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ABSTRACT 

A plug sampling technique based on a modified muscle b iopsy instrument ,  

was developed for the measurement o f  muscle pH without mutilation o f  the 

carcase . It was found possible to routinely obtain muscle tissue samples 

weighing approximately 2 g and when these were incubated for 24 hours 

under liquid paraffin at room temperature , followed by homogenisat ion 

in a ' Colworth Stomacher ' ,  the pH of the solution tvas found to be an 

accurate measurement of  the ult imate pH of  the muscle . 

Both the sample method and a direct probe method were found to be well 

suited for measuring the ult imate pH of muscles . However , the sample 

method had a higher degree of prec ision as compared to the probe method 

when used for measuring pre-rigor pH values . 

In a longitudinal survey , in which 15 36  lamb carcases were examined , 

85.2% o f  carcases were found to have ultimate pH values below 5 . 80 .  

Highly s ignificant associations w�re found between season ( summer period) 

and breed (Perendales) and unsatisfactorily high values of ult imate pH . 

There was also a highly significant direct correlation between the durat ion 

of holding periods o f  lambs and the ultimate pH of meat , \-Thereas there tvas 
a highly signif icant inverse correlat ion between wool score and ultimate 

pH . I t  was concluded that nutrition plays an important role in the 

development o f  high ult imate pH values . 

Studies at the meat works ind icated that there is a highly signif icant 

l inear relat ionship between the number of times lambs are washed prior to 

_
slaughter and the ult imate pH of the longissimus muscle. Subsequent 

resting o f  animals for varying periods prior to slaughter has no apparent 

effect on repletion of glycogen stores and may , in some cases, exacerbate 
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the problem o f  high pH meat. I t  \vas also found that washing o f  lambs 

is associated vlith a highly s ignificant increase in bruising o f  carcases 

and that such washing may no t necessarily result in a decrease in carcase 

l contaminat ion . 

Inve s tigat ions o f  the changes  o f  body vleights and the \veights and nature 

of ruminoret icular conten ts during the preslaughter holding period 

indicated that the ideal t ime to  slaughter lambs, in t erms o f  po ten t ial 

carcase contamination ,  i s  18 to 24 hours after removal from pastur e . 

I t  was found that stunning by a ' head-to-leg ' electrical method 

signif icantly increased the rate of pH decline compared t o  other methods 

o f  s laughter . A further increase in the rate o f  pH dec line was achieved 

by low vol tage s t imulat ion at the t ime of s laughter . I t  was concluded 

that the combined effect s  of low voltage and high vol tage s t imula tion 

can cause irreversible contract ion and associated toughness in a large 

proport ion of carcases . 

S tudies of the occurrence o f  haemorrhages in carcases and organs 

indicated that these defect s  are related to  the me thod o f  s tunning. 

Although blood splash has been reported to be associa ted with prolonged 

�one stage prothrombin t imes in lambs , no stat istical association was 

found bet \veen this parameter and speckling . 

I t  was found that there is a two t o  threefold increase in arterial 

pressure following ' head-only ' s tunning whereas there was only a moderate 

increase in venous pressure . On the o ther hand , s tunning by the 

'head-to�back ' method was followed by a decrease in arterial  pressure , 

but venous p ressure increased to  levels above 5 0  mm Hg . 

Electromyographic s tudies indicated that there is a significant increase 

in the int ens ity o f  muscular activity following ' head-to-back' s tunning 

as compared to 'head-only '  stunning and that there is a correlation 

between the increased muscular activity and the increase in venous 

pressure . It is concluded that these events may lead to  pressure changes 

in the microcirculatory bed which are likely to  be associa ted with the 

occurrence of haemorrhagic defects  following s tunning by electrical 

methods . 



j_v 

ACKNOWLEDGEMENTS 

The major part of the research described in this thesis was carried out 

at meat export works and I am very much indebted to management, 

employees and Ministry of Agriculture and Fisheries' staff at the 

Longburn and Feilding freezing works for their interest, cooperation and 

helpful practical S1}£.gestions. 

