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AND ELECTROENCEPHALOGRAPHIC RESPONSES TO SLAUGHTER 

POSITION AND KNIFE SHARPNESS IN CATTLE 
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Chairman :   Professor Awis Qurni Sazili, PhD 
Institute :  Tropical Agriculture and Food Security

This study was aimed at determining the effects of slaughtering methods on the
welfare, physiological response and carcass and meat quality of cattle. To achieve this
objective, the following experiments were conducted.

In the first experiment, electroencephalographic changes, blood biochemistry and
meat quality characteristics following upright and lateral recumbent slaughter position
were assessed. Twenty Brahman cows were divided into two groups of 10 animals
each and subjected to either upright slaughter position (UP) or lateral recumbent
slaughter position (LP). Based on the EEG results, the changes in brain electrical
activities were significantly different between animals slaughtered in an upright
position (UP) and animals slaughtered in a lateral recumbent position (LP). Moreover, 
the results demonstrated that upright slaughter position caused hyperglycemia, lactic
acidemia, and an increase in the levels of catecholamines and activities of liver
enzymes. Slaughter positions affected electroencephalographic, physiological stress
and blood biochemical responses in cattle.

The second experiment compared the sharpness of the knife used in slaughter of cattle
on physiological stress response, encephalographic changes and meat quality. Twenty
Brahman cows were divided into two groups of 10 animals each and subjected to either
sharp knife (SK) or less sharp knife (LSK) used in slaughter. Analysis of the sticking
blood revealed that all variables (p<0.0001) were higher than their values in blood 
samples taken at pre-slaughter and post-slaughter. Following slaughter, the LSK 
animals had higher changes of electrical activity of the brain than that of pre-slaughter.
Animals slaughtered in less sharp knife group (LSK) exhibited higher (p<0.0001)
lactate, shear force, sarcomere length and myofibrillar fragmentation index than sharp
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knife group. The carbonyl and thiol contents determination revealed that the protein 
oxidation increased with aging time but was not affected by the slaughter knife. The 
catecholamines, glucose and liver enzymes were lower in animals slaughtered with a 
sharper knife. The present findings indicate that less sharp knife caused substantial 
physiological stress responses which compromises the animal welfare and meat 
quality. Likewise, the EEG profiles indicated that animals may have endured lesser 
amount of pain when being slaughtered using a sharp knife. Sharpness of the knife is 
very important factor to minimize the pain during slaughter. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
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PERHUBUNGAN KUALITI DAGING DAN FISIOLOGI, METABOLIK DAN 
ELEKTROENSEFALOGRAF BERGERAK BALAS TERHADAP 

KEDUDUKKAN PENYEMBELIHAN DAN KETAJAMAN PISAU PADA 
LEMBU 

Oleh 

IMLAN JURHAMID COLUMBRES 

Jun 2019 

Pengerusi :   Profesor Awis Qurni Sazili, PhD 
Institut :   Pertanian Tropika dan Sekuriti Makanan

Kajian ini bermatlamat untuk menentukan kesan kaedah penyembelihan terhadap
kebajikan, tindak balas fisiologi dan kualiti karkas dan daging lembu. Bagi mencapai
objektif ini, beberapa eksperimen telah dijalankan.

Di dalam eksperimen pertama, perubahan elektroensefalograf, sifat biokimia darah 
dan ciri-ciri kualiti daging berdasarkan kedudukan penyembelihan secara menegak
dan mengiring telah dinilai. Dua puluh ekor lembu Brahman telah dibahagikan kepada
dua kumpulan iaitu sebanyak 10 ekor haiwan setiap kumpulan dan tertakluk kepada
posisi sembelihan secara menegak (UP) atau mengiring (LP). Berdasarkan keputusan
EEG, perubahan dalam aktiviti elektrik otak berbeza secara signifikan diantara haiwan
yang disembelih di posisi menegak (UP) dan haiwan yang disembelih dalam posisi
mengiring (LP). Tambahan pula, keputusan ini menunjukkan bahawa kedudukan 
penyembelihan secara menegak menyebabkan hiperglisemia, lactic acidemia dan 
peningkatan tahap catecholamines dan aktiviti enzim hati. Posisi penyembelihan 
mempengaruhi terapi elektroensefalograf, tekanan fisiologi dan tindak balas biokimia
darah lembu.

Eksperimen kedua membandingkan ketajaman pisau yang digunakan dalam 
penyembelihan ternakan terhadap tindak balas tekanan fisiologi, perubahan 
ensefalograf dan kualiti daging. Dua puluh ekor lembu Brahman telah dibahagikan 
kepada dua kumpulan dengan 10 ekor haiwan setiap kumpulan dan tertakluk kepada 
pisau tajam (SK) atau pisau kurang tajam (LSK) yang digunakan dalam proses 
penyembelihan. Analisis terhadap pelekatan darah mendedahkan bahawa semua 
pembolehubah (p<.0001) lebih tinggi berbanding nilai sampel darah yang diambil 
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sebelum penyembelihan dan selepas penyembelihan. Berikutan penyembelihan, 
haiwan LSK mempunyai perubahan aktiviti elektrik otak yang lebih tinggi berbanding 
sebelum penyembelihan. Kumpulan haiwan yang disembelih dengan pisau kurang 
tajam (LSK) menunjukkan lebih tinggi (p<0.0001) laktat, daya ricih, panjang 
sarcomere dan indeks pemecahan myofibrillar berbanding kumpulan pisau tajam. 
Penentuan kandungan karbonil dan thiol mendedahkan bahawa pengoksidaan protein 
meningkat dengan masa proses penuaan tetapi tidak terjejas oleh ketajaman pisau 
penyembelihan. Kandungan catecholamines, glukosa dan enzim hati lebih rendah 
pada haiwan yang disembelih dengan pisau yang lebih tajam. Hasil kajian ini 
menunjukkan bahawa pisau yang kurang tajam menyebabkan tindak balas tekanan 
fisiologi dimana menjejaskan kebajikan haiwan dan kualiti daging. Begitu juga, profil 
EEG menunjukkan bahawa haiwan mungkin mengalami kesakitan lebih rendah 
apabila disembelih dengan menggunakan pisau yang tajam. Ketajaman pisau 
merupakan faktor yang sangat penting bagi mengurangkan kesakitan semasa 
penyembelihan. 
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NaCl Sodium Chloride 

NAD β-nicotinamide adenine dinucleotide 

ng Nanogram 

nm Nanometer 

nmol Nanomole 

ºC degree Celsius 

OD optical density 

OIE World Organization for Animal Health 

% Percent 

pH0 pre-rigor pH 

pH45min 45 min postmortem pH 

pHu ultimate pH 

PSE pale, soft and exudative 

Ptot total power 

RMS root mean square 
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SK Sharp knife 
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TCA Trichloroacetic Acid 

TEMED Tetramethylethylenediamine 

Tris 2-amino-2-(hydroxymethyl)-propane-1,3-diol 

US Upright slaughter 

USDA United States Department of Agriculture 

v/v volume per volume 

VER Visual Evoked Responses 

w/v weight per volume 
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CHAPTER 1 

1 GENERAL INTRODUCTION 

Meat is a good source of high quality animal protein and serves an essential function 
in health of human (Troy et al., 2016). Red meat is one the most sought after meat in 
the world due to its taste, flavor and juiciness which helps drive up its demand 
especially in the developing economies (Binnie et al., 2014). Beef (cattle meat) is a 
vital source of quality protein, iron, and B-vitamins (Piatti-Farnell, 2013). Beef is the 
third most widely consumed meat in the world and it accounts for up to 25% of global 
meat production. In the world, the countries with the highest consumption of beef are 
United States, Brazil, and People’s Republic of China. In 2015, the world’s largest 
exporters of beef were India, Brazil, and Australia (Sharad, 2015). In Malaysia, beef 
production is considered an important agricultural industry. When the nation 
experienced steady economic prosperity in the post-independence era, beef 
consumption has been on an increasing trend (Ariff et al., 2015). In general, the beef 
production in 2016 was up by 5 percent (Osothongs et al., 2016). Beef is much more 
reachable for consumers now and higher quality of meat cuts is creating stronger 
market demand (Gellynck & Verbeke, 2001). 

Slaughtering, which is the killing of domestic livestock for food, in the case of cattle 
for beef, and their management during this process is a focal point of discussion in the 
livestock industry. Stress which the livestock undergo before slaughter and their 
manhandling during the process can have detrimental impacts on the meat produced 
from these animals (Mpakama et al., 2014).  

Slaughtering of the animal for meat production is of utmost importance and has 
remained the subject of debate from welfare perspectives. Halal and Kosher slaughter 
methods are obligatory to practice by the Muslim and Jews, respectively. Halal and 
Kosher methods are also used commercially on a larger scale to meet the global 
demand of these meats (Sabow et al., 2015). Slaughtering, if properly done according 
to the prescribed principles, religious slaughter takes care of animal welfare issues 
(Grandin, 2006). Current religious discussion on animal slaughtering emphasizes the 
stress which animals undergo during pre-slaughtering resulting from the use of 
restraints, the pain and distress they may feel during and after neck cutting, as well as 
the delayed period it takes before they lost their brain function and eventual death 
when stunning is not properly conducted (Anil, 2012a). 

Halal slaughtered animals are slaughtered in left lateral recumbency, whereas, in 
Kosher animals are slaughtered in upright position. Research has been conducted in 
animals slaughtered in various positions such as, upright, 45o, 90o or lateral 
recumbency and 180o (Dunn, 1990; Gregory et al., 2009; Grandin, 2013; Gerritzen et 
al., 2014; Velarde et al., 2014). It was reported that rotating causes acute stress in 
animals before slaughter, similarly, animals slaughtered by Kosher rite versus 
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traditional (with stunning) are subjected to higher stress conditions at exsanguination 
phase (Bozzo et al., 2018). 

In Halal slaughtering, the animals are killed by cutting the jugular vein, carotid artery, 
trachea, and esophagus with a sharpened knife in a single stroke which is usually less 
painful and stressful (Grandin & Regenstein, 1994; Gregory, 2005; Gibson et al., 
2009a; Ndou et al., 2011). Knife sharpness is of utmost importance since the use of 
less sharp knives requires much force which may over time cause injury to the 
operator’s hand. Over the years, studies have revealed that more than 80% of the 
workforce in abattoir use improperly sharpened knives (Claudon & Marsot, 2006). 
Duller knives necessitate the use of increased force, which results in slips, injuries, 
delayed production and lower profits (Karltun et al., 2016). Besides this, less sharp 
knife results in smaller repetitive, un-even cuts to accomplish the slaughter; this can 
cause more trauma leading to pain and more stress to the animal, subsequently 
affecting the bleeding efficiency (Gibson et al., 2009; Zulkifli et al., 2014). 

Following slaughter, blood parameters gives significant information in regards to 
some physiological changes related to stress and noxious stimuli (Nowak et al., 2007). 
In farm animals, enhanced sympatho-adrenal activity caused by physical and 
psychological stress leads to hyperglycemia. This results from accelerated breakdown 
of glycogen in the liver (Mason, 2006; Adenkola & Ayo, 2010). Slaughtering cattle 
without stunning results in an increased blood lactate which is produced by an 
anaerobic glycolysis. Increased amounts of creatine kinase (CK) and lactate 
dehydrogenase (LDH) in serum indicate stress, muscle damage and muscle fatigue 
(Nakyinsige et al., 2013; Nakyinsige et al., 2014b). It widely believed that 
biochemical blood changes occur in response to physical stress condition such as those 
induced by slaughter procedures and this could compromise welfare (Sabow et al., 
2015). The possibility of pain, stress and onset of the unconsciousness during and after 
the neck cut are the major animal welfare concerns. Pain resulting from neck cutting 
is the focus of several discussions in recent time. It was recommended that 
slaughtering animals using exquisitely sharp knife brings about minimal behavioral 
reaction and this is perceived as unpainful to the animal (Regenstein, 2012; Awan & 
Sohaib, 2016). Sharp knife which results in quick bleeding causes physiological 
adjustments, loss of consciousness and eventually death. Less sharp knife can cause 
false aneurysm resulting in delay of animal death and consequently inflicts pain and 
stress to the animals. Blunt knife edge causes uneven and small repetitive cuts leading 
to more trauma and swelling at the cut ends of the vessels impeding the blood flow, 
leading to engorgement of vessels (ballooning) consequently, and false aneurysm 
(Rosen, 2004; Gregory, 2008; Gregory et al., 2012b). 

This can cause insufficient bleeding and other disturbances in physico-chemical 
properties imbalances, Poor bleeding efficiency result in more blood residue in the 
meat, favours multiplication of spoilage microorganisms (Lerner, 2009), causing 
retention of more hemoglobin resulting in higher oxidation of protein and lipid 
(Alvarado et al., 2007) and affecting shelf life (Soyer et al., 2010); thus, resulting in 
low standard meat quality (Pleiter, 2010). 
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Stress before or during slaughter to animal can disturb the bleeding efficiency. 
Efficient bleeding is one of the prime goals of slaughter procedures. Complete removal 
of the blood during exsanguinations has major impact on the quality of meat, its 
physico-chemical characteristics and shelf life. Stress results in stimulation of 
sympathetic nervous system (a built-in mechanism of fight-or-flight response) leading 
to changes in the blood pressure leads to vasoconstriction (narrowing of blood vessels) 
and changes in blood constituents of the animals such as concentrations of creatine 
kinase (CK), lactate dehydrogenase (LDH), glucose, cortisol, and packed cell volume 
(Knowles et al., 2014). Stress has been reported to greatly influence the toughness of 
beef (Gruber et al., 2010), high pH in cattle, sheep and pigs resulting in darker piece 
of meat (Ponnampalam et al., 2017). The pH is affected by the conversion  of glycogen 
to lactic acid, the immediate and long-term stress being experienced by the animals 
affect the rate of glycogen metabolism (Stajković et al., 2017). 

Problem statement 

There is a dearth of knowledge on the effect innovative restraining methods on the 
welfare of ruminants. Thus, there is a need for further study on the impact of 
positioning and animal rotation. In this context various methods of restraining chutes 
such as Facomia, Weinberg pen, ASPCA pen, MARK IV, (Dunn, 1990; Grandin, 
1992; Velarde et al., 2014; Bozzo et al., 2018) and slaughter positions such as, upright, 
45o, 90o or lateral recumbency and 180o (Dunn, 1990; Gregory et al., 2009; Grandin, 
2013; Gerritzen et al., 2014; Velarde et al., 2014) have been studied. The results of 
some studies reported that animals slaughtered by Kosher rite versus traditional (with 
stunning) are usually exposed to intense stress conditions during the exsanguination 
phase (Bozzo et al., 2018). Likewise, it has been revealed that there is an acute stress 
effect caused by animal rotation, and it was reported that repeated restraining and 
rotation is more stressful on the animal. 

Although, the sharpness of the knife is not possible to be measured quantitatively 
everywhere or at every slaughterhouse, however, ANAGO® sharpness tester has been 
influential in accomplishing notable improvements in knife sharpness. It ensures 
accurate, independent and efficient monitoring of sharpening tools, people and 
practices allowing sharpening to be constantly and effectively controlled, optimized 
and upgraded. ANAGO® knife sharpness tester can be used as an objective tool to 
measure the sharpness of the knife at commercial slaughterhouses at a very large scale. 
There have been no studies on the effect of knife sharpness on the physiology, stress 
and pain of slaughtered animals. Furthermore, dull or knife of less sharpness have 
been reported to lead to more than one cut to severe the required structure (Gregory et 
al., 2012b) for a slaughter to be considered as “Halal”. More cuts at the vessels due to 
less sharp knife have been reported to cause false aneurysm leading to a delayed period 
before the animal is unconscious (Gregory, 2008; Gregory et al., 2012a) in the animal 
with subsequent more stress and pain.  

