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Abstract

Growing consumer awareness about animal welfare has led to the assessment of the impact of
common farming practices, such as physical castration, on animal well-being under production conditions.
Physical castration is used in livestock industries to prevent indiscriminate breeding, control aggression, and
improve meat and carcass quality. In terms of animal welfare, physical castration causes pain, decreased
growth performance, infection, and mortality. An alternative approach to castration is thus warranted that will
ensure optimal growth without compromising the castrated animal’s wellbeing. Immunocastration has proved
to be an effective method of suppressing the development and functioning of the reproductive system in
various domesticated and wildlife species. The effect of immunocastration on production performance is well-
documented for both swine and cattle. Although ram lambs used for meat production are often physically
castrated, information regarding the potential application of immunocastration in sheep is limited. However,
immunocastration may potentially improve the welfare, performance, and meat quality of ram lambs used in
commercial meat production systems. The purpose of this review is to compare the application and the
effects of immunocastration on male livestock to highlight and motivate the need for further research into its
use on ram lambs.
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Introduction

Consumer awareness about the welfare of production animals has increased recently, with the
physical castration of livestock receiving considerable attention. Recently, the Global Meat News’ State of
the Industry Survey Report (2015) stated that, “eighty-three percent of meat industry professionals strongly
agreed that the global meat industry must put more emphasis on animal welfare and impose tougher
regulations”. This point of view was resonated in the European Union’s decision to voluntarily ban the
physical castration of piglets without anaesthesia from 2018 (Font-i-Furnols et al., 2012). Males used for
lamb and beef production are often castrated without pain mitigation to promote fattening and assist with
management. Additionally, it is expected that the banning of physical castration may soon be enforced in the
mutton and beef industries.

Although intact males have a faster growth rate and superior feed efficiency than castrates (Field,
1971; Pauly et al., 2009; Sales, 2014), various management and welfare issues exist regarding the raising of
intact males (Cronin et al., 2003; Price et al., 2003). Heavy or more physiologically developed intact male
carcasses are also penalized at the abattoir due to various meat quality issues. These issues include boar
taint in heavy boars and the tendency for older bulls to develop dark, firm and dry meat. Thus, boars over
100 kg (approximately 22 weeks old) and bulls or rams with one or more permanent incisors are marked
“‘MD” and receive a lower price per kg (SAMIC, 2006). There is thus a need to formulate alternative
management practices that will ensure efficient growth of male animals that will result in optimum carcass
and meat quality, without having to compromise animal welfare.

Immunological castration, also known as immunocastration, has shown promise in this regard, and to
date has been successfully applied in the international and local pork industry (Needham et al., 2016).
Immunocastration, resulting from the administration of a vaccine designed to block the action of
gonadotropin-releasing hormone (GnRH) from the hypothalamus, ultimately disrupts the normal functioning
of the testes, resulting in a suppression of spermatogenesis and testosterone production. Various
immunocastration vaccines have been formulated and tested in sheep (Parthasarathy et al., 2002; Ulker et
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al., 2002; Oatley et al., 2005; Karakus et al., 2013); however, to date, no formal commercialized product is
available for use in sheep.

For the purpose of this review, the production of both intact and castrated meat-producing livestock
species will be discussed, along with the associated concerns of farming intact or castrated males. The
technique of immunocastration will be explained, and its application in various livestock and wildlife species
highlighted. Due to the variation in effects seen with small-scale vaccines manufactured for research
purposes, research using commercially available products such as Bopriva® (cattle) and Improvac® (pigs) will
receive particular emphasis. The review will focus on the influence of immunocastration on meat production,
indicating how immunocastration can potentially assist in addressing the welfare issues raised with physical
castration, while highlighting the potential beneficial influence on production parameters, carcass traits, and
meat quality in lambs.

Production and management of male livestock

The production of intact males poses various handling, management, and carcass and meat quality
issues (Seideman et al., 1982; Cronin et al., 2003; Price et al., 2003). Handling intact male animals can be
dangerous to both the handler and the animal, and thus castration at an early age is usually preferred. Post-
pubertal bulls are especially difficult to manage from a human safety aspect due to their size, and can cause
damage to pasture and infrastructure (Seideman et al., 1982; Aasen, 2000). Management issues include
having to either maintain intact males in isolation or at low stocking densities to either prevent or minimise
the incidence and associated effects of aggressive and sexual behaviour (Aasen, 2000). In addition to this,
males are often kept isolated from females to prevent indiscriminate breeding, as with extensive cattle
production (Winter, 1996). The need to isolate intact males can complicate management further if a breeding
enterprise is being maintained in conjunction with slaughter animal production where indiscriminate breeding
can occur, should cull males indivertibly enter the breeding female herd.

Intact male livestock may be the preferred choice compared to castrates and females, due to their
superior growth, leanness of carcass, and feed efficiency (Gispert et al., 2010; Sales, 2014). These
production traits can largely be ascribed to the effect of male androgens, such as testosterone, that promote
lean muscle growth (Snochowski et al., 1981). The impact of testosterone on fat deposition can either be
viewed as a positive or negative, depending on the market demands. For example, currently in the South
African pork market, lean carcasses are favoured and thus intact males are preferred, while the risk of boar
taint is often not considered. In the production of lamb and beef, emphasis is on the finishing of livestock with
a certain degree of fatness, with an economic value generally placed on carcasses with a medium fat
covering. Currently, beef and sheep carcasses in the A2 and A3 grading categories, according to SAMIC
(2006), fetch the highest price per kg in the South African red meat market (RPO, 2017). Sheep and cattle
carcasses from lean intact males generally score lower on fat covering when slaughtered at the same age as
castrated male or female animals. Intact male animals are thus maintained longer in the finishing phase to
deposit more fat, which ultimately negates the benefit of their superior feed efficiency. Therefore, a balance
needs to be achieved where the most economical carcass is produced. Furthermore, the value of intact male
carcasses can be decreased due to bruising and lesions from aggressive and sexual behaviour, which is a
problem seen particularly in feedlot systems (Seideman et al., 1982).

Motivation for castration

Castration is not limited to use in livestock species, but also finds application in companion animals,
horses maintained for recreational purposes, and, more recently, wildlife (De Nys et al., 2010). The typical
purpose of castration is to ease handling and management by controlling sexual and aggressive behaviour.
Another important management use of castration is the prevention of unwanted pregnancies; whether it be in
mixed herds intended for slaughter, the accidental breeding of stud animals by those males not intended for
breeding purpose, or population control (Ladd et al., 1994). The control of indiscriminate breeding becomes
particularly important in the livestock industry when prolonged finishing of slaughter animals is required, such
as in extensive systems, where male animals may reach puberty prior to slaughter (Amatayakul-Chantler et
al., 2013). This is typically experienced when free-range animals are the end product.

