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General introduction 

The welfare of farm animals is an important and growing global societal concern. Many 

different stakeholders have varying understandings and/or perceptions of what animal 

welfare means. This has been subject of much scientific research, thinking and debate over 

the years. It is now generally accepted that the well-being and thus the welfare of an animal 

comprises the state of the animal's body and mind, and the extent to which its nature 

(genetic traits manifest in breed and temperament) is satisfied. 

The improvement of farm animal welfare is an important consideration for the ethical 

treatment of animals, food safety and for improving the standards of animal husbandry. This 

is reflected in European and international legislation that governs the standards of animal 

welfare, since the introduction of the Animal Health and Welfare Act 2013 (Ireland), which 

contemplate all animals including those kept for food production and those kept for 

companionship and recreational purposes, under the one legislative framework. The Irish 

Department of Agriculture Food and the Marine was assigned sole responsibility within 

government for policy matters relating to animal welfare. 

In Ireland, beef cattle production is largely grass based and extensive by nature, being less 

intensive than other areas of agriculture, such as pig and poultry production. Certain 

husbandry management practices commonly performed in these beef farms, such as 

castration and dehorning, have the potential to induce stress and pain if not managed 

correctly. Depending on the severity of a stressor, potential stress responses can suppress 

immune function, lower resistance to disease-causing factors, and contribute to reduced 

animal welfare. 

Burdizzo castration is the most common castration method used in Ireland and is also the 

least stressful method compared with surgical or rubber ring castration (Stafford et al., 2002; 

Thüer et al., 2007). Disbudding is also a common practice in beef (71%), dairy (89%) and 

suckler farms (58%) in the European Union (Cozzi et al., 2015). Hot-iron disbudding is the 

most common method of disbudding (75% of farms) (Cozzi et al., 2015) and it is the only 
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disbudding method allowed in Ireland. Despite being frequent husbandry procedures, 

castration and disbudding induce pain, tissue trauma, stress and inflammatory responses 

elicited by the procedure (Canozzi et al., 2017; Winder et al., 2018). Therefore, measures to 

understand the stress caused by castration and disbudding procedures must be considered 

from an animal welfare and production point of view. 

There is a conception that castration and disbudding are less stressful for young animals 

(Bretschneider, 2005; Stafford and Mellor, 2011). However, scientific literature is discordant 

on what recommendations should be transferred to farmers and practitioners regarding the 

preferred age to castrate and disbud calves. This lack of scientific support to guide 

recommendations is even more noticeable in suckler beef calves, since most of the 

disbudding studies have used dairy calves (Stock et al., 2013; Winder et al., 2018) and most of 

castration studies have used dairy calves or calves older than 6-mo-old (Coetzee, 2013; 

Canozzi et al., 2017). 

The objectives of this thesis are as follows: 

• To compare the age-related differences in plasma cortisol, acute phase protein, 

metabolite concentrations, haematological variables, behaviour and performance 

of suckler beef calves in response to Burdizzo castration (Chapter 2); 

• To examine the effect of sex, breed and age on horn bud size of dairy and beef 

calves at time of disbudding (Chapter 3); 

• To examine the relationship between age and horn bud size of dairy and beef 

calves at time of disbudding (Chapter 3); 

• To describe horn bud growth in Holstein Friesian calves (Chapter 3). 

The findings of this thesis will have implications for the welfare of cattle in relation to best 

recommendations regarding the age at castration of suckler beef calves and disbudding of 

dairy and suckler beef calves. 
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1 Chapter 1 - Literature Review 

1.1 Animal Welfare 

1.1.1 Brief history and concept 

Concerns over the welfare of farm animals gained traction in western society since the 

publication of the book 'Animal Machines' by Ruth Harrison in 1964, which denounced how 

farmed animals were being raised for food production. The repercussion of this book led the 

British government to establish a committee, the Brambell Committee, to investigate into the 

welfare of intensively farmed animals. The Brambell Report stated five essential freedoms 

that farm animals should experience: freedom to turn around, get up, lie down, scratch and 

stretch completely its limbs (Brambell, 1965). This led to the adoption of the European 

Convention for the Protection of Animals kept for Farming Purposes by the Council of Europe 

in 1976 (Council of Europe, 1976). Years later, in 2002, the UK Farm Animal Welfare Council 

(FAWC) proposed minimum requirements, known as the Five Freedoms, which should be 

followed to ensure the welfare of animals in livestock systems. The Five Freedoms propose 

that animals should be free from hunger and thirst, from pain and disease, from discomfort, 

from fear and distress, as well as free to express their natural behaviour (FAWC, 2012). These 

five freedoms constitute the basic requirements of an animal to express its natural behaviour 

while avoiding stressful practices that can negatively influence welfare. 

Welfare is a complex concept that refers to the state of an animal in relation to its 

environment. It has been proposed that animal welfare refers to the individual's ability to 

adapt to the environment, based on the presumption that animals can suffer and feel pain 

and discomfort; therefore animal welfare can be measured scientifically and it ranges from 

very good to very poor (Broom, 1986; Broom, 2011). Animal welfare has also been defined 

based on the affective state of the animals (Duncan, 2004), or using a multidimensional 

approach, and encompasses the natural life, affective state and biological functioning of 

animals (Fraser et al., 1997). According to this last concept, a good state of welfare could only 

be achieved when elements of natural life (such as fresh air and the ability to express natural 
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and innate behaviours), affective needs (free from intense negative states such as pain and 

fear and being able of feel positive emotions) and the normal biological functioning (growth, 

health) of the animals are assured (Fraser et al., 1997). 

The World Organization for Animal Health (OIE), in its role as an international standard-

setting body for animal health issues, proposed a definition that encompasses most of the 

elements discussed above: “Animal welfare means how an animal is coping with the 

conditions in which it lives. An animal is in a good state of welfare if (as indicated by scientific 

evidence): it is healthy, comfortable, well nourished, safe, able to express innate behaviour, 

and if it is not suffering from unpleasant states such as pain, fear, and distress. Good animal 

welfare requires disease prevention and appropriate veterinary treatment, shelter, 

management and nutrition, humane handling and humane slaughter or killing. Animal 

welfare refers to the state of the animal; the treatment that an animal receives is covered by 

other terms such as animal care, animal husbandry, and humane treatment" (Bayvel, 2004; 

OIE, 2019). 

There is an acceptance too that the welfare of animals and the welfare of humans are closely 

linked. The One Welfare concept builds on the One Health initiative by advancing the 

relationship between human and animal health to include human wellbeing and animal 

welfare. One Welfare involves bringing together various disciplines, including social scientists, 

human health professionals, veterinary professionals and agricultural scientists to work 

collectively on animal welfare, and human wellbeing. This has particular relevance in seeking 

to better understand the positive two-way inter-relationship and inter-dependency between 

animals and their owners/keepers where, if these break down, it has the potential for very 

negative health and welfare outcomes for both animals and humans. 

1.1.2 Welfare assessment 

Appropriate ways to assess the state of animals are needed to avoid mistreatment and to 

give animals “a life worth living” (Mellor, 2016; Webster, 2016). According to Broom (2000), 

animal welfare can be measured by: physiological and behavioural indicators of pleasure; the 
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extent of behavioural aversion shown; physiological attempts to cope; immunosuppression; 

disease prevalence; behavioural attempts to cope; behaviour pathology; brain changes; body 

damage prevalence; reduced ability to grow or breed; and reduced life expectancy. It is 

suggested by Broom and Johnson (2019) that quantitative methods should be used to 

measure welfare, such as physiological indicators (e.g. heart rate, adrenaline, ACTH, cortisol 

concentrations, and others). The most widely used physiological indicators of impaired 

welfare are related to stress response, distress, disease, and pain (Serra et al., 2018).  The 

nature of stress relies on perception of a stimulus to change physiological processes that 

allow the animal to effectively cope with its environment. This suggests that the animal’s 

cognitive evaluation of its own environment results in physiological changes that can be 

measured to assess animal welfare.  

1.1.2.1 Pain-induced stress 

Pain in animals can be defined as “an aversive sensory and emotional experience; it changes 

the animal’s physiology and behaviour to reduce or avoid damage, to reduce the likelihood of 

recurrence and to promote recovery” (Molony and Kent, 1997). Thus, pain is an important 

stimulus to alert animals that tissue damage has occurred, is occurring or might occur, which 

allows immediate escape withdrawal or other avoidance behaviour. Painful experiences also 

help animals to learn to avoid similar pain-causing circumstances in the future. The perceived 

pain varies according to the characteristics of the noxious stimulus (e.g. location, duration, 

intensity) and according to other factors (e.g. experience, emotional state, individual 

variation) that modify the way in which the central nervous system processes the perception 

of pain (Mellor et al., 2000). 

The evaluation of pain in animals is only possible using indicators that can be detected by 

external observers. Most of these indicators are based on physiological or behavioural 

responses (Table 1. 1). 
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Table 1. 1 List of physiological and behavioural changes that may indicate the existence of pain in mammals. 

Physiological indicators Behavioural indicators 

  
Hormonal concentrations in blood, saliva, urine Vocalizations 

Adrenal axis: ACTH, cortisol Number and duration 

Sympathetic axis: adrenaline, noradrenaline Intensity 

 Spectral characteristics 

Blood energetic metabolites  
Glucose, lactate Postures 

Free fatty acids Abnormal lying 

 Abnormal standing 

Blood concentrations of inflammatory markers1  
Haptoglobin, fibrinogen, etc. Behaviours 

 Frequent licking, scratching, rubbing 

Activity of the autonomous nervous system Avoidance and scape 

Heart rate Tonic immobility 

Respiratory rate Lack or excessive locomotion 

Arterial blood pressure Aggressiveness 

Internal, cutaneous or eye temperature Agitation or lack of activity 

Pupil diameter Prostration 

Sweating, skin electric conductivity Isolation 

Muscle tremor Loss of appetite, etc. 

  
Brain activity  

Electroencephalogram   

ACTH = adrenocorticotropic hormone. 
1 Inflammatory markers indicate the existence of an inflammatory state that may generate pain. 

Source: Prunier et al. (2013). 

 

Physiological changes associated with pain occur mainly due to two related mechanisms. 

Firstly, pain is a powerful stressor stimulating directly the release of hormones from the 

hypothalamic–pituitary–adrenal axis (HPA) and sympathetic-adrenal-medullary axis (SAM) 

(Figure 1. 1). Secondly, tissue damage activates the immune system and the release of 

numerous inflammatory mediators (e.g. cytokines) which may also activate the adrenal axis 

(Prunier et al., 2013). Hence, physiological indicators of pain involve hormones from the 

adrenal and sympathetic axes, their metabolic and physiological consequences, plasma 

markers of an inflammatory state and mediators involved in the physiological mechanisms of 

pain. 
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Figure 1. 1 Schematic representation of the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic-adrenal-

medullary (SAM) response to stress. CRH: corticotrophin releasing hormone; VP: vasopressin; ACTH: 

adrenocorticotropic hormone; ACh: acetylcholine; NE: norepinephrine; EPI: epinephrine (Source: Burdick et al. 

(2011)). 
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1.1.2.2 Physiology of stress 

‘Stress’ is a term widely used in animal welfare science. Stress responses refer to the range of 

physiological reactions seen under mild circumstances to the maximum physiological changes 

of which body systems are capable under extreme challenge. Stress can be defined as either 

‘good’ stress known as ‘eustress’ or ‘bad’ stress known as ‘distress’. Eustress is a positive 

stress and may have a beneficial effect on the animal, that is adaptative. Distress is used to 

refer to the emotional content of noxious experiences that elicit physiological stress 

responses, whether that noxiousness is predominantly emotional (e.g. fear), predominantly 

physical (e.g. vigorous exercise) or a combination of both (e.g. pain). The term ‘pain-induced 

stress’, whether referring to the consequences of injury caused by husbandry practices, or in 

clinical settings, is used to indicate that the physiological responses reflect the interacting 

emotional and physical facets of the noxious experience. 

If an animal is able to cope with or adapt to the demand in an appropriate and successful 

manner, stress does not necessarily lead to “distress” or compromised animal welfare 

(Broom and Johnson, 2019). Thus, the welfare of the animal can be objectively assessed by 

qualifying and quantifying the consequences of stress in terms of the biological cost, and the 

changes in biological functions induced by the stressor (Moberg and Mench, 2000; Burdick et 

al., 2011; Brown and Vosloo, 2017). Depending on the nature of the stressor (i.e., origin, 

type, magnitude and duration), the biological cost associated with the adaptive response to 

the stressor may either be irrelevant or harmful to the animal. For example, if the stressor is 

mild, or of brief duration, the efforts required for the animal to cope with the stress will be 

minor. Conversely, if the stressor is severe, of long duration, or characterised by cumulative 

effects of several stressors, then the sum of the biological costs involved may adversely affect 

the well-being of the animal. When this occurs, the animal enters into a pre-pathological 

state and the risk for pathology exists. It is only in this state that the animal will experience 

“distress” and threatened welfare. Therefore, distress occurs only when the stress response 

results in significant changes in biological functions and biological cost to the animal (Moberg 

and Mench, 2000; Burdick et al., 2011; Brown and Vosloo, 2017). 
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1.1.2.2.1 Mechanisms of stress response 

Traditionally the stress response system comprises the sympathetic nervous system (SNS), 

including the SAM axis, and the HPA axis. The stress response is an adaptation that permits 

the animal to cope with a disturbance and ensure the survival of the individual (Hill et al., 

2008). However, the stress response begins to be a threat to welfare when the animal fails to 

cope with the situation (Broom, 1986). Moberg and Mench (2000) proposed a biological 

model outlining the general stages involved in the stress response in animals (Figure 1. 2). 

The model is divided into three general stages: 1) recognition of a stressor; 2) biological 

defence against the stressor; and 3) consequence of the stress response. 

 

Figure 1. 2 A model of the biological response of animals to stress (Source: Moberg and Mench (2000)). 

 

The central nervous system recognizes a stressor and organises an adaptive defence 

including behavioural and physiological (autonomic, metabolic, neuroendocrine) responses 
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used by the animal in its attempts to cope with the stressor. The consequence of the stress 

response determines if an animal is suffering from distress or simply experiencing a brief 

episode that will have no significant impact on their welfare. If the animal fails to regain 

homeostasis following the challenge, the resulting changes in biological function may lead to 

a pre-pathological state, such as immunosuppression or metabolic disorder or pathology 

(Moberg and Mench, 2000). 

1.1.2.2.2 Sympathetic-adrenomedullary (SAM) axis 

A harmful stimulus perceived by the cerebral cortex of the brain produce neurological 

impulses that cause hypothalamic stimulation of the autonomic nervous system and 

production of sympathetic neurotransmitters, such as catecholamines. The synthesis of 

catecholamines occurs within seconds of the activation of the SAM axis (Sapolsky et al., 

2000), by two distinct pathways: 1) direct release of norepinephrine (or noradrenaline) from 

sympathetic nerve endings; and 2) hormonal effects of epinephrine (or adrenaline) and small 

amounts of norepinephrine released by the innervated adrenal medulla (Griffin, 1989). The 

adrenal medulla, the key organ of the SAM axis, is responsible for 80% of catecholamine 

secretion in form of epinephrine (Goldfien, 2001). Norepinephrine is released predominantly 

by sympathetic nerve fibres in direct contact with target tissues (Padgett and Glaser, 2003). 

Increased plasma norepinephrine concentrations are used as an index of sympathetic 

nervous system activity, which is typical of an acute stress response (Griffin, 1989; Weissman, 

1990). 

The emergency flight-fight response is the result of the physiological changes due to the 

production of catecholamines by the SAM (Griffin, 1989). The effect of increased SAM activity 

includes vasoconstriction to divert increased blood flow to muscle, and increase in heart rate 

and cardiac output, arterial pressure, respiration rate, and metabolic rate to induce 

hyperglycaemia (Sapolsky et al., 2000). 
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1.1.2.2.3 Hypothalamic-pituitary-adrenocortical (HPA) axis 

Inability by the SAM axis to resolve a stressful event stimulates the activation of the HPA axis 

to restore homeostasis. The HPA axis responds to various stressors by synthesising and 

releasing the following four key hormones: 1) corticotrophin-releasing factor hormone (CRH), 

2) arginine-vasopressin (AVP), 3) adrenocorticotrophic hormone (ACTH), and 4) 

glucocorticoids (GC). The hypothalamus serves as a transducer between neural impulses and 

hormonal secretion and controls the secretion of ACTH from the anterior pituitary. Under 

stressful conditions, via neuronal signals and inputs, the cerebral cortex in the brain 

perceives an event as a stressor stimulating the release of CRH and to a lesser extent, 

arginine-vasopressin (AVP) from paraventricular nucleus (PVN) of the hypothalamus (Johnson 

et al., 1992). Both CRH and AVP synergistically stimulate the synthesis and secretion of ACTH 

from the precursor molecule, pro-opiomelanocortin (POMC), in the anterior pituitary (Ulrich-

Lai and Herman, 2009), into the systemic circulation. Increased concentrations of ACTH in 

peripheral circulation stimulate the adrenal cortex of the adrenal gland to synthesis and 

secrete steroid hormones: the glucocorticoids (Chrousos, 2000). Glucocorticoids (GC) act 

upon a diverse range of cells, tissues and organs throughout the body, including those of the 

immune system (Chrousos, 2004). Peak glucocorticoid levels occur between ten minutes and 

one hour after the initiation of the stress response (Sapolsky et al., 2000). 

The HPA axis is a negative feedback system (Figure 1. 3) in which the end product (i.e. 

cortisol) inhibits the initiating substance (i.e. CRH). Termination of the stress response 

operates through three independent mechanisms: 1) a rate sensitive fast feedback; 2) an 

intermediate feedback; and 3) a delayed feedback (Manteuffel, 2002). A rate sensitive rise in 

glucocorticoids inhibits CRH and ACTH secretion from the hypothalamus and anterior 

pituitary, respectively. This feedback mechanism is rapid, occurring within minutes of the 

elevated steroid response. The glucocorticoid-receptor (GR) complexes translocate to the 

nucleus and down-regulate the expression of key molecule and hormone regulatory genes 

involved in the HPA axis (Sapolsky et al., 2000). Inhibition of CRH/AVP and ACTH secretion 

limits the duration of the total tissue and target cell exposure to glucocorticoids, thus 
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minimising the catabolic, lipogenic, anti-reproductive, and immunosuppressive effects of 

these hormones. Dysregulation of negative feedback mechanisms, which result in elevated 

levels of glucocorticoids, are implicated in immunosuppression and consequently numerous 

disorders (Chrousos, 2000). 

 

Figure 1. 3 A schematic representation of HPA architecture and activation (Source: Lupien et al. (2009)). 

1.1.2.2.3.1 Cortisol 

Glucocorticoids stimulate several biological functions within the body including metabolism 

of carbohydrates (gluconeogenesis) and proteins, alterations in growth, reproductive axes, 

cardiovascular output, regulation of the stress response, overall immune function, and 
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maintenance of homeostasis (Minton, 1994; Blecha, 2000; von Borell, 2001; Brotman et al., 

2007; Carroll and Forsberg, 2007; Webster Marketon and Glaser, 2008). 