Special thanks are due to my supervisors, Professor D.K.Blackmore, Dr. 

A.S.Davies and Professor B.W. Manktelow. They were always ready to 

provide help and discuss problems whenever required. 

of this presentation also owes much to their advice. 

The final format 

Others to whom my thanks are due include Dr. R.J.Holmes for help with the 

development of the plug sampling technique, Mr. R. G.Faulding for 

construction of the sampling instrument, Dr. D.H.Carr and Mr. B.T.Pickett 

for assistance with the surgical procedures and the electronic recordings 

respectively in relation to the studies reported in Chapter Eight, Mr. 

J.V.Pauli for arranging the testing of blood samples for one stage 

prothrombin times, Mr. K.B.Crews and Mr. F.Bager for technical 

assistance, Professor R.E.Munford for help with the preparation of data 

files for statistical analysis, Mr. T.G.Law for photographic work, Mr. 

P.Brandt and Mr. D. Pilkington for loan of colour negatives and Mrs. 

Heather Low and Mrs. Allain Scott for typing of the thesis. 

Finally, I would like to thank my wife, Bodil. Without her 

encouragement and support, this study would not have been possible . 

• 



TABLE OF CONTENTS 

Page Number 

Abstract ii 

Acknowledgements l.V 

Table of Contents V 

List of Figures Vl. 

List of Plates 1X 

Chapter One Introduction and general rev1ew of literature. 1 

Chapter Two Determination of an appropriate method for 
measuring the pH of meat. 21 

Chapter Three : Cross-sectional studies of ultimate p H  i n  lambs. 59 

Chapter Four The effect of washing and subsequent resting on 
meat quality. 92 

Chapter Five The effect of fasting on carcase weights and 
nature and weights of ruminoreticular contents. 1 1 5  

Chapter Six The effect of different methods of slaughter on 
the rate and extent of post mortem glycolysis. 132 

Chapter Seven : Observational studies of haemorrhages associated 
with slaughter of lambs. 1 58 

Chapter Eight The effect of different methods of stunning on 
blood pressure and muscular activity. 174 

Chapter Nine General discussion. 1 9 9  

Bibliography 204 

Appendix I : Heasuring the pH of muscle samples. 218 

Appendix I I  : Appended scientific publications. 219 



1.1 

1.2 

1.3 

LIST OF FIGURES 

Lambs slaughtered during the 1981/82 season. 

Locati on of meat export works i n  New Zealand. 

�enderncss in .relation to shortening induced by 
ex·posing meat samples to chilli ng (2°C) during 
onset of ri gor morti s. 

1.4 Mean ultimate shortenings of muscles at var1ous 
storage temperatures. 

2.1 

2.2 

2.3 

2.4 

2.5 

3.1 

3.2 

3.3 

3.4 

The effect of time on pH values after 
i odoacetate homogeni sation. 

Relationship bet\veen muscle pH measured after 
homogeni sation i n  i odoacetate/water or 
i odoa�etate/potassium chloride. 

Mean pH of control samples during a three months 
frozen storage period. 

Confidence limits (95%) of means of samples from 
the LD. 

Distri bution of ultimate pH values of sheep LD. 

Frequency di stribution of ultimate pH of the LD 
in lambs from two di fferent lines. 

Frequency di stribution of ultimate pH 1n the LD 
of 1536 lambs. 

Normal probability graphs of the ultimate pH 
·distri bution. 

Relati onship between seasonal pattern of 
ultimate pH values and li veweight gains i n  
lambs. 

