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ABSTRACT

The present study evaluated the effect of training to livestock handlers on electroencephalogram
(EEG) and plasma enzymes levels during preslaughter handling in goats. Six handlers were divided
into three groups viz., trained (T-trained in basic animal handling practices, animal behavior, and ani-
mal welfare principles), contact trained (CT-not trained directly but interacted and saw the working of
trained handlers), and untrained (UT-no formal training). Eighteen Boer cross bucks were used in the
study by following a cross-over design and electroencephalogram spectrum, creatine kinase (CK), and
lactate dehydrogenase (LDH) concentrations were recorded before handling (in lairage) and after han-
dling (at slaughter point). The training of livestock handlers had a significant (p<0.05) effect on the
total power (Ptot) and median frequency (MF) of the EEG spectrum. Whereas no significant (p>0.05)
change was recorded in the alpha, beta, delta, theta, and gamma bands activity. The goats handled by
trained handlers exhibited significantly (p<0.05) lower CK and LDH concentrations than goats handled
by CT and UT handlers, thereby indicating higher preslaughter stress in goats handled by CT and UT
groups. Therefore, the current study emphasizes the significance of providing training to livestock han-
dlers in order to mitigate preslaughter stress levels in goats.
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INTRODUCTION

Human-animal interaction (HAI) plays an
important role in animal production by affecting
handling stress and animal productivity. Proper
preslaughter handling of animals, especially be-
tween the lairage and slaughter point, was crucial
for mitigating stress, animal welfare, and meat
quality (Kumar et al., 2023a). To train livestock
handlers is very important for improving their
handling skills, attitude, and behavior, thereby it
can minimize the stress levels in the livestock
(Grandin and Shivley, 2015). The high level of
job stress, prolonged working hours, and unantic-
ipated animal responses make this job very
stressful, consequently leading to poor work
quality and improper handling of animals
(Coetzee and Klopper, 2010). In the present con-
text of increasing awareness among the general
public and consumers, in particular, towards the
treatment met out to the animals during meat
production, the issue of livestock handlers’ train-
ing has become paramount for the meat industry
(Mathur et al., 2021). Improved attitude, skills,
and behavior of livestock handlers with proper
training have been well established by several
studies (Ceballos et al., 2018).

The muscle injury and inflammation due to
preslaughter stress led to increase synthesis of
creatine kinase (CK) and lactate dehydrogenase
(LDH) enzymes in the liver. Thus, CK and LDH
prove good indicators of muscle injury and tissue
damage caused under various preslaughter opera-
tions such as intense physical activity, rough
handling, and trauma (Fuente et al., 2010). In
addition, electroencephalography (EEG) spec-
trum by measuring the electrical activity of cere-
brocortical neurons could provide a reliable, sen-
sitive, and real-time status of the brain activity of
animals (Kaka et al., 2015) by measuring neural
activity during the stress. A detailed analysis of
the EEG variables (such as median frequency
and total power), and wave patterns (frequencies
and amplitude) provides insight into animal
stress, pain, and welfare status (Kumar et al.,
2022).

There is a lack of studies on the animal han-
dler attitude on the livestock, particularly in be-
tween lairage to slaughter point. Thus, the pre-
sent study was designed to assess the effect of
animal handler’s attitudes on electroencephalo-

gram (EEG) responses and serum enzymes (LDH
and CK). Goats as ideal small ruminants, due to
their productivity, availability, distribution
throughout the globe, and economic importance,
were used in the present study. The outcome of
the present study would be helpful in convincing
the people involved in the meat industry to fol-
low proper animal handling practices.

MATERIALS AND METHODS

Ethical Approval

The present study was conducted following
the animal ethics guidelines of the Research Poli-
cy of Universiti Putra Malaysia as per the Institu-
tional Animals Care and Use Committee
(Approval No.: UPM/IACUC/AUP-R003/2022
dated 27 May 2022).

Animals and Experiment Design

In the current study, a total of 18 Boer cross
bucks aged between 8-12 months and live
weights ranging from 24-28 kg were used. The
bucks were housed at the small ruminant housing
facility at the Institute of Tropical Agriculture
and Food Security in Universiti Putra Malaysia
(latitude  2°59°06.5” N  and longitude
101°43°40.7” E) for 2 weeks for acclimatization
with standard managemental care. During their
stay, animals were dewormed before starting the
treatment and during the study period, goats were
fed twice daily (morning- chopped fresh Napier
grass and evening pellets ration), and provided
ad libitum water. Before commencing the experi-
ment, the bucks were transported to the research
slaughterhouse (distance: approx. 2.0 km) of the
Department of Animal Science, Faculty of Agri-
culture, Universiti Putra Malaysia (258059.000”
N; 10144006.400” E). The animals were rested
overnight in the lairage with ad libitum water.

