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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the Degree of Doctor of Philosophy 

 

PHYSIOLOGICAL STRESS RESPONSES AND MEAT QUALITY OF 

RABBITS SUBJECTED TO DIFFERENT ROAD TRANSPORTATION 

AND SLAUGHTER METHODS 

 

By 

 

NAKYINSIGE KHADIJAH 

 

September 2014 

 

 

Chairman      :   Awis Qurni bin Sazili, PhD 

Institute    :   Halal Products Research Institute 

 

This study describes the link between physiological stress responses to transport 

and slaughter to meat quality using rabbit as a model.  The first experiment aimed 

at determining physiological stress responses and meat quality of rabbits subjected 

to different transport durations. A control group of ten rabbits remained at the farm 

and was not transported (T1) while the other two groups of 40 bucks each were 

transported for either 1 h (T2) or 3 h (T3). Transportation caused a significant rise 

in aspartate aminotransferase (AST), alanine aminotransferase (ALT) and creatine 

kinase (CK) activities, packed cell volume, haematocrit, plasma protein, glucose, 

lactate, corticosterone, live weight loss and the expression of heat shock protein 70 

(T3 > T2 > T1, p<0.05).   At d 0, the pre-rigor pH (pHi) and muscle glycogen were 

not significantly different among treatments but at days 1 and 7, the pH 

significantly increased (T3 > T2 > T1, p<0.05) while glycogen significantly 

reduced (T3 < T2 < T1, p<0.05) with transit time. Transportation reduced lightness 

(L*) of the meat (T3 < T2 < T1, p<0.05) but increased the redness (a*) (T3 > T2 > 

T1, p<0.05). Shear force values and drip loss were not influenced by transport 

duration (p>0.05) but cooking loss reduced with transport time (T1 > T2 > T3, 

p<0.05).  No significant correlation was found between stress and meat quality 

parameters and despite their fluctuation, all stress parameters fell within the normal 

physiological range for rabbits.  

 

The second experiment aimed at determining physiological stress responses, meat 

quality, bleeding efficiency and storage stability upon subjecting rabbits to halal 

slaughter without stunning (HS) and gas stun killing (GK). Eighty male New 

Zealand White rabbits were divided into two groups of 40 animals and subjected to 

either HS or GK using 61.4% CO2, 20.3% oxygen and 18.3 % nitrogen. Both HS 

and GK caused a substantial increase in enzyme activities and the concentration of 

adrenaline, noradrenaline, glucose, lactic acid, calcium and white blood cells. 

Notably, GK exhibited significantly higher activities of LDH, AST and CK 

enzymes and the concentrations of adrenaline, noradrenaline and glucose. At d 0 

and d 1, the glycogen content of GK and HS was not significantly different. 
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However, at d 7, HS presented significantly greater glycogen than GK. At d 0, HS 

had significantly lower pHi than GK. However, at d 1 and d 7, the statistical 

significance was absent (p>0.05). At d 1, GK showed significantly greater 

lightness than HS. However, at d 7, the lightness of meat from both HS and GK 

did not significantly differ. Similarly, redness and enhanced redness of GK and HS 

did not significantly differ. At both d 1 and 7, the cooking loss for HS was 

significantly lower than that of GK. At d 1, HS exhibited significantly lower shear 

force values than GK although at d 7, the values for the two slaughter methods did 

not differ (p>0.05). The HS had presented significantly higher myofibril 

fragmentation index than the GK. Generally, slaughter caused an intense stress 

response. However, lack of correlation between stress parameters and meat quality 

characteristics indicates that the amount of stress might have been below the 

threshold to negatively affect rabbit meat quality. 

 

While their myoglobin content did not vary (p>0.05), HS resulted in significantly 

higher blood loss and lower residual haemoglobin than the GK. At 5 and 8 days of 

storage, GK exhibited significantly higher levels of malondialdehyde (lipid 

oxidation and bacterial counts than HS. Protein oxidation was not affected by 

slaughter method but increased with aging time through loss of thiols and the 

degradation of myosin heavy chain and troponin T.  

