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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
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There is increasing global demand for halal meat. However, halal slaughter is 
controversial with respect to animal welfare. Therefore, harmonizing spiritual 
views, animal welfare, slaughter methods and meat quality is a continued research 
effort. The current study aims to describe two experiments that link physiological 
stress responses following different methods of slaughter to carcass and meat 
quality using goats as a model.  

In the first experiment, blood biochemistry, electroencephalographic changes and 
meat quality characteristics associated with possible noxious stimuli following 
neck cut of goats subjected to conscious halal slaughter and slaughter following 
minimal anesthesia were assessed in order to validate the minimal anesthesia 
technique. Ten male Boer crossbred goats were divided into two groups of 5 
animals each and subjected to either halal slaughter without stunning (HS) or 
slaughter following minimal anesthesia (AS) using 5mg/kg propofol administered 
through cephalic vein and maintained with halothane in 100% oxygen. Blood 
analysis revealed that the intensity of response for most biochemical blood 
parameters, except glucose and lactate was not affected by slaughter method. Based 
on the EEG results, the changes in brain electrical activities were not significantly 
different between anesthetized and non-anesthetized animals. The HS goats had 
earlier (p<0.05) cessation of heart beats compared with AS goats. Blood loss at 
exsanguination, residual hemoglobin and myoglobin in meat were not different 
between HS and AS. At pre-rigor, HS had lower (p<0.05) muscle pH and glycogen 
compared to AS. HS meat had lower (p<0.05) drip loss than AS throughout ageing. 
After 24 h postmortem, AS meat had higher population of lactic acid bacteria than 
HS group. The present results demonstrate that the noxious stimulus from neck cut 
is present in both conscious and minimally anaesthetized goats. Slaughtering goats 
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following minimal anesthesia did not affect bleeding efficiency and meat quality in 
comparison with slaughtering goats fully conscious. 

The second experiment compared different methods of pre-slaughter electrical 
stunning and slaughter without stunning on physiological stress responses, carcass 
and meat quality in goats. Thirty-two crossbred Boer bucks were divided into four 
groups of 8 animals and subjected to halal slaughter without stunning (SWS), low 
frequency head-only electrical stunning (LFHO; 1 A for 3 s at 50 Hz), low 
frequency head-to-back electrical stunning (LFHB; 1 A for 3 s at 50 Hz) and high 
frequency head-to-back electrical stunning (HFHB; 1 A for 3 s at 850 Hz). 
Slaughtering of animals with or without stunning was performed under minimal 
anesthesia. Analysis of the sticking blood revealed that all variables were 
significantly (p<0.05) higher than their values in blood samples taken in the farm, 
lairage, after the point of anesthesia induction and prior to stunning/slaughter. 
Following slaughter, the SWS animals had higher changes of electrical activity of 
the brain (EEG) than that of pre-slaughter while electrical stunning maximized the 
possibility of post stunning insensibility. Based on EEG data, the LFHO animals 
had the highest changes of electrical activity of the brain at stunning point 
compared to other stunned animals. LFHB induced a cardiac arrest in all the goats 
contrary to LFHO and HFHB. The duration between the point of cut and producing 
cardiac fibrillation for the HFHB goats was similar to that of LFHO and SWS 
groups. At 12 h postmortem, LFHO, LFHB and HFHB exhibited lower (p<0.05) 
glycogen and pH and higher lactate and glycolytic potential values and faster pH 
decline than SWS. The pH, glycogen, lactate, glycolytic potential, drip loss, color, 
shear force, sarcomere length and myofibrillar fragmentation index at 1, 7 and 14 d 
postmortem did not differ between treatments. The LFHO, LFHB and HFHB 
exhibited higher (p<0.05) cooking loss than SWS at 7 and 14 d postmortem. 
Incidences of speckles and blood splash were higher (p<0.05) in electrical stunned 
goats compared with SWS goats. Nonetheless, HFHB had lower (p<0.05) speckles 
and blood splash than LFHB and LFHO. The SWS, LFHO and HFHB goats had 
higher (p<0.05) blood loss and lower residual hemoglobin in muscle compared to 
LFHB. The LFHB meat had higher (p<0.05) TBARS value and bacterial counts at 
7 and 14 d postmortem than other treatments. Immunoblot analysis, carbonyl and 
thiol content determination revealed that protein oxidation increased with aging 
time, but was not affected by slaughter methods. The expression of myosin heavy 
chain and troponin-T reduced while actin remained stable over storage. The present 
findings indicate that all slaughter methods caused substantial physiological stress 
responses which may not necessarily translate into compromising of animal 
welfare and meat quality, as all blood biochemical parameters level observed fell 
within the normal physiological range for goats. Moreover, HFHB can be used as a 
substitute for conventional electrical stunning techniques since it meets both the 
Islamic requirement of the animal being alive at the moment of slaughter and 
animal welfare requirement of insensibility during exsanguination. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah 
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Terdapat peningkatan terhadap permintaan daging halal di peringkat global. 
Penyembelihan halal bagaimanapun adalah amat kontroversi apabila dilihat dari 
sudut kebajikan haiwan. Oleh itu, keselarian perspektif kerohananian, kebajikan 
haiwan, kaedah penyembelihan dan kualiti daging adalah merupakan satu usaha 
penyelidikan yang berterusan. Kajian ini menerangkan dua eksperimen yang 
mengaitkan tindak balas tekanan fisiologi mengikut kaedah pemotongan leher dan 
salur darah yang berbeza kepada kualiti karkas dan daging menggunakan kambing 
sebagai model. 