Studies regarding the effects of slaughter positions in Halal and Kosher as well as less 
sharp compared to sharp knife in similar experimental condition, which could provide 
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understandings into the effects of positions and sharpness of knife on animals various 
physiological parameters such as blood biochemistry, meat quality, stress as well as 
pain, have not been reported. Therefore, this study was conducted to achieve the 
following objectives 

1.  To determine blood biochemical and electroencephalographic changes 
associated with slaughter in cattle subjected to different halal slaughter 
positions and knife sharpness. 

2. To assess the effect of different halal slaughter positions and knife sharpness 
on the bleeding efficiency and storage stability of cattle meat. 

3.  To evaluate the meat quality characteristics in cattle subjected to different 
Halal slaughter positions and knife sharpness. 

4.  To identify the bleeding efficiency, lipid and protein oxidation and 
microbiological quality of cattle meat subjected to different halal slaughter 
positions and knife sharpness. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
 
 

 
122 

8 REFERENCES 

Aaslyng, M. D., Bejerholm, C., Ertbjerg, P., Bertram, H. C., & Andersen, H. J. (2003). 
Cooking loss and juiciness of pork in relation to raw meat quality and cooking 
procedure. Food Quality and Preference, 14(4), 277-288.  

Addeen, A., Benjakul, S., Wattanachant, S., & Maqsood, S. (2014). Effect of Islamic 
slaughtering on chemical compositions and post-mortem quality changes of 
broiler chicken meat. International Food Research Journal, 21(3).  

Adenkola, A., & Ayo, J. (2010). Physiological and behavioural responses of livestock 
to road transportation stress: A review. African Journal of Biotechnology, 9(31), 
4845-4856.  

Adeyemi, K. D., Shittu, R. M., Sabow, A. B., Ebrahimi, M., & Sazili, A. Q. (2016). 
Influence of diet and postmortem ageing on oxidative stability of lipids, 
myoglobin and myofibrillar proteins and quality attributes of gluteus medius 
muscle in goats. PloS One, 11(5), doi:10.1371/journal.pone.0154603 

Adzitey, F., & Nurul, H. (2011). Pale soft exudative (PSE) and dark firm dry (DFD) 
meats: causes and measures to reduce these incidences-a mini review. 
International Food Research Journal, 18(1). 11-20. 

Adzitey, F., Teye, G., & Dinko, M. (2011). Pre and post-slaughter animal handling by 
butchers in the Bawku Municipality of the Upper East Region of Ghana. 
Livestock Research for Rural Development. Volume 23, Article #39. Retrieved 
June 24, 2015, from http://www.lrrd.org/lrrd23/2/adzi23039.htm 

Agbeniga, B. (2012). Influence of conventional and Kosher slaughter techniques in 
cattle on carcass and meat quality. M.Sc. Thesis research, University of Pretoria, 
Pretoria. 
http://www.repository.up.ac.za/bitstream/handle/2263/26243/dissertation.pdf?s
equence=1. Accessed 16 February 2014.  

Agbeniga, B., & Webb, E. C. (2012). Effect of slaughter technique on bleed-out, blood 
in the trachea and blood splash in the lungs of cattle. South African Journal of 
Animal Science, 42(5), 524-529.  

Agbeniga, B., Webb, E. C., & O’Neill, H. A. (2013). Influence of Kosher (Shechita) 
and conventional slaughter techniques on shear force, drip and cooking loss of 
beef. South African Journal of Animal Science, 43(5), S103-S106.  

Aghwan, Z., Bello, A., Abubakar, A., Imlan, J., & Sazili, A. (2016). Efficient halal 
bleeding, animal handling, and welfare: A holistic approach for meat quality. 
Meat Science, 121, 420-428.  

Aghwan, Z. A. A. (2013). Effects of iodine and selenium supplementation on growth, 
carcass characteristics and meat quality of crossbred Kacang goats. Universiti 
Putra Malaysia.    



© C
OPYRIG

HT U
PM

 
 
 

 
123 

Ahmed, H., Zaiton, H., & Mohd, N. (2015). Effect of slaughtering methods on meat 
quality indicators, chemical changes and microbiological quality of broiler 
chicken meat during refrigerated storage. Journal of Agriculture and Veterinary 
Sciences, 8, 12-17.  

Aidaros, H. (2005). Global perspectives--the Middle East: Egypt. Revue scientifique 
et technique (International Office of Epizootics), 24(2), 589-596.  

Al-Abbadi, A. A. R. (1988). Zabiha ke ehkam o masail (Rules and regulations on 
slaughtering). Urdu translation from Arabic by Hafiz Muhammad Abdul 
Ghafoor. Retrieved from Islamabad, Pakistan:  

Ali, M. S., Kang, G., & Joo, S. T. (2008). A review: Influences of pre-slaughter stress 
on poultry meat quality. Asian-Australasian Journal of Animal Sciences, 21(6), 
912-915.  

Ali, S. A., Abdalla, H. O., Mahgoub, I. M., & Medani, W. (2011). Effect of 
slaughtering method on the keeping quality of broiler chickens’ meat. Egyptian 
Poultry Science, 31(31), 727-736.  

Alvarado, C., Richards, M., O’Keefe, S., & Wang, H. (2007). The effect of blood 
removal on oxidation and shelf life of broiler breast meat. Poultry Science, 86(1), 
156-161.  

AMSA. (2012). AMSA Meat Color Measurement Guidelines: AMSA: American Meat 
Science Association. 

Anago. (2016). Knife sharpness tester. Anago Limited. 7 Sussex Street, Chartwell 
Hamilton 3210, New Zealand. 

Anil, M. H. (2012a). Effects of slaughter method on carcass and meat characteristics 
in the meat of cattle and sheep. EBLEX—a Divison of the Agriculture and 
Horticulture Development Board, UK  

Anil, M. H. (2012b). Religious slaughter: A current controversial animal welfare 
issue. Animal Frontiers, 2(3), 64-67.  

Apple, J., Dikeman, M., Minton, J., McMurphy, R., Fedde, M., Leith, D., & Unruh, J. 
(1995). Effects of restraint and isolation stress and epidural blockade on 
endocrine and blood metabolite status, muscle glycogen metabolism, and 
incidence of dark-cutting longissimus muscle of sheep. Journal of animal 
Science, 73(8), 2295-2307.  

Ariff, O., Sharifah, N., & Hafidz, A. (2015). Status of beef industry of Malaysia. 
Malaysian Journal of  Animal Science, 18, 1-21.  

Arshad, M. S., Sohaib, M., Ahmad, R. S., Nadeem, M. T., Imran, A., Arshad, M. U., 
Amjad, Z. (2018). Ruminant meat flavor influenced by different factors with 
special reference to fatty acids. Lipids in health and disease, 17(1), 223.  



© C
OPYRIG

HT U
PM

 
 
 

 
124 

Ashwal, S., & Rust, R. (2003). Child neurology in the 20th century. Pediatric 
Research, 53(2), 345.  

Astruc, T., Marinova, P., Labas, R., Gatellier, P., & Santé-Lhoutellier, V. (2007). 
Detection and localization of oxidized proteins in muscle cells by fluorescence 
microscopy. Journal of Agricultural and Food Chemistry, 55(23), 9554-9558.  

Awan, J. A., & Sohaib, M. (2016). Halal and humane slaughter; Comparison between 
Islamic teachings and modern methods. Pakistan Journal of Food Sciences, 
26(4), 234-240.  

Bao, Y. (2018). Effects of protein oxidation on the texture and water-holding of meat: 
a review. Critical Reviews in Food Science and Nutrition, 1-15. 

Barbut, S. (1997). Problem of pale soft exudative meat in broiler chickens. British 
Poultry Science, 38(4), 355-358.  

Baron, C. P., & Andersen, H. J. (2002). Myoglobin-induced lipid oxidation. A review. 
Journal of Agricultural and Food Chemistry, 50(14), 3887-3897.  

Beaconsfield, P., & Ginsburg, J. (1955). Effect of changes in limb posture on 
peripheral blood flow. Circulation Research, 3(5), 478-482.  

Behrends, J., Goodson, K., Koohmaraie, M., Shackelford, S., Wheeler, T., Morgan, 
W., Gwartney, B., Wise, J.,  Savell, J. (2005a). Beef customer satisfaction: 
Factors affecting consumer evaluations of calcium chloride-injected top sirloin 
steaks when given instructions for preparation. Journal of Animal Science, 
83(12), 2869-2875.  

Behrends, J., Goodson, K., Koohmaraie, M., Shackelford, S., Wheeler, T., Morgan, 
W., Gwartney, B., Wise, J.,Savell, J. (2005b). Beef customer satisfaction: USDA 
quality grade and marination effects on consumer evaluations of top round 
steaks. Journal of Animal Science, 83(3), 662-670.  

Bekhit, A., & Faustman, C. (2005). Metmyoglobin reducing activity. Meat Science, 
71(3), 407-439.  

Bekhit, A. A., Hopkins, D. L., Geesink, G., Bekhit, A. A., & Franks, P. (2014). 
Exogenous proteases for meat tenderization. Critical Reviews in Food Science 
and Nutrition, 54(8), 1012-1031.  

Bekhit, A. E. D. A., Hopkins, D. L., Fahri, F. T., & Ponnampalam, E. N. (2013). 
Oxidative processes in muscle systems and fresh meat: Sources, markers, and 
remedies. Comprehensive Reviews in Food Science and Food Safety, 12(5), 565-
597.  

Benkheira, M. H. (2000). Artificial death, canonical death: Ritual slaughter in Islam. 
Food and Foodways, 8(4), 227-252.  



© C
OPYRIG

HT U
PM

 
 
 

 
125 

Berlett, B. S., & Stadtman, E. R. (1997). Protein oxidation in aging, disease, and 
oxidative stress. Journal of Biological Chemistry, 272(33), 20313-20316.  

Bernevic, B., Petre, B. A., Galetskiy, D., Werner, C., Wicke, M., Schellander, K., & 
Przybylski, M. (2011). Degradation and oxidation postmortem of myofibrillar 
proteins in porcine skeleton muscle revealed by high resolution mass 
spectrometric proteome analysis. International Journal of Mass Spectrometry, 
305(2-3), 217-227.  

Berri, C., Debut, M., Santé-Lhoutellier, V., Arnould, C., Boutten, B., Sellier, N., 
Baéza, E., Jehl, N., Jego, Y., Duclos, M. (2005). Variations in chicken breast 
meat quality: implications of struggle and muscle glycogen content at death. 
British Poultry Science, 46(5), 572-579.  

Berri, C., Wacrenier, N., Millet, N., & Le Bihan-Duval, E. (2001). Effect of selection 
for improved body composition on muscle and meat characteristics of broilers 
from experimental and commercial lines. Poultry Science, 80(7), 833-838.  

Bertol, T., Ellis, M., Ritter, M., & McKeith, F. (2005). Effect of feed withdrawal and 
handling intensity on longissimus muscle glycolytic potential and blood 
measurements in slaughter weight pigs1. Journal of Animal Science, 83(7), 
1536-1542.  

Bertram, H. C., Petersen, J. S., & Andersen, H. J. (2000). Relationship between RN− 
genotype and drip loss in meat from Danish pigs. Meat Science, 56(1), 49-55.  

Bertram, H. C., Schäfer, A., Rosenvold, K., & Andersen, H. J. (2004). Physical 
changes of significance for early post mortem water distribution in porcine M. 
longissimus. Meat Science, 66(4), 915-924.  

Bertram, H. C., Stødkilde-Jørgensen, H., Karlsson, A. H., & Andersen, H. J. (2002). 
Post mortem energy metabolism and meat quality of porcine M. longissimus 
dorsi as influenced by stunning method—A 31P NMR spectroscopic study. Meat 
Science, 62(1), 113-119.  

Binnie, M. A., Barlow, K., Johnson, V., & Harrison, C. (2014). Red meats: Time for 
a paradigm shift in dietary advice. Meat Science, 98(3), 445-451.  

Bishu, R., Calkins, C., Lei, X., & Chin, A. (1996). Effect of knife type and sharpness 
on cutting forces. Advances in Occupational Ergonomics and Safety I, 2, 479-
483.  

Blackmore, D., & Newhook, J. (1976). Effects of different slaughter methods on 
bleeding sheep. The Veterinary Record, 99(16), 312-316.  

Bodas, R., Rodríguez, A. B., López, S., Fernández, B., Mantecon, A., & Giráldez, F. 
J. (2007). Effects of the inclusion of sodium bicarbonate and sugar beet pulp in 
the concentrate for fattening lambs on acid–base status and meat characteristics. 
Meat Science, 77(4), 696-702.  



© C
OPYRIG

HT U
PM

 
 
 

 
126 

Bond, J., & Warner, R. (2007). Ion distribution and protein proteolysis affect water 
holding capacity of Longissimus thoracis et lumborum in meat of lamb subjected 
to antemortem exercise. Meat Science, 75(3), 406-414.  

Borch, E., Kant-Muermans, M.-L., & Blixt, Y. (1996). Bacterial spoilage of meat and 
cured meat products. International Journal of Food Microbiology, 33(1), 103-
120.  

Bórnez, R., Linares, M., & Vergara, H. (2009). Microbial quality and lipid oxidation 
of Manchega breed suckling lamb meat: Effect of stunning method and modified 
atmosphere packaging. Meat Science, 83(3), 383-389.  

Bozzo, G., Barrasso, R., Marchetti, P., Roma, R., Samoilis, G., Tantillo, G., & Ceci, 
E. (2018). Analysis of Stress Indicators for Evaluation of Animal Welfare and 
Meat Quality in Traditional and Jewish Slaughtering. Animals, 8(4), 43.  

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of 
microgram quantities of protein utilizing the principle of protein-dye binding. 
Analytical Biochemistry, 72(1-2), 248-254.  

Brooks, J., & Tracey, I. (2005). From nociception to pain perception: imaging the 
spinal and supraspinal pathways. Journal of Anatomy, 207(1), 19-33.  

Bruce, H., Stark, J., & Beilken, S. (2003). The effect of finishing diet and post mortem 
ageing on the quality of M. longissimus thoracis of the electrically stimulated 
Brahman steer carcasses. Meat Science, 67(67), 261-268.  

Buckley, D., Morrissey, P., & Gray, J. (1995). Influence of dietary vitamin E on the 
oxidative stability and quality of pig meat. Journal of Animal Science, 73(10), 
3122-3130.  

Büyükünal, S., & Nazli, B. (2007). Effect of different electrical stunning methods on 
meat quality of marmara Kivircik breed lamb in Turkey Republic. Veterinarski 
Glasnik, 61(3-4), 155-162.  

Calkins, C., Davis, G., Cole, A., & Hutsell, D. (1980). Incidence of bloodsplashed 
hams from hogs subjected to certain ante-mortem handling methods. Journal of 
Animal Science, 50(1), 15-18.  

Cardona, A., & Mota-Rojas, D. (2011). Physiological response and welfare of ducks 
during slaughter. Asian Journal of Animal and Veterinary Advances, 6(12), 
1256-1263.  

Carlsen, C. U., Møller, J. K., & Skibsted, L. H. (2005). Heme-iron in lipid oxidation. 
Coordination Chemistry Reviews, 249(3-4), 485-498.  