 

The study was further enriched with a proteomic approach to differentiate meat 

obtained by HS from that obtained by GK. Adenylate kinase, beta enolase, fructose 

bisphosphate aldolase A, glyceraldehyde 3-phosphate dehydrogenase and creatine 

kinase M-type were differently expressed thus suggesting their potential as 

biomarkers for slaughter and stunning methods pending validation and more 

studies. All in all, the present study has shown than that transport and slaughter 

caused substantial physiological stress responses, and even though these may not 

necessarily translate into compromising of animal welfare, care must be taken to 

avoid reaching the threshold to negatively affect meat quality.   Additionally, the 

two slaughter methods did not influence protein oxidation but produced noticeable 

effects on lipid oxidation and microbial spoilage. Differential expression levels 

were detected in proteins of relevant metabolic and physiological roles. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Doktor Falsafah. 

 

RESPON KETEGASAN FISIOLOGI DAN KUALITI DAGING ARNAB 

YANG TERTAKLUK KEPADA PENGANGKUTAN JALAN DAN 

KAEDAH PENYEMBELIHAN BERBEZA 

 

Oleh 

 

NAKYINSIGE KHADIJAH 

 

September 2014 

 

 

Pengerusi       :   Awis Qurni bin Sazili, PhD 

Institut    :   Institut Penyelidikan Produk Halal   

 

Kajian semasa menghuraikan hubungkait di antara tindak balas tegasan secara 

fisiologi terhadap pengangkutan dan penyembelihan ke atas kualiti daging dengan 

menggunakan arnab sebagai model. Eksperimen pertama menentukan tindak balas 

tegasan secara fisiologi dan kualiti daging arnab yang tertakluk  kepada 

jangkamasa penangkutan berbeza. Sekumpulan 10 ekor arnab kawalan tidak 

tertakluk kepada pengangkutan dan telah dikekalkan di lading, manakala 2 lagi 

kumpulan yang masing-masing mengandungi 40 ekor arnab telah tertakluk kepada 

pengangkutan samada selama 1 jam (T2) atau 3 jam (T3). Pengangkutan telah 

menyebabkan peningkatan signifikan ke atas aktiviti aspartate aminotransferase 

(AST), alanine aminotransferase (ALT) dan creatine kinase (CK),isipadu sel padat, 

hematokrit, protein plasma, glukosa, lactate, corticosterone, kehilangan berat hidup 

dan ekspresi protein heat shock 70 (T3 > T2 > T1, p<0.05).    

 

Pada hari ke-0, pH sebelum rigor (pHi) dan glikogen otot tidak berbeza di antara 

kumpulan rawatan. Walau bagaimana pun, pada hari ke-1 dan ke-7, pH meningkat 

secara signifikan (T3 > T2 > T1, p<0.05) manakala glikogen berkurangan secara 

signifikan (T3 < T2 < T1, p<0.05) dengan jangkamasa pengangkutan. 

Pengangkutan telah mengurangkan nilai kecerahan (L*) (T3 < T2 < T1, p<0.05) 

dan meningkatkan nilai kemerahan  (a*) (T3 > T2 > T1, p<0.05) pada daging. 

Daya ricih dan kehilangan titisan tidak dipengaruhi oleh jangkamasa penangkutan 

(p>0.05) manakala kehilangan memasak berkurangan dengan jangkamasa 

pengangkutan (T1 > T2 > T3, p<0.05). Tiada korelasi signifikan di antara tegasan 

dan parameter kualiti daging dan walaupun pada paras yang tidak menentu, 

kesemua parameter tegasan masih lagi terletak di dalam julat fisiologi normal bagi 

arnab. 