The use of castration as a tool to improve meat quality is important in livestock species such as pigs,
sheep, and cattle. Castrating male livestock decreases the anabolic potential of the animal and results in the
increased deposition of fat. As mentioned, this can be beneficial in the sheep and cattle industries. However,
the degree of fatness of a carcass not only influences the value of the carcass, but also the meat quality of
the carcass, as fatness influences juiciness, which in turn is related to the tenderness of the meat. A meta-
analysis of literature using bloodless castration techniques summarized that castrated rams had decreased
weight gain, feed efficiency, and leanness; however, tenderness was improved (Sales, 2014).
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Not only do male steroid hormones contribute to behavioural issues, it can contribute to unwanted
flavours and aromas. An example of this is an objectionable sensory quality of pork from intact male pigs,
known as boar taint (Patterson, 1968). The testes of boars produce a pheromone known as androstenone,
which is stored within the salivary glands and released during pre-copulatory activities (Bonneau et al.,
1982). However, androstenone is also lipophilic and is thus deposited within the adipose tissue. An
unpleasant smell and taste of urine or sweat is described by those sensitive to androstenone when the pork
of an entire male pig is cooked and androstenone is present in the tissue, which results in consumer
acceptability issues (Font-i-Furnols, 2008). The meat from intact male goats is also perceived to have an
unpleasant aroma and flavour termed “buck odour” and castration has shown to improve the palatability of
the resultant meat (Zamiri et al., 2012), which indicates the possible involvement of male steroid hormones
produced by the testes.

Concerns with castration

Various methods can be used to physically castrate livestock. The testicles can be excised surgically
from the scrotum or by placing a rubber ring/ band around the neck of the scrotum, with the latter method
resulting in ischaemia and sloughing of the testicles and scrotum due to necrosis (Winter, 1996).
Alternatively, a portion of the spermatic chord, blood vessels, nerves, and scrotal tissue can be destroyed
using the closed crushing/ Burdizzo technique, which also leads to testicle atrophy due to ischaemia;
however, with this method the testicles remain intact. Surgical castration is generally favoured in swine;
however, depending on the country’s legislation, it may or may not stipulate the use of pain mitigation.
Generally, band castration, as well as Burdizzo castration, tends to be favoured in rams and bulls; however,
surgical castration is also used. Again, the use of pain mitigation may or may not be mandatory in these
practices (Melches et al., 2007). Local anaesthesia can be used to reduce the pain experienced with
castration; however, this does have cost implications and not all legislation requires it to be used during
castration.

To quantify the pain response to castration, factors such as cortisol levels, behaviour, and posture are
often taken into consideration, with both the short and long-term responses investigated to fully describe the
effects of castration on the welfare of male animals. Rams surgically castrated under sedation with local
anaesthesia indicated more immediate and frequent pain responses, resulting in a decreased feed intake
and weight loss when compared to rams castrated by using the band and Burdizzo castration methods
where local anaesthesia was also used (Melches et al., 2007). Although Burdizzo castration resulted in a
more pronounced immediate pain response when compared to band castration, wound healing occurred
faster and with fewer complications after Burdizzo castration. Surgical and band castration resulted in a
compromised recovering ability of the animals, with purulent secretion, infection, and abscesses the most
common problems occurring. Although band castration showed less immediate pain responses, the
castrated rams exhibited an increased level, and prolonged period, of pain due to an extended healing
period of 12.3 + 11.5 days, with the sloughing of the testes occurring at 35 + 6.9 days. Rams surgically
castrated took on average 4.9 + 4.3 days to heal, and the Burdizzo-castrated rams on average 1.3 + 1.0
days. Even though all treatments received pain relief, pain was however still experienced by the rams, and it
can be assumed that the animals’ wellbeing was not improved (Melches et al., 2007).

According to Baird and Wolfe (1998), ram lambs are typically castrated shortly after birth since animal
handling is easier and fewer post-operative complications are experienced. However, it may be more
favourable to castrate rams at a later age, typically found with slower growing rams who did not reach
slaughter weight prior to puberty, or rams culled from breeding stock after selection based on performance
testing.

Currently, legislation in certain countries dictates as to when certain castration techniques can be
applied; however, some regulations do not adequately describe when veterinary intervention and pain
mitigation is required. According to welfare codes under Mutilations Regulations (Permitted procedures,
England) (2007), ram lambs in the United Kingdom must be castrated using rubber rings before seven days
of age, but before 12 weeks of age using other techniques, with pain mitigation required after three months
of age. Canadian regulations also stipulate that rams be castrated after colostrum intake, but before seven
days of age with pain mitigation being required on rams older than three months of age (NFACC, 2013). The
Australian Model Code of Practice (2006) for sheep states that rams need to be castrated within 12 weeks
after birth and that anaesthesia must be used if castration needs to be done after six months of age.
Similarly, New Zealand requires castration to be done as early as possible but pain mitigation is only
required for rams older than six months of age (NAWAC, 2010). However, no formal or readily available
guidelines exist for the physical castration of rams in South Africa.

Other factors that should be considered with physical castration, is the risk of morbidity and mortalities,
as well as various labour-related issues. Firstly, persons performing the technique need to skilled to do so,
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using appropriate hygienic methods and well-maintained tools. Furthermore, if local anaesthesia is used, this
frequently requires the administration by a registered veterinarian, which has additional time and cost
implications. One also needs to consider the stress of herding, handling, and restraining the animals to
perform these techniques at an appropriate age using appropriate facilities. Post-castration inspections need
to be performed regularly, which requires skilled labour, increased handling and time. The importance of
technique choice, pain mitigation use, recovery, and monitoring of castrated lambs is highlighted by Melches
et al. (2007). Therefore, physical castration can be a time-consuming process where skilled labour is
required and the welfare of the animals can be compromised.

Physical castration of livestock may also increase the input costs per animal as well as the loss in yield
per animal due to poorer feed efficiency and growth rates (Sales, 2014). Direct costs include the cost of the
castration procedure itself, pain mitigation (should it be chosen or required to be used), the prevention of
infection and the treatment of complications. Further financial losses are incurred when the animal
experiences morbidity, decreasing growth performance in response to both pain and lack of anabolic
hormones, and when mortalities arise resulting from infection or complications. Complications and the
associated financial implications regarding physical castration can be prevented using immunocastration.
Amatayakul-Chantler et al. (2013) reported that adverse issues were experienced in 8 % of surgically
castrated bulls raised on pasture, while those bulls immunocastrated experienced no complications related
to the castration procedure. It is for these aforementioned reasons that alternatives to physical castration be
investigated, while still controlling the problems associated with intact male production and preventing the
welfare issues associated with both intact male and castrate production.

Immunocastration and its application

Active immunization against gonadotropin-releasing hormone (GnRH) has shown potential in
replacing physical castration and has been successfully implemented as part of management programs.
D’Occhio (1993) reviewed the reproductive consequences of fertility control using immunological
suppression of various reproductive hormones. Furthermore, Thompson (2000) reviewed the technical
aspects of the immunocastration in various livestock species which may be consulted for further information
on the development of commercial vaccines. The principle of immunocastration centres on the “blocking” of
the action of the gonadotropin-releasing hormone. Gonadotropin-releasing hormone, also known as
Luteinizing hormone-releasing hormone (LHRH), is transported by the hypophysial portal systems to the
anterior pituitary. The short exposure time of the GnRH to the blood system during transport from the
hypothalamus to the pituitary gland is the only opportunity for exposure of GnRH to circulating antibodies. If
antibodies specific to GnRH are exposed to GnRH during this stage, GnRH will bind to GnRH-specific
antibodies that essentially “neutralizes” the hormone, either by preventing diffusion through the capillaries or
by occupying the binding site on GnRH which prevents it binding to the anterior pituitary.

