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ABSTRAK 

Abstrak daripada kertas projek yang dikemukan kepada Fakulti Perubatan Veterinar, 

Universiti Putra Malaysia bagi memenuhi sebahagian daripada keperluan kursus 

VPD 4999 - Projek. 

RESPONS ELEKTROENSEFALOGRAM TERHADAP VOLTAN TINGGI 

DAN RENDAH ELEKTROEJAKULATOR SEMASA PEMUNGUTAN AIR 

MANI DARIPADA LEMBU JANTAN. 

 

Oleh 

Nadhirah Yahaya 

Penyelia: Dr. Ubedullah Kaka 

Penyelia bersama: Prof. Madya Dr. Nurhusien Yimer Degu dan Prof. Dr. Goh 

Yong Meng 

 

Elektroejakulasi(EE) merupakan salah satu prosedur rutin untuk mengutip air mani 

bagi program pembiakan haiwan ternakan dan penilaian kesuburan lembu jantan. 

Tiada kesimpulan yang kukuh dilaporkan mengenai rasa sakit terhasil daripada EE. 

Electroensefalografi (EEG) adalah alat yang objektif untuk menilai tahap kesakitan 

berdasarkan penyelidikan sebelum ini. Walaubagaimanapun, tiada kajian dilaporkan 

bagi menilai tahap kesakitan prosedur EE dengan menggunakan EEG. Oleh itu, kajian 

ini telah direka bagi membandingkan respons EEG dan perubahan sikap lembu jantan 

terhadap voltan rendah(≤6) dan  tinggi (>6) elektroejakulator. Terdapat lapan ekor 

lembu jantan berumur 2 tahun dengan anggaran berat badan 200kg telah digunakan 

dalam kajian ini. Dua pelekat elektrod EEG dilekapkan pada kepala lembu jantan 

Respons EEG dan perubahan sikap lembu jantan direkod semasa sebelum EE, ketika 
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EE dan 20 minit selepas EE yang berdurasi 5 minit. Data EEG dianalisis secara luar 

talian selepas tamat kajian. Keputusan keseluruhan menunjukkan parameter EEG 

meningkat secara signifikan ketika EE berbanding ketika sebelum EE, kemudian 

parameter ini menurun menuju ke permulaan respons EEG selepas 20 minit EE tamat. 

Frekuensi pertengahan yang merupakan indikasi kesakitan telah meningkat secara 

signifikan (p=0.0001) ketika EE telah dilihat dalam haiwan kumpulan voltan 

rendah(47.14±6.67)  jika dibandingkan haiwan kumpulan voltan tinggi (32.66±4.53).  

Namun begitu, lembu jantan menunjukkan perubahan sikap bagi kedua-dua kumpulan 

seperti tulang belakang membongkok, keluar air liur dan pergelutan semasa prosedur 

mengutip air mani. Secara tuntas, kenaikan respons EEG dan perubahan sikap semasa 

EE telah mengemukakan bahawa penggunaan EE untuk mengutip air mani adalah 

sakit kepada lembu jantan. Kajian masa depan diusul untuk menyatukan keputusan 

kajian ini dan analisis hormon tekanan bersama EEG.  

  

Kata kunci: elektroejakulasi, respons elektroensefalografi , kesakitan, perubahan sikap, lembu 

jantan 
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ABSTRACT 

An abstract of the project paper presented to the Faculty of Veterinary 

Medicine, University Putra Malaysia in partial fulfilment of the course VPD 

4999 – Project. 

 

ELECTROENCEPHALOGRAPHIC RESPONSES TO LOW AND HIGH  

VOLTAGE OF ELECTROEJACULATOR USED FOR SEMEN  

COLLECTION IN BULLS 

 

By  

Nadhirah Yahaya 

Supervisor: Dr. Ubedullah Kaka 

Co-supervisors: AP Dr. Nurhusein Yimer Degu & Prof. Dr. Goh Yong Meng 

 

Electroejaculation (EE) is one of the routine procedure used to collect semen for 

breeding programme and bulls soundness evaluation at the farm. No concrete 

conclusion regarding pain produced by EE has been reported. Electroencephalography 

(EEG) is an objective tool to evaluate pain in recently reported studies. No EEG study 

on evaluating pain associated with EE has been reported. Therefore, this study was 

designed to compare the EEG responses and the behaviour changes to low (≤6) and 

high (>6) voltage of the electro-ejaculator in bulls. A total of eight bulls of 2 years age 

and average of 200kg body weight were used in this study. Bulls were attached with 

two EEG adhesive electrodes on their head and the EEG and behaviour were recorded 

for 5 minutes, before EE (baseline), during EE and 20 minutes after EE. Analysis of 

EEG was performed offline after the end of experiments. The results revealed that 



@
COPYRIG

HT U
PM

xiii 
 

EEG parameters increased significantly during EE compared to baseline and returned 

towards baseline 20 minutes after EE.  Median frequency, an indicator of pain 

increased significantly compared to baseline in both high and low voltage groups. 