 

Eksperimen kedua adalah bertujuan untuk menentukan tindak balas fisiologi kualiti 

daging, keberkesanan pendarahan dan kestabilan penyimpanan setelah arnab 
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tertakluk kepada penyembelihan halal tanpa renjatan (HS) dan pembunuhan 

renjatan gas (GK). Lapan puluh ekor arnab jantan New Zealand White telah 

dibahagikan kepada dua kumpulan di mana setiap kumpulan mengandungi 40 ekor 

haiwan yang tertakluk kepada samada rawatan HS atau GK menggunakan 61.4% 

CO2, 20.3% oksigen dan 18.3% nitrogen. Kedua-dua HS dan GK telah 

menyebabkan peningkatan ketara ke atas aktiviti enzim dan kepekatan adrenalin, 

noradrenalin, glukosa, asid laktik, kalsium dan sel darah putih. Jelas sekali, GK 

telah menunjukkan aktiviti enzim LDH, AST dan CK, dan kepekatan adrenalin, 

noradrenalin dan glukosa yang lebih tinggi (p<0.05). Pada hari ke-0 dan ke-1, 

kandungan glikogen pada GK dan HS tidak bebeza. Walau bagaimana pun, padaf 

hari ke-7. HS telah menunjukkan paras glikogen yang lebih tinggi berbanding GK. 

Pada hari ke-0, HS menunjukkan pHi yang lebih rendah berbanding GK. Walau 

bagaimana pun, perbezaan di antara keduanya tidak lagi signifikan pada hari ke-1 

dan ke-7 (p>0.05). Pada hari ke-1, GK menunjukkan nilai kecerahan yang lebih 

tinggi berbanding HS. Walau bagaimanapun, pada hari ke-7, nilai kecerahan 

daging pada kedua HS dan GK tidak berbeza. Kemerahan dan kemerahan 

tertingkat pada GK dan HS juga tidak berbeza. Pada hari ke-1 dan ke -7, 

kehilangan memasak pada HS adalah lebih rendah berbanding GK (p<0.05). Pada 

hari ke-1, HS mempamerkan nilai daya ricih yang lebih rendah (p<0.05) 

berbanding GK walaupun, pada hari ke-7, nilai daya ricih bagi kedua kaedah 

penyembelihan tidak berbeza (p>0.05). Kumpulan HS mempunyai indeks 

pemecahan myofibril yang lebih tinggi (p<0.05) berbanding GK. Secara amnya, 

penyembelihan menyebabkan tindakbalas tegasan yang tinggi. Walau 

bagaimanapun, ketiadaan korelasi di antara parameter tegasan dan nilai kualiti 

daging menunjukkan bahawa kadar tegasan yang dihadapi adalah masih dibawah 

paras kritikal yang dapat menyebabkan kesan negative ke atas kualiti daging arnab. 

 

Di dalam keadaan kandungan myoglobin yang tidak berbeza (p>0.05), HS telah 

menyebabkan kehilangan darah yang lebih tinggi (p<0.05) dan lebihan 

haemoglobin yang lebih rendah (p<0.05) berbanding GK. Pada hari ke-5 dan ke-8 

penyimpanan, GK telah menunjukkan paras malondialdehyde (pengoksidaan 

lemak) dan kiraan bakteria yang lebih tinggi (p<0.05) berbanding HS. 

Pengoksidaan protein tidak terjejas oleh kaedah penyembelihan tetapi telah 

menunjukkan peningkatan dengan meningkatnya jangkamasa penuaan melalui 

kehilangan thio dan pemecahan myosin heavy chain dan troponin T. 

 

Kajian ini telah diperkayakan melalui pendekatan proteomik bagi membezakan 

daging yang diperolehi melalui kaedah HS berbanding daging yang dihasilkan 

melalui kaedah GK. Adenyate kinase, beta enolase, fructose biphosphate aldolase 

A, glyceraldedyde 3-phosphate dehydrogenase dan creatine kinase M-type didapati 

berbeza dari segi ekspresi dan ini mencadangkan potensi sebagai biomarker untuk 

kaedah penyembelihan dan renjatan bergantung kepada kajian dan pengenalpastian 

selanjutnya 
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Pada keseluruhannya, kajian semasa menunjukkan bahawa pengangkutan dan 

penyembelihan telah menyebabkan tindakbalas tegasan secara fisiologi. Walaupun, 

ini tidak semestinya boleh diterjemahkan sebagai kompromi ke atas kebajikan 

haiwan, namun, langkah berjaga-jaga harus diambil bagi mengelakkan kesan 

negative ke atas kualiti daging. Tambahan pula, kedua kaedah penyembelihan 

tidak mempengaruhi pengoksidaan protein tetapi hanya meninggalkan kesan ke 

atas pengoksidaan lemak dan kerosakan berpunca dari mikrob. Paras ekspresi 

terbeza telah dikenal pasti di dalam protein yang memainkan peranan metabolik 

dan fisiologik. 
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of the requirement for the Degree of Doctor of Philosophy 