Channon, H., Payne, A., & Warner, R. (2002). Comparison of CO2 stunning with 
manual electrical stunning (50 Hz) of pigs on carcass and meat quality. Meat 
Science, 60(1), 63-68.  



© C
OPYRIG

HT U
PM

 
 
 

 
127 

Chardon, H., Brugere, H., & Rosner, P. (2016). Animal Welfare from Farm to 
Slaughterhouse: Basic Principles and Regulatory Compliance. CIV 

Chen, A. C., Dworkin, S. F., Haug, J., & Gehrig, J. (1989). Topographic brain 
measures of human pain and pain responsivity. Pain, 37(2), 129-141.  

Chen, X., Ma, Q., Tang, M., & Ji, C. (2007). Development of breast muscle and meat 
quality in Arbor Acres broilers, Jingxing 100 crossbred chickens and Beijing 
fatty chickens. Meat Science, 77(2), 220-227.  

Chen, Y., Arsenault, R., Napper, S., & Griebel, P. (2015). Models and methods to 
investigate acute stress responses in cattle. Animals, 5(4), 1268-1295.  

Cheng, Q., & Sun, D.-W. (2008). Factors affecting the water holding capacity of red 
meat products: a review of recent research advances. Critical Reviews in Food 
Science and Nutrition, 48(2), 137-159.  

Choe, J., Choi, Y., Lee, S., Shin, H., Ryu, Y., Hong, K., & Kim, B. (2008). The relation 
between glycogen, lactate content and muscle fiber type composition, and their 
influence on postmortem glycolytic rate and pork quality. Meat Science, 80(2), 
355-362.  

Choi, Y., Lee, S., Choe, J., Rhee, M., Lee, S., Joo, S., & Kim, B. (2010). Protein 
solubility is related to myosin isoforms, muscle fiber types, meat quality traits, 
and postmortem protein changes in porcine longissimus dorsi muscle. Livestock 
Science, 127(2), 183-191.  

Claudon, L. (2000). Ergonomic hand tool design: Interview of users. Ergonomics & 
Safety for Global Business Quality & Productivity: ERGON-AXIA.  

Claudon, L., & Marsot, J. (2006). Effect of knife sharpness on upper limb 
biomechanical stresses—a laboratory study. International Journal of Industrial 
Ergonomics, 36(3), 239-246.  

Cockram, M., & Corley, K. (1991). Effect of pre-slaughter handling on the behaviour 
and blood composition of beef cattle. British Veterinary Journal, 147(5), 444-
454.  

Currie, R., & Wolfe, F. (1980). Rigor related changes in mechanical properties (tensile 
and adhesive) and extracellular space in beef muscle. Meat Science, 4(2), 123-
143.  

D’Agata, M., Russo, C., & Preziuso, G. (2009). Effect of Islamic ritual slaughter on 
beef quality. Italian Journal of Animal Science, 8(sup2), 489-491.  

Daly, B., Richards, I., Gibson, P., Gardner, G., & Thompson, J. (2002). Rate of pH 
decline in bovine muscle post-mortem—a benchmarking study. Paper presented 
at the Proceedings of the International Congress of Meat Science and 
Technology. 



© C
OPYRIG

HT U
PM

 
 
 

 
128 

Daly, C., Kallweit, E., & Ellendorf, F. (1988). Cortical function in cattle during 
slaughter: conventional captive bolt stunning followed by exsanguination 
compared with shechita slaughter. The Veterinary Record, 122(14), 325-329.  

Daly, C., & Simmons, N. (1994). The use of high frequency currents for the pre-
slaughter stunning of livestock. Paper presented at the CAPAA Engineers' 
Conference, Gunnedah, NSW, Australia. 

Dar, H., Rahman, R., Malik, R., & Kamal, A. A. (2012). Global Islamic Finance 
Report: GIFR 2012: Edbiz Consulting Publication. 

Dawkins, M. S. (1990). From an animal's point of view: motivation, fitness, and 
animal welfare. Behavioral and Brain Sciences, 13(1), 1-9.  

De la Fuente, J., Sánchez, M., Pérez, C., Lauzurica, S., Vieira, C., De Chávarri, E. G., 
& Díaz, M. (2010). Physiological response and carcass and meat quality of 
suckling lambs in relation to transport time and stocking density during transport 
by road. Animal, 4(2), 250-258.  

de Oliveira Roça, R. (2002). Humane slaughter of bovine. Paper presented at the 
Embrapa: First virtual global conference on organic beef–cattle 
production.(September, 02 to October 15, 2002). 

Decker, E. A., & Crum, A. D. (1993). Antioxidant activity of carnosine in cooked 
ground pork. Meat Science, 34(2), 245-253.  

Deiss, V., Temple, D., Ligout, S., Racine, C., Bouix, J., Terlouw, C., & Boissy, A. 
(2009). Can emotional reactivity predict stress responses at slaughter in sheep? 
Applied Animal Behaviour Science, 119(3), 193-202.  

Delles, R. M., & Xiong, Y. L. (2014). The effect of protein oxidation on hydration and 
water-binding in pork packaged in an oxygen-enriched atmosphere. Meat 
Science, 97(2), 181-188.  

Dembo, I. A. (1894). The Jewish Method of Slaughter Compared with Other Methods: 
From the Humanitarian, Hygienic, and Economic Points of View: Kegan Paul, 
Trench, Trübner. 

den Hertog Meischke, M., Van Laack, R., & Smulders, F. (1997). The water
holding capacity of fresh meat. Veterinary Quarterly, 19(4), 175-181.  

Descalzo, A., & Sancho, A. (2008). A review of natural antioxidants and their effects 
on oxidative status, odor and quality of fresh beef produced in Argentina. Meat 
Science, 79(3), 423-436.  

Destefanis, G., Brugiapaglia, A., Barge, M., & Dal Molin, E. (2008). Relationship 
between beef consumer tenderness perception and Warner–Bratzler shear force. 
Meat Science, 78(3), 153-156.  



© C
OPYRIG

HT U
PM

 
 
 

 
129 

Dewbury, A. G., & Russell, N. (2007). Relative frequency of butchering cutmarks 
produced by obsidian and flint: an experimental approach. Journal of 
Archaeological Science, 34(3), 354-357.  

Doostdar, H. M., Shah, M. H., Sattari, M. H., Doostdar, A. M., & Mamat, M. Z. 
(2017). A Clean Kill: Tracking the Socio-technological Aspects of Slaughtering 
Animals in Iran. Anthrozoös, 30(3), 373-386.  

Downing, E. (2015). Religious slaughter of animals. House of Commons Library.  

Dunn, C. (1990). Stress reactions of cattle undergoing ritual slaughter using two 
methods of restraint. The Veterinary Record, 126(21), 522-525.  

EC. (2009). Protection of animals at the time of killing. Council Regulation (EC) No, 
1099, 2009.  

Edwards, L., Engle, T., Correa, J., Paradis, M., Grandin, T., & Anderson, D. (2010a). 
The relationship between exsanguination blood lactate concentration and carcass 
quality in slaughter pigs. Meat Science, 85(3), 435-440.  

Edwards, L., Grandin, T., Engle, T., Porter, S., Ritter, M., Sosnicki, A., & Anderson, 
D. (2010b). Use of exsanguination blood lactate to assess the quality of pre-
slaughter pig handling. Meat Science, 86(2), 384-390.  

EFSA. (2004). Welfare aspects of the main systems of stunning and killing the main 
commercial species of animals. The EFSA Journal 2004, 45, 1-29.  

EFSA. (2013). Guidance on the assessment criteria for studies evaluating the 
effectiveness of stunning interventions regarding animal protection at the time 
of killing. EFSA Journal, 11(12), 34-86.  

Ekiz, B., Ekiz, E. E., Kocak, O., Yalcintan, H., & Yilmaz, A. (2012). Effect of pre-
slaughter management regarding transportation and time in lairage on certain 
stress parameters, carcass and meat quality characteristics in Kivircik lambs. 
Meat Science, 90(4), 967-976.  

Ekiz, E. E., & Yalcintan, H. (2013). Comparison of certain haematological and 
biochemical parameters regarding pre-slaughter stress in Saanen, Maltese, 
Gokceada and hair goat kids. İstanbul Üniversitesi Veteriner Fakültesi Dergisi, 
39(2), 189-196.  

El-Rahim, I. H. A. A. (2014). Recent Methods of Slaughtering and its Effect on Meat 
Safety and Hygiene. Paper presented at the The Third Gulf Conference on Halal 
Industry and its Services, Sheraton Hotel, State of Kuwait  

El Rammouz, R., Babile, R., & Fernandez, X. (2004). Effect of ultimate pH on the 
physicochemical and biochemical characteristics of turkey breast muscle 
showing normal rate of postmortem pH fall. Poultry Science, 83(10), 1750-1757.  



© C
OPYRIG

HT U
PM

 
 
 

 
130 

Ellis, D. I., Broadhurst, D., Kell, D. B., Rowland, J. J., & Goodacre, R. (2002). Rapid 
and quantitative detection of the microbial spoilage of meat by Fourier transform 
infrared spectroscopy and machine learning. Applied and Environmental 
Microbiology, 68(6), 2822-2828.  

Engelking, L. R. (2010). Textbook of Veterinary Physiological Chemistry, Updated 
2/e: Academic Press. 

England, E., Fisher, K., Wells, S., Mohrhauser, D., Gerrard, D., & Weaver, A. (2012). 
Postmortem titin proteolysis is influenced by sarcomere length in bovine muscle. 
Journal of Animal Science, 90(3), 989-995.  

Ertbjerg, P., & Puolanne, E. (2017). Muscle structure, sarcomere length and influences 
on meat quality: A review. Meat Science, 132, 139-152.  

Estévez, M. (2011). Protein carbonyls in meat systems: A review. Meat Science, 89(3), 
259-279.  

Estévez, M., & Cava, R. (2004). Lipid and protein oxidation, release of iron from heme 
molecule and colour deterioration during refrigerated storage of liver pâté. Meat 
Science, 68(4), 551-558.  

Estévez, M., Morcuende, D., & Ventanas, S. (2008). Determination of oxidation. 
Handbook of Processed Meat and Poultry Analysis, 141-162.  

Estévez, M., Ventanas, S., & Cava, R. (2005). Protein oxidation in frankfurters with 
increasing levels of added rosemary essential oil: effect on color and texture 
deterioration. Journal of Food Science, 70(7),  

Estévez, M., Ventanas, S., & Cava, R. (2007). Oxidation of lipids and proteins in 
frankfurters with different fatty acid compositions and tocopherol and phenolic 
contents. Food Chemistry, 100(1), 55-63.  

Evans, A. R. (2005). Connecting morphology, function and tooth wear in 
microchiropterans. Biological Journal of the Linnean Society, 85(1), 81-96.  

Falowo, A. B., Fayemi, P. O., & Muchenje, V. (2014). Natural antioxidants against 
lipid–protein oxidative deterioration in meat and meat products: A review. Food 
Research International, 64, 171-181.  

Farouk, M.M. (2013a). Advances in the industrial production of halal and kosher red 
meat. Meat Science, 95(4), 805-820.  

Farouk, M.M., Al-Mazeedi, H.M., Sabow, A.B., Bekhit, A.E.D., Adeyemi, K.D., 
Sazili, A.Q., & Ghani, A. (2014). Halal and Kosher slaughter methods and meat 
quality: A review. Meat Science, 98(3), 505-519.  

Farouk, M.M., Mustafa, N. M., Wu, G., & Krsinic, G. (2012). The “sponge effect” 
hypothesis: An alternative explanation of the improvement in the waterholding 
capacity of meat with ageing. Meat Science, 90(3), 670-677.  



© C
OPYRIG

HT U
PM

 
 
 

 
131 

Farouk, M. M. (2013b). Advances in the industrial production of halal and kosher red 
meat. Meat Science, 95(4), 805-820.  

Faustman, C., & Cassens, R. (1990). The biochemical basis for discoloration in fresh 
meat: a review. Journal of Muscle Foods, 1(3), 217-243.  

Faustman, C., Sun, Q., Mancini, R., & Suman, S. P. (2010). Myoglobin and lipid 
oxidation interactions: Mechanistic bases and control. Meat Science, 86(1), 86-
94.  

FAWC. (1985). Report on the Welfare of Livestock When Slaughtered by Religious 
Methods. Great Britain: HM Stationery Office. 

Fennema, O. R. (1996). Food Chemistry (O. R. Fennema Ed. 3rd ed.). 270 Madison 
Avenue, New York, New York 10016: MARCEL DEKKER, INC. 

Ferguson, D., & Gerrard, D. (2014). Regulation of post-mortem glycolysis in ruminant 
muscle. Animal Production Science, 54(4), 464-481.  

Ferguson, D., & Warner, R. (2008). Have we underestimated the impact of pre-
slaughter stress on meat quality in ruminants? Meat Science, 80(1), 12-19.  

Fernandez, X., Forslid, A., Mågård, M., Möller, B., & Tornberg, E. (1992). Effect of 
time between adrenaline injection and slaughter on the rate and extent of post-
mortem metabolism in porcine skeletal muscle. Meat Science, 31(3), 287-298.  

Filgueras, R., Gatellier, P., Aubry, L., Thomas, A., Bauchart, D., Durand, D., . . . 
Santé-Lhoutellier, V. (2010). Colour, lipid and protein stability of Rhea 
americana meat during air-and vacuum-packaged storage: Influence of muscle 
on oxidative processes. Meat Science, 86(3), 665-673.  

Fontanesi, L., Davoli, R., Costa, L. N., Beretti, F., Scotti, E., Tazzoli, M., . . . Russo, 
V. (2008). Investigation of candidate genes for glycolytic potential of porcine 
skeletal muscle: Association with meat quality and production traits in Italian 
Large White pigs. Meat Science, 80(3), 780-787.  

Frederiksen, A. M., Lund, M. N., Andersen, M. L., & Skibsted, L. H. (2008). 
Oxidation of porcine myosin by hypervalent myoglobin: the role of thiol groups. 
Journal of Agricultural and Food Chemistry, 56(9), 3297-3304.  

Fuseini, A., Wotton, S., Hadley, P., & Knowles, T. (2017). The compatibility of 
modern slaughter techniques with halal slaughter: a review of the aspects 
of'modern'slaughter methods that divide scholarly opinion within the Muslim 
community. Animal Welfare, 26(3), 301-310.  

Ganhão, R., Estévez, M., & Morcuende, D. (2011). Suitability of the TBA method for 
assessing lipid oxidation in a meat system with added phenolic-rich materials. 
Food Chemistry, 126(2), 772-778.  



© C
OPYRIG

HT U
PM

 
 
 

 
132 

Gardner, G., Daly, B., Thompson, J., & Pethick, D. (2006). The effect of nutrition on 
muscle pH decline and ultimate pH post-mortem in sheep and cattle. Recent 
Advances in Animal Nutrition in Australia, 15, 33-37.  

Gašperlin, L., Žlender, B., & Abram, V. (2001). Colour of beef heated to different 
temperatures as related to meat ageing. Meat Science, 59(1), 23-30.  

Gatellier, P., Mercier, Y., Rock, E., & Renerre, M. (2000). Influence of dietary fat and 
vitamin E supplementation on free radical production and on lipid and protein 
oxidation in turkey muscle extracts. Journal of Agricultural and Food 
Chemistry, 48(5), 1427-1433.  

Gellynck, X., & Verbeke, W. (2001). Consumer perception of traceability in the meat 
chain. Agrarwirtschaft, 50(6), 368-373.  