Furthermore, significant increases (p=0.0001) was observed in low voltage group 

(47.14±6.67) animals compared to the animals in the high voltage group 

(32.66±4.53). Total power also increased significantly (p=0.0001). The bulls in both 

groups showed behavioural changes such as arched back, salivation and struggling 

during the EE for semen collection. Overall, the increment of EEG responses and 

behavioural changes during EE suggests that the semen collection using EE is painful. 

Future studies to consolidate the findings of this study with the stress hormone 

analysis along with EEG are recommended. 

  

Keywords: electroejaculation, electroencephalographic response, pain, behavioural changes, 

bulls 
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1.0     INTRODUCTION 

 

Electroejaculation (EE) is the most common method used to collect semen due to its 

flexibility, convenience and easily adaptable to cattle handling facilities (Palmer, 

2005). This technique does not require cattle for mounting and is safe for the person 

in charge. In humans EE has been reported to be painful without anaesthesia 

(Ohl,1993, Damian and Ungerfield, 2011). Thus, it is assumed to be painful in 

animals. Recently, a modified method of EE has been reported (Baiee et al., 2018) 

that proved to minimize discomfortness compared to conventional EE during semen 

collection. This modified method uses gradual increase in the voltage of 

electroejaculator by staging. Baiee et al (2018) explained there are three stages 

depending on the number of electrical impulses per stage. In his study, for the first 

stage once the EE switched on, the electrical stimulus were increased from zero until 

three volt and then EE immediately was switched off, after that immediately 

switched on to begin with stage two from zero until six volt. The third stage, the 

stimulation were from zero until ejaculation. 

        Animals are not as expressive as human being when experience pain or 

discomfort. Even though the bulls show less sign of discomfort as they are said as 

stoic animals,(Gleerup, 2017), their pain perception should not be neglected. To date, 

very few studies have attempted to assess pain in response to EE (Stafford,1995; 

Mossure et al., 1998; Falk et al., 2001; Etson et al 2004; Palmer 2005;  Damian and 

Ungerfield, 2011; Whitlock et al., 2012; Boussena et al., 2013; Pagliosa et al., 2015; 

Baiee et al., 2018) and yet the results are inconclusive. These studies used subjective 
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tools to evaluate the pain such as hormones, heart rate, substance P and behaviour 

that produced discrepant result as it can increase or change as a result of  stress 

handling.  

      Recently, electroencephalography (EEG) has been reported to be an objective 

tool to assess pain in various studies of animal species such as dogs (Kaka et al.2015,2016) 

, sheep (Sylvester et al. 2002), horses (Murrell et al. 2003,2005), red deer (Johnson et al. 

2005,2006),  goats(Sabow et al. 2016,2017) and cattle (Small et al. 2019; Imlan et al.2020) . 

      EEG is a neurophysiological technique to measure electrical potential of the 

neurone directly from the brain via attachment of electrodes at the head. So far, no 

study has been reported to evaluate pain using EEG in bulls during EE. Therefore, 

this study was designed with following objectives: 

1) To evaluate pain in response to low and high voltage of EE in bulls.  

2) To compare behavioural changes to low and high voltage of EE in bulls. 
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2.0     LITERATURE REVIEW 

 

2.1 Anatomy and Physiology of Male reproductive system 

            A mature bull’s reproductive organs include a pair of testes, vesicular glands, 

bulbourethral glands, a prostate gland and a fibroelastic penis, which incorporates a 

sigmoid flexure (Amann, 1986; Chenoweth & Kastelic, 2007). A testes is made of 

spermatic cord, an epididymis and a deferent duct which its point of highest 

development is an ampulla (Dyce, 1971; Chenoweth & Kastelic, 2007). Scrotum is a 

layer of skin that encapsulate the testes; which plays important role in testicular 

thermoregulation ( Chenoweth & Kastelic, 2007).  