This study was completed from July to Au-
gust 2022 in a cross-over design with a one-week
resting period. Eighteen bucks were assigned
into three groups (n=6) as trained group, contact-
trained, and untrained group.

In the present study, six livestock handlers
(25-28 years old, education level - matriculation
to graduate involved in routine livestock farm
operations) were selected. The livestock handlers
were divided into three groups viz., trained group
(T), untrained group (UT), and contact trained

216 J. Indonesian Trop. Anim. Agric. 49(3):215-223, September 2024



(CT). The trained handlers were trained for 1
week in animal behavioral principles such as
gentle handling, animal flight zone, point of bal-
ance, normal movement, and stress responses.
The untrained (UT) handlers have not undergone
training for these principles. The contact-trained
(CT) handlers were not directly trained but inter-
acted with trained handlers and observed the
working of trained handlers for a period of one
week. After the training session, the attitude and
skill of trainees were assessed through interview
or oral test and practical examination. The train-
ees who scored good to excellent grades were
categorized as trained handlers. Further, prior to
the start of the experiment, the trained handlers
were briefed about various handling practices.
Goats were moved from the lairage to the
slaughter point by animal handlers covering the
same distance and same floor conditions. The
welfare status of goats after being handled by
trained staff (T), contact trained (CT), and un-
trained staff (UT) were assessed by recording
encephalogram variables (Sabow et al., 2016),
CK and LDH concentrations before handling
(control value in lairage) and after handling (at
slaughter point). The preslaughter handling of
goats was recorded by carefully observing the
human-animal interactions by tactile (handling of
goats by ear, legs, tail, hitting, auditory
(whistling, shouting, and banging of pen fit-
tings), and visuals means (waving of hands or
objects in front of goats, blocking, and hand rais-

ing).

Electroencephalogram Recording

The electrical activity of cerebrocortical
neurons was measured in the form of EEG re-
cording at the lairage before handling (Control)
and at the slaughter point after handling using a
Powerlab 4/20 data recording system (Powerlab
data acquisition system, ADInstruments Ltd.
Sydney, Australia) with the help of Chart 5.0
(PowerlabTM data acquisition system, Sydney,
Australia). The EEG was recorded by placing
two conductive electrode patches attached to the
zygomatic process of the frontal bone and the
mastoid areas of the goat. Two 4-6 c¢cm skin areas
in between the mastoid process and medial can-
thi of eyes (for non-inverting/positive electrode
patch) and on the right side at the zygomatic pro-
cess of the frontal bone approx. 1.5 cm below

eye level (for inverting/ negative electrode) were
finely shaved, cleaned, and degreased with 70%
ethyl alcohol for close and smooth attachment of
conductive adhesive disposable electrodes hydro-
gel (Covidien LLC, Mansfield, MA, USA) and to
improve the quality of electrical signals (Kumar
et al., 2023b). The EEG was recorded immedi-
ately within 30 s upon the placement of the elec-
trodes for 3-4 min. The animals were gently han-
dled minimally by the experienced technical staff
during EEG recording.

EEG recordings were analysed offline using
LabChart 5.0 software (ADInstruments Ltd. Syd-
ney, Australia). The individual power spectrum
of alpha, beta, delta, theta, and gamma waves/
band oscillation was interpreted using fast Fouri-
er transformation analysis. The amplitude and
frequency of the EEG signals were sampled at a
sampling rate of 1 kHz. In addition to minimiz-
ing artifacts, the raw EEG was resampled below
200 Hz (Sabow et al., 2019). The EEG record-
ings were cleaned, deleting artifacts from the
spectrum caused due to physical and physiologi-
cal movements and other disturbances. Total
power (Ptot, the total area under the curve), root
mean square (RMS) of alpha, beta, delta, theta
and gamma waves, and median Frequency (F50,
frequency below which 50% of Ptot lies) were
calculated repeatedly for non-overlapping of one
-second epochs, yielding 60 epochs per minute
(Murrell and Johnson, 2006). A 60-second block
EEG data were collected before and after treat-
ments. Further, each block was calculated for
consecutive non-overlapping 1-s epochs, and for
each animal, 10 values were sampled to arrive at
a mean value.