 

PHYSIOLOGICAL STRESS RESPONSES AND MEAT QUALITY OF 

RABBITS SUBJECTED TO DIFFERENT ROAD TRANSPORTATION 

AND SLAUGHTER METHODS 

 

By 

 

NAKYINSIGE KHADIJAH 

 

September 2014 

 

 

Chairman      :   Awis Qurni bin Sazili, PhD 

Institute    :   Halal Products Research Institute 

 

This study describes the link between physiological stress responses to transport 

and slaughter to meat quality using rabbit as a model.  The first experiment aimed 

at determining physiological stress responses and meat quality of rabbits subjected 

to different transport durations. A control group of ten rabbits remained at the farm 

and was not transported (T1) while the other two groups of 40 bucks each were 

transported for either 1 h (T2) or 3 h (T3). Transportation caused a significant rise 

in aspartate aminotransferase (AST), alanine aminotransferase (ALT) and creatine 

kinase (CK) activities, packed cell volume, haematocrit, plasma protein, glucose, 

lactate, corticosterone, live weight loss and the expression of heat shock protein 70 

(T3 > T2 > T1, p<0.05).   At d 0, the pre-rigor pH (pHi) and muscle glycogen were 

not significantly different among treatments but at days 1 and 7, the pH 

significantly increased (T3 > T2 > T1, p<0.05) while glycogen significantly 

reduced (T3 < T2 < T1, p<0.05) with transit time. Transportation reduced lightness 

(L*) of the meat (T3 < T2 < T1, p<0.05) but increased the redness (a*) (T3 > T2 > 

T1, p<0.05). Shear force values and drip loss were not influenced by transport 

duration (p>0.05) but cooking loss reduced with transport time (T1 > T2 > T3, 

p<0.05).  No significant correlation was found between stress and meat quality 

parameters and despite their fluctuation, all stress parameters fell within the normal 

physiological range for rabbits.  

 

The second experiment aimed at determining physiological stress responses, meat 

quality, bleeding efficiency and storage stability upon subjecting rabbits to halal 

slaughter without stunning (HS) and gas stun killing (GK). Eighty male New 

Zealand White rabbits were divided into two groups of 40 animals and subjected to 

either HS or GK using 61.4% CO2, 20.3% oxygen and 18.3 % nitrogen. Both HS 

and GK caused a substantial increase in enzyme activities and the concentration of 

adrenaline, noradrenaline, glucose, lactic acid, calcium and white blood cells. 

Notably, GK exhibited significantly higher activities of LDH, AST and CK 

enzymes and the concentrations of adrenaline, noradrenaline and glucose. At d 0 

and d 1, the glycogen content of GK and HS was not significantly different. 
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However, at d 7, HS presented significantly greater glycogen than GK. At d 0, HS 

had significantly lower pHi than GK. However, at d 1 and d 7, the statistical 

significance was absent (p>0.05). At d 1, GK showed significantly greater 

lightness than HS. However, at d 7, the lightness of meat from both HS and GK 

did not significantly differ. Similarly, redness and enhanced redness of GK and HS 

did not significantly differ. At both d 1 and 7, the cooking loss for HS was 

significantly lower than that of GK. At d 1, HS exhibited significantly lower shear 

force values than GK although at d 7, the values for the two slaughter methods did 

not differ (p>0.05). The HS had presented significantly higher myofibril 

fragmentation index than the GK. Generally, slaughter caused an intense stress 

response. However, lack of correlation between stress parameters and meat quality 

characteristics indicates that the amount of stress might have been below the 

threshold to negatively affect rabbit meat quality. 