Gerritzen, M., Reimert, H., van der Werf, J., Hindle, V., Visser, E., & van Dixhoorn, 
I. (2014). Progress Report Restraining Ruminants (1570-8616).  

Gibson, T., Johnson, C., Murrell, J., Chambers, J., Stafford, K., & Mellor, D. (2009a). 
Components of electroencephalographic responses to slaughter in halothane-
anaesthetised calves: Effects of cutting neck tissues compared with major blood 
vessels. New Zealand Veterinary Journal, 57(2), 84-89.  

Gibson, T., Johnson, C., Murrell, J., Hulls, C., Mitchinson, S., Stafford, K., . . . Mellor, 
D. (2009b). Electroencephalographic responses of halothane-anaesthetised 
calves to slaughter by ventral-neck incision without prior stunning. New Zealand 
Veterinary Journal, 57(2), 77-83.  

Gibson, T., Johnson, C., Stafford, K., Mitchinson, S., & Mellor, D. (2007). Validation 
of the acute electroencephalographic responses of calves to noxious stimulus 
with scoop dehorning. New Zealand Veterinary Journal, 55(4), 152-157.  

Gibson, T. J., Dadios, N., & Gregory, N. G. (2015). Effect of neck cut position on time 
to collapse in halal slaughtered cattle without stunning. Meat Science, 110, 310-
314.  

Gil, M., Ramírez, J. A., Pla, M., Arino, B., Hernandez, P., Pascual, M., . . . 
Szerdahelyi, E. N. (2006). Effect of selection for growth rate on the ageing of 
myofibrils, meat texture properties and the muscle proteolytic potential of m. 
longissimus in rabbits. Meat Science, 72(1), 121-129.  

Gilbert, K., & Devine, C. (1982). Effect of electrical stunning methods on petechial 
haemorrhages and on the blood pressure of lambs. Meat Science, 7(3), 197-207.  

Gill, C. (1998). Microbiological contamination of meat during slaughter and 
butchering of cattle, sheep and pigs. The Microbiology of Meat and Poultry. 
London: Blackie Academic and Professional, 118-157.  

Girolami, A., Napolitano, F., Faraone, D., & Braghieri, A. (2013). Measurement of 
meat color using a computer vision system. Meat Science, 93(1), 111-118.  



© C
OPYRIG

HT U
PM

 
 
 

 
133 

Givens, D. I., & Shingfield, K. (2004). Foods derived from animals: the impact of 
animal nutrition on their nutritive value and ability to sustain long term health. 
Nutrition Bulletin, 29(4), 325-332.  

Goyal, M. M., & Basak, A. (2009). Estimation of plasma haemoglobin by a modified 
kinetic method using o-tolidine. Indian Journal of Clinical Biochemistry, 24(1), 
36-41.  

Gracey, J. F. (1981). Thornton's meat hygiene: Bailliere Tindall. 

Grandin, T. (1980). Problems with kosher slaughter. International Journal for the 
Study of Animal Problems, 1(6), 375-390. 

Grandin, T. (1992). Observations of cattle restraint devices for stunning and 
slaughtering. Animal Welfare, 1(2), 85-90.  

Grandin, T. (1994). Euthanasia and slaughter of livestock. Journal ofAmerican 
Veterinary Medical Association, 204, 1354-1354.  

Grandin, T. (1998). The feasibility of using vocalization scoring as an indicator of 
poor welfare during cattle slaughter. Applied Animal Behaviour Science, 56(2-
4), 121-128.  

Grandin, T. (2000). Handling and welfare of livestock in slaughter plants. Grandin 
(ed) Livestock Handling and Transport, 2nd edition, Wallingford, Oxon, UK, 
CAB International, 409-439.  

Grandin, T. (2006). Improving religious slaughter practices in the US. Anthropology 
of Food (5).  

Grandin, T. (2010). Auditing animal welfare at slaughter plants. Meat Science, 86(1), 
56-65.  

Grandin, T. (2013). Making slaughterhouses more humane for cattle, pigs, and sheep. 
Annual  Review of Animal and  Bioscience, 1(1), 491-512.  

Grandin, T. (2014). Animal welfare and society concerns finding the missing link. 
Meat Science, 98(3), 461-469.  

Grandin, T., & Regenstein, J. M. (1994). Religious slaughter and animal welfare: a 
discussion for meat scientists. Meat Focus International, 3(1), 115-123.  

Grandin, T., & Smith, G. C. (2004). Animal welfare and humane slaughter: 
November. 

Greaser, M. (1986). Conversion of muscle to meat. Muscle as Food, 37-102.  

Greene, B., & Cumuze, T. (1982). Relationship between TBA numbers and 
inexperienced panelists’ assessments of oxidized flavor in cooked beef. Journal 
of Food Science, 47(1), 52-54.  



© C
OPYRIG

HT U
PM

 
 
 

 
134 

Gregory, N. (1998). Animal Welfare and Meat Science, Chapter 4, Pp 64-92: UK, 
Wallingford: CABI publishing. 

Gregory, N. (2005). Recent concerns about stunning and slaughter. Meat Science, 
70(3), 481-491.  

Gregory, N. (2008). Animal welfare at markets and during transport and slaughter. 
Meat Science, 80(1), 2-11.  

Gregory, N., Schuster, P., Mirabito, L., Kolesar, R., & McManus, T. (2012a). Arrested 
blood flow during false aneurysm formation in the carotid arteries of cattle 
slaughtered with and without stunning. Meat Science, 90(2), 368-372.  

Gregory, N., Von Wenzlawowicz, M., & Von Holleben, K. (2009). Blood in the 
respiratory tract during slaughter with and without stunning in cattle. Meat 
Science, 82(1), 13-16.  

Gregory, N., von Wenzlawowicz, M., von Holleben, K., Fielding, H., Gibson, T., 
Mirabito, L., & Kolesar, R. (2012b). Complications during shechita and halal 
slaughter without stunning in cattle. Animal Welfare, 21(S2), 81-86.  

Gregory, N. G., Fielding, H., von Wenzlawowicz, M., & Von Holleben, K. (2010). 
Time to collapse following slaughter without stunning in cattle. Meat Science, 
85(1), 66-69.  

Gregory, N. G., & Grandin, T. (1998). Animal Welfare and Meat Science: CABI Pub. 

Gregory, N. G., & Grandin, T. (2007). Animal Welfare and Meat Production: CABI. 

Griffiths, G., & Purcell, D. (1984). A survey of slaughter procedures used in chicken 
processing plants. Australian Veterinary Jurnal, 61(12), 399-401.  

Grobbel, J., Dikeman, M., Hunt, M., & Milliken, G. (2008). Effects of packaging 
atmospheres on beef instrumental tenderness, fresh color stability, and internal 
cooked color. Journal of Animal Science, 86(5), 1191-1199.  

Gruber, S., Tatum, J., Engle, T., Chapman, P., Belk, K., & Smith, G. (2010). 
Relationships of behavioral and physiological symptoms of pre-slaughter stress 
to beef longissimus muscle tenderness. Journal of Animal Science, 88(3), 1148-
1159.  

Grunert, K. G., Bredahl, L., & Brunsø, K. (2004). Consumer perception of meat 
quality and implications for product development in the meat sector—a review. 
Meat Science, 66(2), 259-272.  

Grunwald, E. W., & Richards, M. P. (2006). Mechanisms of heme protein-mediated 
lipid oxidation using hemoglobin and myoglobin variants in raw and heated 
washed muscle. Journal of Agricultural and Food Chemistry, 54(21), 8271-
8280.  



© C
OPYRIG

HT U
PM

 
 
 

 
135 

Haga, H. A., & Dolvik, N. I. (2005). Electroencephalographic and cardiovascular 
variables as nociceptive indicators in isoflurane anaesthetized horses. 
Veterinary Anaesthesia and Analgesia, 32(3), 128-135.  

Haga, H. A., & Ranheim, B. (2005). Castration of piglets: the analgesic effects of 
intratesticular and intrafunicular lidocaine injection. Veterinary Anaesthesia and 
Analgesia, 32(1), 1-9.  

Hägg, G. M., Vogel, K., Karltun, J., & McGorry, R. (2015). How do different 
temperatures affect knife force? Ergonomics Open Journal(8), 27-31.  

Hajimohammadi, B., Ehrampoush, M. H., & Hajimohammadi, B. (2014). Theories 
about effects of Islamic slaughter laws on meat hygiene. Health Scope, 3(1).  

Hambrecht, E., Eissen, J., Newman, D., Smits, C., Den Hartog, L., & Verstegen, M. 
(2005). Negative effects of stress immediately before slaughter on pork quality 
are aggravated by suboptimal transport and lairage conditions. Journal of Animal 
Science, 83(2), 440-448.  

Hambrecht, E., Eissen, J., Nooijen, R., Ducro, B., Smits, C., Den Hartog, L., & 
Verstegen, M. (2004). Pre-slaughter stress and muscle energy largely determine 
pork quality at two commercial processing plants. Journal of Animal Science, 
82(5), 1401-1409.  

Hamm, R. (1986). Functional properties of the myofibrillar system and their 
measurements.Muscle as Food. Food Science and Technology, 135-199.  

Harel, S., & Kanner, J. (1985). Hydrogen peroxide generation in ground muscle 
tissues. Journal of Agricultural and Food Chemistry, 33(6), 1186-1188.  

Harris, R. (1992). Carbohydrate metabolism I: major metabolic pathways and their 
control. Textbook of Biochemistry with Clinical Correlations, 291-358.  

Hartschuh, J., Novakofski, J., & McKeith, F. (2002). Practical aspects of the 
glycolytic potential assay. Paper presented at the Proc. 55th Annual Reciprocal 
Meat Conference. 

Hawkins, C. L., & Davies, M. J. (2001). Generation and propagation of radical 
reactions on proteins. Biochimica et Biophysica Acta (BBA)-Bioenergetics, 
1504(2-3), 196-219.  

Hedrick, Aberle, E., Forrest, J., Judge, M., & Merkel, R. (1994). Principles of Meat 
Science. United Kingdom: Kendall/Hunt Pub. Co. 

Henckel, P., Karlsson, A., Jensen, M. T., Oksbjerg, N., & Petersen, J. S. (2002). 
Metabolic conditions in porcine longissimus muscle immediately pre-slaughter 
and its influence on peri-and post mortem energy metabolism. Meat Science, 
62(2), 145-155.  



© C
OPYRIG

HT U
PM

 
 
 

 
136 

Henckel, P., Karlsson, A., Oksbjerg, N., & Petersen, J. S. (2000). Control of post 
mortem pH decrease in pig muscles: experimental design and testing of animal 
models. Meat Science, 55(1), 131-138.  

Herrera-Mendez, C. H., Becila, S., Boudjellal, A., & Ouali, A. (2006). Meat ageing: 
Reconsideration of the current concept. Trends in Food Science & Technology, 
17(8), 394-405.  

Hildrum, K. I., Rødbotten, R., Høy, M., Berg, J., Narum, B., & Wold, J. P. (2009). 
Classification of different bovine muscles according to sensory characteristics 
and Warner Bratzler shear force. Meat Science, 83(2), 302-307.  

Holman, B. W., Ponnampalam, E. N., van de Ven, R. J., Kerr, M. G., & Hopkins, D. 
L. (2015). Lamb meat colour values (HunterLab CIE and reflectance) are 
influenced by aperture size (5 mm v. 25 mm). Meat Science, 100, 202-208.  

Honikel, K. O. (1998). Reference methods for the assessment of physical 
characteristics of meat. Meat Science, 49(4), 447-457.  

Hopkins, D., Littlefield, P., & Thompson, J. (2000). A research note on factors 
affecting the determination of myofibrillar fragmentation. Meat Science, 56(1), 
19-22.  

Hopkins, D., Martin, L., & Gilmour, A. (2004). The impact of homogenizer type and 
speed on the determination of myofibrillar fragmentation. Meat Science, 67(4), 
705-710.  

Hou, X., Liang, R., Mao, Y., Zhang, Y., Niu, L., Wang, R., . . . Luo, X. (2014). Effect 
of suspension method and aging time on meat quality of Chinese fattened cattle 
M. Longissimus dorsi. Meat Science, 96(1), 640-645.  

HSA, H. S. (1958). United States Statutes at Large, containing concurrent resolutions 
enacted during the second session of the 85th congress of the United States of 
America. United States Government Printing Office.  

Huff-Lonergan, E. (2009). Fresh meat water-holding capacity. Improving the Sensory 
and Nutritional Quality of Fresh Meat, 147-160.  

Huff-Lonergan, E., & Lonergan, S. M. (2005). Mechanisms of water-holding capacity 
of meat: The role of postmortem biochemical and structural changes. Meat 
Science, 71(1), 194-204.  

Hughes, H. D., Carroll, J. A., Sanchez, N. C. B., & Richeson, J. T. (2014). Natural 
variations in the stress and acute phase responses of cattle. Innate Immunity, 
20(8), 888-896.  

Hulot, F., & Ouhayoun, J. (2010). Muscular pH and related traits in rabbits: a review. 
World Rabbit Science, 7(1), 15-36.  



© C
OPYRIG

HT U
PM

 
 
 

 
137 

Hunt, M. (1980). Meat color measurements. Paper presented at the Proceedings 
Annual Reciprocal Meat Conference. 

Huozha, R., Rastogi, S. K., Korde, J. P., & Madan, A. K. (2011). 
Electroencephalographic changes during experimental pain induction in goats. 
Veterinarski Arhiv, 81(3), 359-368.  

Insausti, K., Beriain, M., Purroy, A., Alberti, P., Gorraiz, C., & Alzueta, M. (2001). 
Shelf life of beef from local Spanish cattle breeds stored under modified 
atmosphere. Meat Science, 57(3), 273-281.  

Ishiwatari, N., Fukuoka, M., & Sakai, N. (2013). Effect of protein denaturation degree 
on texture and water state of cooked meat. Journal of Food Engineering, 117(3), 
361-369.  

Jäättelä, A., Alho, A., Avikainen, V., Karaharju, E., Kataja, J., Lahdensuu, M., . . . 
Tervo, T. (1975). Plasma catecholamines in severely injured patients: a 
prospective study on 45 patients with multiple injuries. British Journal of 
Surgery, 62(3), 177-181.  

Jacob, R., Walker, P., Skerritt, J., Davidson, R., Hopkins, D., Thompson, J., & Pethick, 
D. (2005). The effect of lairage time on consumer sensory scores of the M. 
longissimus thoracis et lumborum from lambs and lactating ewes. Australian 
Journal of Experimental Agriculture, 45(5), 535-542.  

JAKIM. (2009). Halal Food - Production, Preparation, Handling And Storage - 
General Guidelines  (2nd Revision). Department of Standards Malaysia.  

Jalil, N. S. A., Tawde, A. V., Zito, S., Sinclair, M., Fryer, C., Idrus, Z., & Phillips, C. 
J. (2018). Attitudes of the public towards halal food and associated animal 
welfare issues in two countries with predominantly Muslim and non-Muslim 
populations. PloS one, 13(10), e0204094.  

Jayasooriya, S. D., Torley, P., D’arcy, B. R., & Bhandari, B. R. (2007). Effect of high 
power ultrasound and ageing on the physical properties of bovine 
Semitendinosus and Longissimus muscles. Meat Science, 75(4), 628-639.  

Jena, S. K. (2015). Examination stress and its effect on EEG. Int J Med Sci Pub Health, 
11(4), 1493-1497.  