Blood Collection

During the present study, blood samples
were collected by the trained technical staff from
the jugular vein of goats two times, viz., before
handling in lairage (Control) and at the slaughter
point after handling by T, CT, and UT groups. A
21-gauge needle connected to a 10 mL clot acti-
vator (BD Vacutainer®, Plymouth, UK) eth-
ylenediaminetetraacetic acid tube was used to
collect blood samples. These tubes with blood
were held in a box containing crushed ice for 1 h.
The tubes were centrifuged (Eppendorf Centri-
fuge 5810) at 3500 g for 15 min at 4°C. The su-
pernatant (plasma) was separated and kept in a
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deep freezer (Sanyo Electric Co Ltd, UK) at -80°
C, for further LDH and CK analysis.

Creatine Kinase (CK) and Lactate Dehydro-
genase (LDH) Analysis

Plasma concentrations of LDH and CK were
assessed using LDH kit (QuantiChrome™ Lac-
tate Dehydrogenase Kit, Bioassay System,
D2DH-100, CA, USA), and CK kit
(EnzyChrom™ creatine kinase assay kit ECPK-
100, Bioassay System, CA, USA) following the
manufacturer’s instructions.

Statistical Analysis

The normality of the data was assessed using
Shapiro—Wilk test using SPSS Statistics Version
27 software (IBM Corporation, New York,
USA). The changes in the mean values of elec-
troencephalogram spectrum variables and blood
enzymes in goats in lairage before handling and
at slaughter point after handling were compared
with Duncan’s multiple-range test through a One
-way Analysis of Variance (ANOVA, n=18). A p
-value of less than 0.05 was deemed statistically
significant in the present study.

RESULTS AND DISCUSSION

EEG Variables

In the present study, the activity of alpha,
beta, delta, and gamma waves increased non-
significantly (p>0.05) and theta waves decreased
non-significantly (p>0.05) after preslaughter
handling (Table 1).

Alpha Wave

The alpha wave activity of goats recorded a
non-significant (p>0.05) increase after handling
as compared to control values measured in the
lairage before moving to the slaughter point. The
alpha wave activity was recorded as the highest
in the CT group. The control value of the alpha
wave was recorded as the lowest among all
groups. The handling of animals and moving to a
different place could attributed to the increase in
the alpha wave activity. In previous studies, the
increase in the alpha band oscillation was record-
ed in the lairage as compared to their baseline
value at the farm prior to the start of the journey
in goats (Othman et al., 2021; Raghazli et al.,
2021). Similarly, an increased alpha wave activi-
ty was noticed after electrical stunning in lambs
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and goats by Llonch et al. (2015).

Beta Wave

The beta wave activity in goats after han-
dling was reported to be non-significantly higher
(p>0.05) as compared to control. The beta waves
were recorded as the highest for the T group and
followed the following trend T> CT > UT >
Control. In humans, an increased beta wave ac-
tivity correlates to stressful conditions (Seo and
Lee, 2010). An increase in beta wave activity in
goats during preslaughter handling was observed
under stressful conditions such as transportation
(Othman et al., 2021; Raghazli et al., 2021). A
non-significant increase in the beta waves was
reported by Raghazli ef al. (2021) after 2 h trans-
portation in goats, whereas increasing the trans-
portation duration decreased the beta waves due
to stress adaptation. Increased beta wave activity
of the EEG spectrum was observed with in-
creased brain activity in panic conditions and
fear perceptions (Wigham et al., 2018). Similar-
ly, a significant increase in the beta wave was
observed in goats due to exposure to slaughter
ambient (Kumar et al., 2023c).

Delta Wave

The delta wave (1- 4 Hz) was observed to
follow an increasing trend with the training of
the livestock handler. The control values for del-
ta waves were the lowest, and the UT had the
highest (p>0.05) delta wave intensity. The lower
delta wave activity could be due to the improve-
ment in the attitude of the trained handlers, lead-
ing to positive human-animal interactions caus-
ing lower stress responses in the T goats. The
delta waves are associated with the brain's de-
fault mode network (Siegel et al., 2000), associ-
ated with past experiences and imagining upcom-
ing events/ consequences (Buckner, 2013). A
higher delta wave activity was observed in goats
during slaughtering as compared to their respec-
tive delta waves at farms was also reported by
Raghazli et al. (2021).