The GnRH itself is too small to be immunogenic, and various techniques have been used to fool the
animal’s system into recognizing GnRH as foreign. Such techniques typically involve conjugating GnRH to a
large, non-self or foreign protein using various sites and methods of conjugation. Numerous techniques have
shown success in producing sufficient GnRH-antibody titers; however, the application of such vaccines have
been limited regarding commercial use. The type of adjuvant used, and the number of immunizations
required to elicit a response, are two constraining factors that hampers the use of immunovaccines. The
variation in the composition and design of vaccines manufactured on small scale for research purposes, as
well as variation in the response experienced with different types of adjuvants complicates and limits the
extrapolation and comparison from available results. Commercial vaccines have been designed to minimise
adverse reactions to the adjuvant in the relative species as well as to minimise frequency of vaccinations.
However, other factors also influence the results seen from immunocastration, such as the interval between
vaccinations, the timing of the second vaccination relative to slaughter, the age of the animal, the duration of
the study, as well as the nutritional strategy applied. These factors thus need to be considered when
comparing results. Commercially available vaccines include Bopriva® (ZoetisTM) for cattle and Improvac®
(ZoetisTM) for swine. Previously, Vaxstrate (Arthur Webster Pty Ltd, Castle Hill, N.S.W.) was available for use
in heifers but has been discontinued.

Immunocastration may be used commercially to improve the on-farm welfare of male livestock species
by circumventing many of the concerns with physical castration methods. A major benefit of
immunocastration is preventing the pain associated with the castration procedures and the risk of wound
infection. Thus, the incidences of morbidity and mortalities due to wound healing complications on-farm may
be reduced. Immunocastration still requires the animal to be handled; however, producers are not
constrained to the short timeframe in which physical castration is recommended to be performed after birth.
Producers can wait until later in the growth of the animal to handle them, potentially integrating the
vaccination schedule with other routine vaccinations or dosing. The early handling and separation of lambs
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from their mothers for castration and tail docking procedures may be rendered unnecessary, decreasing the
stress of such an exercise on both lambs and ewes. Due to the decreased risk of infection and removing the
risk of wound healing complications, this may actually decrease the need to further handle the animals to
treat them for such infections. The administration procedure of the immunocastration vaccine is simple in
comparison to physical castration methods and does not require the presence of a veterinarian.

With regards to improving the animal welfare of intact male livestock on-farm, using immunocastration
will provide the same welfare benefits as physical castration in terms of fertility and behavioural control.
Control of aggressive behaviour decreases fighting-related injuries as well as carcass bruising in male
animals. The prevention of pregnancies in a mixed-gender herd is also essential in maintaining the welfare of
those female animals intended for slaughter. It has also been suggested that immunocastration may have a
positive effect on the immune system by improving splenic immune markers and immune cytokines (Han et
al., 2016). Thus, the animal's immune status and well-being may actually benefit from immunocastration.
However, further investigation into these benefits on a commercial scale is yet to be quantified. An economic
comparison looking into the indirect benefits of improved animal welfare from immunocastration on
production parameters needs to be considered.

Swine

Immunocastration with Improvac® has been used in swine to prevent boar taint while improving growth
and carcass performance in comparison to physical castrates. The vaccination schedule for Improvac® has
been designed to minimise the impact on fat deposition and feed efficiency while allowing sufficient
clearance time for compounds associated with boar taint (Claus et al., 2007). Following the recommended
vaccination schedule, the primary vaccination appears to have no significant effect on the testosterone
production in swine; with antibodies against GnRH increasing within three to five days after the booster
vaccination and peaking four to six days after the booster vaccination (Claus et al., 2007). Subsequently,
luteinizing hormone (LH) and testosterone levels decline almost simultaneously within four to eight days and
five to ten days, respectively, after the booster injection, and remain stable for approximately 44 days after
the booster (Claus et al., 2007). It has been demonstrated that immunocastrated swine are unique with
regards to their hormone profile such as oestradiol, growth hormone (GH) and insulin-like growth factor 1
(IGF-1). Although immunocastrated pigs have low levels of oestradiol compared to surgical castrates, their
GH levels are high and comparable to that of intact boars (Bruniuset al., 2011; Bauer et al., 2009). As a
result, IGF-1 levels in immunocastrates are intermediate to those of intact and surgically castrated males
(Brunius et al., 2011). The IGF-1 levels in immunocastrates were shown to gradually decrease five days after
the booster and stabilising within six to ten days (Claus et al., 2007). Thus immunocastrates could have a
higher anabolic lean growth potential than surgical castrates even though testosterone production is
compromised, provided their nutritional needs are met. This potential change in anabolic growth potential
and nutritional requirements was investigated by increasing dietary lysine in the diets of immunocastrates,
showing that their cutting yields improved and backfat thickness decreased in comparison to surgical
castrates (Boler et al.,, 2011). Responses to varying dietary protein content also differed between
immunocastrates and intact males with regards to backfat deposition, also indicating a possible difference in
anabolic growth potential and nutritional requirements between immunocastrates and intact boars (Needham
& Hoffman, 2015a). However, the addition of ractopamine hydrochloride at 10 mg/kg to the diet of
immunocastrates can improve the lean meat yield and carcass traits (Needham & Hoffman, 2015b).

In group-housing based trials, immunocastrated swine performed better than intact males, most likely
due to their decreased activity including aggressive and sexual behaviour (Dunsheaet al., 2001). These
immunocastrates were also leaner and had a more improved feed efficiency than surgical castrates in the
trial, even though feed intake has been shown to increase in immunocastrated pigs compared to intact
boars. This increase in feed intake could be a combination of increased feeding activity due to decreased
aggressive and sexual behaviour as well as the absence of the appetitive suppression effect of androgens.
Although dietary protein level did not influence feed intake per se in individually housed immunocastrates,
immunocastrates experienced improved feed efficiency when dietary protein content was increased
(Needham et al., 2016a). The extent to which the increase in feed intake seen in immunocastrates influences
fat deposition largely depends on the period between the booster and slaughter, as the increase in feed
intake is seen approximately two weeks after the booster vaccination regardless of its timing (Lealiifano et
al., 2011). Likewise, the effects of immunocastration on carcass traits and yields depend on the vaccination
schedule used and the age of the pigs when it was applied; which also appears to be the case in other
livestock species.
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Cattle

In bulls, immunocastration, with Bopriva® has been successful in decreasing testosterone levels to
those comparable to physical castrates within 14 days after the booster (Amatayakul-Chantler et al., 2013)
and thereby controlling aggressive and sexual behawour (Huxsoll et al., 1998) as well as decreasing overall
activity (Janett et al., 2012). The use of Boprlva in cattle has shown consistent immune responses in
individuals, which is not always shown to be experienced with small-scale vaccines manufactured for
research purposes (Thompson, 2000).