Jeremiah, L., Tong, A., & Gibson, L. (1991). The usefulness of muscle color and pH 
for segregating beef carcasses into tenderness groups. Meat Science, 30(2), 97-
114.  

Johnson, C., Mellor, D., Hemsworth, P., & Fisher, A. (2015). A scientific comment 
on the welfare of domesticated ruminants slaughtered without stunning. New 
Zealand Veterinary Journal, 63(1), 58-65.  

 



© C
OPYRIG

HT U
PM

 
 
 

 
138 

Johnson, C., Stafford, K., Sylvester, S., Ward, R., Mitchinson, S., & Mellor, D. 
(2005a). Effects of age on the electroencephalographic response to castration in 
lambs anaesthetised using halothane in oxygen. New Zealand Veterinary 
Journal, 53(6), 433-437.  

Johnson, C. B., Wilson, P. R., Woodbury, M. R., & Caulkett, N. A. (2005b). 
Comparison of analgesic techniques for antler removal in halothane
anaesthetized red deer (Cervus elaphus): electroencephalographic responses. 
Veterinary Anaesthesia and Analgesia, 32(2), 61-71.  

Johnson, N. (1991). Physical damage to textiles. Paper presented at the Proceedings 
of Police Technology: Asia Pacific Police Technology Conference. 

Jongman, E., Morris, J., Barnett, J., & Hemsworth, P. (2000). EEG changes in 4
week old lambs in response to castration, tail docking and mulesing. Australian 
Veterinary Journal, 78(5), 339-343.  

Joo, S., Kim, G., Hwang, Y., & Ryu, Y. (2013). Control of fresh meat quality through 
manipulation of muscle fiber characteristics. Meat Science, 95(4), 828-836.  

Jouki, M., & Khazaei, N. (2011). Effects of storage time on some characteristics of 
packed camel meat in low temperature. Int J Anim Vet Adv, 3(6), 460-464.  

Juncher, D., Rønn, B., Hansen, T. B., Henckel, P., Karlsson, A., Skibsted, L. H., & 
Bertelsen, G. (2003). Effect of pre-slaughter physiological conditions on the 
oxidative stability of colour and lipid during chill storage of sliced, retail packed 
roast ham. Meat Science, 63(2), 151-159.  

Kadim, I., Mahgoub, O., Al-Marzooqi, W., Al-Ajmi, D., Al-Maqbali, R., & Al-
Lawati, S. (2008). The influence of seasonal temperatures on meat quality 
characteristics of hot-boned, m. psoas major and minor, from goats and sheep. 
Meat Science, 80(2), 210-215.  

Kadim, I. T., Mahgoub, O., AL MARZOOQI, W., Khalaf, S., AL SINAWI, S. S., 
& AL AMRI, I. (2010). Effects of transportation during the hot season, breed 
and electrical stimulation on histochemical and meat quality characteristics of 
goat longissimus muscle. Animal Science Journal, 81(3), 352-361.  

Kajitani, S., FUKUOKA, M., & SAKAI, N. (2011). Kinetics of thermal denaturation 
of protein in cured pork meat. Japan Journal of Food Engineering, 12(1), 19-
26.  

Kaka, U., Hui Cheng, C., Meng, G. Y., Fakurazi, S., Kaka, A., Behan, A. A., & 
Ebrahimi, M. (2015). Electroencephalographic changes associated with 
antinociceptive actions of lidocaine, ketamine, meloxicam, and morphine 
administration in minimally anaesthetized dogs. BioMed Research 
International, 2015.  



© C
OPYRIG

HT U
PM

 
 
 

 
139 

Kandeepan, G., Anjaneyulu, A., Kondaiah, N., Mendiratta, S., & Lakshmanan, V. 
(2009). Effect of age and gender on the processing characteristics of buffalo 
meat. Meat Science, 83(1), 10-14.  

Kannan, G., Kouakou, B., & Gelaye, S. (2001). Color changes reflecting myoglobin 
and lipid oxidation in chevon cuts during refrigerated display. Small Ruminant 
Research, 42(1), 67-74.  

Karami, M., Alimon, A., Sazili, A., Goh, Y., & Ivan, M. (2011). Effects of dietary 
antioxidants on the quality, fatty acid profile, and lipid oxidation of longissimus 
muscle in Kacang goat with aging time. Meat Science, 88(1), 102-108.  

Karltun, J., Vogel, K., Bergstrand, M., & Eklund, J. (2016). Maintaining knife 
sharpness in industrial meat cutting: A matter of knife or meat cutter ability. 
Applied Ergonomics, 56, 92-100.  

Killinger, K., Calkins, C. R., Umberger, W., Feuz, D. M., & Eskridge, K. M. (2004a). 
Consumer visual preference and value for beef steaks differing in marbling level 
and color. Journal of Animal Science, 82(11), 3288-3293.  

Killinger, K., Calkins, C. R., Umberger, W. J., Feuz, D. M., & Eskridge, K. M. 
(2004b). A comparison of consumer sensory acceptance and value of domestic 
beef steaks and steaks from a branded, Argentine beef program. Journal of 
Animal Science, 82(11), 3302-3307.  

Kim, J.-w., & Dang, C. V. (2005). Multifaceted roles of glycolytic enzymes. Trends 
in Biochemical Sciences, 30(3), 142-150.  

Kim, Y. H. B., Bødker, S., & Rosenvold, K. (2012). Influence of lamb age and high-
oxygen modified atmosphere packaging on protein polymerization of long-term 
aged lamb loins. Food Chemistry, 135(1), 122-126.  

Kirton, A., Frazerhurst, L., Woods, E., & Chrystall, B. (1981). Effect of electrical 
stunning method and cardiac arrest on bleeding efficiency, residual blood and 
blood splash in lambs. Meat Science, 5(5), 347-353.  

Klabunde, R. (2011). Cardiovascular physiology concepts: Lippincott Williams & 
Wilkins. 

Knowles, T. (1999). A review of the road transport of cattle. The Veterinary Record, 
144(8), 197-201.  

Knowles, T. G., Warriss, P. D., & Vogel, K. (2014). 21 Stress Physiology of Animals 
During Transport. Livestock Handling and Transport: Theories and 
Applications, 399.  

Kongara, K., Chambers, J. P., & Johnson, C. B. (2010). Electroencephalographic 
responses of tramadol, parecoxib and morphine to acute noxious electrical 
stimulation in anaesthetised dogs. Research in Veterinary Science, 88(1), 127-
133.  



© C
OPYRIG

HT U
PM

 
 
 

 
140 

Koohmaraie, M., & Geesink, G. (2006). Contribution of postmortem muscle 
biochemistry to the delivery of consistent meat quality with particular focus on 
the calpain system. Meat Science, 74(1), 34-43.  

Kooi, K. A., Tucker, R. P., & Marshall, R. E. (1978). Fundamentals of 
Electroencephalography: HarperCollins Publishers. 

Kounteya, S., & Bhattacharya, A. (2012). The science of meat.   Retrieved from 
https://timesofindia.indiatimes.com/Science-of-
meat/articleshow/11672654.cms 

Koutsoumanis, K., & Sofos, J. (2004). Microbial contamination of carcasses and cuts. 
Encyclopedia of Meat Sciences, 727-737.  

Kristensen, L., & Purslow, P. P. (2001). The effect of ageing on the water-holding 
capacity of pork: role of cytoskeletal proteins. Meat Science, 58(1), 17-23.  

Kumar, A., Kebede, E., & Kassaye, E. (2010). Evaluation of quality of beef produced 
and sold in parts of Tigray Region of Ethiopia. Tropical Animal Health and 
Production, 42(3), 445-449.  

Kumar, P., Rao, J., & Haribabu, Y. (2014). Microbiological quality of meat collected 
from municipal slaughter houses and retail meat shops from Hyderabad 
Karnataka region, India. APCBEE Procedia, 8, 364-369.  

Ladeira, M., Santarosa, L., Chizzotti, M., Ramos, E., Neto, O. M., Oliveira, D., . . . 
Ribeiro, J. (2014). Fatty acid profile, color and lipid oxidation of meat from 
young bulls fed ground soybean or rumen protected fat with or without 
monensin. Meat Science, 96(1), 597-605.  

Lambooij, E., & Kijlstra, A. (2009). Ritueel slachten en het welzijn van herkauwers 
en pluimvee: een literatuuroverzicht. Tijdschrift voor Diergeneeskunde, 
134(23), 984-989.  

Lambooij, E., van der Werf, J., Reimert, H., & Hindle, V. (2012). Restraining and 
neck cutting or stunning and neck cutting of veal calves. Meat Science, 91(1), 
22-28.  

Lau, K., Mei, D., Yeung, C., & Man, H. (2000). Wear characteristics and mechanisms 
of a thin edge cutting blade. Journal of Materials Processing Technology, 102(1-
3), 203-207.  

Lawrie, R., & Ledward, D. (2006). Lawrie’s meat science. Woodhead, Cambridge, 
England.  

Lawrie, R. A. (1980). Developments in Meat Science (Vol. 1): Applied Science 
Publishers London. 



© C
OPYRIG

HT U
PM

 
 
 

 
141 

Le Bihan-Duval, E., Debut, M., Berri, C. M., Sellier, N., Santé-Lhoutellier, V., Jégo, 
Y., & Beaumont, C. (2008). Chicken meat quality: genetic variability and 
relationship with growth and muscle characteristics. BMC Genetics, 9(1), 53.  

Ledward, D. (1992). Colour of raw and cooked meat. Special Publication-Royal 
Society of Chemistry, 106, 128-128.  

Leet, N., Devine, C., & Gavey, A. (1977). The histology of blood splash in lamb. Meat 
Science, 1(3), 229-234.  

Lerner, P. (2009). Evaluation of haemoglobin and myoglobin in Poultry slaughtered 
by stunning and Kosher slaughter. Folia Vet, 53(53), 25-27.  

Li, K., Zhang, Y., Mao, Y., Cornforth, D., Dong, P., Wang, R., . . . Luo, X. (2012). 
Effect of very fast chilling and aging time on ultra-structure and meat quality 
characteristics of Chinese Yellow cattle M. Longissimus lumborum. Meat 
Science, 92(4), 795-804.  

Li, P., Wang, T., Mao, Y., Zhang, Y., Niu, L., Liang, R., . . . Luo, X. (2014). Effect of 
ultimate pH on postmortem myofibrillar protein degradation and meat quality 
characteristics of Chinese yellow crossbreed cattle. The Scientific World 
Journal, 2014.  

Li, S. (1999). Studies on the effect of heat stress on performance and meat quality of 
broilers and anti-stress effect of riboflavin. Beijing Chinese Academy of 
Agricultural Sciences.  

Li, Y., Li, J., Zhang, L., Yu, C., Lin, M., Gao, F., . . . Nuldnali, L. (2015). Effects of 
dietary energy sources on post mortem glycolysis, meat quality and muscle fibre 
type transformation of finishing pigs. PloS One, 10(6), e0131958.  

Linares, M., Bórnez, R., & Vergara, H. (2007). Effect of different stunning systems 
on meat quality of light lamb. Meat Science, 76(4), 675-681.  

Lindsley, D. B. (1952). Psychological phenomena and the electroencephalogram. 
Electroencephalography and Clinical Neurophysiology, 4(4), 443-456.  

Liste, M., María, G., García-Belenguer, S., Chacón, G., Gazzola, P., & Villarroel, M. 
(2010). The effect of transport time, season and position on the truck on stress 
response in rabbits. World Rabbit Science, 16(4), 229-235.  

Liu, Z., Xiong, Y. L., & Chen, J. (2009). Identification of restricting factors that inhibit 
swelling of oxidized myofibrils during brine irrigation. Journal of Agricultural 
and Food Chemistry, 57(22), 10999-11007.  

Lomiwes, D., Farouk, M., Wu, G., & Young, O. (2014). The development of meat 
tenderness is likely to be compartmentalised by ultimate pH. Meat Science, 
96(1), 646-651.  



© C
OPYRIG

HT U
PM

 
 
 

 
142 

López, M., Carrilho, M., Campo, M., & Lafuente, R. (2008). Halal slaughter and 
electrical stunning in rabbits: effect on welfare and muscle characteristics. 
Paper presented at the Proceedings of the 9th World Rabbit Congress, Verona, 
Italy, 10-13 June 2008. 

Luijcks, R., Vossen, C. J., Hermens, H. J., van Os, J., & Lousberg, R. (2015). The 
influence of perceived stress on cortical reactivity: a proof-of-principle study. 
PloS One, 10(6), e0129220.  

Lund, M. N., Heinonen, M., Baron, C. P., & Estevez, M. (2011). Protein oxidation in 
muscle foods: A review. Molecular Nutrition and Food Research, 55(1), 83-95.  

Lund, M. N., Hviid, M. S., & Skibsted, L. H. (2007a). The combined effect of 
antioxidants and modified atmosphere packaging on protein and lipid oxidation 
in beef patties during chill storage. Meat Science, 76(2), 226-233.  

Lund, M. N., Lametsch, R., Hviid, M. S., Jensen, O. N., & Skibsted, L. H. (2007b). 
High-oxygen packaging atmosphere influences protein oxidation and tenderness 
of porcine longissimus dorsi during chill storage. Meat Science, 77(3), 295-303.  

Luo, F., & Wang, J.-Y. (2008). Democratic organization of the thalamocortical neural 
ensembles in nociceptive signal processing. Acta Physiologica Sinica, 60(5), 
669-676.  

Mačanga, J., Koréneková, B., Nagy, J., Marcinčák, S., Popelka, P., Kožárová, I., & 
Korének, M. (2011). Post-mortem changes in the concentration of lactic acid, 
phosphates and pH in the muscles of wild rabbits (Oryctolagus cuniculus) 
according to the perimortal situation. Meat Science, 88(4), 701-704.  

Magalhães-Sant’Ana, M. (2014). Scientific assessment from an animal welfare 
perspective, of rotating animals during ritual slaughter. Scientific report for the 
Scientific Advisory Committee on Animal Health and Welfare (SACAWH) from 
the Department of Agriculture, Food and the Marine, Republic of Ireland. 
University College Dublin, Ireland, 2.  

Mansouri, A., Muller, F. L., Liu, Y., Ng, R., Faulkner, J., Hamilton, M., . . . Van 
Remmen, H. (2006). Alterations in mitochondrial function, hydrogen peroxide 
release and oxidative damage in mouse hind-limb skeletal muscle during aging. 
Mechanisms of Ageing and Development, 127(3), 298-306.  

Manteca, X. (1998). Neurophysiology and assessment of welfare. Meat Science, 49, 
S205-S218.  

Maqsood, S., & Benjakul, S. (2011). Effect of bleeding on lipid oxidation and quality 
changes of Asian seabass (Lates calcarifer) muscle during iced storage. Food 
Chemistry, 124(2), 459-467.  

Maribo, H., Støier, S., & Jørgensen, P. F. (1999). Procedure for determination of 
glycolytic potential in porcine m. longissimus dorsi. Meat Science, 51(2), 191-
193.  



© C
OPYRIG

HT U
PM

 
 
 

 
143 

Marino, R., Albenzio, M., Della Malva, A., Santillo, A., Loizzo, P., & Sevi, A. (2013). 
Proteolytic pattern of myofibrillar protein and meat tenderness as affected by 
breed and aging time. Meat Science, 95(2), 281-287.  

Marsot, J., Claudon, L., & Jacqmin, M. (2007). Assessment of knife sharpness by 
means of a cutting force measuring system. Applied Ergonomics, 38(1), 83-89.  