Theta Wave

There were no statistically significant differ-
ences (p>0.05) observed among the theta wave
activity of various groups in the present study.
The highest theta waves were recorded in the
Control, followed by the T group. The lowest
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theta waves were recorded for the UT group.
Further, a non-significantly higher (p>0.05)
gamma wave activity (30-80 Hz) was observed
in the Control group as compared to the treat-
ment groups (T, CT, and UT). In the present
study, higher theta waves during the control
stage prior to handling indicate that goats were
relaxed and alert. In humans, the presence of
higher theta waves (4-7 Hz) correlates with crea-
tivity, deep relaxation, intuition, daydreaming,
memory, and dominance during drowsiness and
early stages of sleep. However, dominant theta
waves indicate arousal and alertness (Bell,
2018). With the handling of these animals, the
theta waves were decreased, and the UT group
recorded a higher suppression of these waves.
An improved human-animal interaction (HAI) in
the T and CT group in the present study was ob-
served to have an effect on the theta waves in the
goats. In livestock, theta waves activity was also
recorded as statistically non-significant (p>0.05)
under transport stress by Raghazli er al. (2021)
however, these values increased significantly
during slaughtering stress.

Gamma Wave

The gamma wave is a high-frequency wave
correlated with information processing, cogni-
tive learning, and memory (Abhang et al., 2016).
Gamma waves are characterized by rapid
rhythm, thus causing excitation in the network
without inhibition. This helps in effective and
precise communication between multiple regions
(Tiesinga et al., 2004). In humans, a dominant
gamma indicates anxiety, stress, and high arous-
al, whereas depression correlates with depres-
sion and learning disability (Abhang et al.,
2016). Gamma waves could be a potential bi-
omarker of depressive state and therapeutic re-

sponse in humans (Fitzgerald and Watson, 2018).
A behavioral disruption was also observed to
increase the gamma wave by Leung and MA
(2016). In addition, gamma wave in optimal con-
ditions facilitates focus, attention to senses
(optic, olfactory, and auditory), mental condition,
consciousness, and perceptions (Abhang et al.,
2016). Thus a higher gamma waves in the treat-
ment groups, as compared to the Control, could
be correlated with the preslaughter handling
stress in goats.

Total Power and Median Frequency

The total power (Ptot) and median frequency
(MF) of the EEG spectrum increased upon the
handling of goats (Table 2). The highest Ptot val-
ue was recorded in the goats handled by un-
trained handlers (UT group), followed by goats
handled by contact-trained handlers (CT group)
and trained handlers (T group). The Ptot of the
UT group was significantly (p<0.05) higher than
those of the control group. No significant differ-
ence was observed in the median frequency (MF
or F50) of the EEG spectrum for the control and
T groups, whereas, MF increased significantly
(p<0.05) in CT and UT groups compared to in
the control. Overall, the MF value of CT and UT
groups was significantly (p<0.05) higher (with
approx. 3-fold increase) as compared to those of
the Control and T groups.

The total power of the EEG spectrum is cor-
related with the stress levels with a higher Ptot in
stressful conditions and a lower Ptot in the re-
laxed phase (Kumar et al., 2022; Tilbrook and
Ralph, 2018). An increased MF of the EEG spec-
trum was reported to be associated with in-
creased reactivity to sensory stimuli (Murrell and
Johnson, 2006). Raghazli et al. (2021) observed
an increase in the MF of the EEG spectrum was

Table 1. Effect of Training of Livestock Handlers on Alpha, Beta, Delta, Theta, and Gamma Waves Activity
of Electroencephalogram Spectrum During Preslaughter Handling in Goats

Group Control T CT UT

Alpha (uV) 0.888+0.047 0.970+0.066 1.021+0.082 0.960+0.055
Beta(pnV) 1.285+0.064 1.881+0.342 1.782+0.352 1.471£0.094
Delta(pV) 7.850+0.985 8.058+0.987 9.158+0.813 11.105+2.166
Theta (uV) 1.969+0.163 1.765+0.182 1.741+0.235 1.658+0.116
Gamma(pV) 2.625+0.183 3.179+£0.224 2.831+0.232 2.988+0.235

