 
the welfare of animals requiring euthanasia under a variety of 
circumstances. The purpose of this paper is to provide practical 
tips on the do’s and don’ts of humane bovine euthanasia under 
a variety of circumstances. 

Euthanasia methods
One of the most basic requirements for effective and humane 
euthanasia is familiarity with available methods of euthanasia. 
The 2020 edition of the AVMA Guidelines on Euthanasiaa pro-
vides a detailed description of the approved methods of eutha-
nasia for cattle. 

Barbiturate overdose (pentobarbital)
Intravenous injection of pentobarbital is probably the most 
familiar method of euthanasia for most veterinarians and is 
the most common euthanasia method for companion animal 
species. Pentobarbital is the only fully acceptable euthanasia 
method per the AVMA Guidelines. Pentobarbital injection typi-
cally results in a rapid and smooth progression from conscious-
ness to unconsciousness and death. Even though pentobarbital 
injection is very effective, its use comes with many challenges 
and limitations. Effective use requires intravenous injection 
which requires good restraint and technical skill. Pentobarbi-
tal is a controlled substance and, therefore, is not available for 
use by non-veterinarians. Cost can also be an issue due to the 
large volumes required for euthanasia of adult cattle. Pentobar-
bital residues in carcasses limit carcass disposal options and 
environmental residues are a growing concern. Environmental 
residues from pentobarbital euthanasia are discussed in more 
detail below.

Firearm or gunshot
Euthanasia via gunshot is acceptable according to the AVMA 
Guidelines as long as certain conditions are met. When per-
formed correctly, gunshot euthanasia results in instantaneous 
loss of consciousness due to massive destruction of brain tissue. 
Firearms are generally readily available in livestock production 
areas. Firearm euthanasia can be performed without close ani-
mal restraint if necessary. The large number of firearm types, 
calibers and bullet types provide a large array of effective op-
tions but can also lead to confusion and uncertainty when it 
comes to choosing the best firearm for euthanasia. Firearm 
euthanasia may often be perceived as violent, and the aesthet-
ics are less than that typically associated with pentobarbital eu-
thanasia. Safety concerns and operator comfort, and legal use 
restrictions are the primary limitations to firearm euthanasia.

Penetrating captive bolt 
The use of a penetrating captive bolt (PCB) provides an effective 
and somewhat safer method of euthanasia compared to the use 
of a firearm. The use of a PCB is listed as acceptable with condi-
tions according to the AVMA Guidelines. The advantages of PCB 
compared to a firearm include increased safety and fewer legal 
restrictions. Captive bolt devices are not considered firearms 
and can be used legally in most locations where firearm use 
may be prohibited. Safety concerns do certainly exist with a 
PCB but those concerns are significantly less than the concerns 
associated with firearm use. The primary limitation to PCB bolt 
use is that a PCB is considered a stunning tool and a secondary 
follow-up step to ensure death is strongly recommended. This 
need can increase the time, and technical skill, required to per-
form euthanasia, particularly if large numbers of animals are 
involved. Another limitation is the need for adequate restraint. 
Shot placement is critical for effective PCB use and the device 
must be held in firm contact with the animal’s head at the time 
of the shot. 

Adjunctive methods
The application of an adjunctive method to ensure death is 
strongly recommended following PCB euthanasia and may be 
applied after firearm use as well. It is important to note that the 
adjunctive methods described below should only be applied to 
unconscious animals. They are not approved for the euthanasia 
of conscious animals. 

Intravenous injection of concentrated solutions of potassium 
chloride (KCL) or magnesium sulfate (MGS) will interfere with 
the electrical conductivity of the heart and lead to cardiac ar-
rest. Generally, 60 to 180 mls injected into the jugular vein is 
adequate in most adult cattle. Potassium chloride can be pur-
chased in the form of salt substitutes.