In cattle, the predominant glucocorticoid is cortisol (Mormède et al., 2007). Under normal 

resting conditions, plasma cortisol is secreted episodically in circadian rhythms in the bovine 

(Thun et al., 1981). Followed by a stressful event, the increase in plasma cortisol 

concentrations is typically proportional to the magnitude of stress (reviewed by Riad et al., 

2002). In the plasma, over 90% of cortisol is bound to plasma proteins, and the remaining 10 

% free hormone is the biologically active moiety (Mormède et al., 2007). The availability of 

free, biologically active GCs to apply their effects on target organs is controlled by: 1) the 

nature of the stimulus inciting the release of GCs from the adrenocortical cells; 2) the 

biosynthesis rate of the adrenocortical cells and the regulation through feed-back inhibition; 

3) the interaction with carrier binding proteins called corticosteroid-binding globulin; 4) the 

rate of the removal of GCs from the blood circulation, or in tissue by degrading enzymes; 5) 

the number and affinity of GC receptors in target cells; the complex regulation of intracellular 

signalling events (Riad et al., 2002). 
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1.2 Castration 

1.2.1 Legislation on age and use of pain relief for castration 

The legislation concerning the use of anaesthesia for castration in cattle varies considerably 

among different countries and depends on the method used and age of the animal (Table 1. 

2). 

Table 1. 2 Legislation concerning the use of anaesthesia for castration in calves. 

Country Methods allowed Anaesthesia required Reference 

Ireland Surgical, Burdizzo, 
rubber ring/band 

Surgical or Burdizzo: over 6 
months of age 
Rubber ring/band: over 7 days of 
age 

DAFM (S.I. No. 107, 2014) (Animal 
Health and Welfare Act, 2013). 

United 
Kingdom 

Surgical, Burdizzo, 
rubber ring/band 

Rubber ring/band: over 7 days of 
age 
Other methods: over 2 months of 
age 

(DEFRA, 2013) 

Germany Not specified* All methods: over 4 weeks of age (Daanje, 2013) 

Belgium Surgical, Haemostatic 
clamp 

At any age (Daanje, 2013) 

Switzerland Surgical, Burdizzo* At any age (The Swiss Federal Council, 2008) 

Australia Surgical, Burdizzo, 
rubber ring/band 

All methods: over 6 months of age (Animal Health Australia, 2016) 

New Zealand Surgical, Burdizzo, 
rubber ring/band 

Band: at any age 
Other methods: over 6 months of 
age 

(Reddy, 2018) 

Canada Surgical, Burdizzo, 
rubber ring/band 

All methods: Beef: over 6 months 
of age; Dairy: at any age 

(National Farm Animal Care 
Council, 2013) 

*Rubber ring/band are not allowed. 

 

Despite the fact that the scientific community and producers worldwide (Moggy et al., 2017; 

Spooner et al., 2012) agrees that castration is a painful procedure and the use of an 

anaesthetic in combination with an analgesic as a measure to alleviate pain during castration 

is recommended (reviewed by Coetzee, 2013), calves can still be castrated without use of 

pain relief in some countries depending on the castration method and calves’ age. While the 

use of anaesthetics is mandatory during castration of calves at any age in Belgium and 

Switzerland, calves can be castrated without use of anaesthetic up to a certain age in some 

countries, including Ireland, United Kingdom, Germany, Australia, New Zealand, and Canada 
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(Table 1. 2). These differences indicate that calves are being legally castrated without pain 

relief. Considering that castration is a painful procedure, and pain relief is recommended 

when castrating calves at all ages (Stafford and Mellor, 2005; Coetzee, 2013; Canozzi et al., 

2017), the welfare of these animals could be compromised. 

1.2.2 Reasons for castration of calves 

Historically, bulls were castrated to prevent the spread of inferior genetics and to simplify 

management, especially of draught animals. Bulls are castrated to prevent reproduction and 

simplify handling management, and, most importantly, reduce aggressiveness and sexual 

activity (Warriss, 1984; Tennessen et al., 1985), which makes handling easier and safer for 

stockpersons, and reduces the risk for other animals in their pen/herd. Steers have also a 

reduced risk of dark-cutting of the finished beef (Tarrant, 1981; Warriss, 1984) and can be 

comingled with heifers without the risk of unwanted matings in the herd. 

1.2.3 Castration methods 

Castration procedures are generally divided into two categories: surgical and bloodless 

(Burdizzo and rubber rings/banding). 

1.2.3.1 Surgical castration 

Surgical castration mainly involves removal of the testes by splitting or removing the distal 

one third of the scrotum (Figure 1. 4) and removing the testes by severing the spermatic cord 

in a manner that minimizes bleeding, usually with an emasculator or Henderson castrating 

tool (Jennings, 1984).  

One other method is the incision of the lateral scrotal walls with a scalpel or a Newberry 

knife to expose the testicles. Using the Newberry knife, both lateral walls and the median 

septum are simultaneously incised, thus facilitates drainage from the wound (Fubini and 

Ducharme, 2004). In addition, the Newberry knife allows the scrotal skin to be split without 

danger of other tissues being cut. After the incision, the testes and spermatic vasculature are 

pulled and exposed (surgical pull) to allow complete removal of the testicles. Healing after 
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surgical castration can take between 10 d (Molony et al., 1995) and 9 wk (Fisher et al., 2001; 

Stafford et al., 2002; Mintline et al., 2014). 

 

Figure 1. 4 Scalpel (A); incision on side of scrotum (B); incision below testicles (C) (Source: Anderson (2015)). 

 

1.2.3.2 Bloodless castration 

Bloodless castration is generally performed by using an emasculatome (i.e., Burdizzo) or 

elastic band. 

1.2.3.2.1 Burdizzo castration (emasculatome) 

When using a Burdizzo (Figure 1. 5), the scrotum remains intact while the spermatic cord of 

each testicle (within the scrotum) is placed in the jaws of the tool and crushed. The resulting 

damage stops blood flow to the testes with eventual testicular atrophy within the scrotum. 

The Burdizzo is applied twice (the second crush is repeated distally with one cm space 

between the two) to each spermatic cord along the neck of the scrotum (Figure 1. 5). The 

jaws of the instrument are closed for approximately 10 seconds in a single (Robertson et al., 

1994) or two crushes (Fisher et al., 1996) to ensure that both blood supply and nerves to the 

testis are irreversibly destroyed.  

 

(A) (B) (C) 
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Figure 1. 5 Burdizzo clamp (emasculatome) (A); crush sites to each spermatic cord along the neck of the 
scrotum (B) (Source: Anderson (2015)). 

1.2.3.2.2 Rubber ring and banding 

Banding involves using an elastrator to place a heavy elastic band around the neck of the 

scrotum with both testes inside (Figure 1. 6). The band disrupts blood flow to the testes and 

scrotum, which atrophy over a long period of time and slough off. Rubber ring and elastic 

band castration are considered bloodless of castration since there is no incision of the 

scrotum. This procedure causes ischemic necrosis of the testicles and leads to testicular 

atrophy and sloughing of the scrotum. Small rubber rings (rubber ring castration) are used for 

calves less than one month of age. For older calves’ heavy wall latex bands are used along 

with a grommet to securely fasten the mechanically tightened tubing at the appropriate 

tension. Animals generally receive tetanus prophylaxis to minimise the risk of tetanus 

(O’Connor et al., 1993). 

 

(A) (B) 
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Figure 1. 6 Rubber ring elastor tool (A); elastic ring site around the neck of the scrotum (A) (Source: Anderson 
(2015)). 

1.2.3.2.3 Immunocastration 

Studies conducted in Mexico (Pérez-Linares et al., 2017), Canada (Marti et al., 2015), and 

Brazil (Amatayakul-Chantler et al., 2013; Miguel et al., 2014) found that vaccinating cattle 

against gonadotropin-releasing hormone (GnRH) produces effects similar to traditional 

castration methods. Using this hormonal technique the GnRH or luteinising hormone-

releasing are inhibited by antibodies induced by active immunisation. The inhibition of these 

hormones cause a reduction in the secretion of testosterone,  testicular size, agression and 

sexual behaviour (Price et al., 2003). This method is effective because GnRH regulates the 

production of sex hormones, and once immunized against GnRH, the production of sex 

hormones is reduced to the point that the testes actually degenerate (Adams et al., 1993). 

Immunocastrated calves have testosterone levels similar to calves castrated by traditional 

means. According to a manufacturer of the vaccine, a disavantage of this method is that the 

effect of immunocastration is of short duration (4 months) and requires repeated 

immunisation to maintain effective suppression of testosterone concentrations (Zoetis, 

2016). A vaccine that achieves this is commercially available for use in cattle in some 

countries, but not in Europe. 

(A) (B) 
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1.2.3.2.4 Chemical castration 

Chemical castration involves the injection of lactic acid, directly into the in the testes, causing 

oedema and sloughing (Capucille et al., 2002). This method is known to cause less pain and 

complications compared to physical methods of castration. However, it is recommended only 

for calves less than 70 kg (Skarda, 1986). In addition, this method does not provide a 

successful castration (Hill et al., 2010) and therefore is not considered a useful technique for 

castrating calves (Coventry et al., 1989). 

1.2.4 When to castrate bull calves 

Castration of calves can be performed at any age; however, there is a belief that castration is 

less painful for calves when performed at the earliest age possible. Studies investigating 

castration induced pain have been performed in calves at different ages (see reviews by 

Bretschneider, 2005; Coetzee, 2013; Canozzi et al., 2017). These reviews suggest that 

castration at a younger age is less painful, however, it is difficult to draw a general conclusion 

since there are many differences between studies, such as breed of calves, environment 

(presence of the dam or not), and plane of nutrition. Age could be an important factor 

influencing the changes in stress response between studies. Indeed, Stafford and Mellor, 

(2005) in their review on castration of cattle highlighted that studying stress caused by 

castration is complex and needs to be done rigorously for effects of breed and age of the 

animals, the methods used and even such factors as how animals are reared before 

castration. Therefore, studies designed to investigate the effect of age on pain and stress 

caused by castration are necessary to assess how age is affecting the animal response to 

castration. 

1.2.4.1 Effects of age at castration on welfare outcomes 

The pain experience of individuals differs according to their sensitivity to noxious stimuli, 

susceptibility to developing neuropathic pain after injury, and their analgesic response to 

pharmacological therapy (Mogil, 2012). A better understanding of the basis of these 

differences in cattle may assist our ability to recognize and manage pain effectively through 
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all its stages. The age of an animal is a relevant factor which contributes to individual pain 

differences (Tucker, 2018). 

1.2.4.1.1 Cortisol concentration 

Pain is difficult to quantify in animals; however, plasma concentration of the stress hormone 

cortisol is often used as an indicator of stress that is related to pain. King et al. (1991) 

investigated the plasma cortisol concentration changes in beef bull calves castrated at 2.5- or 

5.5-mo-old by either surgery or Burdizzo. Their study suggested that cortisol responses to 

surgical or Burdizzo castration were reduced by castrating calves at 2.5-mo-old compared 

with 5.5-mo-old, but no direct comparisons were made between age groups due to the study 

design. Interestingly, intact calves 2.5-mo-old had a greater increase in cortisol concentration 

2 min after castration compared to 2.5- and 5.5-mo-old Burdizzo castrated calves. In their 

study, all calves were separated from their dams for sham handling, castration and blood 

collection. It is highly likely that the abrupt separation of the calves followed by restraint 

resulted in an increased cortisol response in all calves regardless of treatment (King et al., 

1991). This information is important since suckler beef calves are normally separated from 

the dams during castration, the stress caused by the separation can be additive to the stress 

caused by castration per se. 

A similar reduction in cortisol response in young calves was found in other studies in dairy 

calves. Robertson et al. (1994) evaluated plasma cortisol responses of dairy calves castrated 

by Burdizzo, surgery or rubber ring castration at six, 21 and 42 days old. At each age, the peak 

of cortisol concentration of Burdizzo and surgical groups increased sharply after castration 

(Robertson et al., 1994). Similarly, another study using Holstein bull calves castrated by 

Burdizzo at 1.5-, 2.5-, 3.5-, 4.5- and 5.5-mo-old showed that the plasma cortisol AUC (area 

under the curve) from 0 to 3 h after castration was reduced in 1.5- and 4.5-mo-old calves 

(54% and 34%, respectively) compared to 5.5-mo-old castrates. However, no significant 

changes were observed on AUC from 3 to 12 h after castration between age groups (Ting et 

al., 2005). In a more recent study, plasma cortisol concentration of Holstein bull calves was 
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increased in 6-mo-old calves relative to their 2-mo-old counterparts, regardless of castration 

method (intact, surgical or band castration) (Dockweiler et al., 2013). 

However, more recent studies found no difference on cortisol responses of calves castrated 

at different ages. Petherick et al. (2015) investigated the effect of band and surgical 

castration on plasma cortisol concentration of Belmond Red calves at 3- and 6-mo-old. In 

their study, plasma cortisol concentrations increased immediately after castration but were 

not different between age treatments 30 min post-castration; only 6-mo-old calves castrated 

by band showed increased plasma cortisol concentrations above baseline 2 h post-castration. 

Likewise, Meléndez et al. (2017) aimed to evaluate the effect of band and knife castration on 

chronic indicators of pain in 1-wk and 2- and 4-mo-old Angus crossbred calves. They found no 

differences in salivary cortisol concentration 60, 120 min, or 7 d after castration in 1-wk-old 

calves. In addition, the baseline salivary cortisol concentration for 1-wk-old calves were 

greater than in 2- and 4-mo-old calves supporting the notion that separation from their dams 

and handling of 1-wk-old calves are so aversive that a cortisol “ceiling effect” was reached 

before castration (Meléndez et al., 2017). However, the comparison between ages was not 

possible as the studies were conducted at different time of the year, under different 

conditions, such as different number of days for adaptation before castration, and different 

restraint techniques because of their variation in size. 

The aforementioned studies also suggest that the effect of calf age at castration on cortisol 

response depends on the calf breed types (beef versus dairy). Reduced cortisol responses 

were found in studies with dairy breed calves while studies with beef calves found no 

difference among age groups. It is important to highlight that dairy and beef calves typically 

have a different farm management. The results of these studies could be explained by 

limitations on studies performed with beef calves, since they are normally separated from 

the dams for castration, which could increase the stress response, regardless of the age of 

the calf. Early separation of the dairy calves from their dams occurs within a few hours of 

birth which makes easier to measure the effect of castration alone on those calves. 
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Therefore, further research is needed to address the effect of castration management of 

suckler beef calves. 

1.2.4.1.2 Castration induced pain behaviour 

Several postural and behavioural indicators of pain have been reported in animals, such as 

avoidance and defensive behaviours, vocalisations, behaviours directed towards the painful 

areas and to reduce stimulation of the painful area, which aims to avoid or alleviate the 

noxious stimulus directly or indirectly. 

The pain of castration occurs first as acute, short-term pain associated with the actual 

castration procedure. Chronic pain is the longer-lasting pain that occurs in the days following 

castration until the injury is healed, associated with inflammation and neural injury. 

Robertson et al. (1994) examined the effect of rubber ring, Burdizzo and surgical castration in 

Ayrshire bull calves at different ages (6-, 21- and 42-d) on behavioural responses. In their 

study, the younger calves showed less tail wagging and foot stamping and more head 

turning, and they spent more time lying normally than the older calves (21- and 42-d-old). 

The total time spent in abnormal postures was increased following castration by all methods, 

and the 21- and 42-d-old calves spent less time eating and suckling than non-castrated 

controls, indicating that the pain induced by castration temporarily dominated their 

behaviours. The time spent in abnormal standing postures increased in Burdizzo and surgical 

castrates and lasted for 24 min in 6-d-old calves and were sustained for up to 120 min in 21- 

and 42-d-old calves, indicating that older calves were experiencing discomfort for a longer 

time. 

Another study investigated effect of band and surgical castration on behaviour of tropical 

breed calves (Belmont Red) castrated at 3- and 6-mo-old, by band or surgery (Petherick et al., 

2015). In their study, some behavioural indicators of restlessness/activity were influenced by 

calf age, being greater in 3-mo-old than 6-mo-old calves. These greater levels of restlessness 

in the younger compared with older calves on the day of castration may have been due to a 

greater motivation for calves to re-establish contact with their mothers, which is a response 
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frequently reported in studies where the calf and dam are separated for some time. In the 

same study, during the 4–7 hours period post castration, by which time calves had been 

separated from their mothers for at least 4 or 5 hours, there were greater levels of 

vocalisation by the control (not castrated) calves compared with the castrated calves 

(Petherick et al., 2015). Although vocalisation behaviour can be used to assess pain, in this 

case, calves may be experiencing least pain and showing more normal behaviours, trying to 

establish contact with their mothers. In fact, these authors concluded that in experimental 

situations where unweaned calves are temporarily separated from their mothers for data 

collection, pain-related behavioural responses may be attenuated due to calves being 

motivated to re-establish contact with their dams, and this in turn may switch their attention 

from pain (Petherick et al., 2015). 

Two recent studies evaluated the effects of band and knife castration on acute (Meléndez et 

al., 2017) and chronic (Marti et al., 2017) indicators of pain, such as behaviour, in 1-wk and 2- 

and 4-mo-old Angus crossbred suckler calves. Investigating acute signs of pain, knife 

castrated calves showed a greater number of pain-related indicators on the day of castration 

(stride length and tail flicking), whereas calves castrated by elastic bands exhibited pain-

related behaviours on d 2 and 3 (lying duration and standing and lying bouts) after castration 

in 1-wk-old calves. The authors commented that the lack of differences between tail flicking 

in bands and control calves may be due to high individual variation for tail flicking compared 

to the rest of the behaviours. In 2-mo-old calves, knife castrated calves had greater standing 

percentage, and walking duration, as well as decreased eating and lying behaviours the day 

of castration. In addition, greater standing and lower lying percentages were observed during 

the first 7 d after castration in knife castrated calves, suggesting that knife castration is more 

painful than band castration in 2-mo-old calves. In 4-mo-old calves, band castrated calves 

presented greater restless behaviour 2 to 3 days after castration. However, knife castrated 

calves had greater frequency of leg movement, and vocalizations at the time of castration, 

shorter stride length immediately after castration, a greater number of tail flicks 2 to 4 h 

after castration, and greater standing activity for the first 5 d after castration. This indicates 
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that behaviour responses associated with pain lasted for a longer period after knife 

castration. 

Using the same animals as the previous study, the same authors found no differences in 

standing or lying, or duration of lying bouts among treatments, and no chronic effect of 

castration method on stride length, eating time, or behaviours related to pain (tail flicks, foot 

stamping, head turning, or lesion licking) throughout the trial in 1-wk and 2-mo-old calves 

(Marti et al., 2017). However, in calves 4-mo-old, lying time after castration differed between 

treatments; band castrated calves spent more time lying compared to knife and control 

calves (Marti et al., 2017). In those studies, cow-calf pair were kept together in the same pen 

(Marti et al., 2017; Meléndez et al., 2017). Throughout the day, pain-related behavioural 

responses can be reduced by shifting its attention elsewhere (mediated by conscious 

awareness of pain) (Gentle, 2001). Consequently, the presence of the dam with the calf can 

shift their attention from the pain and change the expression pattern of pain-related 

behaviours. 