Steers are preferred in beef enterprises for it is easier to manage their behaviour, have an improved
fat deposition and thus carcass grading, as well as meat quality. However, as with other livestock species,
the castrated steers grow slower and are less feed efficient, when compared to intact males. The fattening
period of cattle is much longer relative to that of, for example, sheep or pigs and thus the possibility of the
animals reaching puberty prior to slaughter becomes more of a concern, particularly when cattle are finished
on pasture. Such an example of this is the large beef production industry in Brazil, Namibia, and Botswana
that finish cattle on pasture until they are 30 to 36 months of age. In Brazil, the industry tends to practise late
castration at 18 to 24 months of age to take advantages of male steroid hormones and the associated
growth and feed efficiency as much as possible. Bulls in extensive systems can be destructive with regards
to infrastructure as well as pasture and thus need to be managed carefully. For instance, bulls cannot be
grazed near cows as the risk of them breaking through fences to get to the females is high and can cause
indiscriminate breeding. Not only is this a welfare issue in slaughter cows, it also presents a huge threat to
heifers not ready to be mated. A further issue associated with castration in extensive production units in
tropical areas such as Brazil include the risk of infection of the healing wound by the screw worm fly,
Cochliomyia hominivorax, should preventative and therapeutic treatment fail, which also requires extra input
costs (Muniz et al., 1995).

When compared to physically castrated steers, the effects of immunocastration on growth
performance, carcass traits and meat quality are generally favourable. Immunocastrated bulls vaccinated
twice (20 and 25 months of age) with Bopnva and raised on pasture have been shown to have greater
average daily gains (ADGSs), hot carcass weights and dressing percentages in comparison to late physical
castrates (25 months) (Amatayakul-Chantleret al., 2013). This improvement in growth performance seen in
immunocastrated bulls could be attributed to having a longer exposure time to the male steroid hormones
before testosterone levels reach those similar to the physical castrates after the booster vaccination, as well
as the absence of pain and the associated growth setbacks of physical castration. Furthermore, the
immunocastrated cattle showed no negative effects on carcass or meat quality traits with regards to
subcutaneous fat thickness, rib eye area, meat colour, fat colour, cooking loss and tenderness (Amatayakul-
Chantler et al., 2013).

When used in a feedlot system, immunocastration has been shown to improve carcass traits and beef
colour attributes in comparison to surgical castrated and intact bulls, respectively (Miguel et al., 2014). Meat
from immunocastrated cattle showed greater redness and lower darkness than intact bulls, which could
indicate a possible advantage with regards to retailing. Late castration in feedlot systems is also preferred in
late maturing animal breeds, as they tend to take longer to reach the desired carcass weight and fatness.
When immunocastration is applied after puberty, carcass traits change from those of intact bulls to long-term
castrated bulls (D’Occhio et al., 2001). Thus, the flexibility with regards to when immunocastration is applied
can allow the manipulation of carcass traits in bulls of varying maturity types. Positive results have been
experienced with regards to applying immunocastration to Bos indicus and Bos indicus crossbred cattle in
both extensive and feedlot systems (Amatayakul-Chantler et al., 2012; Amatayakul-Chantler et al., 2013;
Miguel et al.,, 2014). Immunocastrated bulls appear to have greater development in the hindquarter than
steers and bulls, indicated by an increase in the leg perimeter of the hindquarter (Miguel et al., 2014) and
thus a higher proportion of economically important cuts. No differences have been reported for carcass
length, length of the leg and depth of the chest between these sexes (Ribeiro et al., 2004, Freitas et al.,
2008; Miguel et al., 2014).

Another approach feedlots use to improve the growth performance of steers and late maturing animals
is the insertion of growth implants. Growth implants are routinely used in many feedlot systems; however,
their use is limited by bans such as the European Economic Community’s decision to prevent hormone-
treated meat products from being sold in European nations from January 1989 (FAS, 2015).
Immunocastration (Boprlva ) has been successfully fﬂ)plled along with the use of anabolic implants
(Component E-S; Elanco™ and Synovex Choice; Zoetis™) in a trial consisting of 1600 animals and 400 bulls
per treatment (Amatayakul-Chantleret al., 2012). Although the anabolic potential of the immunocastrates was
compromised due to the deficiency in testosterone, immunocastrates with growth implants had greater final
body weights than bulls with and without growth implants, as well as immunocastrates without implants. The
immunocastrates with growth implants also had heavier hot carcass weights in comparison to bulls and
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immunocastrates without growth implants. Despite the negative effect on tenderness associated with growth
implants, meat tenderness was improved in all immunocastrate treatments in comparison to intact bulls.
Thus, Amatayakul-Chantleret al. (2012) concluded that the use of Bopriva® could improve growth
performance in combination with implants and meat quality with or without implants.

As mentioned, the effect of immunocastration on growth performance and fat deposition depends on
the vaccination interval used and the time between the castration effect and slaughter. This is indicated by
the variation in results found in cattle; with no differences in fat thickness seen between steers, bulls and
immunocastrates in Nellore and crossbred cattle in feedlot (Miguel et al., 2014), Nellore cattle on pasture
(Ribeiro et al., 2004) and Bos taurus animals in feedlot (Adams et al., 1993; Adams et al., 1996; Huxsoll et
al., 1998). No differences were found in fat thickness between composite bulls and immunocastrates (Cook
et al., 2000), as well as between Bos taurus immunocastrates and steers (Aissatet al., 2002) and Bos
indicus immunocastrates and steers (Amatayakul-Chantleret al., 2013). It is thus important that the timing of
vaccination with regards to slaughter is considered in terms of the desired fat deposition, which has a large
influence on profitability of a carcass. Not only is fat deposition important for the grading of beef carcasses, it
also has important implications with regards to the eating experience of red meat. Intramuscular fat
influences the juiciness and thus tenderness of meat, which is one of the most important sensory qualities of
red meat (Mancini & Hunt, 2005).

However, meat colour is one of the first quality attributes a consumer considers when buying meat and
thus the impact of immunocastration on meat colour needs to be considered. Immunocastrated cattle have
greater L*, a* and b* CIE colour values than bulls, indicating that they have lighter, redder and more yellow
meat (Miguel et al., 2014). However, no differences in CIE colour values were observed by Amatayakul-
Chantler et al. (2012) and Amatayakul-Chantler et al. (2013) and thus this warrants further investigation.
Similarly, the effects of immunocastration on tenderness, measured by instrumental shear force, varies with
those indicating it has no effect (Cook et al.,, 2000; Ribeiro et al., 2004; Amatayakul-Chantleret al. 2013;
Miguel et al., 2014) versus Amatayakul-Chantler et al. (2012) who reported that immunocastrates had more
tender meat than bulls. However, it is important to note that numerous factors such as the ante-mortem
stress, the Kkilling process, post-mortem interventions, and even the method used to cook the samples prior
to evaluation for tenderness can influence the shear force values and thus these too require further
investigation.

Another important factor influencing meat quality is the muscle pH post mortem. Muscle pH,; was
higher in bulls than steers and immunocastrates (Miguel et al., 2014) possibly due to ante-mortem stress, as
bulls are argued to be more susceptible to stress as a result of their temperament (Field,1991). This can be
supported by the differences seen in activity levels between bulls and immunocastrates (Janett et al., 2012).
This increase in pH seen in bulls could explain the lower L* colour values in comparison to immunocastrates.
Although pH was influenced, no effects were seen on cooking loss values between immunocastrates, bulls
and steers (Miguel et al., 2014, Ribeiro et al., 2004; Amatayakul-Chantleret al., 2013).