Page number 

2 

3 

10 

10 

24 

28 

30 

49 

52 

65 

66 

67 

87 



Figure 

4 . 1  

4 . 2  

4 . 3  

5 . 1 

5.2 

6.1 

6.2 

6 . 3  

6 . 4  

7 . 1 

The ef feet of farm of origin, washing and 
resting of lambs on ultimate pH of 

The�e�fect 
on t1mate A 
The effect 

of 
pH 

of 
ultimate pH of 

washing and resting 
of the LD. 

breed and washing of 
the LD. 

the LD. 

of lambs 

lambs on 

Relationship between scoring of the nature of 
ruminoreticular contents and estimation of dry 
matter in sheep. 

The effect of holding period and access to water 
on dry matter of ruminoreticular contents. 

Mean pH values and temperatures of the LD of lambs 
stunned by either a captive bolt or an electric 
'head-to-leg' method. 

The effects of electrical stunning and low voltage 
stimulation on decline of pH of the LD. 

The effect of low voltage and high voltage 
stimulation on pH decline of the LD in lambs. 

The effect of low voltage stimulation and ultimate 
pH on irreversible contraction during high 
voltage stimulation. 

Association beetween mean one stage prothrombin 
times and mean scores of speckling. 

8 . 1  EMG record after expansion and transfer to chart 
recorder. 

8 . 2  The effect of noradrenaline on ECG and blood 
pressure. 

Page number 

1 0 0  

102 

104  

1 24 

1 26 

14 1 

1 4 3  

147 

155 

169 

1 8 0  

182 



Figure 

8.3 The effect of 'head-only ' stunning on ECG and 
blood pressure. 

8.4 The effect of 'head-to-back' stunning on ECG and 
blood pressure. 

8.5 The effect of 'head-to-back ' stunning on venous 
pressure and duration of muscu lar activity. 

Page number 

185 

186 

188 



Plate 

2.1 

2.2 

2.3 

4.1 

7.1 

8. 1 

LIST OF PLATES 

Biopsy instrument consisting of a modified cannula 
and trocar attached to a 20 ml syringe. 

Plug sampling of a lamb carcase. 

The LD from both sides of a sheep. 

Washing of lambs �n a swim-through bath. 

Lamb carcase affected by speckling. 

Sheep in restra�n�ng crate being stunned by the 
'head-to-back' method. 

8 .  2 EMG records from the LD follo\\Ting electrical 
stunning. 

Page Number 

38 

3 9  

47 

94 

159 

176 

190 



CHAPTER ONE 

INTRODUCTION AND GENERAL 
REVIE\\1 OF LITERATURE 

THE NEW ZEALAND MEAT INDUSTRY 

1 

The growth o f  the agricultural industry in New Zealand has been reflected 

by a s t eady increase in both lives tock numbers and the number o f  cat tle and 

sheep s laughtered for human consump tion . During the las t  few years 

approximately tvm million cat t le , one million calves , eight million adult 

sheep and nearly 30 million lambs have been s laughtered annually , whereas 

the number of  pigs s laughtered has remained a t  a s teady level o f  jus t  under 

one tnillion per annum (Anon , 1980a) . As few pig carcases  are exported, 

the meat export industry in New Zealand is mainly made up of beef and sheep 

and total export earnings from thes e  two specie s are now exceeding $2000 

mil lion annually or approxima tely one third o f  New Zealand's overseas 

income (Anon , 1982) . It would appear that the earnings from beef and 

sheep are almost  equal and in spite of its dis tance from major world 

markets , NeH Zealand has during the last 100 years become the world ' s  

larges t  exporter of  sheep meat s .  

Slaughter o f  lamb's in New Zealand shows a s trong seasonal pattern 

( Figure 1. 1). Fol lov7ing lambing i.n the early spring , the first  o f  the 

new seasons lambs are delivered to the meat works in late October and early 

November . These  early lambs are usually drafted directly o f f  the ewe s  

and are often referred to  as milk lamb s . The bulk of lambs is slaughtered 

from December through to May-June the following year and these animal s  have 

usually b een weaned for some time and shorn at least once prior t o  

s laughter . 