Dalam eksperimen pertama, biokimia darah, perubahan elektroensefalografik dan 
ciri-ciri kualiti daging berkaitan kemungkinan rangsangan berbahaya yang 
disebabkan oleh pemotongan leher kambing melalui kaedah penyembelihan halal 
sedar dan penyembelihan selepas pembiusan minimum telah dinilai bagi 
mengesahkan teknik bius yang minimum. Sepuluh ekor kambing jantan Boer 
kacukan telah dibahagikan kepada dua kumpulan, dengan jumlah sebanyak 5 ekor 
kambing bagi setiap kumpulan, yang kemudiannya tertakluk kepada 
penyembelihan halal tanpa renjatan  (HS) atau penyembelihan selepas pembiusan 
minimum (AS) menggunakan 5mg/kg propofol yang diberi melalui vena sefalik 
dan dikekalkan dengan halothane dalam 100% oksigen. Analisis darah 
menunjukkan kebanyakan parameter biokimia darah, kecuali glukosa dan laktat, 
tidak terjejas oleh penyembelihan kambing samada di dalam keadaan bius 
minimum atau sedar sepenuhnya. Berdasarkan kepada keputusan EEG, perubahan 
dalam aktiviti elektrik otak di antara haiwan yang dibius dan tidak dibius didapati 
tidak berbeza dengan ketara. Kambing-kambing HS mengalami pemberhentian 
denyutan jantung yang lebih awal (p<0.05) berbanding dengan kambing AS. 
Kehilangan darah semasa pemotongan, sisa hemoglobin dan myoglobin dalam 
daging di antara HS dan AS adalah tidak berbeza. Pada peringkat pra rigor, HS 
mempunyai pH otot dan glikogen yang lebih rendah (p<0.05) berbanding AS. 
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Daging HS menunjukkan (p<0.05) kehilangan titisan lebih rendah daripada AS di 
sepanjang proses penuaan. Selepas jam ke 24 postmortem, daging AS merekodkan 
populasi bakteria asid laktik yang lebih tinggi berbanding dengan kumpulan HS. 
Keputusan semasa menunjukkan bahawa rangsangan berbahaya kesan pemotongan 
leher ada di dalam kedua-dua kambing sedar sepenuhnya dan yang telah dibius 
secara minimum. Penyembelihan kambing diikuti bius minima tidak memberi 
kesan terhadap keberkesanan pendarahan dan kualiti daging. 