Immunocastration has been applied in heifers and cows to prevent unwanted pregnancies and oestrus
through suppressing the oestrus cycle (Bell et al., 1997). This suppression of oestrus in immunocastrated
females also prevents mounting behaviours and their associated injuries, thus improving their welfare.
Immunocastration in females decreases the serum progesterone levels, thus decreasing ovarian and uterine
weights as well as weight gain (Adams & Adams, 1990). However, this decrease in weight gain could be
improved with the use of anabolic growth implants such as Synovex-H (Adams & Adams, 1990). Therefore,
immunocastration also has the potential to be an easily applied tool to improve the welfare of heifers and
cows used for beef production.

Small ruminants

Immunocastration has been investigated in both sheep and goats; however, no commercial vaccine
currently exists for either of these species. However, immunocastration of rams can potentially be used in
circumstances where late castration is preferred such as stud breeding programs, where ram lambs are not
castrated shortly after birth, but selection of breeding rams occurs after monitoring body weight and wool
quality, as in the case of wool or dual-purpose breeds. Immunocastration can thus also potentially be used
on cull rams to potentially improve carcass and meat quality.

Vaccines used for immunocastration have either been prepared by the researchers themselves or off-
label use of commercial products has been practiced. Such an example is the use of Vaxstrate in goat bucks
to control behaviour (Godfrey et al., 1996). Vaxstrate was a conjugated ovalbumin GnRH immunocastration
vaccine designed for use in cattle; however, it was discontinued in 1995 due to the fact that heifers treated
with it continued to cycle (Hoskinson et al., 1990). Immunocastration of bucks with Vaxtrate successfully
decreased scrotal circumference and testes remained small for more than a year following the first
vaccination and thus indicating a long-term effect. Odour scores associated with seasonal reproductive
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behaviour and agonistic behaviour were also decreased (Godfrey et al., 1996). Recombinant ovalbumin-
GnRH vaccines were used successfully in bucks, decreasing testosterone production, testicular and
accessory gland development as well as decreasing seminiferous tubule diameter and basal membrane
thickness (Ulker et al., 2009).

Recombinant ovalbumin-GnRH vaccines have also been used in Karakas ram lambs (17 weeks old),
successfully interrupting testicular growth with no effects seen on body weight compared to intact rams
(Ulker et al., 2002). Immunocastrates had greater chest widths than intact rams but not significantly different
from physical castrates with no further differences seen in the various carcass measurements, including
dressing percentage and carcass weights, between sexes. Furthermore, no differences were found in
wholesale cut weights or in dissected muscle and bone weights between sexes, although, immunocastration
and physical castration increased subcutaneous and intramuscular fat weights (Ulker et al., 2002). In
conclusion to the study by Ulker et al. (2002), immunocastrates were shown to be intermediate to physical
castrates and intact rams in many of the carcass traits studied.

Similar results were found when rams were immunocastrated at 10 weeks of age and entering a
feedlot at 27 weeks of age for 70 days, using the same vaccination technique as Ulker et al. (2002) but
including a second booster vaccination (3 injections in total) (Ulker et al., 2003). In comparison to intact
males, live weights, weight gain, loin eye muscle area, backfat thickness, carcass weights, dressing
percentage, offal items, and wholesale cut weights were not affected by immunocastration. Further research
into the effects of immunocastration using recombinant fusion proteins on testicular development by Ulker et
al. (2005) indicated that all rams immunised at 10 weeks of age produced ejaculates which contained no
mature spermatozoa and the testes seminiferous tubule diameter was decreased along with thickening and
hyalinization of the basal membrane.

Another method for manufacturing an immunocastration vaccine is the use of GnRH-keyhole limpet
hemocyanin (KHL) conjugate emulsified with Freund’s Complete Adjuvant (FCA). This vaccination technique
was used to vaccinate Western Whiteface rams at 32.6 + 1 kg, causing decreased testosterone and testicle
weights at slaughter with a resultant decrease in mounting frequencies and ejaculations in the growing
period (Kiyma et al., 2000). Two adjuvants were also compared for vaccination, indicating that FCA achieved
the greatest GnRH antibody titres at slaughter and greatest decrease in sexual behaviours. In contrast to
Ulker et al. (2003), immunocastration decreased feed efficiency and rate of gain in comparison to intact rams
but did not differ from physical castrates. However, the feeding period required for the immunocastrates to
reach a slaughter weight of 58 kg was intermediate to the other two sexes, while yielding more desirable
yield grades with less fat and marbling than physical castrates. These results indicated a possible difference
in nutrient partitioning for growth and fat deposition between immunocastrates and physical castrates (Kiyma
et al., 2000). Immunocastration increased dressing percentages in comparison to intact rams, which could
be due to the smaller testes weight in comparison to intact males as well as a decrease in kidney and pelvic
fat in comparison to physical castrates (Kiyma et al., 2000).

Passive immunocastration has been performed by vaccinating sheep with KHL, drawing blood
samples and isolating the GnRH-KHL antibodies (Parthasarathy et al., 2002). These antibodies where then
injected into the rams which formed part of the experiment. Although this was successful in decreasing
testosterone, repeated vaccinations were required to elicit a more persistent decrease in testosterone and
sexual behaviour. However, for ease of management and cost, it is favourable to have a minimum number of
vaccinations required to elicit a desirable immune response along with a flexible vaccination schedule.

Only two studies have investigated the extra-label use of Improvac® to vaccinate ram lambs (Janett et
al., 2003; Needham et al., 2016b). Administering two separate doses of 2 mL each, three weeks apart
suppressed testosterone secretion and decreased testicular growth for at least three months after the
booster vaccination without significant effects on growth in comparison to intact rams (Janett et al., 2003).
Improvac® shows promise in the application of immunocastration in rams to commercial systems; however,
the directions of use have been developed for swine and thus warrant further investigation in sheep in order
to establish the optimal use. This includes establishing whether the vaccination schedule is flexible with
regards to the time period between vaccinations, the timing of the second vaccination with regards to
slaughter in order to maintain growth performance, while potentially improving carcass traits and meat
quality.

Needham et al. (2016b) investigated three injection intervals, namely two, three or four weeks
between first and second vaccination (2 mL each) on ram lambs maintained extensively on kikuyu pasture.
All treatment animals were slaughtered at the same age, four weeks after the second vaccination. No
differences were observed for overall ADG between treatments. However, all vaccination intervals
successfully decreased scrotal circumferences within one week after the secondary vaccination. Although no
differences were reported for slaughter weight, hot carcass weight, backfat thickness, and linear carcass
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measurements, differences were found in terms of r the percentage contribution of the gastrointestinal tract
to total carcass weight. Thus, the effect on gut fill and feed intake also warrants further investigation.

Non-livestock species

Immunocastration has been used in non-livestock species for various reasons, e.g. in dogs and cats as a
method of fertility control (Ladd et al., 1994). Immunocastration has been used to study antler growth in red
deer stags (Lincoln et al., 1982), showing a varying response to vaccination when antler growth and
hardening were considered. The stag with the greatest GnRH antibody titre did not show antler hardening,
thus remaining “in velvet” for longer than six months, while the other three stags shed their antler
prematurely, consequently growing new antlers. All stags had a reduced testis size and interrupted normal
sexual behaviour. Immunocastration has also been used to study the role of melatonin in the seasonal
reproductive cycle of stags, as the responses to melatonin are dependent on the presence of GhnRH (Lincoln
et al., 1984). Immunocastration was used in both stallions and mares (Garza et al., 1988) to suppress
reproduction, with the first successful report of its use in stallions (Schanbacher & Pratt, 1985).
Immunocastration also showed promise to control aggressive behaviour in wild and captive African
elephants by successfully decreasing androgen production (De Nys et al., 2010). Research into
immunocastration of primates indicated that an increased GnRH-antibody titre and decreased testosterone
production were associated with a reduced prostate weight (Giri et al., 1991). However, the application of
immunocastration in humans has reached beyond fertility control and has been investigated to control
prostate and breast cancers, these being dependent on the secretion of gonadal steroid hormones.