 

While their myoglobin content did not vary (p>0.05), HS resulted in significantly 

higher blood loss and lower residual haemoglobin than the GK. At 5 and 8 days of 

storage, GK exhibited significantly higher levels of malondialdehyde (lipid 

oxidation and bacterial counts than HS. Protein oxidation was not affected by 

slaughter method but increased with aging time through loss of thiols and the 

degradation of myosin heavy chain and troponin T.  

 

The study was further enriched with a proteomic approach to differentiate meat 

obtained by HS from that obtained by GK. Adenylate kinase, beta enolase, fructose 

bisphosphate aldolase A, glyceraldehyde 3-phosphate dehydrogenase and creatine 

kinase M-type were differently expressed thus suggesting their potential as 

biomarkers for slaughter and stunning methods pending validation and more 

studies. All in all, the present study has shown than that transport and slaughter 

caused substantial physiological stress responses, and even though these may not 

necessarily translate into compromising of animal welfare, care must be taken to 

avoid reaching the threshold to negatively affect meat quality.   Additionally, the 

two slaughter methods did not influence protein oxidation but produced noticeable 

effects on lipid oxidation and microbial spoilage. Differential expression levels 

were detected in proteins of relevant metabolic and physiological roles. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Doktor Falsafah. 

 

RESPON KETEGASAN FISIOLOGI DAN KUALITI DAGING ARNAB 

YANG TERTAKLUK KEPADA PENGANGKUTAN JALAN DAN 

KAEDAH PENYEMBELIHAN BERBEZA 

 

Oleh 

 

NAKYINSIGE KHADIJAH 

 

September 2014 

 

 

Pengerusi       :   Awis Qurni bin Sazili, PhD 

Institut    :   Institut Penyelidikan Produk Halal   

 

Kajian semasa menghuraikan hubungkait di antara tindak balas tegasan secara 

fisiologi terhadap pengangkutan dan penyembelihan ke atas kualiti daging dengan 

menggunakan arnab sebagai model. Eksperimen pertama menentukan tindak balas 

tegasan secara fisiologi dan kualiti daging arnab yang tertakluk  kepada 

jangkamasa penangkutan berbeza. Sekumpulan 10 ekor arnab kawalan tidak 

tertakluk kepada pengangkutan dan telah dikekalkan di lading, manakala 2 lagi 

kumpulan yang masing-masing mengandungi 40 ekor arnab telah tertakluk kepada 

pengangkutan samada selama 1 jam (T2) atau 3 jam (T3). Pengangkutan telah 

menyebabkan peningkatan signifikan ke atas aktiviti aspartate aminotransferase 

(AST), alanine aminotransferase (ALT) dan creatine kinase (CK),isipadu sel padat, 

hematokrit, protein plasma, glukosa, lactate, corticosterone, kehilangan berat hidup 

dan ekspresi protein heat shock 70 (T3 > T2 > T1, p<0.05).    

 

Pada hari ke-0, pH sebelum rigor (pHi) dan glikogen otot tidak berbeza di antara 

kumpulan rawatan. Walau bagaimana pun, pada hari ke-1 dan ke-7, pH meningkat 

secara signifikan (T3 > T2 > T1, p<0.05) manakala glikogen berkurangan secara 

signifikan (T3 < T2 < T1, p<0.05) dengan jangkamasa pengangkutan. 

Pengangkutan telah mengurangkan nilai kecerahan (L*) (T3 < T2 < T1, p<0.05) 

dan meningkatkan nilai kemerahan  (a*) (T3 > T2 > T1, p<0.05) pada daging. 

Daya ricih dan kehilangan titisan tidak dipengaruhi oleh jangkamasa penangkutan 

(p>0.05) manakala kehilangan memasak berkurangan dengan jangkamasa 

pengangkutan (T1 > T2 > T3, p<0.05). Tiada korelasi signifikan di antara tegasan 

dan parameter kualiti daging dan walaupun pada paras yang tidak menentu, 

kesemua parameter tegasan masih lagi terletak di dalam julat fisiologi normal bagi 

arnab. 