Eksperimen kedua membandingkan kesan kaedah penyembelihan dengan renjatan 
pra sembelihan yang berbeza dan penyembelihan halal ke atas tindak balas tekanan 
fisiologi, kualiti karkas dan daging kambing. Sebanyak 32 ekor kambing jantan 
Boer kacukan telah dibahagikan kepada empat kumpulan yang terdiri daripada 8 
haiwan dan diagihkan kepada penyembelihan halal tanpa renjatan (SWS), renjatan 
kepala berfrekuensi rendah (LFHO; 1 A untuk 3 s pada 50 Hz), renjatan kepala 
hingga ke badan berfrekuensi rendah (LFHB; 1 A untuk 3 s pada 50 Hz) dan 
renjatan kepala hingga ke badan berfrekuensi tinggi (HFHB; 1 A untuk 3 s pada 
850 Hz). Penyembelihan haiwan dengan atau tanpa renjatan telah dilakukan di 
keadaan bius minimum. Analisis darah menunjukkan bahawa semua pembolehubah 
adalah lebih tinggi (p<0.05) daripada nilai dalam sampel darah yang diambil di 
ladang, ruang menunggu, selepas titik induksi bius dan sebelum 
renjatan/penyembelihan dan semua prosedur penyembelihan menyebabkan 
peningkatan paras katekolamin, hiperkalsemia, hiperglisemia, asidemia laktik dan 
aktiviti enzim. Berikutan penyembelihan, haiwan SWS mempunyai perubahan 
aktiviti elektrik otak (EEG) yang lebih tinggi berbanding semasa pra 
penyembelihan, manakala renjatana elektrik pula memaksimumkan kemungkinan 
pengsan semasa pasca renjatan. Berdasarkan data EEG, haiwan LFHO mempunyai 
perubahan aktiviti elektrik otak yang tertinggi ketika renjatan berbanding dengan 
haiwan dari kumpulan renjatan yang lain, menunjukkan adanya tindak balas 
tekanan fisiologi. LFHB mendorong serangan jantung dalam semua kambing yang 
terlibat, sedangkan perkara ini tidak berlaku pada kambing yang direnjat secara 
LFHO dan HFHB. Tempoh antara titik mula pemotongan dan penghasilan fibrilasi 
jantung bagi kambing HFHB adalah sama sepertimana yang diperhatikan di dalam 
kumpulan LFHO dan SWS. Ciri-ciri karkas dan kualiti daging perlu diambil kira 
apabila penilaian terhadap keberkesanan sistem renjatan hendak dilakukan. Pada 
jam ke 12 postmortem, LFHO, LFHB dan HFHB mempamerkan glikogen dan pH 
yang lebih rendah (p<0.05), laktat dan nilai potensi glikolitik yang lebih tinggi 
berbanding dengan SWS. Kadar penurunan pH yang lebih cepat (p<0.05) telah 
ditemui dalam LFHO, LFHB dan HFHB berbanding SWS. pH, glikogen, laktat, 
potensi glikolitik, kehilangan air menerusi titisan, warna, daya potongan, panjang 
sarkomer dan indeks fragmentasi miofibril pada hari ke 1, 7 dan 14 pasca mortem 
tidak berbeza di antara rawatan. LFHO, LFHB dan HFHB menunjukkan 
kehilangan air menerusi memasak yang lebih tinggi (p <0.05) berbanding SWS 
pada hari ke 7 dan 14 postmortem. Insiden bintik kecil dan percikan darah pada 
bahu, pinggang dan kaki daripada kumpulan yang direnjat dengan elektrik adalah 
lebih tinggi (p<0.05) berbanding SWS. Namun begitu, HFHB mempunyai bintik 
kecil dan percikan darah yang lebih rendah (p<0.05) daripada LFHB dan LFHO. 
Kambing-kambing dari SWS, LFHO dan HFHB mempunyai kehilangan darah 
yang lebih tinggi (p<0.05) dan sisa hemoglobin dalam otot yang lebih rendah 
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berbanding LFHB. Daging LFHB mempunyai nilai TBARS dan jumlah bilangan 
bakteria yang lebih tinggi (p<0.05) berbanding rawatan lain pada hari ke 7 dan 14 
postmortem. Analisis immunoblot, karbonil dan penentuan kandungan thiol 
mendedahkan bahawa pengoksidaan protin meningkat selari dengan jangkamasa 
penuaan, namun tidak terjejas dengan kaedah penyembelihan yang berbeza. 
Ungkapan rantaian berat miosin dan troponin-T berubah apabila masa penuaan 
semakin meningkat, aktin bagaimanapun kekal stabil. Penemuan semasa ini 
menunjukkan bahawa kaedah sembelihan menyebabkan kesan tekanan fisiologi 
yang besar di mana ia boleh menjejaskan kebajikan haiwan dan kualiti daging,
dimana semua tahap parameter biokimia darah yang diperhatikan jatuh dalam julat 
fisiologi yang normal untuk kambing. Tambahan lagi, HFHB boleh digunakan 
sebagai gantian kepada kaedah renjatan elektrik konvensional memandangkan ia 
memenuhi kedua-dua syarat dan keperluan Islam terhadap penyembelihan haiwan 
dalam keadaan hidup sewaktu penyembelihan dan juga keperluan kebajikan haiwan 
terhadap ketidaksedaran haiwan semasa penyembelihan. 
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Goat meat (Chevon) is gaining popularity among meat consumers (Ilie et al.,
2012). Thanks to its low intramuscular fat, mainly saturated fatty acid, and 
cholesterol level when compared to similar cuts of beef and mutton (Adam et al.,
2010; Madruga & Bressan, 2011), which is proven by the increase in goat meat 
production from 4.90 million tons in 2008 to 4.99 million tons in 2011 (FAO, 
2011). This prompts the gradual expansion of goat meat industries in most part of 
the world to improve the availability of goat meat in order to meet the demands of 
consumers (Dhanda et al., 2003) through the use of automated slaughter 
techniques.  