Conclusion

The management practice of immunocastration, applied in several species, has proven to be effective
in controlling reproductive behaviour and aggression, with varying influences on growth performance and
carcass traits. Immunocastration presents an opportunity to circumvent many of the welfare concerns
associated with physical castration. When the sheep industry is compared to the cattle and pork industry, it is
evident that extensive research is required to develop protocols for the potential of immunocastration to
improve growth and carcass characteristics of sheep, without impacting negatively on animal welfare in
production systems. It is also important to assess the potential of the technique from the perspective of the
producer, abattoirs, and ultimately the consumer to motivate its use as a welfare-friendly castration
technique to improve the sustainability of sheep production systems on all levels of the industry.

Acknowledgements

The authors would like to thank the Meat Industry Trust and South African Research Chair’s in Meat Science
Initiative (UID: 84633) for their financial support. Any opinion, finding, conclusion or recommendation expressed in this
material is that of the author(s) and the National Research Foundation does not accept any liability in this regard.

Authors' Contributions
TN formulated and executed this review article as part of her PhD research thesis. HL and LCH were responsible
for the supervision, editing and development of the article.

Conflicts of Interest Declaration
There are no conflicts of interest.

References

Aasen, A, 2000. Alberta Feedlot Management Guide: Nutrition and Management
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/beef12065 (accessed 04.09.17).

Adams, T.E. &Adams, B.M., 1990. Reproductive function and feedlot performance of beef heifers actively immunized
against GnRH. J. Anim. Sci. 68, 2793-2802.

Adams, T.E., Daley, C.A., Adams, B.M. & Sakurai, H., 1993. Testis function and feedlot performance of bulls actively
immunized against gonadotropin-releasing hormone: effect of implants containing progesterone and estradiol
benzoate. J. Anim. Sci. 71, 811-817.

Adams, T.E., Daley, C.A., Adams, B.M. & Sakurai, H., 1996. Testis function and feedlot performance of bulls actively
immunized against gonadotropin-releasing hormone: effect of age at immunization. J. Anim. Sci. 74, 950-954.

Aissat, D., Sosa, J.M., de Avila, D.M., Bertrand, K.P. & Reeves, J.J., 2002. Endocrine, growth, and carcass
characteristics of bulls immunized against luteinizing hormone-releasing hormone fusion proteins. J. Anim. Sci.
80, 2209-2213.

Amatayakul-Chantler, S., Jackson, J.A., Stegner, J., King, V., Rubio, L.M.S., Howard, R., Lopez, E. & Walker, J., 2012.
Brown Swiss bulls in a feedlot with the Bos indicus immunocastration of gonadotropin-releasing hormone vaccine
Bopriva provides improved performance and meat quality. J. Anim. Sci. 90, 3718-3728.



http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/beef12065

740 Needham et al., 2017. S. Afr. J. Anim. Sci. vol. 47

Amatayakul-Chantler, S., Hoe, F., Jackson, J.A., Roca, R.O., Stegner, J.E., King, V. & Howard, R., 2013. Effects on
performance and carcass and meat quality attributes following immunocastration with the gonadotropin releasing
factor vaccine Bopriva or surgical castration of Bos indicus bulls raised on pasture in Brazil. Meat Sci. 95, 78-84.

Baird, A.N. & Wolfe, D.F., 1998. Castration of the normal male: bulls, rams, and bucks, in: Large Animal Urogenital
Surgery. Williams & Wilkins, Baltimore, pp 295-301.

Bauer, A., Lacorn, M.& Claus, R., 2009. Effects of two levels of feed allocation on IGF-I concentrations and metabolic
parameters in GhRH-immunized boars. J. Anim. Physiol. Anim. Nutr. 93, 744-753.

Bell, M., Daley, C.A., Berry, S.L. &Adams, T.E., 1997. Pregnancy status and feedlot performance of beef heifers actively
immunized against gonadotropin-releasing hormone. J. Anim. Sci. 75, 1185-1189.

Boler, D., Kutzler, L., Meeuwse, D., King, V., Campion, D., McKeith, F.&Killefer, J., 2011. Effects of increasing lysine on
carcass composition and cutting yields of immunologically castrated male pigs. J. Anim. Sci. 89, 2189-2199.
Bonneau, M., 1982. Compounds responsible for boar taint, with special emphasis on androstenone: a review. Livest.

Prod. Sci. 9, 687-705.

Brunius, C., Zamaratskaia, G., Andersson, K., Chen, G., Norrby, M., Madej, A. & Lundstrém, K., 2011. Early
immunocastration of male pigs with Improvac® - Effect on boar taint, hormones and reproductive organs. Vaccine.
29, 9514-9520.

Claus, R., Lacorn, M., Danowski, K., Pearce, M.C. & Bauer, A., 2007. Short-term endocrine and metabolic reactions
before and after second immunization against GnRH in boars. Vaccine. 25, 4689-4696.

Cook, R.B., Popp, J.D., Kastelic, J.P., Robbins, S. & Harland, R., 2000. The effects of active immunization against GnRH
on testicular development, feedlot performance, and carcass characteristics of beef bulls. J. Anim. Sci. 78, 2778-
2783.

De Nys, H.M., Bertschinger, H.J., Turkstra, J.A., Colenbrander, N., Palme, R. & Human, A.M., 2010. Vaccination against
GnRH may suppress aggressive behaviour and musth in African elephant (Loxodonta Africana) bulls — a pilot
study. J. S. Afr. Vet. Assoc. 81, 8-15.

D’Occhio M.J., 1993. Immunological suppression of reproductive functions in male and female mammals. Anim. Reprod.
Sci. 33, 345-372.

D’Occhio M.J., Aspden, W.J. & Trigg, T.E., 2001. Sustained testicular atrophy in bulls actively immunized against GnRH:
potential to control carcase characteristics. Anim.Reprod. Sci. 66, 47-58.

Dunshea, F., Colantoni, C., Howard, K., McCauley, I., Jackson, P., Long, K., Lopaticki, S., Nugent, E., Simons, J.,
Walker, J. & Hennessey, D.P., 2001. Vaccination of boars with a GnRH vaccine (Improvac) eliminates boar taint
and increases growth performance. J. Anim. Sci. 79, 2524-2535.

FAS, 2015. The U.S.-EU Beef Hormone Dispute. https://www.fas.org/sgp/crs/row/R40449.pdf (accessed 29.08.16).

Field, R.A., 1971. Effect of castration on meat quality and quantity. J. Anim. Sci. 32, 849-858.