           Bovine semen consists of spermatozoa suspended in seminal plasma that are 

derived from testes, epididymides and accessory gland (Chenoweth & Kastelic, 

2007). Tubular transport system consists of the convoluted and straight seminiferous 

tubules, rete testis, efferent ductules, epididymis, ductus deferens and urethra 

(Nabors & Linford, 2015). This transport system transports spermatozoa from the 

testicles, also allows maturation and storage of spermatozoa besides providing fluid 

to assist movement of the spermatozoa. Intromission process is when the bull erects 

its penis and ejaculate the sperm to achieve the transfer of sperm to the cow from the 

bull (Nabors & Linford, 2015). 

 

2.2  Bull maturity 

           Brito (2014) defined puberty in general term as the process by which bull 

becomes capable of reproducing; that involves development of gonads and 
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secondary sexual organs and development of the ability to breed. However, for 

research purposes he defined puberty in bulls as an event while most researchers 

defined bull achieved sexual maturity when it ejaculates semen containing more than 

50 million sperm with 10% of it is motile (Wolf, 1965; Brito,2014). In addition, 

Brito (2014) said the puberty age is influenced by management, genetics and 

nutrition. He concluded Bos indicus bulls reached sexual maturity at later age 

compare with Bos taurus. Spermatogenesis efficiency of Bos indicus reaches adult 

levels at 2.5-3.5 years of age ( Brito,2014; Macmillan & Halfs, 1968; Killian & 

Amann, 1972). 

 

2.3  Electro-ejaculation 

Stafford (1995) concluded electro-ejaculation (EE) is the only available 

practical method to use for semen collection in untrained domestic ruminants for 

artificial vagina method. Semen collection is important and commonly carried out in 

farm to evaluate the semen quality and for artificial insemination procedure. EE 

involves stimulation by electrical current of emission; a sympathetic response, 

erection and ejaculation; both controlled by sacral parasympathetic nerves 

(Stafford,1995; Ball,1986; Ganong,1986). 

A probe is inserted into the rectum to stimulate the emission, erection and 

ejaculation. This intra-rectal electrical probe transmits oscillating current of either 

pulse-wave or sine-wave form in domestic animals (Carter, 1990; Stafford, 1995). In 

addition, Ball(1986) and Stafford(1995) stated in their studies that  in bulls the 

current produced by probe used may be altered and stimulation started from lower to 

higher voltage (maximum 13-16 v (Palmer,2005)) until ejaculation occur with a 
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continuous stimulation. Palmer also reported in year 2005 that the intensity of the 

voltage is steadily increased and held for 1-2 second with each successive 

stimulation followed by 0.5-1 second of rest. Latter rectal probes were designed to 

avoid unnecessary stimulation of nerves dorsal to the rectum. Applicable to most 

circumstances, probes with size 6.5-7.5 cm is suffice to stimulate ejaculation. 

However, older and often larger bulls require probes with size of 9cm for better 

contact to the rectal mucosa and enhanced response to electrical stimulation 

(Palmer,2005). 

 Baiee et al. (2018) experimented on two methods of EE stimulation. Method 

I is the EE stimulation using automatic mode until ejaculation while Method II is EE 

stimulation by gradual increase into 3 stages using automatic mode. They found that 

Method II gave minimal signs of discomfort compared to Method I. The stimulation 

will be stopped when the bulls reached ejaculation. 

 

2.4  Pain in response to electro-ejaculator stimulation 

Adcock and Tucker (2018) defined pain as a multifaceted phenomenon that 

can be classified into acute nociceptive pain, inflammatory pain and neuropathic 

pain. They have discussed pain that occur through husbandry practices, including 

electro-ejaculation procedure for collection of semen and placed EE under stimulus 

that cause acute nociceptive pain in cattle. Skin and deep tissue contains a 

specialized class of sensory neurons that detects noxious stimuli (Adcock & Tucker, 

2018). However, pain recognition remains a fundamental hurdle and currently there 

is no gold standard method to quantify pain in either man or animals (Murrell & 

Johnson, 2006). Sneddon & Gentle (2000) also suggested that since there is no 
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specific measurable parameter indicative of pain, the measurement and evaluation of 

animal welfare and pain is difficult and subjective. 