 

Eksperimen kedua adalah bertujuan untuk menentukan tindak balas fisiologi kualiti 

daging, keberkesanan pendarahan dan kestabilan penyimpanan setelah arnab 
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tertakluk kepada penyembelihan halal tanpa renjatan (HS) dan pembunuhan 

renjatan gas (GK). Lapan puluh ekor arnab jantan New Zealand White telah 

dibahagikan kepada dua kumpulan di mana setiap kumpulan mengandungi 40 ekor 

haiwan yang tertakluk kepada samada rawatan HS atau GK menggunakan 61.4% 

CO2, 20.3% oksigen dan 18.3% nitrogen. Kedua-dua HS dan GK telah 

menyebabkan peningkatan ketara ke atas aktiviti enzim dan kepekatan adrenalin, 

noradrenalin, glukosa, asid laktik, kalsium dan sel darah putih. Jelas sekali, GK 

telah menunjukkan aktiviti enzim LDH, AST dan CK, dan kepekatan adrenalin, 

noradrenalin dan glukosa yang lebih tinggi (p<0.05). Pada hari ke-0 dan ke-1, 

kandungan glikogen pada GK dan HS tidak bebeza. Walau bagaimana pun, padaf 

hari ke-7. HS telah menunjukkan paras glikogen yang lebih tinggi berbanding GK. 

Pada hari ke-0, HS menunjukkan pHi yang lebih rendah berbanding GK. Walau 

bagaimana pun, perbezaan di antara keduanya tidak lagi signifikan pada hari ke-1 

dan ke-7 (p>0.05). Pada hari ke-1, GK menunjukkan nilai kecerahan yang lebih 

tinggi berbanding HS. Walau bagaimanapun, pada hari ke-7, nilai kecerahan 

daging pada kedua HS dan GK tidak berbeza. Kemerahan dan kemerahan 

tertingkat pada GK dan HS juga tidak berbeza. Pada hari ke-1 dan ke -7, 

kehilangan memasak pada HS adalah lebih rendah berbanding GK (p<0.05). Pada 

hari ke-1, HS mempamerkan nilai daya ricih yang lebih rendah (p<0.05) 

berbanding GK walaupun, pada hari ke-7, nilai daya ricih bagi kedua kaedah 

penyembelihan tidak berbeza (p>0.05). Kumpulan HS mempunyai indeks 

pemecahan myofibril yang lebih tinggi (p<0.05) berbanding GK. Secara amnya, 

penyembelihan menyebabkan tindakbalas tegasan yang tinggi. Walau 

bagaimanapun, ketiadaan korelasi di antara parameter tegasan dan nilai kualiti 

daging menunjukkan bahawa kadar tegasan yang dihadapi adalah masih dibawah 

paras kritikal yang dapat menyebabkan kesan negative ke atas kualiti daging arnab. 

 

Di dalam keadaan kandungan myoglobin yang tidak berbeza (p>0.05), HS telah 

menyebabkan kehilangan darah yang lebih tinggi (p<0.05) dan lebihan 

haemoglobin yang lebih rendah (p<0.05) berbanding GK. Pada hari ke-5 dan ke-8 

penyimpanan, GK telah menunjukkan paras malondialdehyde (pengoksidaan 

lemak) dan kiraan bakteria yang lebih tinggi (p<0.05) berbanding HS. 

Pengoksidaan protein tidak terjejas oleh kaedah penyembelihan tetapi telah 

menunjukkan peningkatan dengan meningkatnya jangkamasa penuaan melalui 

kehilangan thio dan pemecahan myosin heavy chain dan troponin T. 