Font iFurnols, M., Gispert, M., Guerrero, L., Velarde, A., Tibau, J., Soler, J., Hortés, M., Garcia-Regueiro, J., Pérez, J.,
Suarez, P. & Oliver, M., 2008. Consumers’ sensory acceptability of pork from immunocastrated male pigs. Meat
Sci. 80, 1013-1018

Font-i-Furnols, M., Gispert, M., Soler, J., Diaz, M., Garcia-Regueiro, J., Diaz, |. & Pearce, M., 2012. Effect of vaccination
against gonadotrophin-releasing factor on growth performance, carcass, meat and fat quality of male Duroc pigs
for dry-cured ham production. Meat Sci. 91, 148-154.

Freitas, A.K., Restle, J., Pacheco, P.S., Padua Lage, M.E., Miyagi, E.S. & Silva, G.F.R., 2008. Caracteristicas de
carcaga de  bovinosNeloreinteiros vs  castradosemduasidades, terminadosemconfinamento.  (In
Portuguese).RevistaBrasileira de Zootecnia, 37, 1055-1062.

Garza, F., Thompson, D.L., Mitchell, P.S. & Wiest, J.J., 1988. Effects of active immunization against gonadotropin
releasing hormone on gonadotropin secretion after ovariectomy and testosterone propionate administration to
mares. J. Anim. Sci.66, 479-486.

Giri, D.K., Jayaraman, S., Neelaram, G.S., Jayashankar, R. & Talwar, G.P., 1991. Prostatic hypoplasia in bonnet
monkeys following active immunization with semisynthetic anti-LHRH vaccine. Exp. Mol. Pathol. 54, 255-264.

Gispert, M., Oliver, M. A., Velarde, A., Suarez, P., Pérez, J. & Font iFurnols, M., 2010. Carcass and meat quality
characteristics of immunocastrated male, surgically castrated male, entire male and female pigs. Meat Sci. 85,
664-670.

Global Meat News State of the Industry Survey. 2015. http://www.globalmeatnews.com/Product-
Innovations/GlobalMeatNews-State-of-the-Industry-Survey-2015-report (accessed 29.08.16).

Godfrey, S.1., Walkden-Brown, S.W., Martin, G.B. & Speijers, E.J., 1996. Immunisation of goat bucks against GhnRH to
prevent seasonal reproductive and agonistic behaviour. Anim. Reprod. Sci. 44, 41-54

Han, X., Ren, X., Zeng, Y., Zhou, Y., Song, T., Cao, X., Du, X., Meng, F., Tan, Y., Liu, Y., Feng, J., Chu, M. & Zeng, X.,
2016. Physiological interactions between the hypothalamic-pituitary-gonadalaxis and spleen in rams actively
immunized against GnRH. Int. Immunopharmacol. 38, 275-283.

Hoskinson, R.M., Rigby, R.D., Mattner, P.E., Huynh, V.L., D’Occhio, M., Neish, A., Trigg, T.E., Moss, B.A., Lindsey,
M.J.& Coleman, G.D., 1990. Vaxstrate: an anti-reproductive vaccine for cattle. Aust. J. Biotechnol. 4, 166-170.

Huxsoll, C.C., Price, E.O. & Adams, T.E., 1998. Testis function, carcass traits, and aggressive behavior of beef bulls
actively immunized against gonadotropin-releasing hormone. J. Anim. Sci. 76, 1760-1766.

Janett, J., Lanker, u., Jorg, H., Hassig, M.& Thun, R., 2003. Die
KastrationméannlicherLammermittelsimmunisierunggegen GnRH. SchweizerArchivfurTierheilkunde. 145, 291-299
(In German).



https://www.fas.org/sgp/crs/row/R40449.pdf

Needham et al., 2017. S. Afr. J. Anim. Sci. vol. 47 741

Janett, F., Gerig, T., Tschuor, A.C., Amatayakul-Chantler, S., Walker, J., Howard, R., Bollwein, H. & Thun, R., 2012.
Vaccination against gonadotropin-releasing factor (GnRF) with Bopriva significantly decreases testicular
development, serum testosterone levels and physical activity in pubertal bulls. Theriogenology. 78, 182-188.

Karakus, F., Yiimaz, A., Hakan, B., Stormo, K. & Ulker, H., 2013. The Effectiveness of recombinant OL fusion protein
(ovalbumin-LHRH-7) in suppressing reproductive functions when injected in single-dose vaccination protocols
with different adjuvants. Anim. Reprod. Sci. 138, 228-232.

Kiyma, Z., Adams, T.E., Hess, B.W., Riley, M.L., Murdoch, W.J. & Moss, G.E., 2000. Gonadal function, sexual
behaviour, feedlot performance, and carcass traits of ram lambs actively immunised against GnRH. J. Anim. Sci.
78, 2237-2243.

Ladd, A, Tsong, Y.Y., Walfield, A.M. & Thau, R.B., 1994. Development of an antifertility vaccine for pets based on active
immunization against luteinizing hormone-releasing hormone. Biol. Reprod., 51, 1076-1083.

Lealiifano, A., Pluske, J.R., Nicholls, R., Dunshea, F., Campbell, R., Hennessy, D., Miller, D., Hansen, C.F. & Mullan, B.,
2011. Reducing the length of time between slaughter and the secondary gonadotropin-releasing factor
immunization improves growth performance and clears boar taint compounds in male finishing pigs. J. Anim. Sci.
89, 2782-2792.

Lincoln, G.A., Fraser, H.M. & Fletcher, T.J., 1982. Antler growth in male red deer (Cervuselaphus) after active
immunization against LH-RH. J. Reprod. Fertil. 66, 703-708.

Lincoln, G.A., Fraser, H.M. & Fletcher, T.J., 1984. Induction of early rutting in male red deer (Cervuselaphus) by
melatonin and its dependence on LHRH. J. Reprod. Fertil. 72, 339-343.

Mancini, R.A. & Hunt, M.C., 2005. Current research in meat color. Meat Sci. 71, 100-121.

Melches, S., Mellema, S.C., Doherr, M.G., Wechsler, B. & Steiner, A., 2007. Castration of lambs: A welfare comparison
of different castration techniques in lambs over 10 weeks of age. Vet. J. 173, 554-563.

Miguel, G.Z., Faria, M.H., Ro¢a, R.O., Santos, C.T., Suman, S.P., Faitarone, A.B.G., Delbem, N.L.C., Girao, L.V.C.,
Homem, J.M., Barbosa, E.K., Su, L.S., Resende, F.D., Siqueira, G.R., Moreira, A. D. & Savian, T. V., 2014.
Immunocastration improves carcass traits and beef color attributes in Nellore and Nellore x Aberdeen Angus
crossbred animals finished in feedlot. Meat Sci. 96, 884-891.

Model Code of Practice for the Welfare of Animals - the Sheep, 2N Ed, PISC Report 89,
2006.http://www.publish.csiro.au/pid/5389.htm (accessed 29.08.16).

Muniz, R.A., Hernandez, F., Lombardero, O., Leite, R. C., Moreno, J., Errecalde, J. & Goncalves, L.C., 1995. Efficacy of
injectable doramectin in the protection of castrated cattle against filed infestations of Cochliomyiahominivorax.
Vet. Parasitol. 58, 327-333.

Mutilations (Permitted procedures) (England) Regulations 2007 No. 1100, Schedule 5, Sheep: requirements when
carrying out certain permitted procedures,
2007 .http://www.legislation.gov.uk/ukdsi/2007/9780110757797/schedule/5(accessed 29.08.16).