Exsanguination leads to cardiac failure due to hypoxia and vol-
ume depletion. Severing the carotid arteries and jugular veins 
results in rapid blood loss but creates a significant mess and 
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could create biosecurity concerns. Internal exsanguination can 
be performed by using a scalpel blade to sever the distal aorta 
via the rectum.  

Pithing results in additional destruction of brain tissue making 
recovery of consciousness impossible. The pithing rod is placed 
through the hole created by the PCB and causes additional de-
struction of brain tissue. Pithing is the author’s preferred ad-
junctive step. It can be performed very rapidly and requires less 
skill than intravenous injection. The author’s preferred device is 
an 18-21-inch plastic uterine infusion pipette. These pipettes have 
enough flexibility to pass through the foramen magnum disrupt-
ing the brainstem and much of the proximal spinal cord. Invol-
untary jerking of the carcass usually occurs during pithing so the 
technique is aesthetically unpleasing. Pithing may also expose 
the operator to central nervous system tissues and fluids. A sec-
ond shot from a PCB can be used as a form of pithing.

Do’s and don’ts of bovine euthanasia
The remainder of this document describes several DO’s and 
DON’T’s of bovine euthanasia. The intent is to provide a series 
of tips to help veterinarians and their clients be prepared so 
that euthanasia can be performed as timely as possible while 
ensuring the welfare and safety of both the animal and the in-
dividual performing the euthanasia. 

DO – be prepared
Cattle producers, regardless of operation size, need to have a 
euthanasia plan. Large producers such as feedlots and dair-
ies typically have euthanasia standard operating procedures 
(SOPs) with specific individuals trained to perform the task. It 
is always a good idea for the herd veterinarian to review these 
SOPs and provide revisions and training whenever needed. 
Small producers are not immune from the need for a euthana-
sia plan. The need for euthanasia often arises outside of normal 
business hours or during other emergency situations, so pro-
ducers should be equipped to perform euthanasia humanely if 
their veterinarian is not available in a timely manner. Euthana-
sia plans for small producers may be as simple as a description 
of the most appropriate firearm based on what is available to the 
producer and a description of appropriate shot placement. When 
employees are going to be making euthanasia decisions and per-
forming euthanasia, more detailed SOPs are likely indicated. 

DON’T – use pentobarbital
Injection of pentobarbital sodium is the primary method of eu-
thanasia for small animals and horses and is still the primary 
method used by many bovine veterinarians. A recent Canadian 
survey found that pentobarbital was the method most com-
monly used by veterinarians to euthanize dairy cows.1 Most vet-
erinarians are likely familiar with the concerns over harmful 
chemical residues that remain in carcasses when animals are 
euthanized with pentobarbital. Secondary poisoning of a vari-
ety of species related to the ingestion of pentobarbital contain-
ing meat or carcasses has been reported.2–8 Due to concerns 
regarding secondary poisoning, carcasses with pentobarbital 
residues must undergo proper disposal. Rendering, compost-
ing, and burial are the most commonly used methods for car-
cass disposal in livestock production settings.

Carcasses containing pentobarbital residues cannot be ren-
dered which may create concerns for large feedlots or dair-
ies where rendering is still an option for carcass disposal. 

Pentobarbital has been shown to survive the rendering process9 
and pet intoxication from contaminated food has been report-
edb. For small producers, rendering is no longer an option in 
most locations and burial or composting are commonly recom-
mended methods of carcass disposal. 

Pentobarbital is a very stable compound, and it appears to re-
main in the environment for long periods of time. Multiple re-
searchers have examined the persistence of pentobarbital con-
centrations in compost when euthanized horses are composted. 
Payne et al.10 found that pentobarbital concentrations in com-
post remained high for at least 367 days. The authors noted no 
discernable trend in pentobarbital degradation over the 367 
days of the study. They also noted that pentobarbital leached 
through the compost and was detectable in the soil below the 
compost pile on day 367. More recently, Lochner et al.11 found 
that pentobarbital remained detectable in equine compost piles 
for at least 216 days but the estimated quantity of pentobarbital 
was reduced by approximately 94%. Differences in study design 
and the compost substrate used may account for the variations 
in findings. It is important to note that the concentrations of 
pentobarbital found in both studies are unlikely to result in sec-
ondary toxicosis from ingestion. 