Electroejaculation (EE) is reported to be painful in human without 

anaesthesia (Ohl, 1993; Damian and Ungerfeld, 2010) and thus is assumed to be 

painful in animals. Many studies have been done to evaluate pain associated with EE 

using different evaluating tools such as behaviour changes (Stafford, 1995; Whitlock 

et al., 2012; Baiee et al., 2018), cortisol concentration (Falk et al., 2001), substance P 

(Whitlock et al., 2012), heart rate (Mosure et al., 1998; Boussena et al., 2013) and 

blood progesterone (Falk et al., 2001; Etson et al., 2004; Whitlock et al., 2012). 

However, these studies produced discrepant results, which could be due to the tools 

used such as hormones and heart rate that also increased due to the stressful handling 

of animals. 

 

2.5  Electroencephalography 

Electroencephalography (EEG) is a neurophysiological technique to read 

electrical potential of the brain produced by neurones (Kumar & Bhuvaneswari, 

2012;Murrell & Johnson, 2006). EEG is reported as an objective, non-invasive and 

stress free method suitable for measurement of nociception (Kaka et al., 2016)   

It is widely used in human medicine to detect brain problem such as epilepsy, 

Alzheimer, seizure disorder, autism and chronic pain (Kumar & Bhuvaneswari, 

2012). While in animals EEG is used as a device to detect pain and nociception  in 

many studies (Murrell & Johnson, 2006). Electrodes placement in humans are on the 

scalp of the head and in animals are at the head (Murrell & Johnson, 2006; Kaka et 



@
COPYRIG

HT U
PM

7 
 

al.,2015); for example cattle at the middle of the frontal bone and at the mastoid 

process.  

Usage of EEG to evaluate pain and the efficiency of anaesthesia and analgesic 

drugs have been reported in studies of various species (Murrell and Johnson, 2006) 

such as in dogs (Kongara et al., 2010; Kaka et al., 2015 & 2016), horses (Murrell et 

al., 2003 & 2005), cattle (Gibson et al., 2007, 2009a,2009b ; Zulkifli et al., 2014; 

Small et al., 2018; Imlan et al., 2020), sheep (Sylvester et al., 2002; Johnson et al., 

2009; Sanchez-Barrera et al., 2014; Harris et al., 2020) and goats ( Sabow et al., 

2016 & 2017). Many studies have been reported in horses (Miller et al., 1995b; Otto 

et al., 1996; Murrell et al., 2003, 2005b; Haga & Dolvik, 2005; Murrell & Johnson, 

2006) because this species faced many complications in anaesthesia (Johnston et al., 

1995; Brodbelt, 2005; Murrell & Johnson, 2006). 

In human pain studies, most commonly stimuli used were thermal, mechanical 

and electrical stimuli. In cattle, few studies have reported pain evaluation using EEG, 

for dehorning (Gibson et al., 2007; Johnson et al., 2012), slaughtering (Gibson et al., 

2009a; Johnson et al., 2012), and stunning (Johnson et al., 2012) procedure. 

However, there is no study reported to evaluate pain for electroejaculation procedure 

in animal species instead. 
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3.0 METHODOLOGY 

 

3.1 Management of Bulls 

This project was conducted following the animal ethics guidelines of the Research 

Policy of Universiti Putra Malaysia (UPM/IACUC/AUP-U031/2020). A total of 8 

bulls with average age of 2 years, kept in Taman Pertanian University were used in 

this study. These bulls were fed with Brachia Decumbens grass and palm kernel cake 

with ad-libitum drinking water provided.  

 

3.2 Preparation of Bulls 

The bulls were drived from the pen to chute one by one and were restrained properly 

with minimal stress prior conducting the procedure. 

 

3.3 Experimental Procedure 

Electroencephalography  

Each of the bulls were attached with two Kendall™ (Covidien 11c, 15 Hampshire 

Street, Mansfield 02048 USA) conductive adhesive hydrogel foam electrodes at 

middle of frontal bone and another one at the mastoid process after shaving hairs and 

cleaning with 70% alcohol. The electroencephalographic signal were recorded for 

five minutes, before the EE procedure (baseline),during EE procedure and 20 

minutes after EE procedure. The signals were sampled at rate 2kHz, and raw EEG 

was re-sampled with low pass filter of 200 Hz into delta frequency (0.1 to 4 Hz), 

theta frequency (4.1 to 8 Hz), alpha frequency (8.1 to 12 Hz) and beta frequency 

(12.1 to 20 Hz). 
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Prior to EEG analysis, the raw EEG recordings was resampled at 1024 Hz and only 

frequencies between 0.1 and 30 Hz were obtained to minimize the presence of 

artifacts. Analysis of the EEG data was performed offline after the completion of 

experiments using the Chart Spectral Analysis Function (Chart 5.0TM software). 