Values are means + standard error with no superscript within a row-wise did not differ significantly (p>0.05; n=18).
Control- values recorded at lairage before handling, T- goats handled by trained handlers, CT-goat handled by handler
not trained but interacted and saw the handling of trained handlers, UT- goats handled by the untrained handler.
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Table 2. Effect of Training of Livestock Handlers on Total Power (Ptot) and Median Frequency (MF) Variables
of Electroencephalogram Spectrum During Preslaughter Handling in Goats

Group Control T CT uT
Ptot (V2/Hz) 12.615+0.712° 14.691+1.160% 16.507+1.528% 18.059+2.313b
MF (Hz) 6.838+0.571? 8.320+0.6607 35.170+3.038° 32.478+2.528°

Values are mean + standard error with different superscripts within a row-wise differ significantly (p<0.05), Control- values
recorded at lairage before handling, T- goats handled by trained handlers, CT-goat handled by handler not trained but
interacted and saw the handling of trained handlers, UT- goats handled by the untrained handler n=18, level of significance

p<0.05

correlated with pain and stressful conditions. An
increased MF value was recorded due to stress
caused by transportation and stocking density in
cattle by Abubakar et al. (2021). Similar to the
present findings, Kumar et al. (2023b) reported
significantly higher Ptot and MF values of the
EEG spectrum were observed in goats under ex-
posure to the slaughter ambient. In the present
study, the higher Ptot and MF values in the goats
in T groups as compared to the Control could be
attributed to the novelty of the environment and
the visual and physical separation of animals
away from the herd. This could cause fear and
anxiety in gregarious animals such as goats han-

m CK
600

500

[U/L

Control T

dled by trained handlers (Forkman et al., 2007).

Creatine Kinase and Lactate Dehydrogenase

Animal handler attitude has a significant effect
on the blood plasma creatine kinase (CK) con-
centration (Figure 1). The plasma CK concentra-
tions of the C and T groups were comparable,
with the T group exhibiting a non-significantly
higher (p>0.05) than the C group. The UT group
had the highest CK concentration, and the C
group had the lowest CK concentration. The CT
group had significantly (p<0.05) lower CK con-
centration than the UT group. Plasma LDH con-
centration followed a similar pattern to plasma

m LDH

C
C
b
400 b
a a

300
200 a a
B I I

0

CT uUT

Figure 1. Effect of training of livestock handlers on CK and LDH concentrations during preslaughter handling in
goats. Different superscripts (a, b, and ¢) within an enzyme concentration differ significantly (p<0.05); CK-
creatine kinase, LDH-lactate dehydrogenase, Control- values recorded at lairage before handling, T- goats handled
by trained handlers, CT-goat handled by handler not trained but interacted and saw the handling of trained
handlers, UT- goats handled by the untrained handler, [U-international unit, n=18
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CK concentration, with the UT group exhibiting
the highest LDH concentration (UT>CT>T>C)
(Figure 1). The LDH concentration in the control
group recorded at the slaughter point after han-
dling was observed to be lower than those in the
trained group.

The higher CK and LDH concentrations in
the UT group could be associated with poor atti-
tude and improper handling of goats by untrained
handlers. The marginal increase in plasma CK
and LDH concentrations of the T group over the
Control group could be due to the improved atti-
tude and gentle handling by the trained handlers.
All the animals used in the present study were
male and, due to their aggressive nature, had
higher intensity of stress reactivity and muscle
damage, thereby leading to higher CK concentra-
tion. Similar findings of higher CK in boars as
compared to gilts were also reported by Merlot et
al. (2011). A significant increase in the CK con-
centration was recorded in goats in lairage after
transportation stress (Othman et al., 2021) and
after being slaughtered (Sabow et al., 2016,
2019). The plasma LDH concentration of goats
was also reported to have a significant (p<0.05)
increase due to slaughter stress in goats (Sabow
et al., 2016, 2019). Various preslaughter opera-
tions, such as improper handling, cause stress,
and muscle injury in animals, which lead to an
increase in the CK and LDH content in the blood
(Ekiz et al., 2012; Fuente ef al., 2010).

CONCLUSION

The present study highlighted the im-
portance of training to the livestock handlers in
mitigating stress during preslaughter handling.
The goats handled by trained handlers with im-
proved attitudes and following positive human-
animal interactions exhibited a lower electroen-
cephalogram response and lower plasma concen-
tration of creatine kinase and lactate dehydrogen-
ase, thereby indicating lower preslaughter stress
and improved animal welfare status.
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