Martinaud, A., Mercier, Y., Marinova, P., Tassy, C., Gatellier, P., & Renerre, M. 
(1997). Comparison of oxidative processes on myofibrillar proteins from beef 
during maturation and by different model oxidation systems. Journal of 
Agricultural and Food Chemistry, 45(7), 2481-2487.  

Mason, C. (2006). Comparison of Halal slaughter with captive bolt stunning and neck 
cutting in cattle: exsanguination and quality parameters. Animal Welfare, 15, 
325-330.  

Masri, A.-H. B. A. (2016). Animal Welfare in Islam: Kube Publishing Ltd. 

Masri, B. A. (1989). Animals in Islam: Athene Trust. 

Mazzone, G., Vignola, G., Giammarco, M., Manetta, A., & Lambertini, L. (2010). 
Effects of loading methods on rabbit welfare and meat quality. Meat science, 
85(1), 33-39.  

McCarthy, C. T., Annaidh, A. N., & Gilchrist, M. D. (2010). On the sharpness of 
straight edge blades in cutting soft solids: Part II–Analysis of blade geometry. 
Engineering Fracture Mechanics, 77(3), 437-451.  

McCarthy, C. T., Hussey, M., & Gilchrist, M. D. (2007). On the sharpness of straight 
edge blades in cutting soft solids: Part I–indentation experiments. Engineering 
Fracture Mechanics, 74(14), 2205-2224.  

McGorry, R. W., Dowd, P. C., & Dempsey, P. G. (2003). Cutting moments and grip 
forces in meat cutting operations and the effect of knife sharpness. Applied 
Ergonomics, 34(4), 375-382.  

McKenna, D., Mies, P., Baird, B., Pfeiffer, K., Ellebracht, J., & Savell, J. (2005). 
Biochemical and physical factors affecting discoloration characteristics of 19 
bovine muscles. Meat Science, 70(4), 665-682.  

Mellor, D., & Stafford, K. (2000). Acute castration and/or tailing distress and its 
alleviation in lambs. New Zealand Veterinary Journal, 48(2), 33-43.  

Mellor, D., Stafford, K., Todd, S., Lowe, T., Gregory, N., Bruce, R., & Ward, R. 
(2002). A comparison of catecholamine and cortisol responses of young lambs 
and calves to painful husbandry procedures. Australian Veterinary Journal, 
80(4), 228-233.  

Meyer, R. (2015). Physiologic measures of animal stress during transitional states of 
consciousness. Animals, 5(3), 702-716.  



© C
OPYRIG

HT U
PM

 
 
 

 
144 

Micera, E., Dimatteo, S., Grimaldi, M., Marsico, G., & Zarrilli, A. (2007). Stress 
indicators in steers at slaughtering. Italian Journal of Animal Science, 6(sup1), 
457-459.  

Milan, D., Jeon, J.-T., Looft, C., Amarger, V., Robic, A., Thelander, M., . . . Rask, L. 
(2000). A mutation in PRKAG3 associated with excess glycogen content in pig 
skeletal muscle. Science, 288(5469), 1248-1251.  

Miller, K., Ellis, M., Bidner, B., McKeith, F., & Wilson, E. (2000). Porcine 
Longissimus glycolytic potential level effects on growth performance, carcass, 
and meat quality characteristics. Journal of Muscle Foods, 11(3), 169-181.  

Miller, Y. I., Altamentova, S. M., & Shaklai, N. (1997). Oxidation of low-density 
lipoprotein by hemoglobin stems from a heme-initiated globin radical: 
antioxidant role of haptoglobin. Biochemistry, 36(40), 12189-12198.  

Milton, M., Milbury, E. E., & Shultz, E. W. (1963). Apparatus for holding cattle in 
position for humane slaughtering: Google Patents. 

Minka, N., & Ayo, J. (2010). Physiological responses of food animals to road 
transportation stress. African Journal of Biotechnology, 9(40), 6601-6613.  

Mir, N. A., Rafiq, A., Kumar, F., Singh, V., & Shukla, V. (2017). Determinants of 
broiler chicken meat quality and factors affecting them: a review. Journal of 
Food Science and Technology, 54(10), 2997-3009.  

Moberg, G. P., & Mench, J. A. (2000). The Biology of Animal Stress: Basic Principles 
and Implications for Animal Welfare: CABI. 

Modzelewska-Kapituła, M., Kwiatkowska, A., Jankowska, B., & Dąbrowska, E. 
(2015). Water holding capacity and collagen profile of bovine m. infraspinatus 
during postmortem ageing. Meat Science, 100, 209-216.  

Monin, G., Przybylski, W., & Kocwin-Podsiadla, M. (2003). Glycolytic potential as 
meat quality determinant. Paper presented at the The IV Conference on effect of 
genetic and non-genetic factors on carcass and meat quality of pigs. 

Mortimer, S., Van Der Werf, J., Jacob, R. H., Hopkins, D., Pannier, L., Pearce, K., . . 
. Edwards, J. H. (2014). Genetic parameters for meat quality traits of Australian 
lamb meat. Meat Science, 96(2), 1016-1024.  

Morzel, M., Gatellier, P., Sayd, T., Renerre, M., & Laville, E. (2006). Chemical 
oxidation decreases proteolytic susceptibility of skeletal muscle myofibrillar 
proteins. Meat Science, 73(3), 536-543.  

Möstl, E., & Palme, R. (2002). Hormones as indicators of stress. Domestic Animal 
Endocrinology, 23(1-2), 67-74.  



© C
OPYRIG

HT U
PM

 
 
 

 
145 

Mpakama, T., Chulayo, A., & Muchenje, V. (2014). Bruising in slaughter cattle and 
its relationship with creatine kinase levels and beef quality as affected by animal 
related factors. Asian-Australasian Journal of Animal Sciences, 27(5), 717-725.  

Muchenje, V., Dzama, K., Chimonyo, M., Strydom, P., & Raats, J. (2009). 
Relationship between pre-slaughter stress responsiveness and beef quality in 
three cattle breeds. Meat Science, 81(4), 653-657.  

Mukherjee, S. R. (2014). Global Halal: meat, money, and religion. Religions, 5(1), 22-
75.  

Mulder, J., & Scott, J. B. (2016). The measurement of knife sharpness and the impact 
of sharpening technique on edge durability. (Technical Report) 1-7. 

Mummed, Y., & Webb, E. C. (2015). Operation, facilities and management in public 
and private abattoirs in Ethiopia. African Journal of Agricultural Research, 
10(7), 623-630.  

Murrell, J., & Johnson, C. (2006). Neurophysiological techniques to assess pain in 
animals. Journal of Veterinary Pharmacology and Therapeutics, 29(5), 325-
335.  

Murrell, J. C., Johnson, C. B., White, K. L., Taylor, P. M., Haberham, Z. L., & 
Waterman Pearson, A. E. (2003). Changes in the EEG during castration in 
horses and ponies anaesthetized with halothane. Veterinary Anaesthesia and 
Analgesia, 30(3), 138-146.  

Murrell, J. C., White, K. L., Johnson, C. B., Taylor, P. M., Doherty, T. J., & 
Waterman-Pearson, A. E. (2005). Investigation of the EEG effects of 
intravenous lidocaine during halothane anaesthesia in ponies. Veterinary 
Anaesthesia and Analgesia, 32(4), 212-221.  

Music, M., Babic, N., Fajkic, A., Sivic, S., Huseinagic, S., Alicajic, F., & 
Toromanovik, S. (2008). Analysis of the electroencephalogram and pain 
characteristic in patients before and after carbamazepine treatment. Medicinski 
Arhiv, 62, 256Á258.  

Nagy, P., & Winterbourn, C. C. (2010). Redox chemistry of biological thiols Advances 
in Molecular Toxicology (Vol. 4, pp. 183-222): Elsevier. 

Nakashima, F., Shibata, T., Kamiya, K., Yoshitake, J., Kikuchi, R., Matsushita, T., . . 
. Uchida, K. (2018). Structural and functional insights into S-thiolation of human 
serum albumins. Scientific Reports, 8(1), 932.  

Nakyinsige, K., Fatimah, A.B., Aghwan, Z.A., Zulkifli, I., Goh, Y.M., & Sazili, A.Q. 
(2014a). Bleeding efficiency and meat oxidative stability and microbiological 
quality of New Zealand White rabbits subjected to halal slaughter without 
stunning and gas stun-killing. Asian-Australasian Journal of Animal Sciences, 
27(3), 406.  



© C
OPYRIG

HT U
PM

 
 
 

 
146 

Nakyinsige, K., Man, Y. C., Aghwan, Z. A., Zulkifli, I., Goh, Y., Bakar, F. A., . . . 
Sazili, A. (2013). Stunning and animal welfare from Islamic and scientific 
perspectives. Meat Science, 95(2), 352-361.  

Nakyinsige, K., Sazili, A., Zulkifli, I., Goh, Y., Bakar, F. A., & Sabow, A. (2014b). 
Influence of gas stunning and halal slaughter (no stunning) on rabbits welfare 
indicators and meat quality. Meat Science, 98(4), 701-708.  

Ndou, S. P., Muchenje, V., & Chimonyo, M. (2011). Animal welfare in multipurpose 
cattle production systems and its implications on beef quality. African Journal 
of Biotechnology, 10(7), 1049-1064.  

Nelson, D. L., Lehninger, A. L., & Cox, M. M. (2008). Lehninger Principles of 
Biochemistry: Macmillan. 

Niedermeyer, E. (2005). The normal EEG of the waking adult. 
Electroencephalography: Basic principles, clinical applications, and related 
fields, 167, 155-164.  

Nierop, A., Wirtz, P. H., Bratsikas, A., Zimmermann, R., & Ehlert, U. (2008). Stress-
buffering effects of psychosocial resources on physiological and psychological 
stress response in pregnant women. Biological Psychology, 78(3), 261-268.  

Nieto, G., Jongberg, S., Andersen, M. L., & Skibsted, L. H. (2013). Thiol oxidation 
and protein cross-link formation during chill storage of pork patties added 
essential oil of oregano, rosemary, or garlic. Meat Science, 95(2), 177-184.  

Nishimura, T. (2010). The role of intramuscular connective tissue in meat texture. 
Animal Science Journal, 81(1), 21-27.  

Niu, Z., Min, Y., Wang, J., Wang, Z., Wei, F., & Liu, F. (2016). On oxidation 
resistance and meat quality of broilers challenged with lipopolysaccharide. 
Journal of Applied Animal Research, 44(1), 215-220.  

Nortje, G., & Shaw, B. (1989). The effect of ageing treatment on the microbiology 
and storage characteristics of beef in modified atmosphere packs containing 25% 
CO2 plus 75% O2. Meat Science, 25(1), 43-58.  

Nowak, B., Mueffling, T., & Hartung, J. (2007). Effect of different carbon dioxide 
concentrations and exposure times in stunning of slaughter pigs: Impact on 
animal welfare and meat quality. Meat Science, 75(2), 290-298.  

Nychas, G.-J. E., Skandamis, P. N., Tassou, C. C., & Koutsoumanis, K. P. (2008). 
Meat spoilage during distribution. Meat Science, 78(1-2), 77-89.  

O'Brien, P. J., Shen, H., McCutcheon, L. J., O'Grady, M., Byrne, P. J., Ferguson, H. 
W., . . . Tremblay, R. R. (1992). Rapid, simple and sensitive microassay for 
skeletal and cardiac muscle myoglobin and hemoglobin: use in various animals 
indicates functional role of myohemoproteins. Molecular and Cellular 
Biochemistry, 112(1), 45-52.  



© C
OPYRIG

HT U
PM

 
 
 

 
147 

O’Callaghan, P., Jones, M. D., James, D., Leadbeatter, S., Holt, C. A., & Nokes, L. D. 
M. (1999). Dynamics of stab wounds: force required for penetration of various 
cadaveric human tissues. Forensic Science International, 104(2-3), 173-178.  

O’Neill, H., Webb, E., Frylinck, L., & Strydom, P. (2006). The stress repconsiveness 
of three different beef breed types and the effect on ultimate pH and meat colour. 
Paper presented at the Proceedings of the 52nd International Congress on Meat 
Science and Technology, Ireland, Dublin. 

Oellingrath, I. M., Iversen, A., & Skrede, G. (1990). Quantitative determination of 
myoglobin and haemoglobin in beef by high-performance liquid 
chromatography. Meat Science, 28(4), 313-320.  

Offer, G. (1988). The structural basis of water-holding, appearance and toughness of 
Meat and Meat Products. Food Structure, 8(1), 17.  

OIE. (2009). Terrestrial Animal Health Code 2009.  

Önenç, A., & Kaya, A. (2004). The effects of electrical stunning and percussive 
captive bolt stunning on meat quality of cattle processed by Turkish slaughter 
procedures. Meat Science, 66(4), 809-815.  

Ong, R., Morris, J., O'dwyer, J., Barnett, J., Hemsworth, P., & Clarke, I. (1997). 
Behavioural and EEG changes in sheep in response to painful acute electrical 
stimuli. Australian Veterinary Journal, 75(3), 189-193.  

Otto, K., & Gerich, T. (2001). Comparison of simultaneous changes in 
electroencephalographic and haemodynamic variables in sheep anaesthetised 
with halothane. The Veterinary Record, 149(3), 80-84.  

Ozawa, S., Mitsuhashi, T., Mitsumoto, M., Matsumoto, S., Itoh, N., Itagaki, K., . . . 
Dohgo, T. (2000). The characteristics of muscle fiber types of longissimus 
thoracis muscle and their influences on the quantity and quality of meat from 
Japanese Black steers. Meat Science, 54(1), 65-70.  

Pazos, M., Maestre, R., Gallardo, J. M., & Medina, I. (2013). Proteomic evaluation of 
myofibrillar carbonylation in chilled fish mince and its inhibition by catechin. 
Food Chemistry, 136(1), 64-72.  

Pearce, J. (2009). Links between nerves and glands: The story of adrenaline. Advance. 
Clinical Neuroscience. Rehabilitation, 9, 22-29.  

Pearce, K. L., Rosenvold, K., Andersen, H. J., & Hopkins, D. L. (2011). Water 
distribution and mobility in meat during the conversion of muscle to meat and 
ageing and the impacts on fresh meat quality attributes—A review. Meat 
Science, 89(2), 111-124.  

Peaston, R. T., & Weinkove, C. (2004). Measurement of catecholamines and their 
metabolites. Annals of Clinical Biochemistry, 41(1), 17-38.  



© C
OPYRIG

HT U
PM

 
 
 

 
148 

Pen, S., Kim, Y. H. B., Luc, G., & Young, O. A. (2012). Effect of pre rigor stretching 
on beef tenderness development. Meat Science, 92(4), 681-686.  

Petty, D., & Hattingh, J. (1994). Factors which affect blood variables of slaughtered 
cattle. Journal of the South African Veterinary Association, 65(2), 41-45.  

Piatti-Farnell, L. (2013). Beef: A Global History: Reaktion Books. 

Pietrzak, M., Greaser, M., & Sosnicki, A. (1997). Effect of rapid rigor mortis processes 
on protein functionality in pectoralis major muscle of domestic turkeys. Journal 
of Animal Science, 75(8), 2106-2116.  

Piske, D. (1982). Aproveitamento de sangue de abate para alimentação humana. I. 
Uma revisão. Boletim-Instituto de Tecnologia de Alimentos.  

Pleiter, H. (2010). Review of Stunning and Halal Slaughter Locked Bag 991 North 
South Wales. 2059 Meat & Livestock Australia. 