Possible interferences from concurrent electrocardiograph signals were digitally 

removed from the raw EEG recordings using the Chart 5.0TM software prior to 

analysis. Signals were then processed for consecutive non-overlapping 1-second 

epoch yielding 60 epochs per minute. Root mean square (RMS) for each of alpha, 

beta, delta, theta waves, median frequency (MF) and total power (Ptot)  before and 

after EE was calculated. Median frequency (MF or F50) is the frequency below 

which 50% of the total power of the EEG and total power (Ptot) is the total area 

under the power spectrum curve. 

 

Figure 1  Position of the electrode  at the middle  
of the frontal bone and the mastoid process 

 

Electroejaculation 

A lubricated probe 51 mm in diameter and 330 mm in length with 3 electrodes 

distributed longitudinally and ventrally was inserted into the bull´s rectum, once 

ready. Electrical stimulation was stimulated from the electroejaculator (Electrojac 6; 
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Neogen® Corporation, Lansing, IM48912; L24290812) to the probe with voltage 

increment as a staged (Baie et al., 2018). The voltage was set into low voltage(≤6) 

and high voltage(>6). The cut-off point of this experiment was at point of ejaculation 

or 12 volts. 

Behaviour changes recording (Discomfort signs) 

The discomfort signs were recorded before EE (baseline), during EE and 20 minutes 

after relaxation by the same person throughout the experiment. Videos of the 

behaviour were also recorded from side and front view to ease the evaluation of the 

behaviour. 

 

3.4 Statistical analysis 

The data from EEG recording was analysed using SAS system, version 9.1(SAS Inst. 

Inc., Cary., NC). One-way ANOVA was used to analyse the data and significant 

difference among mean result was subjected to post hoc Tukey’s multiple 

comparison test. All results were presented as Mean ± Standard error(SE). Data for 

signs of discomfort were analysed using IBM SPSS Statistics, Version 25 non-

parametric test; Man-Whitney test (discomfort signs compared with treatment group) 

and Kruskal-Wallis test (discomfort signs compared with time) followed by 

Bonferonni-Dunnet’s multiple comparison test for statiscally significant difference 

result. The strength of correlation between mean of MF and discomfort signs were 

tested using Spearman’s Correlation Test. 
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4.0 RESULT 

 

Table 1 and Table 2 shows EEG result before, during EE and after 20 minutes after 

EE procedure for Low group treatment (≤6V). Results show that alpha, beta, delta 

and theta  (Table 1) MF and Ptot (Table 2) increased significantly(p=0.0001) during 

EE compared to baseline and the values returned to baseline twenty minutes after the 

procedure (relaxation). 

 

Table 1  Mean ± SE(µV) of alpha, beta, delta and theta waves of Low group 

Parameter 

Time P 

value Baseline EE Relax 

Alpha 1.1520b ± 0.1107 2.1902a ± 

0.6988 

1.1645b ± 

0.1077 

0.000

1 

Beta 1.9945b ± 0.3643 5.0151a ± 

1.6195 

2.0594b ± 

0.2359 

0.000

1 

Delta 4.6061b ± 0.5374 11.2986a ± 

4.8013 

3.9897b ± 

0.1759 

0.000

1 

Theta 1.5161b ± 0.1657 2.2922a ± 

0.5841 

1.3721b ± 

0.0775 

0.000

2 

a,b Difference across the row with different superscript differed significantly at  

p<0.05.EE= Electroejaculation 

 

Table 2 Electroencephalogram total power (Ptot) (µV) and median frequency (MF) 

(Hz) values (Mean ± SE) of  Low group  
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Parameter 

Time P 

value Baseline EE Relax 

Ptot 7.9217b ± 0.8495 31.5368a ± 

2.7459 

7.223b ± 0.4123 0.0001 

MF 13.4275b ± 

1.4595 

47.1436a ± 

6.6765 

16.895b ± 

0.6813 

0.0001 

a,b Difference across the row with different superscript differed significantly at  

p<0.05.EE= Electroejaculation 

 

Table 3 and Table 4 shows EEG result before, during EE and after 20 minutes after 

EE procedure for High group treatment(>6V). Results show that alpha, beta, delta 

and theta (Table 3)  MF and Ptot (Table 4) increased significantly ( p=0.0001) 

during EE compared to baseline and the values returned to baseline twenty minutes 

after the procedure (relaxation).  