 

Kajian ini telah diperkayakan melalui pendekatan proteomik bagi membezakan 

daging yang diperolehi melalui kaedah HS berbanding daging yang dihasilkan 

melalui kaedah GK. Adenyate kinase, beta enolase, fructose biphosphate aldolase 

A, glyceraldedyde 3-phosphate dehydrogenase dan creatine kinase M-type didapati 

berbeza dari segi ekspresi dan ini mencadangkan potensi sebagai biomarker untuk 

kaedah penyembelihan dan renjatan bergantung kepada kajian dan pengenalpastian 

selanjutnya 
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Pada keseluruhannya, kajian semasa menunjukkan bahawa pengangkutan dan 

penyembelihan telah menyebabkan tindakbalas tegasan secara fisiologi. Walaupun, 

ini tidak semestinya boleh diterjemahkan sebagai kompromi ke atas kebajikan 

haiwan, namun, langkah berjaga-jaga harus diambil bagi mengelakkan kesan 

negative ke atas kualiti daging. Tambahan pula, kedua kaedah penyembelihan 

tidak mempengaruhi pengoksidaan protein tetapi hanya meninggalkan kesan ke 

atas pengoksidaan lemak dan kerosakan berpunca dari mikrob. Paras ekspresi 

terbeza telah dikenal pasti di dalam protein yang memainkan peranan metabolik 

dan fisiologik. 
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Switzerland. Nevertheless, significant numbers of Muslims and Jews demand meat 

products from animals killed using methods that are compliant with their religious 

requirements. The overwhelming increase in Muslim populances in European 

countries and meat exports into Muslim countries has made the provision of meat 

obtained by halal slaughter necessary not only ethically but also economically.  

 

The meat industry on the other hand, aims at improving quality in order to satisfy 

customer demand yet maintaining good animal welfare. As new technologies are 

swiftly being accepted and absorbed, consumers seek meat products of increased 

functional and nutritional properties and improved sensory quality yet combined with 

a traditional and wholesome image in addition to guaranteed safety  and extended 

shelf life but yet less processing (Nychas et al., 2008).  The industry aims at achieving 

customer acceptability through the development and control of processes in order to 

produce wholesome products with high quality and safety (Castro-Giráldez, 2010). 

The transformation of livestock into meat (slaughter) is a chain of events that begins 

with handling and loading on the farm, then, transport to the market, pens and/or 

slaughterhouse, off-loading plus holding and finally slaughter. The obligation in the 

conversion of slaughter animals into consumable products and/or useful by-products is 

to slaughter animals in a humane manner as well as to process carcasses in not only 

hygienic but also efficient ways (FAO, 2001). This has made the study of the effect of 

transport and slaughter method on physiological stress responses (animal welfare 

indicators) and meat quality very important for both legislators and meat processors. 

This study therefore sets out to assess the effect of transport duration as well as gas 

stun killing and halal slaughtering on animal welfare and meat quality of rabbits. 

  

Despite the claim that gas stunning is more humane as it releases consciousness 

rapidly by euthanasia (Forslid, 1987), its application is tangled with concerns over the 

use of gases such as carbon dioxide which is unpleasant and painful due to its acidic 

property (Lambooij et. al., 1999) or the use of inert gases which are probable for 

causing a sense of breathlessness and hyperventilation (Raj and Gregory, 1995). The 

application of gas stunning is generally irreversible and this contradicts the Islamic 

requirement of animals being alive at the time of slaughter.  In Malaysia, the use of 

gas stunning is not acceptable in the production of halal meat. In fact, the procedure 

was omitted from the Malaysian standard, its first revision (MS1500:2004) and the 

second revision (MS1500:2009). To date, the National Fatwa Council of Malaysia has 

yet to decide on the practicability of the use of gas stunning in halal slaughter due to 

limitation of scientific facts. Furthermore, during its 11th Annual General Meeting 

held in Istanbul, Turkey on 8
th
 September 2013, World Halal Council (WHC), which 

is an umbrella body of Halal Certifiers worldwide decided that gas stunning before 

slaughter is unacceptable (WHC, 2013). Hypothesizing that gas stun killing is superior in 

interms of animal welfare but comparable to halal slaughter without stunning interms of meat 

quality, this study was conducted in an attempt to compare the effects of halal 

slaughter with out stunning and gas stun killing on animal welfare, meat quality, 
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