1.2.4.1.3 Other welfare parameters 

1.2.4.1.3.1 Thermal nociception threshold 

Research questions the physiological development of the calf and their responses to stressful 

stimuli at a young age. Ting et al. (2010) assessed the thermal nociception threshold of calves 

castrated at different ages (1.5-, 2.5-, 3.5-, 4.5- and 5.5-mo-old) to a heat spot laser which 

was directed to the lower leg of the calves after Burdizzo castration. The thermal nociception 

was not significantly increased following Burdizzo castration at any age. However, the study 

showed other age-related differences between calves. The skin temperature of the hind legs 

of calves 1.5-mo-old were lower before and after castration compared to calves 2.5-, 3.5-, 

4.5- and 5.5-mo-old. The reaction time to the heat spot laser increased in all calves after 

castration.  However, calves 1.5-mo-old, which also had a lower skin temperature, tolerated 

the heat spot laser for a longer duration than the older calves. The lower skin temperature 
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and more tolerance to the heat spot laser may suggest that younger calf may be 

physiologically immature and unable to act in response to a painful stimulus.  

1.2.4.1.3.2 Wound healing and sensitivity 

Petherick et al. (2015) investigated the impact of band and surgical castration on wound 

healing of tropical breed (Belmont Red) calves castrated at 3- or 6-mo of age, by band or 

surgery. The scrotal wounds of calves castrated at 3-mo-old took longer to heal compared to 

calves castrated at 6-mo-old. In contrast, Norring et al. (2017) found no difference in wound 

healing after surgical castration of beef calves at 3-d or 2.4-mo-old calves. In their study, 

younger calves reacted to lighter pressure of von Frey monofilaments (48 % more sensitive) 

compared to castrates at 2.4-mo-old (Table 1. 3) especially in the first stages of the healing 

process, and there were other signs indicative of inflammation processes in this region at this 

time (Norring et al., 2017). The incisions of younger calves healed more quickly than older 

ones (fully healed, median (95% confidence interval); 39 (32 to 61) vs. 61 (61 to 77) d), 

however, they had relatively increased swelling in the days after castration. These findings 

show that surgically castrated older calves take longer to heal their wounds and to resolve 

swelling compared with younger calves. 

1.2.4.1.3.3 Electroencephalogram responses 

Dockweiler et al. (2013) investigated the age-related differences in pain response of Holstein 

bull calves subjected to surgical and band castration at 8-wk or 6-mo-old. Desynchronized 

electroencephalogram (EEG) and electrodermal activity readings (both indicative of pain 

response) were greater in 6-mo-old compared to 8-wk-old calves after castration. However, 

the absence of desynchronization across castration methods in young calves does not imply 

that they do not require analgesia at times of castration. The cortical function in these young 

calves are not developed enough to show the same EEG responses observed in older calves. 

However, this does not necessarily indicate they are not experiencing pain. This study 

illustrates the importance of measuring different variables, whenever it is possible. 
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1.2.4.1.3.4 Haptoglobin and fibrinogen 

Plasma concentration of the acute phase proteins (APPs), haptoglobin and fibrinogen, were 

reduced by castrating calves at younger ages. Plasma haptoglobin concentration on the third 

day after castration was markedly reduced by castrating calves at 1.5- and 2.5-mo-old 

(reduction of 75 and 45%, respectively); but no significant changes were found in haptoglobin 

concentration of calves castrated at 3.5- and 4.5-mo-old, compared to calves castrated at 

5.5-mo-old (Ting et al., 2005). In the same study, fibrinogen concentration on the third day 

after castration was also reduced when castrating calves at 1.5-, 2.5- and 3.5-mo-old 

(reduction of 29, 19 and 17%, respectively) compared to 5.5-mo-old castrates (Ting et al., 

2005) (Table 1. 3). In conclusion, calves castrated at younger ages had reduced production of 

APPs induced by castration. This indicated that the inflammation caused by castration was 

reduced by castrating calves at a younger age. It is interesting to note that the effect of stress 

on the haptoglobin response in cattle is not clear. While some studies have found an increase 

in haptoglobin levels after stress (Murata and Miyamoto, 1993; Morrow-Tesch and 

Whitehead, 1998), others have failed to demonstrate any effects of stress on the haptoglobin 

response, even in the presence of increased levels of other acute phase proteins such as 

serum amyloid A (SAA) and fibrinogen (Alsemgeest et al., 1995; Alsemgeest et al., 1996; 

Hickey et al., 2003). It therefore appears that the haptoglobin response to stress is complex. 

1.2.4.1.3.5 Scrotal temperature and circumference 

The presence of heat and oedema following tissue trauma, such as castration, are used as 

signs of inflammation. Ting et al. (2005) investigated the changes in scrotal temperature and 

circumference following Burdizzo castration of calves at different ages. In their study, the 

increase in scrotal circumferences of calves castrated at ages between 2.5- and 4.5-mo was 

not different from the increase in scrotal circumference in the 5.5-mo-old calves. However, 

the 1.5-mo-old castrates had little change in scrotal circumference on the first day following 

castration (day 1) compared with all other castrates, and less change on days 7, 21 and 28 

compared with either 4.5- or 5.5-mo-old castrates. Since the younger calves had the least 
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genital tissue development, castration at younger ages could be beneficial to minimize tissue 

inflammation, as suggested by Ting et al. (2005). 

Studies investigating the effect of age at castration on stress response are important to draw 

recommendations on what is the optimum age to castrate calves. In addition, understanding 

how calves castrated at different ages respond to pain will be helpful to recommend the 

timing of pain relief that could be used to minimize stress responses. When considering how 

age at castration affects calf welfare, the consensus is that the younger the calf is at time of 

castration, the less impact castration may have on its welfare. However, there is a need of 

further research to investigate the effect of age on welfare outcomes of suckler beef calves 

following castration.  



26 

 

Table 1. 3 Summary of the scientific literature examining the effect of age at castration on welfare outcomes. 

Author Population 
Sedative/Anaesthetic/ 
Analgesic 

Castration 
Methods 

Age range 
(treatments) 

Comparison 
group 

Outcome parameter 
Percent 
Change (%) 

Significance 
(P value) 

Ting et al. 
(2005) 

Holstein-
Friesian 

None Burdizzo 
Control (sham) 

1.5 mo cx 
(n=10/trt) 

5.5 mo castrated 
calves (n=10) 

Plasma cortisol (Cmax) 
    AUC (- 3 h) 
    AUC (3 - 12 h) 

-54.05 
-46.55 
-10.18 

<0.05 
<0.05 
NS 

      
Haptoglobin (day 3) -75.64 < 0.05       
Fibrinogen (day 3) -29.66 < 0.05       
WBC (day 1)1 
WBC (day 2) 

+38.54 < 0.05 

      
Growth rate (day -7 to 35) -52.98 NS     

2.5 mo cx 
 

Plasma cortisol (Cmax) 
    AUC (0 - 3 h) 
    AUC (3 - 12 h) 

-28.82 
-26.72 
+1.85 

< 0.05 
NS 
NS 

      
Haptoglobin (day 3) -45.72 < 0.05       
Fibrinogen (day 3) -19.49 < 0.05       
WBC (day 1) 
WBC (day 2) 

+25.68 < 0.05 

      
Growth rate (day -7 to 35) -31.78 NS     

3.5 mo cx 
 

Plasma cortisol (Cmax) 
    AUC (0 - 3 h) 
    AUC (3 - 12 h) 

-26.12 
-23.27 
+15.74 

<0.05 
NS 
NS 

      
Haptoglobin (day 3) -23.93 NS       
Fibrinogen (day 3) -16.95 < 0.05       
WBC (day 1) 
WBC (day 2) 

+20.00 < 0.05 

    
4.5 mo cx 

 
Plasma cortisol (Cmax) 
    AUC (0 - 3 h) 
    AUC (3 - 12 h) 

-25.22 
-34.48 
+22.22 

< 0.05 
< 0.05 
NS 

      
Haptoglobin (day 3) -16.66 NS       
Fibrinogen (day 3) -8.47 NS       
WBC (day 1) 
WBC (day 2) 

+17.60 < 0.05 

      
Growth rate (day -7 to 35) -10.59 NS 
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Table 1. 3 (continued) 

Author Population 
Sedative/Anaesthetic/ 
Analgesic 

Castration 
Methods 

Age range 
(treatments) 

Comparison 
group 

Outcome parameter 
Percent 
Change (%) 

Significance 
(P value) 

Ting et al. 
(2005) 
(continued) 

Holstein-
Friesian 

None Burdizzo 
Control (sham) 

5.5 mo sham 5.5 mo castrated 
calves (n=10) 

Plasma cortisol (Cmax) 
    AUC (0 - 3 h) 
    AUC (3 - 12 h) 

-77.47 
-69.83 
-33.33 

< 0.05 
< 0.05 
NS 

      
Haptoglobin (day 3) -82.90 < 0.05       
Fibrinogen (day 3) -43.22 < 0.05       
WBC (day 1) 
WBC (day 2) 

-3.6 NS 

            Growth rate (day -7 to 35) -8.00 NS 

Ting et al. 
(2010) 

Holstein-
Friesian 

None Burdizzo 
Control (sham) 

1.5 mo cx 
(n=10/trt) 

Each group 
baseline 
(-72 h) 

Skin Temperature 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+30.14 
+19.62 
+15.79 

< 0.05 
< 0.05 
< 0.05       

Thermal Nociception 
Threshold 
(latency to leg withdrawal) 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+15.84 
+20.79 
+36.63 

NS 
NS 
NS     

2.5 mo cx 
 

Skin Temperature 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+7.39 
-1.05 
0 

< 0.05 
NS 
NS 

            
Thermal Nociception 
Threshold 
(latency to leg withdrawal) 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+47.44 
+17.95 
+43.59 

NS 
NS 
NS 
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Table 1. 3 (continued) 

Author Population 
Sedative/Anaesthetic/ 
Analgesic 

Castration 
Methods 

Age range 
(treatments) 

Comparison 
group 

Outcome parameter 
Percent 
Change (%) 

Significance 
(P value) 

Ting et al. 
(2010) 
(continued) 

Holstein-
Friesian 

None Burdizzo 
Control (sham) 

3.5 mo cx Each group 
baseline 
(-72 h) 

Skin Temperature 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+1.32 
-3.97 
-11.92 

NS 
NS 
< 0.05       

Thermal Nociception 
Threshold 
(latency to leg withdrawal) 
   12 h post castration 
   24 h post castration 
   48 h post castration  

+47.89 
+76.06 
+28.17 

NS 
NS 
NS 

    

4.5 mo cx 

 

Skin Temperature 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+21.08 
-4.15 
-3.51 

NS 
NS 
NS       

Thermal Nociception 
Threshold 
(latency to leg withdrawal) 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+41.89 
+56.76 
+55.41 

NS 
NS 
NS     

5.5 mo cx 
 

Skin Temperature 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+1.60 
-4.79 
-7.09 

NS 
P < 0.05 
P < 0.05 

            
Thermal Nociception 
Threshold 
(latency to leg withdrawal) 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+9.52 
+27.38 
+46.43 

NS 
NS 
NS 
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Table 1. 3 (continued) 

Author Population 
Sedative/Anaesthetic/ 
Analgesic 

Castration 
Methods 

Age range 
(treatments) 

Comparison 
group 

Outcome parameter 
Percent 
Change (%) 

Significance 
(P value) 

Ting et al. 
(2010) 
(continued) 

Holstein-
Friesian 

None Burdizzo 
Control (sham) 

5.5 mo sham Each group 
baseline 
(-72 h) 

Skin Temperature 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+1.60 
-1.88 
+0.63 

NS 
NS 
NS 

 

          Thermal Nociception 
Threshold 
(latency to leg withdrawal) 
   12 h post castration 
   24 h post castration 
   48 h post castration 

+37.50 
+10.94 
+23.44 

NS 
NS 
NS 

Norring et al.  
(2017) 

Angus-
Hereford 
cross-bred 
bull calves  

Lignocaine 3% ring 
block (all calves) 

Surgical 2.4 mo (n=15) Surgical 
castrated 3 d old 
(n=16) 

ADG (1-77 d post castration) -57.14 P < 0.05 

    

 

 
Skin temperature 
   (1-77 d post castration) +2.00 P < 0.05 

      
Time to resolve swelling -60.00 P < 0.05 

            Sensitivity to wound 
palpation 
   (1-77 d post castration) +48.08 P < 0.05 

Abbreviations: AUC, area under the curve; WBC, white blood cells; ADG, average daily gain in body weight. 
1WBC percent changes were calculated between day 1 and day 2 of the same treatment group. 
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1.2.4.2 Effect of castration on animal performance 

There is a belief that delaying castration could extend the production advantages of keeping 

animals as bulls until weaning or beyond puberty. However, a number of studies have shown 

that there is no advantage in delaying castration of bulls from birth up to 17-mo-old in terms 

of liveweight, growth rate, or carcass weight at slaughter (Keane, 1999; Knight et al., 1999b; 

Knight et al., 1999a). Keane (1999) reported that Burdizzo castration of spring-born calves in 

their first autumn (complete castration) at 5 to 6 mo of age did not significantly affect the 

overall 347 d live weight gain compared with: 1) delayed unilateral castration - the right 

testicle removed in autumn and left testicle the following spring with ~178 d apart; or 2) split 

castration in spring with about one month interval between removal of each testicle. 

Furthermore, in that study, no interaction between castration treatment and breed type 

(Friesian versus Charolais × Friesian) was found. Knight et al. (1999a) and Knight et al. (1999b) 

reported that the age at surgical castration (7- to 15- versus 17-mo-old) of post-pubertal bulls 

had no effect on either liveweight or carcass weight when the animals were slaughtered at 

22-mo-old. Collectively, these studies suggest that there is no lifetime performance 

advantage to waiting to castrate calves until weaning, but there is a risk of negatively 

impacting carcass quality by delaying castration. 

Castration has been shown to elicit a reduction in growth to varying degrees. Fisher et al. 

(1996) reported that surgical castration of 5.5-mo-old calves resulted in lower 35-d growth 

rates compared with Burdizzo castration, and the depressive effect occurred mainly during 

first week after castration. However, the animals used their study were maintained in 

individual tie stalls which may influence their growth compared with animals raised in the 

feedlot or pasture environment. King et al. (1991) found no effect of either surgical or 

Burdizzo castration on the liveweight or daily gain of 2.5-mo-old calves compared with bulls 

over a three-month period after castration. In contrast, Fenton et al. (1958) found no 

difference in either surgical, Burdizzo, or elastrator castration procedures in 7-wk-old calves 

in terms of liveweight gain five weeks after castration, but the control calves had higher gains 

than castrates. However, the authors reported a significant retardation of growth for the 
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elastrator group on the 28th day after castration due to chronic pain and sepsis (based on 

visual assessment and palpation of the scrotum) proximal to the ring. This is supported by the 

findings of Molony et al. (1995) who showed trends for lower 36-d growth rates in rubber 

ring, and combined rubber ring plus Burdizzo castrated 1-wk-old calves compared with intact, 

surgical or Burdizzo castrated calves. 

Bretschneider (2005) reviewed the effects of age at castration on performance of beef cattle 

and found that castration at birth or close to birth drastically reduced weight loss associated 

with castration. Later, studies designed to compare the impact of age at castration on 

performance agreed with his findings. Norring et al. (2017) found that beef calves surgically 

castrated at 2.4 mo had a reduction of 57% on ADG (average daily gain) from 1 to 77 days 

after castration compared to calves castrated at 3-d-old (Table 1. 3). In agreement with the 

previous study, another study found that surgery or rubber ring castrated calves 3 mo had 

superior weight gains compared with calves castrated 6-mo-old calves (Petherick et al., 

2015). Meléndez et al. (2017) found no difference on ADG from d -1 to 7 of calves castrated 

at 1-wk or 2-mo-old, by either band or surgically, compared to intact calves within respective 

age group. However, in the same study, calves surgically castrated at 4-mo-old had a 

significant lower ADG, from d -1 to 7, compared to intact calves at same age. 

Conversely, other studies found no difference in performance of calves castrated at different 

ages. Ting et al. (2005) found no difference in growth trends up to 42 days after Burdizzo 

castration of Holstein-Friesian calves castrated at 1.5-, 2.5-, 3.5-, 4.5-, and 5.5-mo-old. In 

another study, Micol et al. (2009) evaluated the effect of age (2 or 10 mo) at castration by 

rubber band on performance of Charolais steers and their muscle characteristics and meat 

quality traits. They found no difference in live weights and average daily gains according to 

castration age. In addition, meat quality traits of tenderness, juiciness and flavour were 

equivalent for the two age groups of steers (Micol et al., 2009). These studies suggest that 

the effect of the age at castration on performance of the calves also depends on the 

castration method. It seems that surgical castration has a greater impact on performance 

mainly in older calves. 
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1.3 Disbudding 

Disbudding involves the removal of immature horn tissue (horn “buds” growing from the 

skin), from which the horns of the animal subsequently develop (Mellor and Stafford, 2004). 

At approximately 2 months of age the horn buds attach to the skull (Figure 1. 7). The removal 

of the horns after this age is called dehorning (AVMA, 2014). There is ample evidence that 

disbudding is less painful than amputation dehorning (Petrie et al., 1996; Stilwell et al., 2007). 

For this reason, disbudding is preferred compared to dehorning from a welfare point of view. 

 

Figure 1. 7 Graphic representation of a horn bud (A) and of a fully developed horn (B) (Source: Laing (2009)). 

 

1.3.1 Legislation on age and use of pain relief for disbudding 

The legislation concerning the use of anaesthesia for disbudding in cattle varies considerably 

among different countries within the EU and internationally, depending on the method 

involved and age of the animal (Table 1. 4). 
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Table 1. 4 Legislation concerning the use of anaesthesia for disbudding calves. 

Country Methods allowed Anaesthesia required Reference 

Ireland Hot-iron All methods: over 15 days of 
age 

(S.I. No. 107, 2014) 

United 
Kingdom 

Hot-iron 
Caustic paste* 

Hot-iron: at any age 
 
Caustic paste: none 

(DEFRA, 2013) 

Germany Not specified All methods: over 6 weeks of 
age 

(Daanje, 2013) 

Belgium Not specified At any age (Daanje, 2013) 

Australia Hot-iron 
Caustic paste 

All methods: over 6 months of 
age 

(Animal Health Australia, 2016) 

New Zealand Not specified At any age (Reddy, 2018) 

Canada Not specified Dairy: At any age 
Beef: Not specified 

(National Farm Animal Care 
Council, 2013) 

* Allowed but strongly not recommended. 

 

The scientific community and producers worldwide (Hokkanen et al., 2015; Huxley and Whay, 

2006; Moggy et al., 2017) agree that disbudding is a painful procedure, regardless of the age 

of the calf, and recommends the use of a local anaesthetic in combination with an analgesic 

as a measure to alleviate pain during this procedure (reviewed by Herskin and Nielsen, 2018; 

Winder et al., 2018). Despite that, legislation regarding the use of pain relief during and post-

disbudding still varies among countries. While the use of anaesthetics is mandatory during 

disbudding of calves at any age in New Zealand, Belgium and United Kingdom, calves can be 

disbudded without use of anaesthetic at any age in Australia, Germany and Ireland (Table 

1.4). It is probable that if calves are being disbudded without pain relief that the welfare of 

these animals may be compromised. 