  

Table 3  Mean ± SE(µV) of alpha, beta, delta and theta waves  of High group  

Parameter 

Time P 

value Baseline EE Relax 

Alpha 1.1544b ± 

0.1572 

2.5994a ± 

0.1865 

1.1297b ± 

0.1551 

0.0001 

Beta 1.9544b ± 

0.3438 

4.2006a ± 

0.3438 

2.0459b ± 

0.4327 

0.0001 

Delta 4.4374b ± 15.6186a ± 4.4206b ± 0.0001 



@
COPYRIG

HT U
PM

13 
 

0.6626 6.4102 0.6576 

Theta 1.2209b ± 

0.0835 

2.7004a ± 

0.3678 

1.2784b ± 

0.0837 

0.0001 

a,b Difference across the row with different superscript differed significantly at  

p<0.05.EE= Electroejaculation 

 

Table 4  Electroencephalogram total power (Ptot)(µV) and median frequency 

(MF)(Hz) values (Mean ± SE)  of High group  

Parameter 

Time P 

value Baseline EE Relax 

Ptot 8.0755b ± 

0.4602 

25.0752a ± 

6.9345 

7.223b ± 0.4123 0.0001 

MF 13.0372b ± 

1.0090 

32.6661a ± 

4.5307 

13.7685b ± 

2.4011 

0.0001 

a,b Difference across the row with different superscript differed significantly at  

p<0.05.EE= Electroejaculation 

 

Table 5 shows comparison of median frequency (MF) across the group treatment.  

There is difference in MF across the time at p=0.0001 and post hoc test shows the 

MF are significantly different from baseline, during EE for Low voltage group(≤6V)  

and during EE for High voltage group(>6V). From the result, we can also see that 

the MF of Low voltage group are higher than the high voltage group treatment. This 

shows that the bulls in the Low voltage group treatment have low tolerance to 

nociceptive. 
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Table 5  Differences in electroencephalogram total power (Ptot)(µV) and median 

frequency (MF)(Hz) values (Mean ± SE) when compared between group treatment.  

Parameter 

Group treatment P 

value Time 

Baseline EE Low EE High  

MF 13.4275c ± 

1.4595 

47.1436a ± 

6.6765 

32.6661b ± 

4.5307 

0.0001 

a,b,c Difference across the row with different superscript differed significantly at  

p<0.05.EE Low= Electroejaculation Low voltage group treatment. EE High= 

Electroejaculation  High voltage group treatment. 

 

Figure 2 and Figure 3 shows distribution of arc back reaction across the time. Based 

on Figure 2, there is no arc back during baseline for Low voltage group(≤6V).  

However, during EE all  of the bulls showed arc back. After 20 minutes of 

relaxation, no arc back was observed . Figure 3 shows percentage of bulls that 

reacted arc back in High voltage group(>6V). All  bulls show arched back during 

EE. For baseline and after 20 minutes relaxation there were no arc back observed. 
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Figure 2:  Percentage of bulls showing arc back behaviour in Low voltage group  

 

 

Figure 3:  Percentage of  bulls showing arc back behaviour  in High voltage group  

 

Figure 4 shows percentage of bulls showing struggling behaviour  

during EE in low voltage group(≤6V). All bulls show struggling behaviour during 

EE.  
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Figure 4:  Percentage of bulls showing struggling behaviour  in Low voltage group  

 

Figure 5 shows percentage of showing struggle in high voltage group(>6V) . For 

baseline, 25% of bulls show struggling compared in the Low voltage group. All bulls 

show struggling during EE procedure. 

 

 

Figure 5:  Percentage of bulls showing struggling behaviour  in High voltage group  
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Figure 6 shows head position of bulls during EE procedure for low group(≤6V). 

About 25% were having head down or up during EE stimulation and 75% of the 

bulls having head down first the head up as voltage increased. Figure 7 has 

opposites result compared to Figure 6. Figure 7, for high voltage group(>6V), only 

25% were having head down and up and 75% having head up or down as voltage 

increased. 