Burial is a commonly used carcass disposal method. Each state 
has specific rules regarding how and where carcasses may be 
buried relative to ground and surface water. The risk of pen-
tobarbital leaching from burial sites into ground water is un-
known, but pentobarbital remains in tissues for long periods 
of time. Kaiser et al.7 reported the intoxication of 2 dogs that 
scavenged a partially buried equine carcass that had been eu-
thanized approximately 2 years earlier. Samples of some tissues 
from the equine carcass still contained high levels of pentobar-
bital residues. Bagsby et al.12 found that pentobarbital remains 
detectable in various types of soil for at least 17 weeks. Pen-
tobarbital stability in water is also a concern. Peschka et al.13 
found high stability of pentobarbital in aquatic environments 
over long periods of time. 

Alkaline tissue hydrolysis is a less commonly used method of 
carcass disposal that is used by several diagnostic labs and re-
search facilities. The process results in a liquid effluent that can 
be land applied or disposed of through municipal sewer systems. 
To the author’s knowledge, no data is available to describe the ef-
fects of alkaline hydrolysis on pentobarbital degradation. 

The long-term significance of even low concentrations of pen-
tobarbital in the environment is unknown. Given the evidence 
that pentobarbital from euthanized animals persists in the en-
vironment for long periods of time, and its significance is un-
known, veterinarians should move away from pentobarbital as 
a primary euthanasia method.  

DO – become familiar with multiple euthanasia 
methods
Most veterinarians will have a preferred method for bovine eu-
thanasia and that preferred method will be used in most situa-
tions. However, circumstances may dictate that an alternative 
method be used. Veterinarians should be able to switch to an 
alternative method quickly and seamlessly so that euthanasia is 
not delayed unnecessarily. A recent survey of Canadian veteri-
narians found that the majority of survey respondents use pen-
tobarbital as the primary euthanasia method and that only 70% 
and 53% of respondents were comfortable advising clients on 
the use of a captive bolt or firearm, respectively.1 Conversely, a 
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similar survey of Canadian dairy producers found that just over 
half of the producers surveyed used a firearm as the primary 
method of euthanasia.14 An earlier survey of dairy farms in the 
United States found that gunshot was the preferred euthanasia 
method for 85.7% of the farms surveyed.15 This survey was not 
specific to veterinarians but does provide information about eu-
thanasia practices on U.S. dairy farms. 

As discussed above, it would be prudent for the veterinary in-
dustry to move away from pentobarbital euthanasia. In order 
to accomplish that task, feasible alternatives are needed. Pen-
etrating captive bolts or firearms are obvious alternatives to 
pentobarbital and are used by many veterinarians and cattle 
producers. However, these devices may not always be available 
and many individuals may not be comfortable with their use. 
Additionally, physical methods of brain destruction may not 
be appropriate for some cases due to the need to preserve the 
brain for diagnostic purposes or due to potential risk of expos-
ing the operator to central nervous system tissues. 

Unfortunately, there are no other currently approved methods 
of euthanasia for cattle when the animal is conscious. However, 
inducing deep general anesthesia prior to euthanasia opens the 
door to a few other possibilities. Once the animal is in a deep 
plane of surgical anesthesia, intravenous injection of KCL or 
MGS to cause cardiac arrest is an acceptable method of eutha-
nasia. This is the author’s preferred euthanasia method when 
gunshot or PCB cannot be used. The author prefers to use xyla-
zine at 1.1 to 2.2 mg/lb (0.5 to 1 mg/kg) and ketamine at 13.2 to 
17.6 mg/lb (6 to 8 mg/kg). These doses are higher than would be 
used for typical general anesthesia and help ensure that the an-
imal is anesthetized as deeply as possible. While this method is 
not specifically described for cattle in the current AVMA Guide-
lines, it is described as an adjunctive method for equine eutha-
nasia. An additional alternative to pentobarbital is the intrathe-
cal injection of lidocaine under general anesthesia. The animal 
is deeply anesthetized as described above and approximately 
60mls of lidocaine is injected intrathecally via the atlanto-oc-
cipital space. The author is not aware of any research using this 
method in cattle but it has been described in horses16–19 and is 
listed as an adjunctive method for euthanasia of horses in the 
current AVMA Guidelines.