NAWAC, 2010. Animal Welfare (Sheep & Beef Cattle) Code of Welfare: A code of welfare issued under the Animal
Welfare Act 1999. http://www.mpi.govt.nz/protection-and-response/animal-welfare/codes-of-welfare/(accessed
29.08.16).

Needham, T. & Hoffman, L.C., 2015a. Carcass traits and cutting yields of entire and immunocastrated pigs fed
increasing protein levels with and without ractopamine hydrochloride supplementation. J. Anim. Sci. 93, 4545-
4556.

Needham, T. & Hoffman, L. C., 2015b. Physical meat quality and chemical composition of the Longisimussthoracis of entire
and immunocastrated pigs fed varying dietary protein levels with and without ractopamine hydrochloride. Meat Sci.
110, 101-108.

Needham, T., Hoffman, L.C. & Gous, R.M., 2016a. Growth responses of entire and immunocastrated male pigs to dietary
protein with and without ractopamine hydrochloride. Animal (Available online).

Needham T., Lambrechts, H. & Hoffman, L.C., 2016b. The influence of vaccination interval on growth, carcass traits and
testicle parameters of immunocastrated ram lambs. Small Rum. Res. 145, 53-57.

NFACC, 2013. Code of Practice for the Care and Handling of Sheep.
https://www.nfacc.ca/pdfs/codes/sheep code of practice.pdf(accessed 29.08.16).

Oatley, J.M., Tibary, A., de Avila, D.M., Wheaton, J.E., McLean, D.J. & Reeves, J.J., 2005. Changes in spermatogenesis
and endocrine function in the ram testis due to J. of Anim. Sci. 83, 604-612.

Parthasarathy, V., Price, E.O., Orihuela, A., Dally, M.R. & Adams, T.E., 2002. Passive immunization of rams (Ovis aries)
against GnRH: effects on antibody titer, serum concentrations of testosterone, and sexual behavior. Anim.
Reprod. Sci. 7, 203-215.

Patterson, R.L.S., 1968. 5a-Androst-16-ene-3-one: Compound responsible for taint in boar fat. J. Sci. Food Agric. 19, 31-
37.

Pauly, C., Spring, P., O’'Doherty, J., Ampuero Kragten, S. & Bee, G., 2009. Growth performance, carcass characteristics
and meat quality of group-penned surgically castrated, immunocastrated (Improvac®) and entire male pigs and
individually penned entire male pigs. Animal 3, 1057-1066.

Price, E.O., Adams, T.E., Huxsoll, C.C & Borgwardt, R.E. 2003. Aggressive behavior is reduced in bulls actively
immunized against gonadotropin-releasing hormone. J. Anim. Sci. 81, 411-415.

Red Meat Producers Organisation, 2017. ABSA Weekly Prices 2017 c/kg. http://www.rpo.co.zal/information-
centre/absa/weekly-prices/ (accessed 04.09.207).

Ribeiro, E.L., Hernandez, J.A., Zanella, E.L., Shimokomaki, M., Prudéncio-Ferreira, S.H., Youssef, E., Ribeiro, H.J.S.,
Bogden, R. & Reeves, J.J., 2004. Growth and carcass characteristics of pasture fed LHRH immunocastrated,
castrated and intact Bos indicus bulls. Meat Sci. 68, 285-290.



http://www.sciencedirect.com/science/article/pii/S0378432013000742
http://www.sciencedirect.com/science/article/pii/S0378432013000742
http://www.sciencedirect.com/science/article/pii/S0378432013000742
http://www.publish.csiro.au/pid/5389.htm
http://www.legislation.gov.uk/ukdsi/2007/9780110757797/schedule/5
http://www.mpi.govt.nz/protection-and-response/animal-welfare/codes-of-welfare/
https://www.nfacc.ca/pdfs/codes/sheep_code_of_practice.pdf
http://www.rpo.co.za/information-centre/absa/weekly-prices/
http://www.rpo.co.za/information-centre/absa/weekly-prices/

742 Needham et al., 2017. S. Afr. J. Anim. Sci. vol. 47

Sales, J., 2014. Quantification of the effects of castration on carcass and meat quality of sheep by meta-analysis. Meat
Sci. 98, 858-868.

Schanbacher, B.D. & Pratt, B.R., 1985. Response of a cryptorchid stallion to vaccination against luteinising hormone
releasing hormone. Vet. Rec. 116, 74-75.

Seideman, S.C., Cross, H.R., Oltjen, R.R. & Schanbacher, B.D., 1982. Utilization of the intact male for red meat
production: a review. J. Anim. Sci. 55, 826-840

Snochowski, M., Lundstrom, K., Dahlberg, E., Petersson. H. & Edqvist, L.C., 1981. Androgen and glucocorticoid
receptors in porcine skeletal muscle. J. Anim. Sci. 53, 80-90.

South  African Meat Industry Company(SAMIC), 2006. Classification of Red Meat in SA.
http://www.samic.co.za/downloads/Redmeat.pdf (accessed 04.09.17).

Thompson, D.L., 2000. Immunization against GnRH in male species (comparative aspects). Anim. Reprod. Sci. 60-61,
459-469.

Ulker, H., Gékdal, O., Temur, C., Budag, C., Oto, M., de Avila, D.M. & Reeves, J.J., 2002. The effect of immunization
against LHRH on body growth and carcass characteristics in Karakas ram lambs. Small Rum. Res. 45, 273-278.

Ulker, H., Gokdal, O., Aygiina, T., Karakus, F., de Avila, D.M. & Reeves, J.J., 2003. Feedlot performance and carcass
characteristics of ram lambs immunized against recombinant LHRH fusion proteins at 10 weeks of age. Small
Rum. Res. 50, 213-218.

Ulker, H., Kanter, M., Gokdal,0., Aygiin, T., Karakus, F., Sakarya, M.E., De Avila, D.M. & Reeves, J.J., 2005. Testicular
development, ultrasonographic and histological appearance of the testis in ram lambs immunized against
recombinant LHRH fusion proteins. Anim. Reprod. Sci. 86, 205-219.

Ulker, H., Kiguk, M., Yilmaz, A., Yorikk, M., Arslan, L., deAvila, D. & Reeves, J., 2009. LHRH Fusion Protein
Immunization Alters Testicular Development, Ultrasonographic and Histological Appearance of Ram
TestisReprod. Domest. Anim. 44, 593-599.

Winter, A.C., 1996. Castration—A kinder cut? Br. Vet. J.152, 7-9.

Zamiri, M.J., Eilami, B. & Kianzad, M.R., 2012. Effects of castration and fattening period on growth performance and
carcass characteristics in Iranian goats. Small Rum. Res. 104, 55-61.



http://www.samic.co.za/downloads/Redmeat.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%BC%C3%A7%C3%BCk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18507800
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yilmaz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18507800
http://www.ncbi.nlm.nih.gov/pubmed/?term=Y%C3%B6r%C3%BCk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18507800
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arslan%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18507800
http://www.ncbi.nlm.nih.gov/pubmed/?term=deAvila%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=18507800
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reeves%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=18507800
http://www.ncbi.nlm.nih.gov/pubmed/18507800