Pollard, J., Littlejohn, R., Asher, G., Pearse, A., Stevenson-Barry, J., McGregor, S., . 
. . Pollock, K. (2002). A comparison of biochemical and meat quality variables 
in red deer (Cervus elaphus) following either slaughter at pasture or killing at a 
deer slaughter plant. Meat Science, 60(1), 85-94.  

Ponnampalam, E. N., Butler, K. L., Burnett, V. F., McDonagh, M. B., Jacobs, J. L., & 
Hopkins, D. L. (2013). Aged vacuum packaged lamb cuts are less brown than 
fresh muscle cuts under simulated retail display. Food and Nutrition Sciences, 
4(08), 147.  

Ponnampalam, E. N., Butler, K. L., McDonagh, M. B., Jacobs, J. L., & Hopkins, D. 
L. (2012). Relationship between muscle antioxidant status, forms of iron, 
polyunsaturated fatty acids and functionality (retail colour) of meat in lambs. 
Meat Science, 90(2), 297-303.  

Ponnampalam, E. N., Hopkins, D. L., Bruce, H., Li, D., Baldi, G., & Bekhit, A. E. d. 
(2017). Causes and Contributing Factors to “Dark Cutting” Meat: Current 
Trends and Future Directions: A Review. Comprehensive Reviews in Food 
Science and Food Safety, 16(3), 400-430.  

Popowics, T. E., & Fortelius, M. (1997). On the cutting edge: tooth blade sharpness 
in herbivorous and faunivorous mammals. Paper presented at the Annales 
Zoologici Fennici. 

Prevolnik, M., Čandek-Potokar, M., & Škorjanc, D. (2010). Predicting pork water-
holding capacity with NIR spectroscopy in relation to different reference 
methods. Journal of Food Engineering, 98(3), 347-352.  

 

 



© C
OPYRIG

HT U
PM

 
 
 

 
149 

Prill, L., Phelps, K., Gonzalez, J., Houser, T., Boyle, E., & O'Quinn, T. (2018). 
Relationship of Myofibrillar Fragmentation Index to Warner-Bratzler Shear 
Force and Palatability Tenderness of Longissimus Lumborum and 
Semitendinosus Steaks. Kansas Agricultural Experiment Station Research 
Reports, 4(1), 20.  

Promeyrat, A., Sayd, T., Laville, E., Chambon, C., Lebret, B., & Gatellier, P. (2011). 
Early post-mortem sarcoplasmic proteome of porcine muscle related to protein 
oxidation. Food Chemistry, 127(3), 1097-1104.  

Purchas, R. (1990). An assessment of the role of pH differences in determining the 
relative tenderness of meat from bulls and steers. Meat Science, 27(2), 129-140.  

Purchas, R., & Aungsupakorn, R. (1993). Further investigations into the relationship 
between ultimate pH and tenderness for beef samples from bulls and steers. Meat 
Science, 34(2), 163-178.  

Purchas, R., & Yan, X. (1997). Investigations into why beef of intermediate ultimate 
pH is often less tender. Paper presented at the Annual International Congress of 
Meat Science snd Technology. 

Ramírez, R., & Cava, R. (2007). The crossbreeding of different Duroc lines with the 
Iberian pig affects colour and oxidative stability of meat during storage. Meat 
Science, 77(3), 339-347.  

Reeder, B. J., Svistunenko, D. A., Sharpe, M. A., & Wilson, M. T. (2002). 
Characteristics and mechanism of formation of peroxide-induced heme to 
protein cross-linking in myoglobin. Biochemistry, 41(1), 367-375.  

Rees, M. P., Trout, G. R., & Warner, R. D. (2003). The influence of the rate of pH 
decline on the rate of ageing for pork. I: interaction with method of suspension. 
Meat Science, 65(2), 791-804.  

Regenstein, J. M. (2012). The politics of religious slaughter-how science can be 
misused. Paper presented at the 65th Annual Reciprocal Meat Conference at 
North Dakota State University in Fargo, ND. 

Reilly, G., McCormack, B., & Taylor, D. (2004). Cutting sharpness measurement: a 
critical review. Journal of Materials Processing Technology, 153, 261-267.  

Requena, J. R., Chao, C.-C., Levine, R. L., & Stadtman, E. R. (2001). Glutamic and 
aminoadipic semialdehydes are the main carbonyl products of metal-catalyzed 
oxidation of proteins. Proceedings of the National Academy of Sciences, 98(1), 
69-74.  

Riaz, M. N., & Chaudry, M. M. (2003). Halal food production: CRC press. 

Richter, E. A., & Galbo, H. (1986). High glycogen levels enhance glycogen 
breakdown in isolated contracting skeletal muscle. Journal of Applied 
Physiology, 61(3), 827-831.  



© C
OPYRIG

HT U
PM

 
 
 

 
150 

Rodriguez, P., Velarde, A., Dalmau, A., & Llonch, P. (2012). Assessment of 
unconsciousness during slaughter without stunning in lambs. Animal. Welfare, -
21(S2).75-80   

Rosen, S. (2004). Physiological insights into shechita. Veterinary Record, 154(24), 
759-765.  

Rowe, L., Maddock, K., Lonergan, S. M., & Huff-Lonergan, E. (2004). Influence of 
early postmortem protein oxidation on beef quality. Journal of Animal Science, 
82(3), 785-793.  

Rübensam, J. M. (2000). Transformações post mortem e qualidade da carne suína. 
Paper presented at the 1ª Conferência Internacional Virtual sobre Qualidade de 
Carne Suína. 

Sabow, A., Goh, Y., Zulkifli, I., Sazili, A., Ab Kadir, M., Kaka, U., . . . Ebrahimi, M. 
(2017). Electroencephalographic responses to neck cut and exsanguination in 
minimally anaesthetized goats. South African Journal of Animal Science, 47(1), 
34-40.  

Sabow, A., Sazili, A., Zulkifli, I., Goh, Y., Ab Kadir, M., Abdulla, N., . . . Adeyemi, 
K. (2015). A comparison of bleeding efficiency, microbiological quality and 
lipid oxidation in goats subjected to conscious halal slaughter and slaughter 
following minimal anesthesia. Meat Science, 104, 78-84.  

Sabow, A. B., Zulkifli, I., Goh, Y. M., Ab Kadir, M. Z. A., Kaka, U., Imlan, J. C., . . . 
Sazili, A. Q. (2016). Bleeding efficiency, microbiological quality and oxidative 
stability of meat from goats subjected to slaughter without stunning in 
comparison with different methods of pre-slaughter electrical stunning. PloS 
One, 11(4), e0152661.  

Sahih Bukhari.   Retrieved from www.sahih-bukhari.com 

Salehpoor, F., Bazzazi, A., Estakhri, R., Zaheri, M., & Asghari, B. (2010). Correlation 
between catecholamine levels and outcome in patients with severe head trauma. 
Pakistan Journal of Biological Sciences, 13(15), 738.  

Salwani, M., Adeyemi, K., Sarah, S., Vejayan, J., Zulkifli, I., & Sazili, A. (2016). 
Skeletal muscle proteome and meat quality of broiler chickens subjected to gas 
stunning prior slaughter or slaughtered without stunning. CyTA-Journal of Food, 
14(3), 375-381.  

Santé-Lhoutellier, V., Engel, E., Aubry, L., & Gatellier, P. (2008a). Effect of animal 
(lamb) diet and meat storage on myofibrillar protein oxidation and in vitro 
digestibility. Meat Science, 79(4), 777-783.  

Santé-Lhoutellier, V., Théron, L., Cepeda, M., Grajales, A., & Gatellier, P. (2008b). 
Comparison of proteolysis in native, heat-treated and aged proteins from turkey 
meat. British Poultry Science, 49(3), 308-314.  



© C
OPYRIG

HT U
PM

 
 
 

 
151 

SAS. (2007). Base SAS 9.2 procedures guide. Cary, NC, . USA: SAS Institute.  

Sazili, A., Norbaiyah, B., Zulkifli, I., Goh, Y., Lotfi, M., & Small, A. (2013). Quality 
assessment of longissimus and semitendinosus muscles from beef cattle 
subjected to non-penetrative and penetrative percussive stunning methods. 
Asian-Australasian Journal of Animal Sciences, 26(5), 723-731.  

Sazili, A.Q., Parr, T., Sensky, P.L., Jones, S.W., Bardsley, R.G., & Buttery, P.J. 
(2005). The relationship between slow and fast myosin heavy chain content, 
calpastatin and meat tenderness in different ovine skeletal muscles. Meat 
Science, 69(1), 17-25.  

Schaefer, F., Chen, Y., Tsao, T., Nouri, P., & Rabkin, R. (2001). Impaired JAK-STAT 
signal transduction contributes to growth hormone resistance in chronic uremia. 
The Journal of Clinical Investigation, 108(3), 467-475.  

Schäfer, A., Rosenvold, K., Purslow, P. P., Andersen, H. J., & Henckel, P. (2002). 
Physiological and structural events post mortem of importance for drip loss in 
pork. Meat Science, 61(4), 355-366.  

Scheffler, T., Scheffler, J., Kasten, S., Sosnicki, A., & Gerrard, D. (2013). High 
glycolytic potential does not predict low ultimate pH in pork. Meat Science, 
95(1), 85-91.  

Scheurink, A., Steffens, A., Bouritius, H., Dreteler, G., Bruntink, R., Remie, R., & 
Zaagsma, J. (1989). Adrenal and sympathetic catecholamines in exercising rats. 
American Journal of Physiology-Regulatory, Integrative and Comparative 
Physiology, 256(1), R155-R160.  

Schuldt, S., Arnold, G., Kowalewski, J., Schneider, Y., & Rohm, H. (2016). Analysis 
of the sharpness of blades for food cutting. Journal of Food Engineering, 188, 
13-20.  

Schutz, H. G., D.S., J., & Gentry, J. (1986). The importance of nutrition, brand, cost, 
and sensory attributes to food purchase and consumption. Retrieved from 
http://agris.fao.org/agris-search/search.do?recordID=US8726878  

Sebsibe, A. (2008). Sheep and goat meat characteristics and quality. Sheep and Goat 
Production Handbook for Ethiopia. Ethiopian Sheep and Goats Productivity 
Improvement Program (ESGPIP), Addis Ababa, Ethiopia. pp323-328.  

Shacter, E. (2000). Quantification and significance of protein oxidation in biological 
samples. Drug Metabolism Reviews, 32(3-4), 307-326.  

Shafie, S., & Othman, M. N. (2006). Halal Certification: an international marketing 
issues and challenges. Paper presented at the Proceeding at the International 
IFSAM VIIIth World Congress. 

Sharad, R. (2015, June 01, 2016). India on top in exporting beef.    



© C
OPYRIG

HT U
PM

 
 
 

 
152 

Shaw, F., & Tume, R. (1992). The assessment of pre-slaughter and slaughter 
treatments of livestock by measurement of plasma constituents—a review of 
recent work. Meat Science, 32(3), 311-329.  

Shimshony, A., & Chaudry, M. (2005). Slaughter of animals for human consumption. 
Revue Scientifique et Technique-Office International des Epizooties, 24(2), 693.  

Siqueira, T., Borges, T., Rocha, R., Figueira, P., Luciano, F., & Macedo, R. (2017). 
Effect of electrical stunning frequency and current waveform in poultry welfare 
and meat quality. Poultry Science, 96(8), 2956-2964.  

Skibsted, L. H. (2011). Nitric oxide and quality and safety of muscle based foods. 
Nitric Oxide, 24(4), 176-183.  

Sofos, J. N. (2008). Challenges to meat safety in the 21st century. Meat Science, 78(1-
2), 3-13.  

Soyer, A., Özalp, B., Dalmış, Ü., & Bilgin, V. (2010). Effects of freezing temperature 
and duration of frozen storage on lipid and protein oxidation in chicken meat. 
Food Chemistry, 120(4), 1025-1030.  

Spanier, A., Flores, M., McMillin, K., & Bidner, T. (1997). The effect of post-mortem 
aging on meat flavor quality in Brangus beef. Correlation of treatments, sensory, 
instrumental and chemical descriptors. Food Chemistry, 59(4), 531-538.  

Stajković, S., Teodorović, V., Baltić, M., & Karabasil, N. (2017). Pre-slaughter stress 
and pork quality. Paper presented at the IOP Conference Series: Earth and 
Environmental Science. 

Starke-Reed, P. E., & Oliver, C. N. (1989). Protein oxidation and proteolysis during 
aging and oxidative stress. Archives of Biochemistry and Biophysics, 275(2), 
559-567.  

Steriade, M. (2005). Cellular substrates of brain rhythms. Electroencephalography: 
Basic Principles, Clinical Applications, and Related Fields, 5, 31-83.  

Stott, G. (1981). What is Animal Stress and How is it Measured? 1. Journal of Animal 
Science, 52(1), 150-153.  

Straadt, I. K., Rasmussen, M., Andersen, H. J., & Bertram, H. C. (2007). Aging-
induced changes in microstructure and water distribution in fresh and cooked 
pork in relation to water-holding capacity and cooking loss–A combined 
confocal laser scanning microscopy (CLSM) and low-field nuclear magnetic 
resonance relaxation study. Meat Science, 75(4), 687-695.  

Suman, S. P., Hunt, M. C., Nair, M. N., & Rentfrow, G. (2014). Improving beef color 
stability: Practical strategies and underlying mechanisms. Meat Science, 98(3), 
490-504.  



© C
OPYRIG

HT U
PM

 
 
 

 
153 

Sun, W., Cui, C., Zhao, M., Zhao, Q., & Yang, B. (2011). Effects of composition and 
oxidation of proteins on their solubility, aggregation and proteolytic 
susceptibility during processing of Cantonese sausage. Food Chemistry, 124(1), 
336-341.  

Sunan Abu Dawood.   Retrieved from www.sunnah.com 

Tackett, J., Reynolds, A. S., & Dickerman, R. D. (2008). Enzyme elevations with 
muscle injury: know what to look for! British Journal of Clinical Pharmacology, 
66(5), 725-725.  

Takahashi, K. (1992). Non-enzymatic weakening of myofibrillar structures during 
conditioning of meat: calcium ions at 0.1 mM and their effect on meat 
tenderization. Biochimie, 74(3), 247-250.  

Takahashi, K. (1999). Tenderization Mechanism of Meat during Post-mortem Aging: 
The Calcium Theory of Meat Tenderization. Nihon Chikusan Gakkaiho, 70(1), 
1-11.  

Tarrant, V., & Grandin, T. (2000). Cattle transport In: Livestock Handling and 
Transport: CAB International. 

Taşdelen, E., & Ceylan, N. (2017). Effects of Dietary Inclusion of Oil Sources With 
or Without Vitamin E on Body Composition and Meat Oxidation Level in 
Broilers. Revista Brasileira de Ciência Avícola, 19(SPE), 103-116.  

Taylor, R. G., Geesink, G. H., Thompson, V. F., Koohmaraie, M., & Goll, D. E. 
(1995). Is Z-disk degradation responsible for postmortem tenderization? Journal 
of Animal Science, 73(5), 1351-1367.  

Terlouw, C. (2005). Stress reactions at slaughter and meat quality in pigs: genetic 
background and prior experience: A brief review of recent findings. Livestock 
Science, 94(1), 125-135.  

Thacker, J. G., Rodeheaver, G. T., Towler, M. A., & Edlich, R. F. (1989). Surgical 
needle sharpness. The American Journal of Surgery, 157(3), 334-339.  