DON’T – administer adjunctive methods of 
euthanasia under xylazine alone
Although actual data are lacking, it seems to be common for 
adjunctive methods of euthanasia such as exsanguination or 
KCL injection to be performed under heavy sedation with xyla-
zine alone. This method offers a significant advantage in that it 
avoids the use of controlled substances making it available for 
use by non-veterinarians. However, for adjunctive methods of 
euthanasia to be considered humane, the animal must be un-
conscious. Stanger et al.20 investigated the euthanasia of sheep 
using pentobarbitone (pentobarbital), KCL or MGS after intra-
muscular administration of 0.88 mg/lb (0.4 mg/kg) xylazine. 
Conscious perception of pain was monitored via electroen-
cephalography (EEG). The authors concluded that there was no 
evidence of perceived pain or unpleasant sensory experience for 
any of the treatments although the time to isoelectric EEG was 
prolonged for KCL and animals receiving KCL exhibited severe 
reflex movements during infusion. The authors concluded that 
all 3 methods were acceptable but that MGS was preferred over 
KCL. Conversely, a study investigating the level of unconscious-
ness induced by administration of high doses of xylazine to cattle 
was conducted by Dewell et al.21 In this study, a total of 12.1 to 

19.4 mg/lb (5.5 to 8.8 mg/kg) xylazine was administered in 3 doses 
over a 10-minute period and brain activity was measured via 
EEG. Even with these extremely high doses of xylazine, none of 
the study animals reached a surgical plane of anesthesia. Based 
on these results, the administration of adjunctive methods of eu-
thanasia following xylazine alone cannot be recommended for 
cattle. The author has had good results with high doses of xyla-
zine followed by high doses of ketamine prior to KCL injection.

DO – train producers to conduct PCB or firearm 
euthanasia
Veterinarians have access to a variety of effective euthanasia 
methods but the options for non-veterinarians are limited to 
PCB or gunshot. Pentobarbital is not an option for produc-
ers. Currently xylazine is not a controlled substance but, as 
described above, xylazine alone does not induce an adequate 
level of anesthesia prior to application of adjunct euthanasia 
methods. Ketamine is a controlled substance with high abuse 
potential, so its use is also limited to veterinarians. These limi-
tations really leave PCB or gunshot as the only viable, currently 
approved, methods available to producers. A survey of British 
dairy producers and veterinarians found that 66% of farms 
did not have anyone on the farm staff that was trained to per-
form euthanasia.22 As mentioned above, a survey of U.S. dairy 
farms found that 85.7% of farms preferred gunshot euthanasia 
but only 1 farm used a PCB.15 However, 8% of the farms used 
intravenous injection as the primary euthanasia method. This 
was not a survey of veterinarians, so pentobarbital is unlikely 
to be the medication being injected, raising concern that non-
approved substances were likely being injected as euthanasia 
agents. The authors stated that 3.5% of farms refused to dis-
close the euthanasia methods used. A survey of Canadian dairy 
producers found that a majority use a firearm as the primary 
euthanasia method but 34% of farms used blunt force as the 
primary euthanasia method for male dairy calves.14 The re-
sults of these surveys indicate that the majority of farms in the 
U.S. and Canada are using appropriate euthanasia methods but 
there is still significant room for improvement. 