Cozzi et al. (2015) reported in their survey that pain relief protocols have shown to be 

inconsistent within and between EU Member States. They suggested that an introduction of 

transnational legal standards concerning disbudding and dehorning should help to a 

harmonize of the current inconsistent drug protocols observed within and between countries 

(Cozzi et al., 2015). However, this has not been implemented yet. 
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1.3.2 Reasons for disbudding of calves 

Removal of the horns in cattle is carried out to reduce risk of injuries to human and other 

animals in the herd (Knierim et al., 2015; Menke et al., 1999). It also reduces the incidence of 

carcass wastage due to bruising (Meischke et al., 1974). Hornless animals also require less 

space at the feed bunk in confined systems. Cattle with horns are more difficult to handle in 

yards and chutes; require three times more space at a feed trough and during transport 

(McMeekan et al., 1999); exhibit fewer aggressive behaviours associated with individual 

dominance (Bouissiou, 1972); and may suffer financial penalties on sale. Social Behaviour and 

Injuries of Horned Cows in Loose Housing Systems 

In general, there is no obligation to dehorn cattle in Europe. However, in some Member 

States (including UK, Ireland and Austria) animals that are presented for at auction markets 

must be dehorned (ALCASDE, 2009). According to the Transport Regulation, (2005) it is illegal 

to mix horned and dehorned animals during transport and dehorning is often required by the 

slaughter industry. In Ireland, it is prohibited to sell or export horned animals (Animal Health 

and Welfare Act, 2013).  

The genetic selection for polled cattle may be a long-term solution to reduce the need for 

disbudding (Spurlock et al., 2014). Although polled genetics have been introduced for beef 

breeds, only 4.9 % of European farms have polled cattle (Cozzi et al., 2015). Therefore, 

disbudding and dehorning are still performed both in beef and dairy farms along Europe; 81% 

of the dairy, 47% of the beef and 68% of the suckler cows are dehorned (Cozzi et al., 2015). 

Until the polled trait becomes widespread, strategies to reduce distress with disbudding are 

needed to improve calf welfare. 

1.3.3 Disbudding methods 

The horn bud corium and the surrounding tissue need to be destroyed or eliminated to 

prevent horn growth (Vickers et al., 2005). Since the horn bud is not attached to the skull, 

horn buds can be removed easily without opening the frontal sinus. Therefore, disbudding is 

preferred compared with dehorning of older animals. 
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The most common methods of disbudding are cautery (thermal or chemical) or physical. 

Thermal (hot-iron) or chemical (caustic paste) cauterization destroy the horn-producing cells, 

while physical method removes them (Vickers et al., 2005). The choice of method depends 

on the current legislation and farmers’ experience and preference.  

1.3.3.1 Hot-iron (Thermal cauterization) 

Hot-iron disbudding is the most common method used to prevent horn growth. In this 

procedure, a concave tip of the iron, heated to over 600°C, is applied to the base of the horn 

bud for approximately 10 seconds, causing the destruction of the horn bud and generative 

tissues (Weaver et al., 2005). The heat cauterizes the blood vessels around the wound; no 

bleeding should occur if the procedure is properly done. Hot-iron disbudding causes third-

degree burns where the hot iron is applied and first and second-degree burns on surrounding 

tissues (Taschke and Folsch, 1997). 

It is suggested that excessive heat applied during hot-iron disbudding could damage the 

underlying bone (Kihurani et al., 1989). Besides that, disbudding via cauterization may be less 

stressful compared with scoop disbudding because nociceptors are destroyed by heat and 

pain perception is consequently reduced (Petrie et al., 1996). Electrical and butane hot-iron 

disbudding devices are available for this procedure. 

Hot-iron cauterization is the most common disbudding method, reported to be used in 71% 

of the farms in Europe (Cozzi et al., 2015). It is the only method allowed in Ireland to disbud 

calves younger than 28 days of age (S.I. No. 127 of, 2014). 

1.3.3.2 Caustic paste (Chemical cauterization) 

A caustic paste containing sodium hydroxide and calcium hydroxide is applied to the horn 

bud to damage the horn-producing cells. The damage continues as long as the active 

chemicals are in contact with tissue (Vickers et al., 2005). Despite the lack of robust evidence, 

caustic paste disbudding has been suggested to be one of the least painful methods for horn 

bud removal (Vasseur et al., 2010). For this reason, it is considered as an alternative to hot-
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iron disbudding. However, potential longer-term consequences of this method (i.e., 

inflammatory pain, healing time, horn regrowth, injuries from chemical run-off) are unknown 

and, to date, few studies have found a way to mitigate the acute pain response associated 

with caustic paste (Stilwell et al., 2009; Winder et al., 2017).  

Caustic paste was reported to be used in only 26 % of farms in Europe (Cozzi et al., 2015). 

1.3.3.3 Scoop (Physical) 

This method involves the physical removal of the horn buds using knives, a scoop or tubes. It 

is important that the corium and a complete ring of hair surrounding the horn bud should 

also be removed to prevent horn regrowth (AVMA, 2014). The method is reported to be used 

by 3 % of European farmers (Cozzi et al., 2015). 

1.3.4 When to disbud calves 

The most common recommendation in Animal Welfare Guidelines is to disbud calves before 

they attain 2 months of age (EFSA, 2012). As previously mentioned, from birth to 2 months of 

age the horn bud is not attached to the skull, which makes the removal of the horn bud and 

adjacent cells easier. The Code of Recommendations for the Welfare of Livestock from 

United Kingdom recommend that disbudding should take place before calves are 2-mo-old 

and ideally as soon as the horn bud becomes visible (DEFRA, 2013).  

Other organizations for animal welfare from Ireland, Australia, recommend disbudding calves 

as young as possible, without specifying the optimum age (FAWAC, 2008a; FAWAC, 2008b; 

Animal Health Australia, 2016). 

Even though there is a general recommendation to disbud calves before they attain 2 months 

of age, there is no agreement on when calves should be disbudded within the 2 months 

period. In addition, regulatory organizations permit painful procedures without 

pharmacological anaesthesia or analgesia in animals under certain age (see section 1.1.5),  

even though there are several evidences that the use of pain relief is efficient and should be 
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used when disbudding calves (reviewed by Guatteo et al., 2012; Herskin and Nielsen, 2018; 

Stock et al., 2013; Stock and Coetzee, 2015; Winder et al., 2018). 

1.3.5 Impacts of disbudding on calf welfare 

Disbudding is a painful procedure for calves. Tissue damage caused by disbudding results in 

activation and release of intracellular contents from damaged cells, inflammatory cells and 

nerve fibres (Anderson and Muir, 2005). In addition, physiologic, neuroendocrine and 

behavioural changes indicatives of pain and distress are observed following disbudding 

(McMeekan et al., 1998; Vickers et al., 2005). Increased levels of circulating corticosteroids, 

such as cortisol, reflecting changes in the hypothalamus-pituitary-adrenal axis, are commonly 

detected after disbudding. Plasma cortisol concentrations increase 30 to 60 minutes after 

disbudding and return to baseline values approximately 6 to 8 hours after the procedure 

(Wohlt et al., 1994; McMeekan et al., 1997; McMeekan et al., 1998; Mellor et al., 2002; 

Stewart et al., 2008; Stewart et al., 2009). Postoperative behaviours indicators of pain, such 

as head rubbing, head shaking, ear flicking, tail flicking, increased numbers of transitions 

between lying and rising and reduced rumination, were also reported following disbudding 

(Faulkner and Weary, 2000; Sutherland et al., 2002; Stilwell et al., 2007). There is also 

evidence that hot-iron disbudding reduces on play behaviour (Mintline et al., 2013), and 

produces a negative change in emotional state of dairy calves (Neave et al., 2013) following 

hot-iron disbudding. 

Disbudding performed without pain mitigation is viewed as a key welfare issue.  

Administration of local anaesthetics is reported to reduce the initial increase in plasma 

cortisol concentration and behaviours associated with the immediate and postoperative pain 

response (Morisse et al., 1995; Sylvester et al., 1998; Graf and Senn, 1999; McMeekan et al., 

1999). The use of a nonsteroidal anti-inflammatory drug (NSAID) in addition to local 

anaesthesia has generally been found to be advantageous (Faulkner and Weary, 2000; 

Milligan et al., 2004; Stilwell et al., 2009; Heinrich et al., 2010; Allen et al., 2013; Stock et al., 

2016). Reductions in plasma cortisol, pain behaviours and pressure sensitivity were reported 

when NSAID was administered in combination with a local anaesthetic at 3, 4 and 6 h post-
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disbudding (reviewed by Stock et al., (2013); Winder et al., (2018)). Therefore, the use of 

local anaesthetic combined with an NSAID is recommended best practice for pain mitigation 

for cautery disbudding. However, as highlighted by Winder et al. (2018), studies addressing 

the magnitude or duration of NSAID treatment are very heterogeneous. Therefore, it is still 

difficult to drawn specific recommendations concerning the use of anaesthesia and analgesia 

during and post disbudding. 

1.3.6 Disbudding practices and use of pain relief in Europe 

In Europe, only 20%, 35% and 29% of the dairy, beef and suckler farmers, respectively, 

reported the use some kind of medication prior to disbudding (Cozzi et al., 2015). The most 

common type of medication reported in farms was local anaesthetics. Local anaesthesia was 

reported to be used in 54% of dairy, 58% of beef and 51% of suckler farms, of those who 

reported use of medication during disbudding (ALCASDE, 2009). 

The low use of local anaesthesia and sedation is partly associated with the operator, as in 

some countries use of anaesthetics or sedatives are legally restricted to veterinary 

practitioners. Also, the availability of drugs for farmer use is regulated differently in different 

countries, so that farmers may or may not have access to local anaesthetics, NSAIDS or 

sedatives. Stafford and Mellor (2011) highlighted that the administration of a cornual block 

and an analgesic are simple procedures of which, in communities of smaller farmers, a local 

veterinary technician can easily be trained to do it. Therefore, in countries where the 

provision of pain relief is mandatory for such procedures, legislators and regulators have 

made other regulatory adjustments to allow non-veterinarians to administer such drugs and 

carry out such procedures (Stafford and Mellor, 2011). In 2015, the stockman was reported 

to be the main person in charge of calves disbudding in Europe (72% of hot iron disbudding, 

92% of caustic paste, and 60% of scoop disbudding) (Cozzi et al., 2015). This indicates that the 

legislation is being more permissive regarding the use of pain relief by non-veterinarians, or 

that most calves are being disbudded without the use of pain relief. 
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1.3.6.1 Implications of disbudding practices in Ireland 

The legislation in Ireland permits disbudding of a bovine that has not attained the age of 28 

days by farmers, without a presence of a veterinary practitioner (S.I. No. 127 of 2014). In any 

case, Irish farmers must use anaesthesia or analgesia (with a veterinary prescription) when 

disbudding calves between 15 and 28 days of age. Disbudding of calves older than 28 days 

must be performed by a veterinary practitioner and the use local anaesthesia is mandatory 

prior to the procedure (S.I. No. 127 of, 2014). Adrenacaine1 (procaine with adrenaline) is the 

only authorized local anaesthetic for use in calves, by farmers with prescription, for 

disbudding in Ireland (HPRA, 2015). The presence of adrenaline in the composition of 

Adrenacaine may prolong the duration of action of the drug (French and Sharp, 2012). 

However, evidence supporting the efficacy of Adrenacaine as a local anaesthetic during 

disbudding of calves is limited. 

1.3.6.1.1 Horn bud size and age at disbudding 

Most of the recommendations and legislations concerning when the disbudding should be 

performed are based on the age of the calves (see section 1.3.4). There is variation in the 

suggested upper age limits for disbudding of calves ranging from 2 to 8 weeks of age. These 

age limits are not based on empirical evidence, but rather on opinion related to the physical 

development of horns in calves and that the horn buds become attached to the underlying 

periosteum at approximately 2 months of age. Particularly, the Code of Recommendations 

for the Welfare of Livestock from United Kingdom recommend that disbudding should take 

place ideally as soon as you can start to see the horn bud (DEFRA, 2013). In general, the size 

(diameter and height) of the horn bud is a visual aspect which farmers use to guide when to 

perform disbudding. 

There is belief that the development of horns in some beef breeds occurs much later than in 

dairy breeds. Some Irish suckler farmers reported to disbud beef calves with no detectable 

 

1 Procaine Hydrochloride (50mg/ml) with Adrenaline (0.02mg/ml); (commercial name: Adrenacaine); 
recommended dose: 2-5 mL (Norbrook Laboratories Limited,  UK). 
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horn bud up to 2 weeks of age in order to comply with National legislation and to avoid using 

local anaesthetic (Dwane et al., 2013). This latter study suggests that horn buds develop later 

in beef breeds than dairy breeds. However, there is no published literature on the breed type 

and horn bud development in calves. This may have implications on the recommendations of 

when to disbud based on the age of the calf, as previous recommendation for dairy calves 

may not be applicable to beef calves.  

Additionally, the degree of tissue damage associated with disbudding is influenced by the 

stage of development of the horn bud e.g. in younger calves the burning of the vessels 

surrounding the horn bud is sufficient, whereas the whole bud needs to be removed (by 

levering it out from the side) when the horn is further developed. Therefore, depending on 

the procedure, calves with greater horn bud diameter at time of disbudding may have more 

tissue damage which could lead to prolonged healing time and prolonged stress. A more 

specific recommendation for when to disbud calves should be based on the size of the horn 

bud, instead of calf age. 
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2 Chapter 2 - Effect of age of suckler beef calves on stress indicators and growth in 

response to Burdizzo castration 

2.1 Abstract 

The study objective was to examine effect of age at castration on biological stress indicators 

and growth of 40 crossbred suckler beef calves. The calves were assigned to two age groups 

and two castration treatments; calves 2.5- or 5.0-mo-old (mean body weight (SD) = 120.8 

(29.3), 218.1 (30.8) kg, respectively) were sham (control) or Burdizzo castrated (n = 10 per 

treatment) in a 2 × 2 factorial design. Blood samples were collected from -0.5 to 48 h post 

treatment. Following castration, peak plasma cortisol concentrations were greater in 2.5-mo-

old and 5.0-mo-old calves compared with corresponding controls, while peak cortisol 

concentrations in control animals were greater in 5-mo-old compared with 2.5-mo-old 

calves. The integrated cortisol responses for the first 4 h after castration were not different 

between calves 2.5- and 5.0-mo-old castrates. However, the integrated cortisol response was 

greater in 5.0-mo-old castrated calves from 4 to at least 9 h post treatment. The increase in 

scrotal circumference after castration was greater in 5.0-mo-old calves, and abnormal 

postures were observed more often in 5-mo-old castrates. There was no effect of castration 

on haematology profiles, haptoglobin, metabolites, body temperature and growth 

performance. In conclusion, the physiological stress, inflammation and pain-related 

behaviours caused by Burdizzo castration were reduced when castrating calves at 2.5- than 

at 5.5-mo-old, as indicated by increased and longer-lasting plasma cortisol concentrations, 

scrotal swelling, and presence of abnormal behaviours. 

2.2 Introduction 

Castration of male calves for beef production worldwide is a common livestock husbandry 

management practice (Coetzee, 2013; Canozzi et al., 2017). The benefits of castration include 

reduced aggression and mounting behaviour of animals resulting in less injury during 

handling management and less dark-cutting beef (Tarrant, 1981; Mahmood et al., 2017). 

Burdizzo castration is a bloodless method of castration, which causes marked atrophy of the 
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testes and complete absence of functional testicular tissue (Thüer et al., 2007; Pang et al., 

2011; Pieler et al., 2013; Lambertz et al., 2014). It is a recommended castration method over 

rubber ring and surgical castration due to reduced stress induced by this method (King et al., 

1991; Molony et al., 1995; Stafford et al., 2002; Thüer et al., 2007). 

Plasma cortisol concentration has been widely used as a measurement of castration-induced 

distress since the magnitude of the response, as indicated by peak height, interval to peak 

and integrated response, is proportional to the degree of severity of different castration 

procedures (Canozzi et al., 2017). Other measures that have been shown to be useful in 

assessing the impact of castration on calves include blood concentrations of acute phase 

proteins as an indicator of tissue trauma and inflammation (Fisher et al., 1997; Pang, Earley, 

Gath, & Crowe, 2008; Pang, Earley, Sweeney, & Crowe, 2006; Ting, Earley, Hughes, & Crowe, 

2003; Ting, Earley, Veissier, Gupta, & Crowe, 2005),  behavioural changes indicative of pain 

(Boesch, Steiner, Gygax, & Stauffacher, 2008; Fisher et al., 2001; Mellor, Molony, & 

Robertson, 1991; Robertson, Kent, & Molony, 1994; Thüer et al., 2007), and short-term 

reductions in animal growth rate (Bretschneider, 2005; Fisher et al., 2001; Pang et al., 2008; 

Ting et al., 2005). 

While the benefits of castration are widely accepted, all castration methods induce 

physiological, neuroendocrine, and behavioural changes associated with pain and distress 

(Coetzee, 2013; Canozzi et al., 2017). The severity of the response depends on the age of the 

calf and the castration method (Robertson et al., 1994; Molony et al., 1995; Thüer et al., 

2007). Recommendations on the appropriate age to castrate calves are inconsistent. Studies 

assessing the stress post castration at different ages suggests that castration of calves at a 

young age is advantageous as they have a reduced cortisol response (King et al., 1991; Ting et 

al., 2005), reduced pain-related behaviours (Robertson et al., 1994), and increased weight 

gain (Petherick et al., 2015; Norring et al., 2017) compared with calves castrated at older 

ages. Conversely, other studies suggest that younger calves may be more sensitive to wound 

palpation and have increased wound healing time after castration compared with older 

calves (Norring et al., 2017). 
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Previous studies that addressed the effects of age at castration were either limited to very 

young calves less than 2 months of age (Robertson et al., 1994) or had measured plasma 

cortisol too infrequently (n = 5 in the first 12 h after castration) to be reliably used as an 

indicator of acute stress in calves (King et al., 1991). Furthermore, most of the work to date 

has focused on castration of dairy bull calves, mainly  older than 6-mo-old (Coetzee, 2013) 

which makes it difficult to draw recommendations for beef farmers and practitioners 

concerning the best age to castrate suckler beef calves (Canozzi et al., 2017).  

The study was conducted without pharmacological analgesics or local anaesthesia, because 

we aimed to evaluate when best to castrate calves within the age window targeted by Irish 

farmers because they do not have to use pain relief during this early age range. 

The aim of this study was to compare the age-related differences in plasma cortisol, acute 

phase protein, metabolite concentrations, haematological variables, behaviour and 

performance of suckler beef calves in response to Burdizzo castration. 

The study hypothesis was that the acute stress, inflammatory reactions, and haematology 

changes caused by Burdizzo castration would be reduced by performing the procedure on 

younger calves. 

2.3 Methodology 

2.3.1 Animal license 

All animal procedures performed in this study were conducted under experimental license 

AE19132/P068 from the Health Products Regulatory Authority, Ireland. 

2.3.2 Animal management and treatments 

Forty crossbred (Aberdeen Angus, Charolais, Limousin and Simmental) beef calves from the 

suckler herd at Teagasc, Grange were assigned to two age groups; 2.5- and 5.0-mo-old on the 

day of castration.  The study was structured as factorial design (2 × 2) with two ages at 
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castration, and two castration treatments (Table 2. 1). Calves were blocked within treatments 

by bodyweight, sire breed, dam breed, and dam parity. 