Slaughter, despite its short duration is a critical point in the meat production chain, 
with potential risks and its mishandling can ruin the efforts made by producers 
during the longer growing and fattening phases (Anil, 2012b; Farouk et al., 2014; 
Grandin, 2010). Slaughter procedures are usually regulated by legislation, codes of 
practice and species-specific recommendations (Agbeniga, 2012; Anil, 2012a). 

Halal slaughter without stunning is legally recognized as the appropriate method 
for slaughtering animals intended for consumption by Muslims (Farouk et al., 
2014). However,  halal slaughter has remained controversial from an animal 
welfare point of view in the last few decades (Anil, 2012b; Grandin, 2010). The 
welfare issues during slaughter without stunning include the stress during handling 
and restraining, pain during the neck cut, and unnecessary distress during bleeding 
out (Gregory, 2005; Rosen, 2004). Nonetheless, it has been argued that the use of 
an exquisitely sharp knife produces minimal behavioral  reactions in animals and 
therefore that such a neck cut is not perceived by the animal as painful (Regenstein, 
2012; Rosen, 2004). However, there are few neurophysiological and physiological 
evidences to support this argument. Until now, it is not clear whether the slaughter 
of conscious animals causes pain or distress. This may be due to the complexities 
of measuring pain in animals (Mellor et al., 2000; Rutherford, 2002) and 
limitations in the interpretation of behavioral  and physiological responses to 
slaughter by neck cut alone.  

The minimally anesthesia model is now widely used in all farm animals the 
cerebrocortical responses to noxious stimuli during neck cut and surgical 
operations without compromising the welfare of the animal (Johnson et al., 2009).
Animals under minimal anesthesia model continued to show 
electroencephalographic (EEG) responses from the cerebral cortex, and 
demonstrate normal physiological cardiovascular functions to nociceptive 
stimulation that are similar to those seen in fully conscious animals (Murrell & 
Johnson, 2006). However, as emotion and conscious awareness also contributed 
significantly to the process of nociception in animals, there could be differences in 
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response between awake and minimally anesthetized animals, particularly on 
parameters that are under the influence of the autonomic nervous system. Thus, 
assessing the effects associated only with sensory pain during slaughter in 
minimally anesthetized animals, versus both sensory and affective pain when 
animals are slaughtered fully conscious without any form of stunning is warranted. 
This study examined the blood biochemistry, electroencephalographic changes and 
meat quality characteristics associated with the neck cut without stunning in non-
anesthetized and minimally anesthetized goats. 