Veterinarians should be the primary source of information and 
training regarding euthanasia. Given that PCB or gunshot are 
the only approved methods available to be used by producers 
or their employees, veterinarians need to at least have enough 
familiarity with these methods to provide training to their cli-
ents. Several authors have published information regarding 
PCB or gunshot euthanasia.23–28

Accurate shot placement is essential to effective euthanasia via 
PCB or gunshot. Several descriptions of shot placement have 
been published.23,29–31 The author prefers shot placement de-
scribed as a point on midline halfway between a line drawn 
across the back (lateral canthus) of the eyes and a parallel line 
drawn across the top of the poll (Figure 1). This description plac-
es the shot directly over the brainstem regardless of the shape of 
the head. Although the published descriptions vary, the actual 
shot placement described by the different authors is very similar. 
The AVMA Guidelines on Euthanasia provide detailed descrip-
tions of shot placement along with excellent diagrams. 

Given the huge variation in firearms and bullet types avail-
able and the fact that research specific to firearm euthanasia is 
lacking, choosing a firearm specifically for euthanasia can be 
challenging. A study by Baker et al.32 evaluated several firearm 
and ammunition combinations. Unfortunately, this study is 
very limited due to the limited number of replications for each 
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evaluation, but the authors did conclude that the majority of the 
firearm and ammunition combinations assessed were effective. 
Small caliber firearms such as the .22 long rifle were not effec-
tive. A more recent study evaluated various firearm and bullet 
combinations using isolated heads from feedlot cattle.33 The au-
thors of this study concluded that the .22 hollow-point and 9mm 
pistol were ineffective. The key factors to consider when choos-
ing a firearm for euthanasia are having enough power to ad-
equately penetrate the skull and brain and having a bullet that 
will retain enough mass upon impact to penetrate the skull and 
brain but still deliver kinetic energy into the tissue efficiently. 
Most firearms larger than a .22 will have enough power to pen-
etrate a bovine skull. High powered rifles are overkill for most 
cattle and carry an increased risk of overpenetration. Hollow 
point bullets may fragment dramatically upon impact and may 
not penetrate the skull adequately. Full metal jacketed bullets 
retain their original shape upon impact and, therefore, create 
less tissue disruption. They also have a higher risk of over pen-
etration and leaving the target animal creating a safety issue. 

DO – confirm loss of consciousness or sensibility
Following gunshot or PCB, always confirm the loss of con-
sciousness or sensibility as soon as safely possible. The primary 
signs of loss of sensibility are immediate collapse if the animal 
is standing, presence of a centered and dilated pupil and loss of 
all eye reflexes (especially the corneal reflex), lack of coordinat-
ed respiration or vocalization and lack of a righting reflex. Loss 
of sensibility should always be confirmed prior to application 
of any secondary or adjunctive method of euthanasia. If there 
is ever any doubt regarding the loss of sensibility, a second shot 
should be applied immediately. 

DON’T – assume death
Always confirm that an animal is dead before leaving or moving 
the animal with equipment. As mentioned above, a secondary 
step to ensure death is strongly recommended, especially when 

using a PCB. A study25 led by the author evaluated a single PCB 
shot without a secondary step. Cattle were shot with a PCB and 
then monitored for sensibility until cardiac arrest. All animals 
were adequately stunned and showed no signs of sensibility 
immediately after PCB. However, approximately 10% of the ani-
mals began to exhibit coordinated respiration prior to cardiac 
arrest. One animal showed no signs of sensibility for 8 minutes 
after PCB when it took a breath. When the brains of these ani-
mals were evaluated, the brainstem was missed due to slight 
errors in shot placement or shot angle. This study was relatively 
small but clearly indicates the continued need for a secondary 
step to ensure death following PCB. The author prefers to con-
firm the lack of an auscultable heartbeat and then wait 3 to 5 
minutes and reconfirm that the heart has indeed stopped. 