 

All calf-dam pairs were grazed together at pasture before the experiment. Ten calves and 

their respective dams (5 castrated; 5 sham) were randomly selected each week of the 

experiment. The 2.5-mo-old calves were Burdizzo or sham castrated in May/June (2 weeks) 

followed by the 5.0-mo-old calves which were Burdizzo or sham castrated in August (2 

weeks). The timing of experimental procedures that occurred in each week of experiment is 

detailed in Table 2. 2. 

Table 2. 2 Description of experimental procedures and timing pre and post treatment. 

 Hours relative to treatment (0 h) 

 Procedures -48 -24 0 24 48 

Acclimatisation of calf-dam pairs in 
the housing facility X X    
Calf-dam tethered X X X   
Calf weights  X    
Scrotal measurements  X  X X 

Jugular vein catheterization  X    
Treatment (castration or control)   X   
Blood samplings1 

  X X X 

Video recording (continuously)   X X X X 
1Blood samples on castration day (0 h) were collected at several timepoints: -0.5, -0.25, 0, 0.25, 0.5, 0.75, 1.25, 
2, 3, 4, 5, 7 and 9 h relative to castration. 

At 48 h before treatment (castration or control), the calf-dam pairs (n=10) were housed and 

penned together for an acclimatisation period. Each calf-dam pair was allocated to a pen in 

which the dams were restrained in headlocks for 11 hours each day with access to feed and 

water, and adequate space to lay down and stand up. Each calf was tethered behind its dam 

and had free access to suckle the dam and to feed (Figure 2. 1). Calf-dam pairs were allocated 

Table 2. 1 Calves and age per treatment. 

Age Treatment Number of calves Age (SD), d Weight (SD), kg 

2.5 mo old Control (sham1) n=10 80 (23) 121.3 (28.9) 

2.5 mo old Castrated n=10 80 (21) 120.3 (29.6) 

5.0 mo old Control (sham) n=10 153 (19) 213.5 (31.7) 

5.0 mo old Castrated n=10 157 (17) 222.6 (29.9) 
1 Sham handled by holding the testes to the side of the scrotum. 
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to the pens randomly. Treatments were applied following the sequence “castrated-sham-

castrated-sham…” across the 10 pens containing the dam-calf pair, at each week of 

experiment. 

These procedures were replicated during each of the 4 weeks of the study (10 calves per 

week). After the last blood sampling on the castration day (Table 3. 3), the calf-dam pair were 

free in their respective pens until 48 h after castration. For this reason, calf-dam pairs were 

brought to a chute for blood samplings and scrotal measurements at 24 and 48 h post 

treatment. 

2.3.2.1 Diet 

All cows and calves were on a pasture before the experiment. When housed, for the first two 

weeks of the experiment, cows and 2.5-mo-old calves were fed with cut grass brought to 

them (zero-graze) during the 2 weeks of experiment. For two weeks prior to castration of the 

5-mo-old calves, a change in diet was implemented as grass supply was affected due to the 

drought conditions. For this reason, 5.0-mo-old calves and cows were fed grass silage when 

housed during the 2 weeks of experiment.  
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Figure 2. 1 Photo showing a calf-dam pair allocated to a pen in which the dam was restrained in a headlock with 

access to feed and water, and adequate space to lie down and stand up. Each calf was tethered behind it’s dam 

and had free access to suckle the dam and to feed. 

 

2.3.3 Castration procedure 

As part of the castration procedure, manual restraint of the calves was used to facilitate the 

veterinarian to conduct the castration procedure. A closed castration procedure was 

performed by crushing the spermatic cord of each testis once for 10 s using a 23-cm Burdizzo 

clamp (Agrihealth Castrator; Agrihealth Ltd., Monaghan, Ireland) as described previously 

(Ting et al., 2003). No pain relief was used at castration. The control calves were sham 

handled by holding the testes to the side of the scrotum, and they were restrained for the 

time normally required for completing the castration procedure (~2 min/calf). The castration 

procedures were performed between 0900 and 0930 h on day 0. 
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2.3.4 Blood sample collection 

Calves were fitted with an indwelling jugular catheters as described in Ting, Earley, and 

Crowe (2003) for all blood collections (Table 2. 3). The catheters were kept in place until the 

last blood sample was collected at 48 h post-castration. Heparinized blood samples (9 mL) 

were collected for plasma cortisol determination. Serum samples were collected in SST II 

(Serum Separator Tubes; 8.5 mL) for haptoglobin, non-esterified fatty acids (NEFA) and beta-

hydroxybutyrate (BHB) determination. Whole blood was collected in K3-EDTA anticoagulant 

(Ethylene Diamine Tetra-acetic Acid) (4.0 mL) for haematology profiles (Table 2. 3).  

Table 2. 3 Blood samples sampling time for each variable collected relative to castration (0 hour (h)).  

Time, h -0.5 -0.25 0 0.25 0.5 0.75 1.25 2 3 4 5 7 9 24 48 

Bleed no 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Cortisol X X X X X X X X X X X X X   

Non-esterified fatty 
acids 

X  X  X    X  X  X X X 

Beta-hydroxybutyrate X  X  X    X  X  X X X 

Haptoglobin X  X  X    X  X  X X X 

Haematology 
profiles* 

X   X   X X X   X   X     X X 

* Haematology profiles = white blood cell, lymphocytes, monocytes, neutrophils, basophils, and red blood cell 
numbers, haemoglobin concentration, haematocrit percentage and platelet number. 

Plasma was separated from blood, for cortisol analysis, by centrifugation at 1600 × g at 8 °C 

for 15 min and subsequently stored at -20 °C until assayed. Plasma cortisol concentrations 

were determined using the commercial cortisol ELISA kit (ADI-900-071, Enzo Life Sciences, 

Inc, Farmingdale, USA) according to the manufacturers’ instructions. The intra-assay and 

inter-assay coefficients of variation were 3.8% and 18.4%, respectively. Serum samples were 

separated from blood by centrifugation at 1600 × g at 8 °C for 10 min and subsequently 

stored at -20 °C until assayed. The concentration of serum haptoglobin, NEFA and BHB were 

measured using an automatic analyser (AU400, Beckman Coulter Ireland. Ltd, O’Callaghans 

Mills, Co. Clare, Ireland) and commercial assay kits (haptoglobin: Tridelta Development Ltd., 

Wicklow, Ireland; NEFA and BHB: Randox Laboratories, Crumlin, Antrim, UK). Unclotted 

whole K3-EDTA blood samples for haematological variables (white blood cell, lymphocytes, 

monocytes, neutrophils, basophils, and red blood cell numbers, haemoglobin concentration, 
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haematocrit percentage and platelets number) were analysed using an ADVIA haematology 

analyser (AV ADVIA 2120, Bayer Healthcare, Siemens, UK) equipped with software for bovine 

blood, within 1 to 2 h of blood collection. The N:L ratio was also calculated. 

2.3.5 Scrotal measurements 

Scrotal latitudinal and longitudinal circumferences (Figure 2. 1) were measured using 

circumference measuring tape (Reliabull, Lane Manufacturing, Denver, CO) and a flexible 

tape (cm), respectively. 

 

Figure 2. 1 Scrotal latitudinal (A) and longitudinal (B) circumferences. 

 

2.3.6 Rectal body temperature 

Rectal body temperature was recorded using a digital thermometer (accuracy 0.1oC) (Jørgen 

Kruuse A/S model VT-801 BWC, Marslev, Denmark). 

2.3.7 Behavioural assessment 

A CCTV camera, connected to a network video recorder (DS-9608/9616/9632NI-ST; Hikvision, 

No.555 Qianmo Road, Binjiang District, Hangzhou, China), was installed 3 m above each pen 

and was set to record behaviour on a continuous basis. Pain-related behavioural 

observations (Table 2. 4) were conducted when the calves were in the pens, retrospectively, 

by reviewing video recordings.  
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Behavioural observations were recorded by scan observations every 10 minutes for 3 h at the 

following time-spans: from 0500 h to 0800 h; from 1900 h to 2200 h (T1) on the day of 

castration; and from 0500 h to 0800 h on the first (T2) and second (T3) days following 

treatment. Continuous behavioural observations were conducted for 3 hour periods (T1: first 

hour, T2: second hour, T3: third hour) immediately after the treatment (castration or control) 

being applied to each calf, starting 1 minute after the castration time (recorded previously). 

The behaviours from the video recordings were analysed by the same observer using a 

behavioural ethogram (Table 2. 4) adapted from previous castration studies (Robertson et al., 

1994; Molony et al., 1995; Thüer et al., 2007; Boesch et al., 2008; Pieler et al., 2013; Lambertz 

et al., 2014). The data from the videos were coded using BORIS – Behavioural Observation 

Research Interactive Software (Friard and Gamba, 2016). 

The frequency of allo-grooming and self-grooming states were very low. Therefore, they 

were pooled in one analysis and results are showed as “grooming”. The frequency of lying 

lateral posture during scan observations was very low. Therefore, lying lateral and lying 

ventral abnormal were pooled in one analysis and results are showed as “lying abnormal”. 
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Table 2. 4 Ethogram used for categorizing behavioural observations of suckled beef calves after castration. 

Behaviour Description 

States 

Eating Sucking the teat for milk or eating grass 

Ruminating Chewing when not eating 

Standing Standing in any style 

Lying Lying down completely on the ground in any style 

Allo-grooming The muzzle meets any part of another animal (ex. dam) 

Self-grooming The muzzle meets any part of the animal 

Events 

Foot stamping When hindleg was lifted and forcefully placed on the ground 

Tail wagging Tail movement from side to side, except during suckling or blood collection 

Head turning The head turned to a point on the body beyond the shoulder 

Kicking Kicking backward or towards the belly with a hind limb 

Postures 

Standing  
Normal Standing eating, playing or walking with no obvious abnormality 

Abnormal Standing or walking with obviously abnormal gait (e.g. swaying, walking on knees, 
stamping feet 

Lying  
Normal Ventral Lying in ventral or sternal recumbency with all legs folded under the body with its head 

held up or down 

Abnormal Ventral Lying in sternal recumbency with full extension of one or both hind legs or lying on the 
sternum with the scrotum kept off the ground 

Lateral Lying with one shoulder and hindquarter on the ground with two or more legs extended 

(Adapted from Robertson et al., 1994; Molony et al., 1995; Thüer et al., 2007; Boesch et al., 2008; Pieler et al., 
2013; Lambertz et al., 2014). 

 

2.3.8 Growth performance 

All calves were weighed at -1 d relative to castration (day 0) using a digital scale (accuracy 0.1 

kg) for a baseline bodyweight. Calves in the control group were castrated 99 days (2.5-mo-

old) and 27 days (5.0-mo-old) after treatment. A final bodyweight of calves was recorded at 

27 days post treatment for each age group (Figure 2. 2). An additional bodyweight of 2.5-mo-

old calves was recorded before castration of control calves 99 days after castration of this 

age group. An average daily gain (ADG) was calculated using the baseline (-1 d) and the final 
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bodyweight (+27 d) for both age groups. An additional ADG was calculated for 2.5-mo-old 

calves using the baseline and bodyweight at 99 days after castration.  

 

Figure 2. 2 Diagram of bodyweight sampling time points and average daily gain (ADG) intervals. 

 

2.3.9 Statistical analyses 

One calf and its data were excluded from the study because the calf and dam pair were very 

agitated at the planned time of castration, preventing the application of treatment. 

A mean value of plasma cortisol concentration at baseline (-0.5, -0.25 and 0 h) relative to 

castration was used as baseline (0 h). For each animal, the interval to peak, increase to peak 

and the first peak cortisol concentration was recorded. The area under the cortisol response 

curve (area under the curve; AUC) was calculated from 0 to 4 h (primary response; AUC1), 

and from 4 to 9 h after treatment (secondary response; AUC2) using the linear trapezoidal 

rule as described by Ting, Earley, and Crowe (2003). The difference in cortisol AUC was 

expressed as the difference between the AUC of the treatment group and the respective 

control from 0 to 4 h (dAUC1) and from 4 to 9 h (dAUC2). Data for scrotal circumference was 

expressed as the difference between the measurements taken at 24 h and 48 h after 

treatment minus the pre-treatment baseline (-24 h). 
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All data were analyzed in accordance with the factorial nature of the design (2 × 2). Data for 

plasma cortisol, cortisol AUC, haptoglobin, NEFA and BHB concentration, haematology 

variables, body temperature, and scrotal measurements were analyzed using repeated 

measures mixed models ANOVA (PROC MIXED, SAS v 9.4) with an unstructured covariance 

matrix. Age, treatment, sampling time and their interactions were included as fixed effects.  

Data for cortisol dAUC, peak, interval to peak, and ADG were analyzed using mixed models 

ANOVA (PROC MIXED, SAS v 9.4) with an unstructured covariance matrix. Age, treatment and 

their interactions were included as fixed effects. 

Data for behaviors (continuous and scans) were analyzed using repeated measures 

generalized linear mixed models ANOVA (PROC GLIMMIX, SAS v 9.4) with a compound 

symmetry covariance matrix. Data for scan observations and events (counts) were analyzed 

with a specified Poisson distribution. Age, treatment, sampling time and their interactions 

included as fixed effects. The state grooming, the posture lying lateral, the events head 

turning and kicking (continuous observations), and the frequency of standing abnormal 

behaviours (scans observations) occurred too infrequently for statistical analysis. 

Animal was the experimental unit in all analyses. The main effects of week, dam parity and 

calf breed were tested previously in all models. No effect was found for any of the variables 

measured; therefore, they were not included in the final model. All data were examined for 

adherence to a normal distribution (PROC UNIVARIATE, SAS v 9.4). Variables that were not 

normally distributed (plasma cortisol concentration data) were log transformed. Data 

subjected to transformations were used for analysis and hypothesis testing. The 

corresponding non-transformed least squares means (Lsmeans) with standard error of the 

mean (SEM) are presented to facilitate interpretation of results. Differences between the 

means were tested using the PDIFF option and a Tukey post hoc analysis was employed. 

Means were considered significantly different at a probability level of P < 0.05.  
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2.4 Results 

2.4.1 Plasma cortisol concentration 

The total cortisol concentration increased after treatment until 0.5 h and decreased until 4 h 

post treatment (primary response) (Table 2. 5; Figure 2. 3). There was a secondary increase in 

plasma cortisol concentration 4 h after treatment, which remained high until at least 9 h post 

castration (second response) (Table 2. 6; Figure 2. 3). Calves 5.0-mo-old had a greater cortisol 

concentration than 2.5-mo-old calves, regardless of castration treatment, from baseline (0 h) 

to 4 h and from 4 h to 9 h after treatment. In addition, castrated calves had a greater cortisol 

concentration than control calves, regardless of age (Tables 2.5 and 2.6). 

 

Figure 2. 3 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on the difference in AUC (dAUC) plasma cortisol 

concentrations in calves. The area under the cortisol response curve (area under the curve; AUC) was calculated 

from 0 to 4 h (primary response; AUC1), and from 4 to 9 h after treatment (secondary response; AUC2) using the 

linear trapezoidal rule as described by Ting, Earley, and Crowe (2003). The difference in cortisol AUC was 

expressed as the difference between the AUC of the treatment group and the respective control from 0 to 4 h 

(dAUC1) and from 4 to 9 h (dAUC2). 
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Table 2. 5 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on changes in plasma cortisol concentrations in calves during primary response, from 0 to 4 h post 
treatment. 

 Age (A)  Treatment (Trt)   Time (T), h  P-values 

Variables 

2.5 
mo 
old 

5.0 
mo 
old SEM Control Castrated SEM 0 0.25 0.5 0.75 1.25 2 3 4 SEM A Trt T I 

Plasma cortisol, ng/mL 6.5a 10.7b 1.10 6.0a 11.6b 1.10 8.3c 14.0d 13.1d 10.7c 8.1c 6.4c 5.2d 5.1d 1.10 *** *** *** 1  
a, b Lsmeans differ within age and treatment (P < 0.05). 
c, d Lsmeans differ from pre-castration baseline (0 h) (P < 0.05).  
A = age, Trt = treatment, I = interactions, NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. NS = not significant (P > 0.05). 
1 Trt × T (P < 0.001). 
SEM = pooled standard error. 

 

 

 

Table 2. 6 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on changes in plasma cortisol concentrations in calves during secondary response, from 4 to 9 h post 
treatment. 

 Age (A)  Treatment (Trt)   Time (T), h  P-values 

Variables 
2.5 mo 

old 
5.0 mo 

old SEM Control Castrated SEM 4 5 7 9 SEM A Trt T I 

Plasma cortisol, ng/mL 4.1a 9.5b 1.13 5.1a 7.6b 1.13 5.1c 5.9c 7.1d 7.1d 1.13 *** * ** NS 
a, b Lsmeans differ within age and treatment (P < 0.05). 
c, d Lsmeans differ from pre-castration baseline (4 h) (P < 0.05). 
A = age, Trt = treatment, I = interactions, NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. NS = not significant (P > 0.05). 

SEM = pooled standard error. 
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Before treatment, there was no difference in plasma cortisol concentration among all 

groups at baseline (0 h) (P < 0.05). There was a treatment effect on interval to peak (Table 2. 

7), which was slightly longer for castrated calves (0.6 (0.07) h) compared with control calves 

(0.4 (0.07) h) (P < 0.01). 

There was an age and a treatment effect on the peak cortisol concentration and increase to 

peak. Cortisol peak and increase to peak were increased in calves castrated at 2.5-mo-old 

and in control and castrated calves 5.0-mo-old compared with 2.5-mo-old control calve 

(Table 2. 7). 

Table 2. 7 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on changes in plasma cortisol concentrations 
in calves. 

 2.5 mo old  5.0 mo old    P-values 

 Control Castrated   Control Castrated   SEM   A Trt A × Trt 

Cortisol baseline (0 h), 
ng/mL 

8.9 9.3  9.0 9.2  1.13  NS NS NS 

Interval to peak, h 0.4 0.5  0.5 0.7  0.09  NS * NS 

Peak cortisol 
concentration, ng/mL 

10.4a 26.1b  21.7b 33.9b  3.04  ** *** NS 

Increase to peak, ng/mL 5.7a 19.8b  16.7b 27.7b  3.26  *** *** NS 
a,b Lsmeans differ within rows (P <  0.05). 

A = age, Trt = treatment, NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 

SEM = pooled standard error. 

 

The adjusted area under the curve from 0 to 4 h (AUC1) and from 4 to 9 h (AUC2) was 

greater in castrated calves 5.0-mo-old compared with 2.5-mo-old castrates (P < 0.05). In 

addition, 5.0-mo-old control calves had a greater AUC1 and AUC2 compared with 2.5-mo-old 

control calves (P < 0.05) (Table 2. 8). 

Table 2. 8 Effect of Burdizzo castration of 2.5- and 5.0-mo-old calves on the adjusted area under the curve 
from 0 to 4 h (AUC1) and from 4 to 9 h (AUC2) for plasma cortisol concentration. 

 2.5-mo-old 5.0-mo-old  
  Control Castrated Control Castrated SEM 

AUC1 15.5a 34.3b 31.2bc 60.9d 4.97 

AUC2 21.7a 26.5ab 45.3b 77.1c 8.29 
a,b, c, d Within rows, Lsmeans differ between treatment group, within age group (P < 0.05).  

AUC1 = 0 to 4 h, AUC2 = 4 to 9 h. 