All lambs int ended for export together with mos t  o f  those for the local 

market s  are s laught ered at  approximat ely SO mea t  export works sca t tered 

throughout the country (Figure 1.2) . The lambs are usually transported 

direc tly from the farm o f  origin to  the mea t  works but a small proportion 

(es tima t ed to be less than ten percen t )  may pass through saleyards prior to 

arrival at the works . The maj ority of lambs are trucked by road and the 

standard of  both vehicles and unloading facilities at the works have been 

upgraded during the last ten years in order to  cope with the high demand s  
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during the peak of the season when many works receive more than 10, 000 lambs 

per day . 

There appears t o  be no informat ion concerning the average distance travelled 

by lambs  prior to slaughter but in view of the geographical locarion of meat 

works within the country (see Figure 1.2) and the increasing transport costs 

to producers , it  would seem unlikely that many lambs travel more than 400 km 

between farm of origin and the meat works . 

� After arrival at  the meat works both sheep and lambs are subj ected to a 

variety o f  handling procedures including washing , inspect ion and sometimes 

draft ing and dagging (clipping of faecally contaminated wool from the 

hind legs ) . The animals are then left overnight in covered sheep pens 

before being slaughtered the following day . 

I t  is now a statutory requirement that stock mus t  be rendered insensible 

prior to exsanguination (Anon, l977) and all sheep and lambs are stunned by 

electrical methods at the export works . However , the method of electrode 

applicat ion and electrical parameters have been changing during the last 

fe�.; years and nevl methods of electrical stunning are still being developed 

and introduced in the Industry . The methods of exsanguination have also 

changed during the last f ive to ten years and most  meat works are now using 

the thoracic stick described by Blackmore and Newhook (1.976 ) . 

The dressing and eviscerat i on systems used for sheep and lamb s  are h ighly 

mechanised and new techniques are continuously being introduced . Most  o f  

the slaughter chains operate a t  speeds of approximately. eight lambs per 

minute and the time delay between slaughter of the animal and production of 

a dressed carcase is usually 20- 3 0  minutes . Many works are operating 

electrical stimulat ion systems for accelerated conditioning of carcases so 

that they are f inally frozen within three to four hours of slaughter . 

The steady increase in production of lambs for export , has been associated 

with technological advances in both production and process ing . However , 

it  has become evident within the last 20 years , that to compete adequately 

on world markets ,  more emphasis must  be placed on the meat quality of export 

lamb s .  
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a ffected by deteriorat ive changes taking p lace in the muscle a fter s laughter .  

These  include microbial, chemical and physical processes and a lthough there 

are interrelationships between them, the changes  taking place as a result 

of microbial grmv-th are by far the mos t  important ( Ingram and Dainty, 1 9 7 1 ; 

Urbain, 1971) . The growth o f  microorganisms on meat usually resul t s  in 

the development o f  o f f-odours or slime and the extent of these  potential 

change s  have usually been measured by enumerating the number o f  organisms 

on or in the product (Favero et a l . � 1968 ; Winter et a l . �  1971 ; Not tingham 

e t  al . ,  1 9 75 ; Yokoya and Zulzke, 1975 ) . 

The eating quality of  mea t  is dif ficult to define as it is  related t o  

consumer requirement s  and therefore varies according t o  local cus toms, 

food preparation and eating habits . The more important factors related 

t o  p alatability of meat include : aroma , flavour, colour, texture, 

t endernes s  and juicines s  (Bratzler , 19 71) and methods  for the meas urement 

o f  some o f  these  fac tors such as tendernes s  and colour have been 

developed (Macfarlane and Marer, 1 9 6 6 ; MacDougall and Rhodes, 1 9 72 ) . 

However , in spite o f  these developments it would appear that a trained 

panel of tasters is s till one of the best  means for assessment of · 

eating quality o f  meat . This is  b ecause t enderness is multifactorial 

in nature and the different objective methods usually only measure one 

characteris tic of the meat at a time (Boutounand Harris, 1 9 7 2 ) . 