DO – use sedation to facilitate euthanasia 
Although pentobarbital, PCB or gunshot euthanasia can all be 
performed without sedation, sedation may make the process 
easier and less stressful for both the animal and the operator. 
When using pentobarbital for euthanasia, there is some con-
cern that sedation may lower blood pressure resulting in slower 
delivery of the drug to the brain and a longer euthanasia process. 
Barletta et al.34 investigated the effect of dexmedetomidine seda-
tion on quality of euthanasia in sheep. A small number of sheep 
vocalized in response to dexmedetomidine, but the sedation did 
not have any effect on the quality of the euthanasia event.

Since use of a PCB requires restraint and the device must be 
held in firm contact with the head, sedation may reduce stress 
on the animal and facilitate accurate shot placement. One of 
the primary advantages of sedation for ambulatory cattle is the 
ability to perform the euthanasia in a location that will facili-
tate carcass removal. Getting a euthanized bovine out of a chute 
or alley system can be difficult and time consuming. The author 
prefers to give approximately 500 mg of xylazine intramuscu-
larly to adult cattle and then walk them to an area that will be 
accessible with equipment. The animals typically become re-
cumbent and minimally responsive, facilitating euthanasia via 
PCB. Even those that remain standing are heavily sedated and 
minimally responsive. 

DON’T – get kicked by a dead cow
During euthanasia via PCB or gunshot, sudden, uncoordinated 
limb movements can occur. When assessing an animal for sen-
sibility, administering KCL or MGS, or assessing cardiac arrest, 
the operator should always position themselves on the dorsal 
side of the animal to avoid being injured should sudden limb 
movements occur.

DO – develop a plan for large-scale euthanasia
Hopefully, most veterinarians will never have to be involved in 
a mass euthanasia event. However, emergency events are un-
predictable and occur without warning. Having a plan in place 
to conduct a large-scale euthanasia event before an emergency 
occurs can enhance the speed and quality of euthanasia and 
reduce stress on the operators. In the event of a depopulation 
event due to a disease, federal authorities will be in charge and 
the local veterinarian should only need to play a supporting 
role. Smaller-scale events such as natural disasters, intoxica-
tions or vehicle accidents could place the veterinarian in the 
position of leading a large-scale euthanasia event without much 
time for prior planning. The euthanasia of 32 cattle in response 
to an infectious disease outbreak has been described.35 In this 

Figure 1: Shot placement for PCB of gunshot described as 
midline halfway between a line drawn across the back of 
the eyes (lateral canthus) and a parallel line drawn across 
the top of the poll.
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report, cattle were individually restrained in a chute, sedated 
and euthanized via pentobarbital injection. The average time 
from entry into the chute until the confirmation of death was 
5.2 minutes. One fractious animal required 27 minutes to com-
plete the euthanasia process. Sedation of groups of animals 
followed by euthanasia via PCB or gunshot may be more prac-
tical for large groups of animals. Hanthorn et al.36 described 
the euthanasia of 43 feedlot cattle due to an intoxication using 
xylazine sedation followed by gunshot. The entire euthanasia 
process was very efficient, only requiring 46 minutes from the 
first sedation to the last gunshot. Vehicle accidents involving 
livestock transportation vehicles may result in the need to eu-
thanize multiple animals. Responding to this type of event ap-
propriately can minimize negative welfare of injured animals 
but also reduce the risk of further property damage or loss of 
animal, or even human, life. Pederson et al.37 published an ex-
cellent paper outlining the veterinarian’s role in responding to 
truck accidents involving cattle.

Conclusions
Timely euthanasia of cattle is a vital component of the efforts to 
ensure animal welfare. Several methods of euthanasia are avail-
able. Some options are only available for use by veterinarians 
but effective and humane options are available for on-farm use 
by producers. Veterinarians should be comfortable with multiple 
euthanasia methods and should serve as the primary source of 
information and training for producers regarding euthanasia. 

Footnotes
a https://www.avma.org/sites/default/files/2020-02/Guidelines-
on-Euthanasia-2020.pdf
b https://www.avma.org/javma-news/2017-04-01/pentobarbital-
food-sickens-dogs-food-maker-wants- more-regulations
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