 

 

Figure 6:  Percentage of bulls showing head position behaviour in Low voltage 

group  
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Figure 7:  Percentage of bulls showing head position behaviour in High voltage 

group  

About 75% of bulls showed salivation during EE procedure in low voltage group(≤ 

6V) (Figure 8). Meanwhile, in high voltage group(>6V) 100% of the bulls had 

salivation during EE procedure (Figure 9). 
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Figure 8:  Percentage of bulls showing salivation/drooling  in Low voltage group  

  

Figure 9:  Percentage of bulls showing salivation/drooling  in Low voltage group  
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Table 6 reveals there is strong correlation between Mean  Ptot and Mean MF with 

arched back, animal struggle, , head position and salivation/drooling with 0.847, 

0.735, 0.829, 0.844 and 0.784; 0.702, 0.704, 0.767, 0.798 and 0.683 respectively. 

 

Table 6 Strength of correlation between total power (Ptot) and median 

frequency(MF) with behaviour changes.  

Parameter Arc back Animal 

struggle 

Head 

position 

Salivation/Drool

ing 

Mean Ptot 0.847* 0.735* 0.844* 0.784* 

Mean MF 0.702* 0.704* 0.798* 0.683* 

*Correlation significant at the level 0.01 level (2-tailed). MF=Median frequency  

 

In general, result showed that the electrical stimulation from the electroejaculator 

caused a change in EEG responses and the behaviour for low and high voltage 

groups treatment.  
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5.0 DISCUSSION 

 

      Result of this study revealed that the EEG parameters of pain increased 

significantly during EE stimulation compared to baseline in both groups. Median 

Frequency (MF) and Total power (Ptot) changes are associated with noxious 

stimulation (Murrell et al 2003,2005; Haga and Ranheim, 2005). Kaka et al. (2015 & 

2016) also found that MF and Ptot of EEG   increase in response to noxious 

stimulus.. EEG directly measures the changes in the electrical activity of the cerebral 

cortex, which perceives pain (Johnson, 2007). This change in EEG spectrum is 

known de-synchronization of the EEG in response to noxious stimuli. Similar de-

synchronization in EEG during noxious stimulation was also observed in minimal 

anaesthesia model that was applied to the other species like deer, sheep and rats 

(Slyvester et al., 2002; Woodbury et al., 2005). Thus, the results of this study are in 

line with previous studies in various species of animals and suggest that EE 

stimulation caused painful experience to the bulls.  

       Animals tend to show signs of discomfort and stress when they are subjected to 

any unfamiliar object or condition (Baiee et al., 2018). The discomfort signs that was 

reported in previous studies such as  recumbent and arc back (Baiee et al. 2018), 

jumping and kicking ( Small et al., 2019) and extension of hind limb (Wells et al., 

1966). In this study, we recorded arched back, salivation, lying down, head moving 

up and down; and struggling when exhibited by the bulls in response to EE 

stimulation. Palmer (2005) has mentioned that intense muscle contraction, 

struggling, vocalization and occasionally recumbency is an indicative of discomfort 

during EE stimulation in bulls. Animal tends to show signs of discomfort and stress 
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when they are subjected to any unfamiliar object or condition (Baiee et al., 2018). In 

this study, no vocalization were observed; Palmer (2005) has proposed that absence 

of vocalization does not mean there is no pain, and vocalization differences between 

individuals may be associated with EE technique. Painful procedure can be indicated 

with the ability to elicit vocalization which is consider as acute reaction, even though 

vocalization may not be expected since not all animal vocalizes in response to pain, 

unless it is severe pain (Palmer, 2005). 

       In present study, the bulls showed arched back, struggling and salivation during 

EE stimulation. These behaviour expressed by the bulls explained that bulls were in 

discomfort when electrical stimulation was applied. The arched  back behaviour 

shown during EE stimulation in this study, have also been reported by Baiee et al. 

(2018) who found that 100% of the bulls tested showed arching of the back during 

EE stimulation. In the present study, both muscle spasm and struggling were 

observed during EE stimulation, some of the bulls expressed moderate reaction, but 

some shows more intense reaction. No bulls were observed recumbent during EE 

stimulation, this is in contrast with finding by Baiee et al. (2018) observed 16.67% of 

recumbency during EE stimulation. This happened may be due to EE technique or 

observation of recumbency by the assessors.  
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6.0 CONCLUSION AND RECOMMENDATION 

 

From the findings of this study it is concluded that EE procedure was painful to the 

bulls as indicated by EEG and behaviour indicators. Future studies to consolidate the 

findings of this study with the stress hormone analysis along with EEG are 

recommended. 
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