SEM = pooled standard error. 
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The relative difference in the area under the curve from 0 to 4 h (dAUC1) was not different 

between 2.5- and 5.0-mo-old calves. However, the relative difference (dAUC2) was greater 

in 5-mo-old calves than 2.5-mo-old from 4 to 9 h post treatment (Table 2. 9; Figure 2. 3). 

Table 2. 9 Effect of Burdizzo castration at 2.5- and 5.0-mo-old in difference in the area under the curve (AUC) 
of cortisol concentration in calves. 

 2.5-mo-old 5.0-moold SEM P-values 

dAUC1, ng/mL/h 23.5 32.2 5.81 NS 

dAUC2, ng/mL/h 21.9a 40.4b 6.10 * 
a,b Within rows, Lsmeans differ between treatment group, within age group (P < 0.05). * P < 0.05. 
dAUC1 = 0 to 4 h, dAUC2 = 4 to 9 h, NS = not significant (P > 0.05). 

SEM = pooled standard error. 

2.4.2 Scrotal circumference 

Before treatment (-24 h), the mean latitudinal scrotal circumferences was greater for 5.0-

mo-old calves compared with 2.5-mo-old calves (P < 0.0001). Both latitudinal and 

longitudinal scrotal circumferences were increased in castrated calves at 24 and 48 h after 

treatment compared with their respective baseline. Calves castrated at 5.0-mo-old had a 

greater increase in latitudinal scrotal circumference at 24 and 48 h compared with 2.5-mo-

old castrates (Table 2. 10). No differences were observed in longitudinal scrotal 

circumference between castrated calves 2.5- and 5.0-mo-old. 

Table 2. 10 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on the changes in latitudinal and longitudinal 
scrotal circumferences relative to pre-treatment baseline. 

 2.5-mo-old  5.0-mo-old    P-values 

  Control Castrated   Control Castrated   SEM   A Trt A × Trt 

Baseline latitudinal scrotal circumference (cm) 

-24 h 18.3 18.5  22.7 23.9  0.76  *** NS NS 

            
Changes in latitudinal scrotal circumference from baseline (cm)     
24 h -0.1 2.5a 

 0.6 4.0b 
 0.74  NS *** NS 

48 h -0.3 1.7a 
 0.3 5.1b 

 0.72  ** *** * 

            
Baseline longitudinal scrotal circumference (cm) 

-24 h 16.0 16.8  28.6 29.2  0.93  *** NS NS 

            
Changes in longitudinal scrotal circumference from baseline (cm) 

24 h 1.1 7.4  0.0 6.1  1.16  NS *** NS 

48 h -0.4 7.0   1.4 8.7   1.08   NS *** NS 
a,b Within rows, Lsmeans differ between age groups, within castration treatments (P < 0.05). 

A = age, Trt = treatment, NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 

SEM = pooled standard error. 
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2.4.3 Behavioural changes 

2.4.3.1 Continuous observations 

There were 8 missing focal samples (4 control and 4 treatment calves 2.5-mo-old) due to 

technical issues with the cameras during the first 6 h after treatment.  

2.4.3.1.1 States 

There were main effects of treatment and time on time spent standing (Table 2. 11). 

Castrated calves spent more time standing compared with control calves (P < 0.05). Post-

treatment, calves spent more time standing during the first hour after treatment (P <0.001), 

regardless the treatment. Duration spent lying was only affected by time (P < 0.001) which 

was decreased in the first hour compared with the second and third hour block after 

treatment. Although there was no effect of age, treatment or time on time spent eating, the 

age affected time spent ruminating (P < 0.05). Calves 5.0-mo-old spent more time 

ruminating compared with 2.5-mo-old calves. 

2.4.3.1.2 Postures 

Time spent standing in abnormal position was affected by an age × treatment × time 

interaction (P < 0.001). There was no difference in time spent standing in abnormal position 

between 2.5- or 5.0-mo-old control calves for any sampling time (P > 0.05). However, calves 

castrated at 5.0-mo-old spent more time standing in abnormal position (928 (47.6) s) 

compared with calves castrated at 2.5-mo-old (358 (71.4) s), in the first hour post treatment 

(P < 0.0001). There were no differences in time spent in standing abnormal position 

between control and castrated 2.5-mo-old calves at any sampling time or across time (P > 

0.05). Calves castrated at 5.0-mo-old also spent more time standing in abnormal position 

(928 (47.6) s) compared with 5.0-mo-old control calves (48 (47.6) s) (P < 0.0001). No 

significant differences were found at 2 and 3 h after treatment for any of the ages (P > 0.05). 

There was a treatment × time interaction on time spent lying in ventral abnormal posture (P 

< 0.01). Castrated calves spent more time lying in ventral abnormal posture (643 (42.9) s) 
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compared with control calves (88 (42.9) s) in the first hour after treatment (P < 0.0001). 

However, no differences were found between treatments after this time (P > 0.05). Age at 

castration also had an effect on time spent lying in ventral abnormal posture (P < 0.01). 

Calves 2.5-mo-old spent more time lying in ventral abnormal position compared with 5.0-

mo-old calves. Time spent lying in ventral normal position was affected by treatment (P < 

0.05) and by time (P < 0.001). Time spent lying in ventral normal position was greater in 

control calves compared with castrated calves and also greater during the first hour after 

castration, regardless of the treatment. 

Duration spent standing in normal position was affected only by time (P 0.001). Calves spent 

more time standing in normal position in the first hour after treatment, regardless of the 

treatment. 

2.4.3.1.3 Events 

Number of foot stamping was affected by treatment (P < 0.0001) and time (P < 0.01). 

Castrated calves showed greater number of foot stamping compared with control calves, 

regardless of the age at castration. In addition, a greater number of foot stamping events 

was observed in the first hour after treatment. 

The occurrence of tail wagging events was affected by age (P < 0.001). Calves 5.0-mo-old 

showed more tail wagging events compared with 2.5-mo-old calves. 

2.4.3.2 Scan observations 

There was no effect of treatment or age on any of the behavioural variables observed 

before treatment, from 0500 h to 0800 h (data not showed). 

2.4.3.2.1 States 

There was an age × time interaction in the number of eating (P < 0.001), standing (P < 

0.001), and grooming (P < 0.05) behaviours, but no effect of treatment (Table 2. 12). Calves 

5.0-mo-old showed more states of eating, grooming, and standing in the first sampling time 
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compared with 2.5-mo-old calves. In addition, eating states were more frequent in calves 

5.0-mo-old in the second day after treatment (T3). 

There was a treatment × time interaction in the number of lying and ruminating behaviours 

(P < 0.05), however, no differences were observed between treatments within each 

sampling time. Age at castration had an effect on frequencies of lying and ruminating 

behaviours (P < 0.0001), which were greater in 5.0-mo-old compared with 2.5-mo-old 

calves. 

2.4.3.2.2 Postures 

There was a main effect of age in the frequency of standing normal postures (P < 0.0001), 

which was greater in 5.0-mo-old calves compared with 2.5-mo-old calves. Frequency of lying 

in abnormal posture was affected by age (P < 0.0001) and treatment (P < 0.01), but no 

interaction was found. Lying in abnormal posture was more frequent in 2.5-mo-old calves 

compared with 5.0-mo-old calves, as well as in castrated calves compared with control 

calves. Frequency of lying in ventral normal position was not affected by age, treatment or 

time (P > 0.05). 
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Table 2. 11 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on behaviour of calves during 3 h of continuous observations post treatment. 

 Age (A)  Treatment (Trt)  Time interval (T)  P-value 

  

2.5 
mo 
old 

5.0 
mo 
old SEM Control Castrated SEM T1 T2 T3 SEM A Trt T A × T A × Trt Trt × T A × Trt × T 

States                  
Eating, s 262 424 77.0 396 290 78.7 241 426 363 88.0 NS NS NS NS NS NS NS 

Lying, s 1213 1113 178.3 1229 1097 182.2 320a 1364b 1805b 184.6 NS NS *** NS NS NS NS 

Standing, s 1041 905 75.1 863a 1082b 76.5 1469a 872b 578b 136.1 NS * *** NS NS NS NS 

Ruminating, s 14a 142b 43.4 104 52 44.3 27 91 116 45.0 * NS NS NS NS NS NS 

                  
Postures                  
Lying ventral abnormal, s 348a 69b 55.4 72a 345b 56.5 13a 189b 423b 66.7 ** ** *** NS NS ** NS 

Lying ventral normal, s 943 1206 124.6 1289a 860b 127.2 330a 1257b 1636b 148.4 NS * *** NS NS * NS 

Standing abnormal, s 127 204 27.8 49a 282b 28.4 366a 70b 62b 30.5 NS *** *** ** ** *** *** 

Standing normal, s 2244 1999 143.4 2118 2125 146.6 2842a 2023b 1499b 166.0 NS NS *** NS NS NS NS 

                  
Events                  
Foot stamping, number 9 10 1.5 5a 19b 1.6 18a 7b 7b 2.2 NS *** ** NS NS NS NS 

Tail wagging, number 6a 65b 5.5 18 20 8.5 25 19 14 8.9 *** NS NS NS NS NS NS 

SEM = pooled standard error 

T1 = first 1 hour block; T2 = second 1 hour block, T3 = third 1 hour block, after treatment. 
a,b Within rows, Lsmeans without a common superscript letter differ. NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 
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Table 2. 12 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on behaviour of calves during scan observations (3 h blocks). 

 Age (A)  Treatment (Trt)  

Time interval 
(T)  P-value 

  

2.5 
mo 
old 

5.0 
mo 
old SEM Control Castrated SEM T1 T2 T3 SEM A Trt T A × T A × Trt Trt × T A × Trt × T 

States                  
Eating, number 3a 4b 0.3 3 3 0.3 4 3 3 0.3 *** NS NS *** NS NS NS 

Lying, number 10a 6b 0.5 7 7 0.5 7 8 8 0.5 *** NS NS NS NS * NS 

Standing, number 2a 1b 0.2 2 2 0.2 1ab 2ab 1a 0.2 * NS * *** NS NS NS 

Ruminating, number 2a 4b 0.3 3 3 0.3 2 3 3 0.4 *** NS NS NS NS * NS 

Grooming, number 1a 2b 0.2 1 1 0.2 1 2 1 0.2 * NS NS * NS NS NS 

                  
Postures                  
Lying abnormal, number 3a 1b 0.3 1a 3b 0.3 2 1 2 0.4 *** ** NS NS NS NS NS 
Lying ventral normal, 
number 9 9 0.6 9 8 0.6 8 9 9 0.6 NS NS NS NS NS NS NS 
Standing normal, 
number 5a 8b 0.4 6 6 0.4 7 7 6 0.4 *** NS NS NS NS NS NS 

SEM = pooled standard error 

T1 = from 1900 to 2200 h (d 0); T2 = from 0500 to 0800 h (d 1), T3 = from 0500 to 0800 h (d 2), after treatment. 
a,b Within rows, Lsmeans without a common superscript letter differ. NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 
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2.4.4 Haematological profiles 

There was a main effect of time on white blood cell, platelet and basophil number, and 

plasma haemoglobin concentration (Table 2. 13). A treatment × time interaction was 

detected for red blood cell (P < 0.01), neutrophil (P = 0.01), neutrophil:lymphocyte ratio (P < 

0.05) and haematocrit percentage (P < 0.01). However, no differences were found between 

control and castrated calves within each sampling time for any of those variables (P > 0.05). 

There was an age × time interaction on lymphocytes (P < 0.05) and monocyte (P < 0.01) 

number, but no castration effect (P > 0.05). However, no differences were found between 

2.5- and 5.0-mo-old calves within each sampling time for any of those variables (P > 0.05). 
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Table 2. 13 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on changes on haematological profiles of bull calves. 

 Age (A)  Treatment (Trt)  Time (T), h  P-values 

Variables 
2.5-
mo-
old 

5.0-
mo-
old 

SEM Control Castrated SEM -0.5 0 0.5 0.75 1.25 3 5 24 48 SEM A Trt T A × T Trt × T 

White blood cell, ×103 
cells/µL 

9.6 10.5 0.51 10.1 10.0 0.49 10.1a 9.5a 9.4a 9.3b 10.0a 10.8a 11.1b 10.8a 10.5a 0.40 NS NS *** NS NS 

Neutrophils, 
×103 cells/µL 

3.0 3.3 0.23 3.0 3.3 0.23 2.9a 2.7a 2.7a 2.7a 3.2a 3.9b 3.8b 2.8a 2.9a 0.20 NS NS *** NS ** 

Lymphocytes, 
×103 cells/µL 

6.4 7.0 0.40 7.0 6.4 0.40 7.2a 6.7b 6.6b 6.3b 6.5b 6.6b 7.1a 7.7a 7.8b 0.31 NS NS *** * NS 

N:L Ratio 0.5 0.5 0.04 0.4 0.5 0.04 0.4 0.4 0.4 0.5 0.5 0.7 0.6 0.4 0.4 0.03 NS NS *** NS * 

Monocytes, 
×103 cells/µL 

0.5 0.5 0.02 0.5 0.4 0.02 0.4a 0.4a 0.5a 0.4a 0.5a 0.5a 0.5b 0.5a 0.4a 0.02 NS NS *** ** NS 

Basophils, 
×103 cells/µL 

0.13 0.12 0.01 0.14 0.12 0.01 0.14a 0.13a 0.12a 0.12b 0.12a 0.12b 0.13b 0.14a 0.14a 0.01 NS NS ** NS NS 

Red blood cell, 
×106 cells/µL 

10.2 9.9 0.29 9.8 10.3 0.29 10.5a 9.9b 9.9b 9.8b 10.0b 10.1b 10.1b 10.7a 10.7a 0.21 NS NS *** NS ** 

Hematocrit, 
% 

33.6a 30.7b 0.63 31.2a 33.2b 0.62 33.6a 31.9b 32.0b 31.4b 32.0b 32.2b 32.2b 35.0b 34.6a 0.48 ** * *** NS ** 

Hemoglobin, 
g/dL 

11.5 11.4 0.24 11.1 11.7 0.24 11.9a 11.3b 11.3b 11.2b 11.4b 11.5b 11.4b 12.2b 12.2a 0.18 NS NS *** NS NS 

Platelets, 
×103 cells/µL 

514.3 524.3 34.02 537.3 501.6 33.55 590.9a 474.2b 453.6b 489.2b 513.5b 555.0a 558.6a 579.5a 585.0a 31.68 NS NS *** NS NS 

a,b Within rows, Lsmeans differ from pre-castration baseline (-0.5 h) (P < 0.05). NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 
N:L = neutrophil:lymphocyte. 

SEM = pooled standard error. 
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2.4.5 Haptoglobin and metabolites 

No changes were found in plasma haptoglobin concentration from -0.5 to 48 h (Table 2. 14). 

There was a main effect of time for NEFA and BHB concentrations (Table 2. 14). The NEFA 

concentration was greater at 0.5 h post treatment and lower at 24 and 48 h, compared with 

baseline (P < 0.001). The BHB concentration was lower at 48 h (P < 0.001).
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Table 2. 14 Effect of Burdizzo castration at 2.5- and 5.0-mo-old on changes on serum haptoglobin, non-esterified fatty acids (NEFA) and beta-hydroxybutyrate (BHB) concentrations in 
calves. 

 Age (A)  Treatment (Trt)   Time relative to castration (0 h) (T), h  P-values 

Variables 
2.5- 
mo-
old 

5.0-
mo-
old 

SEM Control Castrated SEM -0.5 0 0.5 3 5 9 24 48 SEM A Trt T I 

Haptoglobin, 
mg/mL 

0.09 0.08 0.011 0.08 0.08 0.011 0.09 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.011 NS NS NS NS 

NEFA, mmol/L 0.19 0.19 0.022 0.18 0.20 0.022 0.21a 0.20a 0.27b 0.21a 0.22a 0.17a 0.15b 0.12b 0.022 NS NS *** NS 

BHB, mmol/L 0.12 0.11 0.013 0.12 0.11 0.013 0.12a 0.12a 0.13a 0.13a 0.13a 0.11a 0.11a 0.09b 0.011 NS NS *** NS 
a,b Within rows, Lsmeans differ from pre-castration baseline (P < 0.05). Pre-castration baseline is -0.5 h. 

A = age, Trt = treatment, I = interactions, NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 

SEM = pooled standard error. 
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2.4.6 Body temperature 

Only main effects of age (P = 0.05) and time were observed (P < 0.001) for body 

temperature. Calves at 2.5-mo-old had slightly greater body temperature (39.1 (0.08) °C) 

compared with 5.0-mo-old calves (38.8 (0.08); P = 0. 05). Body temperature was also slightly 

greater 24 h (39.0 (0.07)) (P < 0.05) and 48 h (39.1 (0.07)) (P < 0.001) after castration 

compared with 24 h before castration (38.7 (0.07)). Three castrated animals (one animal 

castrated at 2.5-mo-old at 24 h; one castrated and one control at 5.0-mo-old, both at 48 h) 

had rectal temperatures greater than 40 °C after treatment. 

2.4.7 Average daily gain 

There was a main effect of age on ADG from d -1 to 27. Calves 5.0-mo-old had greater ADG 

(1.6 (0.07) kg/d) compared with 2.5-mo-old calves (1.3 (0.07) kg/d; P < 0.05). However, no 

effect of treatment was found (P > 0.05). The ADG was 1.5 (0.07) and 1.4 (0.07) kg/d for 

control and castrated calves, respectively. There was no effect of castration on 2.5-mo-old 

calves ADG from d -1 to 99 (P > 0.05). The ADG was 1.4 (0.05) for both control and castrated 

calves. 
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2.5 Discussion 

2.5.1 Plasma cortisol concentration 

Circulating plasma cortisol concentration in blood is commonly measured to assess stress 

and pain in animals (Moberg and Mench, 2000; Prunier et al., 2013; Mormède et al., 2007). 

It is suggested that the maximum cortisol plasma concentration post castration could be 

reduced by castrating animals at younger ages, regardless of the castration method 

(Bretschneider, 2005). 

The cortisol area under the curve (AUC) represents the integrated cortisol response over a 

given time period. In the present study, Burdizzo castration was shown to be stressful across 

both ages, as indicated by the increase in cortisol response (AUC) for the first 4 h after 

treatment (primary response) relative to control animals. Similarly to the present study, Ting 

et al. (2005) found a smallest cortisol AUC from 0 to 3 h after Burdizzo castration in 1.5- and 

4.5-mo-old Holstein bull calves (54% and 34% smaller, respectively) compared to 5.5-mo-old 

castrates. In their study, however, they were only able to compare the effect of age at 

castration only between castrates. A secondary response was observed from 4 to 9 h after 

treatment in 5.0-mo-old calves, in which the AUC induced by castration was 1.9 times 

greater in castrates and persisted at least until 9 h post treatment. Elevated concentrations 

of cortisol ensure mobilization and supply of nutrients to cope with a stressor (Munksgaard 

et al., 2006) supporting the immune system during inflammatory situations (Gross et al., 

2015). Thus, the second increase in cortisol concentration observed in this study 4 h post 

castration may be indicative of inflammatory pain.  