Thiansilakul, Y., Benjakul, S., Grunwald, E. W., & Richards, M. P. (2012). 
Retardation of myoglobin and haemoglobin-mediated lipid oxidation in washed 
bighead carp by phenolic compounds. Food chemistry, 134(2), 789-796.  

Torres Filho, R. d. A., Cazedey, H. P., Fontes, P. R., Ramos, A. d. L. S., & Ramos, E. 
M. (2017). Drip loss assessment by different analytical methods and their 
relationships with pork quality classification. Journal of Food Quality, 2017.  

Traore, S., Aubry, L., Gatellier, P., Przybylski, W., Jaworska, D., Kajak-Siemaszko, 
K., & Santé-Lhoutellier, V. (2012). Higher drip loss is associated with protein 
oxidation. Meat Science, 90(4), 917-924.  



© C
OPYRIG

HT U
PM

 
 
 

 
154 

Treede, R.-D., Apkarian, A. V., Bromm, B., Greenspan, J. D., & Lenz, F. A. (2000). 
Cortical representation of pain: functional characterization of nociceptive areas 
near the lateral sulcus. Pain, 87(2), 113-119.  

Treede, R.-D., Kenshalo, D. R., Gracely, R. H., & Jones, A. K. (1999). The cortical 
representation of pain. Pain, 79(2-3), 105-111.  

Troy, D. J., Ojha, K. S., Kerry, J. P., & Tiwari, B. K. (2016). Sustainable and 
consumer-friendly emerging technologies for application within the meat 
industry: An overview. Meat Science, 120, 2-9.  

Trucchi, G., Bergamasco, L., & Argento, V. (2003). Intraoperative 
electroencephalographic monitoring: quantitative analysis of bioelectrical data 
detected during surgical stimulation. Veterinary Research Communications, 
27(1), 803-805.  

Vaikousi, H., Biliaderis, C. G., & Koutsoumanis, K. P. (2009). Applicability of a 
microbial time temperature indicator (TTI) for monitoring spoilage of modified 
atmosphere packed minced meat. International Journal of Food Microbiology, 
133(3), 272-278.  

Vareltzis, P., Hultin, H. O., & Autio, W. R. (2008). Hemoglobin-mediated lipid 
oxidation of protein isolates obtained from cod and haddock white muscle as 
affected by citric acid, calcium chloride and pH. Food Chemistry, 108(1), 64-74. 
Products: Technology, Chemistry and Microbiology (Vol. 3): Springer Science 
& Business Media. 

Velarde, A., Gispert, M., Diestre, A., & Manteca, X. (2003). Effect of electrical 
stunning on meat and carcass quality in lambs. Meat Science, 63(1), 35-38.  

Velarde, A., Rodriguez, P., Dalmau, A., Fuentes, C., Llonch, P., Von Holleben, K., . . 
. Yesildere, T. (2014). Religious slaughter: Evaluation of current practices in 
selected countries. Meat Science, 96(1), 278-287.  

Velarde, A., Rodriguez, P., Fuentes, C., Llonch, P., Von Holleben, K., Von 
Wenzlawowicz, M., . . . Lambooij, B. (2010). Improving animal welfare during 
religious slaughter. Recommendations for good practice. Dialrel Reports ed., 
University of Bristol, UK. 

Vergara, H., Linares, M., Berruga, M., & Gallego, L. (2005). Meat quality in suckling 
lambs: effect of pre-slaughter handling. Meat Science, 69(3), 473-478.  

Verhoeven, J. D., Pendray, A. H., & Clark, H. F. (2008). Wear tests of steel knife 
blades. Wear, 265(7-8), 1093-1099.  

Viljanen, K. (2005). Protein oxidation and protein-lipid interactions in different food 
models in the presence of berry phenolics.(dissertation). University of Helsinki, 
Department of Applied Chemistry and Microbiology. 87(36). 



© C
OPYRIG

HT U
PM

 
 
 

 
155 

Vitale, M., Pérez-Juan, M., Lloret, E., Arnau, J., & Realini, C. (2014). Effect of aging 
time in vacuum on tenderness, and color and lipid stability of beef from mature 
cows during display in high oxygen atmosphere package. Meat Science, 96(1), 
270-277.  

Von Holleben, K., Von Wenzlawowicz, M., Gregory, N., Anil, H., Velarde, A., 
Rodriguez, P., . . . Lambooij, B. (2010). Report on good and adverse practices: 
animal welfare concerns in relation to slaughter practices from the viewpoint of 
veterinary sciences. Religion, Legislation and Animal welfare: Conflicting 
standards. Retrieved from www. dialrel.eu 

Wang, R., Liang, R., Lin, H., Zhu, L., Zhang, Y., Mao, Y., . . . Luo, X. (2017). Effect 
of acute heat stress and slaughter processing on poultry meat quality and 
postmortem carbohydrate metabolism. Poultry Science, 96(3), 738-746.  

Wang, R., Pan, X., & Peng, Z. (2009). Effects of heat exposure on muscle oxidation 
and protein functionalities of pectoralis majors in broilers. Poultry Science, 
88(5), 1078-1084.  

Warner, R., Ferguson, D., Cottrell, J., & Knee, B. (2007). Acute stress induced by the 
pre-slaughter use of electric prodders causes tougher beef meat. Australian 
Journal of Experimental Agriculture, 47(7), 782-788.  

Warriss, P. (2000). Meat Science: An Introductory Text. CAB-International: England: 
Wallingford. 

Warriss, P., & Brown, S. (2000). Bem–Estar De Suínos E Qualidade Da Carne: Uma 
Visão Britânica. Paper Presented at the Conferência Internacional Virtual Sobre 
Qualidade De Carne Suína. 

Warriss, P. D., & Leach, T. M. (1978). The influence of slaughter method on the 
residual blood content of meat. Journal of the Science of Food and Agriculture, 
29(7), 608-610.  

Watanabe, A., Daly, C., & Devine, C. (1996). The effects of the ultimate pH of meat 
on tenderness changes during ageing. Meat Science, 42(1), 67-78.  

Watkins, F. H., London, S. D., Neal, J. G., Thacker, J. G., & Edlich, R. F. (1997). 
Biomechanical performance of cutting edge surgical needles. Journal of 
Emergency Medicine, 15(5), 679-685.  

Watt, M. J., Howlett, K. F., Febbraio, M. A., Spriet, L. L., & Hargreaves, M. (2001). 
Adrenaline increases skeletal muscle glycogenolysis, pyruvate dehydrogenase 
activation and carbohydrate oxidation during moderate exercise in humans. The 
Journal of Physiology, 534(1), 269-278.  

Weaver, A., Bowker, B., & Gerrard, D. (2008). Sarcomere length influences 
postmortem proteolysis of excised bovine semitendinosus muscle. Journal of 
Animal Science, 86(8), 1925-1932.  



© C
OPYRIG

HT U
PM

 
 
 

 
156 

Wheeler, T., & Koohmaraie, M. (1994). Prerigor and postrigor changes in tenderness 
of ovine longissimus muscle. Journal of Animal Science, 72(5), 1232-1238.  

Wickham, S., Collins, T., Barnes, A., Miller, D., Beatty, D., Stockman, C., . . . 
Fleming, P. (2012). Qualitative behavioral assessment of transport-naïve and 
transport-habituated sheep. Journal of Animal Science, 90(12), 4523-4535.  

Woodbury, M. R., Caulkett, N. A., Johnson, C. B., & Wilson, P. R. (2005). 
Comparison of analgesic techniques for antler removal in halothane
anaesthetized red deer (Cervus elaphus): cardiovascular and somatic responses. 
Veterinary Anaesthesia and Analgesia, 32(2), 72-82.  

Woolf, C. J. (2004). Pain: moving from symptom control toward mechanism-specific 
pharmacologic management. Annals of Internal Medicine, 140(6), 441-451.  

Wu, G., Farouk, M., Clerens, S., & Rosenvold, K. (2014). Effect of beef ultimate pH 
and large structural protein changes with aging on meat tenderness. Meat 
Science, 98(4), 637-645.  

Xiong, Y. L., Blanchard, S. P., Ooizumi, T., & Ma, Y. (2010). Hydroxyl radical and 
ferryl generating systems promote gel network formation of myofibrillar 
protein. Journal of Food Science, 75(2), C215-C221.  

Xu, L., Zhang, L., Yue, H., Wu, S., Zhang, H., Ji, F., & Qi, G. (2011). Effect of 
electrical stunning current and frequency on meat quality, plasma parameters, 
and glycolytic potential in broilers. Poultry Science, 90(8), 1823-1830.  

Xue, M., Huang, F., Huang, M., & Zhou, G. (2012). Influence of oxidation on 
myofibrillar proteins degradation from bovine via μ-calpain. Food Chemistry, 
134(1), 106-112.  

Young, J. B., Rosa, R. M., & Landsberg, L. (1984). Dissociation of sympathetic 
nervous system and adrenal medullary responses. American Journal of 
Physiology-Endocrinology And Metabolism, 247(1), E35-E40.  

Yu, L.-P., & Lee, Y. (1986). Effects of postmortem pH and temperature muscle 
structure and meat tenderness. Journal of Food Science, 51(3), 774-780.  

Yu, L., Lee, E., Jeong, J., Paik, H., Choi, J., & Kim, C. (2005). Effects of thawing 
temperature on the physicochemical properties of pre-rigor frozen chicken breast 
and leg muscles. Meat Science, 71(2), 375-382.  

Yuan, Z., Zhou, M., & Dong, S. (1996). Effect of diamond tool sharpness on minimum 
cutting thickness and cutting surface integrity in ultraprecision machining. 
Journal of Materials Processing Technology, 62(4), 327-330.  

Zainalabidin, F. A., Hassan, F. M., Zin, N. S. M., Azmi, W. N. W., & Ismail, M. I. 
(2019). Halal System in Meat Industries. Malaysian Journal of Halal Research, 
1(3).  



© C
OPYRIG

HT U
PM

 
 
 

 
157 

Zakrys-Waliwander, P., O’sullivan, M., O’neill, E., & Kerry, J. (2012). The effects of 
high oxygen modified atmosphere packaging on protein oxidation of bovine M. 
longissimus dorsi muscle during chilled storage. Food Chemistry, 131(2), 527-
532.  

Zakrys, P., Hogan, S., O’sullivan, M., Allen, P., & Kerry, J. (2008). Effects of oxygen 
concentration on the sensory evaluation and quality indicators of beef muscle 
packed under modified atmosphere. Meat Science, 79(4), 648-655.  

Zhang, C., Wang, L., Zhao, X., Chen, X., Yang, L., & Geng, Z. (2017). Dietary 
resveratrol supplementation prevents transport-stress-impaired meat quality of 
broilers through maintaining muscle energy metabolism and antioxidant status. 
Poultry Science, 96(7), 2219-2225.  

Zhang, L., Yue, H., Zhang, H., Xu, L., Wu, S., Yan, H., . . . Qi, G. (2009). Transport 
stress in broilers: I. Blood metabolism, glycolytic potential, and meat quality. 
Poultry Science, 88(10), 2033-2041.  

Zhang, W., Xiao, S., Lee, E. J., & Ahn, D. U. (2011). Effects of dietary oxidation on 
the quality of broiler breast meat. Animal Industry Report, 657(1), 48-52.  

Zulkifli, I., Goh, Y.M., Norbaiyah, B., Sazili, A.Q., Lotfi, M., Soleimani, A., & Small, 
A.H.(2014). Changes in blood parameters and electroencephalogram of cattle as 
affected by different stunning and slaughter methods in cattle. Animal 
Production Science, 54(2), 187-193.  

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 
 

 
169 

10 BIODATA OF STUDENT 

Jurhamid Columbres Imlan was born on the 30th day of August 1977 at USM, 
Kabacan, North Cotabato. He finished his primary education at USM Annex 
Elementary School, Kabacan, Cotabato, Philippines in 1990 with honors. He pursued 
his secondary education at University Laboratory School – University of Southern 
Mindanao and graduated in 1994. He took his Bachelor of Science degree in 
Agriculture major in Plant Breeding and Genetics at University of Southern Mindanao 
and successfully graduated in 1998. 

He joined the University of Southern Mindanao as Research Assistant in 1998 and 
later became lecturer in the Department of Animal Science, College of Agriculture. 
With his desire to advance his professional education, he enrolled his Master of 
Science in Animal Science (MSAS) at University of Southern Mindanao and 
successfully finished in 2002. 

He believed that career advancement through a doctorate degree in a prestigious 
University would benefit himself professionally and as well as his students in his home 
country so he applied for SEARCA Scholarship grant. He was accepted in the year 
2014 and was given the scholarship grant to pursue his Doctor of Philosophy degree 
in Animal Production (Meat Science) at Universiti Putra Malaysia. He had 
successfully conducted this research study on the meat quality attributes and 
physiological, metabolic and electroencephalographic responses to slaughter position 
and knife sharpness in cattle. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

170 

11 LIST OF PUBLICATIONS 

Jurhamid Columbres Imlan, Ubedullah Kaka, Yong-Meng Goh, Zulkifli Idrus, 
Elmutaz Atta Awad, Ahmed Abubakar Abubakar, Tanbir Ahmad, Hassan N. 
Quaza Nizamuddin and Awis Qurni Sazili (2020). Effects of Slaughter Knife 
Sharpness on Blood Biochemical and Electroencephalogram Changes in 
Cattle Animals 2020, 10, 579.
https://doi:10.3390/ani10040579

Tanbir Ahmad, Amin Ismail, Siti A. Ahmad,  Khalilah A. Khalil, Teik K. Leo,
Elmutaz A. Awad , Jurhamid C. Imlan and Awis Q. Sazili (2018). Effects of 
ultrasound assisted extraction in conjugation with aid of Actinidin on the 
molecular and physicochemical properties of bovine hide gelatin 
Molecules. 23(4), 730-747. 
https://doi.org/10.3390/molecules23040730

Tanbir Ahmad, Amin Ismail, Siti Aqlima Ahmad, Khalilah Abdul Khalil, Elmutaz 
Atta Awad, Teik Kee Leo, Jurhamid C. Imlan, Awis Qurni Sazili (2018). 
Characterization of gelatin from bovine skin extracted using ultrasound 
subsequent to bromelain pretreatment. Food Hydrocolloids, 80. 264-273.
https://doi.org/10.1016/j.foodhyd.2018.01.036

A. B. Sabow, Y. M. Goh, I. Zulkifli, M. Z. Ab Kadir, U. Kaka, K. D. Adeyemi, A. A. 
Abubakar, J. C. Imlan, M. Ebrahimi and A. Q. Sazili (2018). 
Electroencephalographic and blood parameters changes in anaesthetized goats 
subjected to slaughter without stunning and slaughter following different 
electrical stunning methods. Animal Production Science,
https://doi.org/10.1071/AN17486

A.B. Sabow, I. Zulkifli, Y.M. Goh, M.Z.A. Ab Kadir, U. Kaka, J.C. Imlan, A.A. 
Abubakar, K.D. Adeyemi and A.Q. Sazili (2016). Bleeding efficiency, 
microbiological quality and oxidative stability of meat from goats subjected to 
slaughter without stunning in comparison with different methods of pre-

 slaughter electrical stunning. PLOS One, 11(4): e0152661. 
http://dx.doi.org/10.1371/journal.pone.0152661.

Z.A. Aghwan, A.U. Bello, A.A. Abubakar, J.C. Imlan, A. Q. Sazili (2016) Efficient
halal bleeding, animal handling, and welfare: A holistic approach for meat 
quality. Meat Science. 121. 420-428.



© C
OPYRIG

HT U
PM