Stunning is applied on animals to make them unconscious and insensible to pain 
for durations long enough for death to occur whilst the animal is still in the state of 
unconsciousness (EFSA, 2006; Linares & Vergara, 2012). Currently, permitted 
methods for stunning are mechanical (captive bolt pistol) stunning, electrical 
stunning and gas stunning (Lambooij et al., 2012; Nakyinsige et al., 2013a; OIE, 
2008). Electrical stunning which is accomplished by passage of a sufficient amount 
of current through the central nervous system is the most common stunning and 
slaughter application by the meat industry (Farouk, 2013). It works by producing 
brain dysfunction and unconsciousness either temporarily, in which case the animal 
dies as a result of bleed out (exsanguination); head-only electrical stunning or with 
subsequent killing by cardiac arrest; head-to-back electrical stunning. The head-
only electrical stunning method is the only approved method for halal slaughter 
(Farouk, 2013; Lambooij et al., 2012; Nakyinsige et al., 2013a). However, 
conventional head-only electrical stunning (the use of a frequency of 50 Hz) 
method has been shown to have adverse effects on carcass and meat quality which 
has become the main challenge in the industry (Farouk et al., 2014; Llonch et al.,
2015). Thus, a development in the use of high frequency electrical currents to stun 
and immobilize red meat animals pre-slaughter has been introduced (Simmons et 
al., 2006). 

The technique uses similar voltage and amperes settings as the traditional head-
only electrical stunning settings, but uses higher frequencies (> 300 Hz). The 
settings used in the traditional system when applied to full animal body stop the 
heart, but the modified system at higher frequency does not and thus can be applied 
from head-to-back instead of head-only as used in the traditional system (Farouk, 
2013; Farouk et al., 2014). The merits of using a high frequency head-to-body 
component include: (i) the procedure complies with halal requirements since it 
does not cause cardiac arrest in animals; (ii) muscle activity associated with 
convulsions is avoided or reduced; (iii) bleeding efficiency and meat quality are 
enhanced, and (iv) the method reduces carcass damage (Agbeniga, 2012; Simmons 
et al., 2006). It also minimizes one of the greatest potential welfare concerns, i.e.
the length of time the animal is conscious after the cut and therefore the time it 
could potentially be experiencing pain. However, the claim made in the review 
article is yet to be proven through a comprehensive scientific study. 
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The global demand for meat and meat products from animals’ slaughtered using 
halal slaughter method without stunning practiced by Muslims is substantial and 
growing (Anil 2012a). Thus, it is necessary for the meat industries to meet the 
religious and nutritional demands of consumers with respect to meat while 
maintaining and/or improving quality, wholesomeness and safety in addition to 
maintaining good animal welfare (Castro-Giráldez et al., 2011). Thus, this study 
was conducted in an attempt to assess physiological stress responses, carcass 
characteristics and meat quality in anesthetized goats subjected to slaughter without 
stunning and slaughter following different electrical stunning methods. 

It is hypothesized that minimizing stress on animals during slaughtering improves 
welfare and meat quality with positive economic as well as qualitative influences. 
Hence, the specific objectives of this study were: 

1. To determine blood biochemical and electroencephalographic changes 
associated with slaughter in goat subjected to conscious halal slaughter 
and slaughter following minimal anesthesia. 

2. To evaluate bleeding efficiency, physicochemical characteristics and shelf 
life of meat goat subjected to conscious halal slaughter and slaughter 
following minimal anesthesia.

3. To assess the effects of slaughter without stunning and slaughter 
following different methods of electrical stunning on blood biochemical 
and electroencephalogram (EEG) changes associated with stress in goats. 

4. To determine carcass and meat quality characteristics in goats subjected 
to slaughter without stunning and slaughter following different electrical 
stunning methods. 

5. To compare bleeding efficiency, lipid and protein oxidation and 
microbiological quality of goat meat obtained by slaughter without 
stunning and slaughter following different electrical stunning methods.  
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