In the present study, subtracting the effect of handling (sham castration), there was no 

difference in the relative difference in cortisol response (dAUC) for the first 4 h after 

treatment (primary response) of 2.5- and 5.0-mo-old calves. However, a secondary response 

was observed, from 4 to 9 h after treatment, in which the dAUC induced by castration was 

1.8 times greater in 5.0-mo-old castrates and persisted up to 9 h post treatment. These 

findings suggest that the effect of castration alone on the primary cortisol response is not 

different in 2.5- and 5.0-mo-old calves. However, handling older calves contributed to the 
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stress response in those animals, as observed by the increased cortisol response in 5.0-mo-

old control calves. In fact, it is suggested that young calves may be less distressed by 

handling and castration compared to older calves (Dockweiler et al., 2013). Stressful events 

performed at the same time (e.g. castration and dehorning) cause an additional stress 

response when performed together (Sutherland et al., 2013). Likewise, the stress response 

induced by handling older calves may accentuate the stress caused by castration, which 

could in turn increase the cortisol response. King et al. (1991) reported that the cortisol 

responses to surgical or Burdizzo castration were reduced in beef calves castrated at 78- 

compared to 167-d-old. This difference could be due to additional stressors imposed on 

calves in their study as older calves had an elevated baseline cortisol concentration due to 

handling, restraint and temporary removal from their dams. It is possible that this pre-

treatment management could have resulted in a cumulative stress response, especially in 

older calves. In the present study, calves were also tethered by a head halter in close 

proximity to their dams during castration and sampling. While the calves had access to their 

dams for suckling, there was no separation of the cow-calf pair during the 10 hours sampling 

period. The findings suggest that older calves were experiencing more stress due to 

restraint, handling and castration and over a longer time period compared with younger 

calves. These findings should be considered when deciding when to castrate calves and the 

timing for anesthetic and/or analgesics administration. The use of analgesics needs to be 

planned to avoid the prolonged secondary cortisol response in older calves, depending on 

the onset of action and efficacy of the medicine being used.  

2.5.2 Scrotal circumference 

Scrotal swelling following tissue trauma is a sign of local inflammation (Sidhu et al., 2003). In 

the present study, scrotum swelling was observed in both 2.5- and 5.0-mo-old castrated 

calves up to 48 h after the procedure, and it was more pronounced in older calves. An 

increase in scrotal circumference was expected since swelling following Burdizzo castration 

was observed in previous studies (Fisher et al., 1996; Ting et al., 2005; Pang et al., 2008). In 

agreement with our study, a reduced swelling was observed in Holstein calves castrated by 

Burdizzo at 1.5-mo-old compared with 5.5-mo-old castrates (Ting et al., 2005). However, 
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they found no differences in scrotal swelling when calves were castrated at 2.5-, 3.5-, 4.5-

mo-old. Possibly the swelling may be reduced in very young calves since they had the least 

genital tissue development and consequently reduced damaged tissue and resultant 

inflammation, compared to older calves. Performing Burdizzo castration at younger ages 

may produce less swelling, which might be contributing to tissue healing and to reduce local 

pain. 

2.5.3 Behavioural changes 

Observation of individual behaviours has previously been used to measure pain following 

castration (Robertson et al., 1994; Molony et al., 1995; Ting et al., 2003a; Thüer et al., 2007; 

Petherick et al., 2015). An increase in time spent standing abnormally is a sign of acute 

stress observed following Burdizzo castration (Molony et al., 1995) and a rise in the 

frequency of this behaviour can be observed in the first hour after castration (Robertson et 

al., 1994). In the present study, Burdizzo castration at 2.5-mo-old did not increase the time 

spent standing in abnormal position. However, this behaviour was present in calves 

castrated at 5.0-mo-old and their frequency in the first hour after the procedure was 2.6 

times greater in calves castrated at 5.0-mo-old compared to 2.5-mo-old castrates. In 

contrast to the present findings, time spent standing abnormally was greater in calves 

Burdizzo castrated at 1-wk-old during 3 h post castration (Molony et al., 1995). Robertson et 

al., (1994) also reported a sharp rise in abnormal standing behaviour which was sustained 

for 24 minutes in calves castrated by Burdizzo at 6 days old, while castrated at 21 and 42 

days showed observations of abnormal standing up to 120 and 180 minutes following the 

procedure. Similarly, Ting et al. (2003) observed a greater incidence of abnormal standing 

posture in 13-mo-old Burdizzo castrated animals than in control calves, and the use of local 

anaesthetic or analgesia reduced, but did not completely eliminate, the incidence of those 

behaviours. It is not clear why the young calves in the present study did not show increase 

in abnormal behaviour immediately after castration. It is possible that the presence of the 

dam may attenuate pain-related behaviours in younger calves, but not in older. If this 

increase in abnormal standing seen in older calves indicates that they suffered more pain 
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than younger calves, then this is evidence that the Burdizzo castration is less stressful for 

younger calves. 

In this study, control calves spent 86% less time lying in abnormal posture than castrated 

calves in the first 3 hours after treatment, regardless of the the age group. Molony et al. 

(1995) found no differences in abnormal lying after Burdizzo castration of 7-day-old calves 

during 48 d of observations. In addition, few abnormal lying behaviour was observed in 

calves 6, 21 and 42 days of age following Burdizzo castration (Robertson et al., 1994). In this 

study, compared to control calves, castrates spent more time standing. This is in agreement 

with Lambertz et al., (2014) who also observed an increase in time spent standing/walking 

in 7-mo-old calves castrated by Burdizzo compared with control calves. Ting et al. (2003) 

also observed a greater incidence of standing postures in Burdizzo castrated animals at 13-

mo-old compared with controls. 

The increased frequency of behaviours such as tail wagging, foot stamping and kicking may 

be considered as attempts to escape from or remove a painful stimulus (Robertson et al., 

1994). In the present study, castrated calves of both ages showed a greater number of foot 

stamping events compared with control calves within 3 hours after treatment. Similarly, 

foot stamping was frequently observed in the first 30 min after Burdizzo castration of calves 

at 6, 21 and 42 days of age (Robertson et al., 1994), as well as in bulls castrated by Burdizzo 

at 13-mo-old compared with controls (Ting et al., 2003b). 

An increased frequency of tail wagging has previously been observed following castration 

(Fisher et al., 2001; Sutherland et al., 2013) and is suggested to be due to irritation or pain 

(Fisher et al., 2001; Sylvester et al., 2004; Sutherland et al., 2013). However, we found no 

difference in tail wagging frequency between castrated and control calves, only between 

age groups. Tail wagging in cattle might be also a sign of discomfort other than pain. All 

calves in the present study were tethered and frequently blood sampled during the first 9 h 

after treatment. This experimental condition might have caused discomfort and irritability in 

the calves, which can explain the greater frequency of tail wagging in older calves but no 

differences between castration treatments. 
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2.5.4 Haematological profiles 

The classical stress response is also accompanied by an increase in haematocrit % and 

neutrophil number (neutrophilia) and a decrease in lymphocyte number (lymphopaenia) 

(Cafazzo et al., 2014; Hulbert and Moisá, 2016). The neutrophil:lymphocyte ratios (NLR) is 

also used as a welfare indicator since alterations in the blood leukogram is an indicator of 

inflammation, disease, stress and painful events (Broom, 2000; Aguayo-Ulloa et al., 2014; 

Cafazzo et al., 2014). Burdizzo castration of calves is reported to cause leukocytosis primarily 

due to neutrophilia (Murata, 1997; Pang et al., 2008). 

In the present study, red blood cell number, haematocrit %, neutrophil number and NLR 

were slightly increased in castrated calves regardless of the age but remained within the 

normal physiological range for cattle (Knowles et al., 2000). These findings indicate that the 

immune system of calves was not compromised, at least until 2 d after castration. This 

agrees with previous studies which found no changes in haematological profiles following 

Burdizzo castration (Ting et al., 2003a; Pang et al., 2006; Pang et al., 2008). In contrast to the 

findings of the present study, Ting et al. (2005) found leukocytosis on day 2 in Holstein 

calves castrated by Burdizzo at 1.5-, 2.5-, 3.5-, 4.5- and 5.5-mo-old and white blood cell 

count was greater on day 2 in 1.5-, 2.5-, 4.5- and 5.5-mo-old castrates. 

2.5.5 Haptoglobin 

The concentration of acute-phase proteins, such as haptoglobin, increase as part of the 

inflammatory cascade associated with tissue damage or in response to a stressor 

(Horadagoda et al., 1999). In previous studies, an increase in plasma haptoglobin 

concentration was reported within 1 to 3 days after castration in young animals (Fisher et 

al., 1997; Earley and Crowe, 2002; Ting et al., 2003b; Pang et al., 2006). Although swelling 

was observed in the present study, no effect of age or castration on serum haptoglobin 

concentrations up to 48 h after castration was observed. The present finding suggests that 

the stress induced by Burdizzo castration did not produce an acute inflammatory response 

by 48 hours after the procedure. 
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2.5.6 Metabolites 

The concentration of non-esterified fatty acids (NEFA) is a negative energy balance 

biomarker that increases when the supply of glucose is not sufficient to the animal’s current 

energy requirements (Adewuyi et al., 2005) and it can be used as a welfare biomarker 

(Aguayo-Ulloa et al., 2014). Burdizzo castration did not affect NEFA and BHB concentrations 

of calves in both age groups in present study. Likewise, Pang et al. (2008) found no 

difference in plasma BHB concentrations in 12-mo-old calves after band and Burdizzo 

castration 28 d post castration. However, NEFA concentrations were reduced in band and 

Burdizzo castrated calves. Similar to our study, no differences were observed in plasma 

NEFA concentrations following surgical castration of calves after weaning up to 72 h post 

castration (Roberts et al., 2015). Furthermore, a change in the diet of the calves in the older 

group was necessary in the present study, and yet, there were no differences in plasma 

NEFA and BHB concentrations between the two ages. In addition, serum NEFA and BHB 

concentrations were within normal reference ranges (Knowles et al., 2000). This indicates 

that the metabolic needs of the calves were met even after the changes in feed and after 

castration. 

2.5.7 Body temperature 

There were no major changes in rectal body temperature of calves during the study. Even 

though there was a difference in body temperature between the two ages, the body 

temperature was within the normal range of 38 to 39°C (Wieringa et al., 1976; Bellows and 

Lammoglia, 2000). Similarly, Roberts et al. (2015) reported no change in rectal temperature 

up to 72 h post surgical castration and sham handling of calves. Pieler et al. (2013) found no 

increase in rectal temperature of 56 d old calves following surgery, Burdizzo or 

orchidectomy castration. 

2.5.8 Growth performance 

In the present study, Burdizzo castration did not affect ADG in both age groups up to 27-d or 

on 2.5-mo-old calves up to 99 d post treatment. Previous studies reported no difference on 
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ADG (King et al., 1991; Pang et al., 2006; Pang et al., 2008) and lower ADG (Ting et al., 

2003b) associated with Burdizzo castration compared to sham castrated calves. Moreover, 

Ting et al. (2005) found that there was no effect of Burdizzo castration on the overall 42-day 

growth trends of calves castrated at different ages (1.5-5.5-mo-old). The findings of the 

present study showed that Burdizzo castration had no impact on growth performance. 

2.6 Conclusion 

The increased plasma cortisol concentration following castration observed in this study 

suggests that Burdizzo castration is stressful for both 2.5- and 5.0-mo-old suckler beef 

calves. However, an increase in abnormal postures, scrotal swelling and a prolonged plasma 

cortisol response observed in older calves suggest that these calves suffered more stress 

induced by handling and castration. Therefore, castration of younger suckler calves is 

preferable from an animal welfare point of view, although pain relief is also recommended. 

These age-related differences in stress response found in this study need to be considered 

when recommending the use of anaesthesia and analgesia during castration, especially for 

older calves. The timing of pain relief administration should be planned to effectively reduce 

the stress response according to the age of the calf. Further research investigating the 

efficacy of anaesthesia and analgesia to mitigate pain during Burdizzo castration of suckler 

calves at different ages is needed. 
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3 Chapter 3 – Horn bud size of dairy and beef calves at time of disbudding 

3.1 Abstract 

Hot-iron disbudding is a common procedure to prevent horn growth in dairy and beef calves 

before 2 months of age. Disbudding of smaller horn buds may be preferential since less 

tissue is damaged and healing time could be decreased. There is a belief that horn buds 

develop earlier in dairy calves than in beef calves, but there is no evidence to support this 

belief. The study objectives were to examine the effect of age, breed and sex on horn bud 

size of dairy and beef calves at time of disbudding; the relationship between age and horn 

bud size of dairy and beef calves at time of disbudding; and to describe horn bud growth in 

Holstein Friesian calves. Horn bud size (diameter and height) of 349 calves including 

Charolais (CH; n=86 (M=39; F =47)), Limousin (LM; n=67 (M=32; F =35)), Simmental (SI; n=38 

(M=22; F =16)), Holstein x Friesian (HF; n=158 (M=88; F =70)) were measured with a digital 

caliper. Calves were retrospectively assigned to three age categories: (1) 14 to 28 days old 

(d); (2), 29 to 42 d; and (3) 43 to 60 d. The HF calves had a greater horn bud diameter and 

height compared with all beef breeds, with no difference among beef breeds (P < 0.01). 

Male suckler calves had a slightly greater (34%) horn bud height compared with female 

suckler calves (P < 0.05). No effect of age was found on horn bud diameter and height of 

Holstein-Friesian female calves, although age affected diameter and height of all other 

calves in the study. Despite finding an effect of age on horn bud size, the relationship 

between age and horn bud diameter and height was very weak in all breeds studied, 

meaning that age is a very poor predictor of horn bud size. Horn bud diameter and height of 

Holstein-Friesian bull calves increased by 1.35 mm and 1.54 mm per week, respectively, 

during a period of 8 weeks. We conclude that horn buds develop later in beef calves than in 

dairy calves. However, the age of the calf is not a good predictor of horn bud size. 

Therefore, to optimise effectiveness of disbudding and minimise the risk of adverse welfare, 

recommendations on the appropriate time for disbudding of calves should be based on horn 

bud development rather than age.  
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3.2 Introduction 

Hot iron disbudding is a painful procedure regardless of the age of the calf and the use of a 

local anaesthetic in combination with an analgesic is recommended to alleviate pain during 

this procedure (Herskin and Nielsen, 2018; Winder et al., 2018). The most common 

recommendation in animal welfare guidelines is to disbud calves before they attain 2 

months old (EFSA, 2012). This suggested upper age limit for disbudding calves is not based 

on empirical evidence, but on opinion related to the physical development of horns in calves 

and that the horn buds become attached to the underlying periosteum at approximately 2 

months of age. Even though most of recommendations on when disbudding of calves should 

be carried out are based on the age of the calf, the Code of Recommendations for the 

Welfare of Livestock from United Kingdom recommend that disbudding should take place 

ideally as soon as you can start to see the horn bud, independent on the age of the calf 

(DEFRA, 2013). Indeed, the size of the horn bud (e.g. diameter and height) is a visual aspect 

which farmers use to detect the presence and location of horn buds which supports them to 

perform an efficient disbudding. Therefore, the horn bud should be visible at time of 

disbudding to be sure that the cells which lead to horn grown could be destroyed and 

effectively prevent future horn regrowth. 

Despite the visibility of the horn bud being the characteristic normally adopted by farmers 

when selecting animals for disbudding, most recommendations are still based on the age of 

the calf. The issue is that there is belief that the development of horns in some beef breeds 

occurs much later than in dairy herds. If this is true, calves disbudded at a close age range 

can have horn buds more developed than others. Dwane et al. (2013) reported that beef 

suckler farmers in Ireland disbudded calves with no detectable horn bud up to 2 weeks of 

age in order to comply with National legislation and avoided using local anaesthetic. The 

authors suggest that horn buds indeed develop at a different rate in different breeds. 

However, there is no information on breed type and horn bud development in calves. 

The objectives of this study were: 1) to examine the effect of age, breed and sex on horn 

bud size of dairy and beef calves at time of disbudding; 2) to examine the relationship 
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between age and horn bud size of dairy and beef calves at time of disbudding; 3) to describe 

horn bud growth in Holstein Friesian calves. 

3.3 Methodology 

3.3.1 Study 1 - Effect of age, breed and sex on horn bud size and the relationship between 

age and horn bud size of dairy and beef calves  

3.3.1.1 Animals 

Data from 355 calves from Teagasc Grange (suckler beef and male dairy calves) and from 

Teagasc Moorepark (female dairy calves) were included in the study. The four calf breeds 

that were used included: Charolais (CH; n=86 (M=39; F =47)), Limousin (LM; n=67 (M=32; F 

=35)), Simmental (SI; n=38 (M=22; F =16)), Holstein x Friesian (HF; n=158 (M=88; F =70)). 

3.3.1.2 Disbudding procedure 

All disbudding procedures followed routine management practice adopted by the farm. 

Calves were moved individually to a disbudding crate and gently restrained. The hair 

surrounding each horn bud was trimmed using a scissors and the horn bud exposed. Cornual 

nerve blockade was achieved by injecting 2 mL of local anaesthetic solution containing 50 

mg/mL Procaine Hydrochloride and 0.2 mg/mL Adrenaline (Adrenacaine, Norbrook 

Laboratories Limited, UK) through the skin between the eye and the base of the horn bud 

on the left and right side of each calf. Each Holstein-Friesian calf was given a subcutaneous 

injection 0.5 mg/kg containing 20mg/mL of meloxicam (Metacam 20 mg/mL, Boehringer, 

Ingelheim, Boehringer, Germany). Calves were released from the disbudding crate and 

allowed to mix with pen mates for 20 minutes to allow the nerve blockade to develop. After 

20 minutes had elapsed calves were again restrained in the disbudding crate. The left and 

right horn buds were measured and subsequently removed using cautery disbudding. A 

disbudder with a 15 mm tip was used to disbud all calves (model 17460; KERBL, DE). A silver 

aluminium spray (Henry Schein, Dublin, IE) was applied to the wound area following 

removal of each horn bud and calves were returned to their pens. 
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3.3.1.3 Data collection 

The diameter (mm) and height (mm) of left and right horn buds were measured once using 

a digital caliper (model 49-923-150; Linear Tools, UK) and a cylinder (Figure 3. 1) 

immediately before disbudding. Data on age, sire breed and sex of each calf were also 

recorded. Data was collected during disbudding performed from February to May of 2018 

and 2019. 

 

Figure 3. 1 Methodology used to measure horn bud height. The horn bud height was the difference between 

the depth measured from the top of the cylinder until the tip of the horn bud and the cylinder height. 

3.3.1.4 Data analysis 

3.3.1.4.1 Analysis 1: 

Before data analysis all calves were retrospectively assigned to three age categories based 

on actual birth date (days): (1) 14 to 28 days old (d); (2), 29 to 42 d; and (3) 43 to 60 d. Six 

calves (HF = 1; CH = 3; SI = 2) were younger than 14 days old at time of disbudding and were 
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not included in the analysis reducing the final number of calves in the analysis to 349. The 

mean size of the left and right horn bud heights and diameters for each calf was obtained 

(Table 3. 1). 

Table 3. 1 Distribution of mean horn bud diameter and height of calves at disbudding included in the study 
by year, breed, and sex (n= 349). 

Year Breed Sex n 
Mean diameter, 

mm SD 
Mean height, 

mm SD 

2018 HF Female1 70 14.0 2.30 5.0 2.71 

  Male 45 16.0 2.40 8.0 2.62 

 CH Female 10 12.6 2.58 4.3 1.88 

  Male 14 14.4 2.74 5.1 2.23 

 LM Female 27 13.0 2.09 4.6 1.65 

  Male 20 12.9 1.68 4.6 2.03 

 SI Female 8 12.4 1.90 4.3 3.61 

  Male 9 13.4 2.11 5.4 2.24 

        

2019 HF Female - - - - - 

  Male 43 20.0 3.33 9.5 3.96 

 CH Female 37 13.9 2.47 3.4 1.41 

  Male 25 15.5 3.07 5.0 2.26 

 LM Female 8 11.7 2.78 3.0 2.17 

  Male 12 14.4 3.52 4.3 2.71 

 SI Female 8 12.0 2.78 2.7 1.44 

    Male 13 14.2 2.59 4.2 2.41 
1Female calves were prevenient of a different herd (Dairy herd - Moorepark). 

HF = Holstein-Friesian, CH = Charolais, LM = Limousin, SI = Simmental. SD = Standard deviation. 

 

 Three different analyses of the data were carried out using a generalized linear model 

(PROC GLM, SAS v 9.4): 

a) Effect of breed and age on horn bud size of male calves 

Data of male calves collected in 2018 and 2019 were included in the analysis (n=181). The 

fixed effects included in the model were year, breed and age.  

b) Effect of sex and age on horn bud size of suckler beef calves 

Data of suckler beef calves (CH, LM, SI) collected in 2018 and 2019 were included in the 

analysis (n=191). The fixed effects included in the model were year, sex and age. 
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c) Effect of age on horn bud size of female Holstein-Friesian calves 

Data of female Holstein-Friesian calves collected in 2018 were included in the analysis 

(n=70). Age was included in the model as fixed effect. 

Variables that were not normally distributed were log transformed. Data subjected to 

transformations were used for analysis and hypothesis testing. The corresponding non-

transformed least squares means (Lsmeans) with standard error of the mean (SEM) are 

presented to facilitate interpretation of results. Differences between the means were tested 

using the PDIFF option. Means were considered significantly different at a probability level 

of P < 0.05. 

3.3.1.4.2 Analysis 2: Relationship between age and horn bud size of dairy and beef calves 

Data on diameter and height of horn buds of HF (only males), CH, LM and SI calves were 

used in this analysis. Data were submitted to a linear regression analysis (PROC REG, SAS v 

9.4), in which individual horn bud measurements (diameter and height) were regressed on 

age for each breed. The regression coefficients and coefficient of determination (R2) were 

calculated. Independent variables were considered statistically significant at a probability 

level of P < 0.05. 

3.3.2 Study 2 - Horn bud growth in Holstein Friesian calves 

3.3.2.1 Data collection 

Horn buds of 46 Holstein-Friesian calves were measured using the same method previously 

described (section 3.3.1.2). Data were collected weekly without calves being disbudded for a 

period of 8 weeks. Calves were on average 27 (SD: 3) days old at day 1, when the first 

measurements were taken. 
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3.3.2.2 Data analysis 

The growth trends of the horn bud diameters and heights were estimated using linear 

regression (PROC REG, SAS 9.4) in which the mean horn bud measurements (diameter and 

height) were regressed on week. 

3.4 Results 

3.4.1 Study 1 

a) Effect of breed and age on horn bud size of male calves 

There was a year, breed and age effect on horn bud diameter (Table 3. 2). Calves were 

disbudded with a smaller diameter in 2018 compared with 2019 (P < 0.01). The HF calves 

had a greater horn bud diameter compared with all beef breeds, with no difference among 

beef breeds (P < 0.01). Horn bud diameter was greater in calves 43-60 days old compared 

with 14-28- and 29-42-days old calves (P < 0.05). 

Horn bud height was affected by breed and year × age interaction (Table 3. 2). The HF calves 

had a greater horn bud height compared with all beef breeds, with no difference among 

beef breeds (P < 0.001). Horn bud height differed among all age classes (P < 0.01). 

b) Effect of sex and age on horn bud size of suckler beef calves 

There was a year and an age effect on horn bud diameter (Table 3. 3). Calves were 

disbudded with a smaller diameter in 2018 compared with 2019 (P < 0.05). Calves 

disbudded at 14-28 d of age had a smaller diameter compared with calves disbudded at 29-

42 and 43-60 d of age (P < 0.01). 

There was a year × age interaction and a sex effect on horn bud height (Table 3. 3). Male 

suckler calves had a greater horn bud height compared with female calves (P < 0.05). 

c) Effect of age on horn bud size of female Holstein-Friesian calves 
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No effect of age was found on horn bud diameter or height of female Holstein-Friesian 

calves (Table 3. 4). 
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Table 3. 2 Effect of year, breed and age on horn bud diameter and height of suckler calves at disbudding (n = 181). 

 Year (Y)  Breed (B)  Age class (A), d  P-values 

Variables 2018 2019 SEM HF CH LM SI SEM 14-28 29-42 43-60 SEM Y B A I 

Diameter, mm 14.8a 16.9b 0.34 17.9a 16.0b 14.8b 15.0b 0.48 14.4a 15.2a 18.0b 0.42 ** ** * NS 

Height, mm 6.4 6.8 0.33 8.4a 6.3b 5.7b 6.1b 0.44 4.9a 6.0b 9.0c 0.40 NS *** ** 1 
a,b,c Within rows, Lsmeans differ between year, breed and age groups (P < 0.05). 

HF = Holstein-Friesian, CH = Charolais, LM = Limousin, SI = Simmental. 

I = interactions, NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 

SEM = pooled standard error. 

1 Y × A (P < 0.05). 

 

 

Table 3. 3 Effect of year, sex and age on horn bud diameter and height of suckler calves at disbudding (n = 191). 

 Year (Y)  Sex (S)  Age class (A), d  P-values 

Variables 2018 2019 SEM Female Male SEM 14-28 29-42 43-60 SEM Y S A I 

Diameter, mm 13.6a 15.2b 0.48 13.9 15.0 0.47 13.2a 14.3b 15.8b 0.5 * NS ** NS 

Height, mm 4.5 4.3 0.01 3.8a 5.1b 0.01 3.9 4.4 5.1 0.01 NS * NS 1 
a,b Within rows, Lsmeans differ between year, sex and age groups (P < 0.05). 

I = interactions, NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 

SEM = pooled standard error. 
1 Y × A (P < 0.05). 

 



83 

 

Table 3. 4 Effect of age on horn bud diameter and height of female Holstein calves at disbudding (n = 70). 

 Age class (A), d  

Variables 14-28 29-42 43-60 SEM P-values 

Diameter, mm 6.9 6.9 7.0 0.01 NS 

Height, mm 3.4 4.7 5.6 1.23 NS 

NS = not significant (P > 0.05). * P < 0.05, ** P < 0.01, *** P < 0.001. 

SEM = pooled standard error. 

 

The slopes of the lines of best fit indicate that horn bud diameter and height increase with 

age (Table 3. 5), except in Charolais and Limousin calves, in which the horn bud height had 

no relationship with the age of the calf (P > 0.05). Despite that, the variability in our data 

was very high as indicated by R-squared values and scatterplots (Figure 3. 2 and Figure 3. 3). 

Table 3. 5 Equations of lines of best fit for horn bud diameter and height for calves at disbudding, coefficient 
of determination (R2) and level of significance (P-value). 

 Variables Line of best fit  R2 P-values 

Diameter, mm    
    Holstein-Friesian (n=89) y = 0.2044x + 10.2470 0.32 < 0.0001 

    Charolais (n=89) y = 0.1076x + 11.4888 0.09 0.0047 

    Limousin (n=67) y = 0.0793x + 10.9272 0.07 0.0288 

    Simmental (n=40) y = 0.1658x + 9.2352 0.18 0.0059 

    
Height, mm    
    Holstein-Friesian (n=89) y = 0.2249x + 0.2481 0.41 < 0.0001 

    Charolais (n=89) y = 0.0372x + 3.2645 0.02 0.1775 

    Limousin (n=67) y = 0.0256x + 3.6701 0.01 0.408 

    Simmental (n=40) y = 0.1453x + 0.7702 0.19 0.0051 
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Figure 3. 2 Estimated linear regression line of the horn bud diameter (mm) on age for Holstein-Friesian, 

Charolais, Limousin and Simmental calves. 
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Figure 3. 3 Estimated linear regression line of the horn bud height (mm) on age for Holstein-Friesian, 

Charolais, Limousin and Simmental calves. 

 

3.4.2 Study 2 

Horn bud diameter and height had a linear increase over the 8 weeks of measurements. The 

diameter and height increased by 1.35 mm and 1.54 mm per week, respectively (Figure 3. 

4). 
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Figure 3. 4 Estimated growth trends on diameter (mm) and height (mm) of horn bud size of Holstein-Friesian 

calves (n=46) over an 8 week period. 

 

3.5 Discussion 

To my knowledge, this is the first study reporting on horn bud size of different cattle breeds 

at time of disbudding. The study findings show that horn buds develop earlier in Holstein-

Friesian than in Charolais, Limousin and Simmental calves. Research conducted by Dwane et 

al. (2013) using focus groups reported that some Irish beef farmers were reluctant to use 

local anaesthetic (LA) and opted to disbud calves less than 14 days old in order to avoid 

using it, even when the horn bud had not erupted. This may indicate a lack of knowledge 

concerning aspects of the disbudding procedure and the application of local anaesthetic. 

Thus, the belief that the horn buds are smaller in beef breeds compared with dairy breed at 

the same age holds true and may explain why farmers were reported to disbud calves with 

no visible horn buds (Dwane et al., 2013). In the present study, while a significant 

relationship was found between age and horn bud diameter and height in most of the calf 

groups studied, the relationship was very weak. Horn bud diameter and height were very 

variable within calf groups, which suggest that most of this variation is not explained by age. 

Therefore, age is not a good predictor for horn bud size. Presently, the selection of calves 

for disbudding is based only on age limits and guidelines which are in line with legislation 

and best practice. Calves of similar age with different horn bud size are being disbudded 
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using a hot iron dehorner with a standard tip size, regardless of the size of the horn bud. In a 

worst case scenario, calves may be disbudded without a visible horn bud, as reported by 

farmers, which could lead to horn regrowth in the future. 

We found no effect of age on horn bud diameter and height of female Holstein-Friesian 

from the Moorepark dairy herd. This finding suggests that other factors other than age have 

an effect on horn bud development on calves from different genetic backgrounds. This 

corroborates the findings that horn bud develops at a different rate in calves from different 

genetic populations. Further research should focus on investigating variations in horn bud 

size among different herds. 

The horn bud should be visible at disbudding such that horn bud cells, which lead to horn 

bud growth, can be destroyed to effectively prevent future horn growth. The size (diameter 

and height) of the horn bud is a visual aspect which farmers use to detect the presence of 

horn buds to perform an efficient disbudding. In addition, the degree of tissue damage 

associated with disbudding is determined by the stage of development of the horn bud. The 

burning of the vessels surrounding the horn bud is adequate with smaller horn buds, 

whereas the whole bud needs to be removed (by levering it out from the side) when the 

horn is more developed. A larger disbudder tip could be used when disbudding calves with 

larger horn buds, however this has the potential to cause more tissue damage and possibly 

prolong the healing time and stress response. Therefore, disbudding of calves with a smaller 

horn bud, using an appropriate disbudder tip size, may be a more practical strategy for 

mitigating pain and improving wound healing. 

In the present study, male suckler calves had a slightly greater horn bud height (34%) 

compared with female suckler calves. This minor difference may have no implications when 

selecting calves for disbudding. However, the variation may be greater or even smaller at 

different stages of horn bud development, but we were not able to quantify this. 

Calves were disbudded with smaller horn bud diameter in 2018 than in 2019. This is 

explained by the fact that a greater number of calves were disbudded at older ages in 2019, 

due to the farm management.  
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In this study, the horn buds of male Holstein-Friesian calves grew on average 1.35 and 1.53 

mm in diameter and height, respectively, from 27 to 74 days of age. Unfortunately, we were 

not able to measure horn buds development of beef calves at different time points, 

therefore a comparison between horn bud growth between different breeds was not 

possible. Therefore, we cannot conclude that horn buds start to develop later in beef calves 

or if the development is slower. This could be investigated in future studies of horn bud 

development on beef calves. 

3.6 Conclusion 

To the best of my knowledge, this is the first study to report on horn bud size of dairy and 

beef calves at time of disbudding. The horn bud size (diameter and height) was greater in 

dairy calves than beef calves at time of disbudding, corroborating with the belief that horn 

buds develop differently than in beef breeds. The association between age and horn bud 

size was very weak in both dairy and beef breeds. To optimise effectiveness of disbudding 

and minimise the risk of adverse welfare, recommendations on the appropriate time for 

disbudding of calves should be based on horn bud size rather than calf age. 
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4 Chapter 4 - General discussion and conclusions 

The issue of the welfare of farm animals is increasing in importance within the general 

community not only within the European Union but also internationally. This presents great 

challenges to animal and veterinary scientists to ensure concurrent animal health, welfare 

and productivity, often in conditions of increasing intensification of livestock practices, as 

evidenced by larger herd sizes and higher levels of concentrate feeding. 

Castration and disbudding of cattle are necessary husbandry procedures on farms and a 

major animal welfare concern due to the ensuing pain and distress that these procedures 

induce. Researchers suggest that the conception that castration and disbudding are less 

stressful for young animals likely arose because older animals have a greater peak of plasma 

cortisol after castration, and younger calves lose less weight after castration than older 

animals (Bretschneider, 2005; Stafford and Mellor, 2011). However, a high peak of plasma 

cortisol after a known stressor may be a sign of a well-developed hypothalamic pituitary 

adrenal (HPA) axis (Moberg and Mench, 2000; Mitra et al., 2009). In fact, Murray and Leslie 

(2013) suggest that pain may be even greater among neonatal animals compared with 

mature animals because their nervous system and HPA axis are not developed. 

The use of anaesthetics in combination with analgesics are recommended strategies for the 

mitigation of pain during castration (Coetzee, 2013) and disbudding (Winder et al., 2018) of 

calves. However, as previously mentioned, legislations in different countries permits 

castration and disbudding of calves without the use of anaesthesia or analgesia depending 

on the age of the calves. The castration literature is discordant and ambiguous on what 

recommendations should be transferred to farmers and practitioners (as reviewed by 

Canozzi et al., 2017). Most studies investigating the preferred age to perform castration and 

methods to reduce distress used dairy calves older than 6 months old, with limited research 

on beef suckler calves. Similarly, most disbudding studies have used dairy calves with limited 

information on beef suckler calves. Therefore, studies were needed to investigate the effect 

of age at castration on welfare and performance of beef suckler calves.  Likewise, there is a 
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lack of information on the development of horn buds in beef and dairy, and male and 

female calves, with implications for optimal disbudding practice. 

The study objective in Chapter 2 was to compare the effect of Burdizzo castration at 2.5 and 

5.0 months of age on plasma cortisol, acute phase protein, metabolite concentrations, 

haematological variables, behaviour and growth of suckler beef calves. The findings showed 

that Burdizzo castration caused significant stress in calves at both ages, characterized by the 

increase in plasma cortisol concentrations, scrotal swelling, and abnormal behaviours 

observed after treatment. These responses were reduced by castrating calves at younger 

age. In this study, a secondary stress response was observed, which was greater in older 

castrated calves, suggesting that calves castrated at older ages have a prolonged overall 

stress response, compared to younger calves. There was no effect of castration on 

haematology profiles, haptoglobin, metabolites, body temperature and growth 

performance. The findings of this chapter indicate that it is beneficial to castrate suckler 

calves at younger ages in order to minimize the stress, scrotal swelling and pain associated 

with castration. The use of analgesics during castration must be considered especially when 

castrating older calves. 

The practical implications of the study reported in Chapter 2 are that if calves are to be 

castrated without analgesia or anaesthesia, then it would be preferable to do this at 2.5-mo-

old rather than later, such as 5.0-mo-old, in order to minimize the physiological stress, 

scrotal swelling and pain-related behaviours associated with Burdizzo castration. 

Further studies are needed to investigate the timing anaesthesia and analgesia alone or in 

combination to reduce stress and pain during Burdizzo castration in calves younger than 6 

months old. Earley and Crowe (2002) and Ting et al. (2003a) reported that ketoprofen, a 

nonsteroidal anti-inflammatory drug (NSAID), was effective in reducing the increase in the 

cortisol response observed following the initial peak response in calves surgically castrated. 

However, there was no difference in the efficacy of ketoprofen administered at -20, 0 min 

before, or 24 hours post-surgical castration in 11-mo-old calves (Ting et al., 2003a). The 

administration of a NSAID before castration combined with a second dose at 3 hours post 

castration may reduce the second cortisol response observed in the present study. This last 
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suggestion regarding the timing of administration of analgesia post castration requires 

further investigation. 

Limitations of the study reported in Chapter 2 need to be mentioned. First, the castration 

treatments were not able to be performed in all calves (2.5- and 5.0-mo-old) at the same 

time due to the farm calving season and the low number male calves in the herd. Possible 

changes in temperature and diet would not have an effect in the variables measured in this 

study. Second, we were not able to determine plasma cortisol levels after 9 h post 

castration. Calf-dam pairs that were tethered in their pens were released after the last 

blood sampling at 9 h post castration. Because of that, blood samples for plasma cortisol 

determination were not able to be collected since the procedure of handling dams and 

calves for sampling would increase cortisol concentrations.  

The study objective in Chapter 3 was to examine the effect of age, breed and sex on horn 

bud size of dairy and beef calves and the relationship between age and horn bud size of 

these calves. Horn bud size at time of disbudding, irrespective of calf sex, was greater in 

Holstein-Friesian calves than Charolais, Simmental and Limousin calves. These results 

suggest that horn bud develop differently in beef calves compared with dairy breed calves, 

supporting previous reports from beef farmers who reported an absence of horn buds in 

beef calves before 2-wk-old (Dwane et al., 2013). In addition, although horn bud size was 

affected by age at disbudding, the relationship between age and horn bud size was very 

weak in all breeds studied with no difference due to calf sex. This means that the age of the 

calf is not a good predictor of the horn bud size. 

The practical implications of the study reported in Chapter 3 are that the age of the calves is 

not a good parameter to guide recommendations on the best age to disbud calves and use 

of pain relief due to the great variation in horn bud size within and between breeds. If the 

age recommendations are being followed, calves are being disbudded with different horn 

bud sizes, commonly using the same hot-iron disbudder tip size. In the present study, a 15 

mm disbudder tip was used to disbud all calves. However, the combination of disbudding a 

small horn bud using a hot iron tip compatible with the size of the horn bud might help to 
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reduce stress and wound healing after disbudding. This suggestion regarding size of the 

disbudder tip and impact on would healing requires further investigation. 

In a worse case, calves can be disbudded without visible horn bud to comply with national 

legislation and avoid use of local anaesthetic, as reported by beef farmers in Ireland (Dwane 

et al., 2013). Disbudding recommendations based on the horn bud size, rather than the age 

of the calf, may be more appropriate and welfare friendly for different calf breeds. 

Some limitations of the study reported in Chapter 3 need to be mentioned. We were not 

able to measure the horn bud size of a group of beef calves once per week due to 

limitations on the farm management. This would be useful to compare the horn bud 

development in different beef breed types and compare with the development in dairy 

breed types. Also, we were not able measure more animals from different farms. The 

diverse genetic background would be useful to see the variation in horn bud sized among 

this different groups. 
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