Research into the quality o f  meat has traditionally been focused on 

factors a ssociated with the handling of product s  after s laughter s uch a s  

improvements i n  pre servation methods and the effects  o f  different metho d s  

o f  packaging .  Recently it has  become more apparent that some of  the mos t  

important factors affec ting both eating and keeping quality  are related t o  

the handling o f  animals immediately before and during s laughter . The 

1 \ pres laughter p eriod  is defined here as  the time between mus tering and 

�
,
drafting of animal s  on the farm until the initiation of s laughter . This 

latter process usually includes two s eparat e  phases, namely s tunning which 

should cause immediate insensibility o f  the animal, followed  by 

exsanguination . 
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The work presented in this thesis is related to various aspects of  the 

preslaughter and slaughter�period and therefore covers a wide range of 

topics . The following review of some of the literature in relat ion to 

these topics is no t intended as a comprehensive analysis of  all facets o f  

this subj ect . It is intended only to give a general overview o f  some of 

the important development s in this f ield which will be expanded and 

discussed ·in more detail as specific aspects are dealt with in each 

chapter . 

. HICROBIOLOGY OF CHILLED AND FROZEN LAHBS 

The remoteness of New Zealand from maj or meat markets has always been a 

major factor in the development o f  the meat industry and it  \.ras not 

before mechan ical refrigeration came ir1to use ,  j ust  a little over a 

hundred years ago, that lambs from New Zealand could be profitably 

marketed in the United Kingdom (Critchell and Raymond, 1912) . Some of 

the f irst  shipments of meat were troubled by the appearance of  "Dark Spots" 

which was probably similar to the condition now known as "Black Spot" and 

repor ted to be caused by fungal growth (Thornton , 1968) . Some o f  the 

organisms associated with "Black Spot" have recently been identified 

(Gill and Lowry, 1981) and factors affecting their growth es tablished 

( Gill and Lowry , 1982 ) . From these observat ions it would appear that 

fungal spoilage of meat only occurs in frozen meat if it  is held at 

temperatures 2-3°C below the freezing point of the product for several 

months , or if meat with a surface sufficiently dry to inhibit bacterial 

growth reaches higher temperatures . Such conditions would rarely occur 

during normal commercial practice as statutory regulations require that all 

meat mus t  be s tored at tempera tures below -12°C (Anon, 1969)  and prolonged 

drying of meat surfaces during chilling is usually avoided because i t  

causes loss of  weight of carcases . The microflora associated with spoilage 

of meat is thus usually dominated by bacteria (Scott and Vickery , 1939; 

Ingram and Dainty, 1971) . 

The bacterial spoilage of  chilled meat has been studied extensively by 

Australian workers (Empey and Scott , 1939)  and they concluded that the 

"low temperature type" organisms play an important role . They have been 

termed psychrotrophic organisms by Eddy (1960) who suggested that all 

organisms capable of growth
.

below 5°C can be included in the group 

regardless of their opt imum temperature for growth . The work by Empey 

' •  , ·  
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and Scott (1939 ) also suggested that the psychrotrophic organisms mainly 

originate from the skin of animals . It was therefore recommended that 

animals should be washed prior to s laughter and that care be exercised 

during the dressing of  carcases to avoid contamination of  the surface of 

meat. S imilar findings have been reported from the U . S . A .  (Ayres , 1955)  

and the importance of  the initial bacterial loads required for  development 

of s lime was later stressed by Ayres (1960). 

In New Zealand , Nottingham e-t al . (1974)  concluded that cleanliness of  

stock before slaughter is necessary to reduce contamination of  beef carcases . 

In a more recent study , Newton et a l .  (1978)  compared microbial loads o f  

the f leece of sheep with that of  the surface of carcases throughout the 

killing season. These workers reported that the total counts on the 

carcases were an almost constant fraction ( 0 . 3%) of those found on the 

fleeces but there were no significant differences in total counts on any 

of these surfaces between different seasonal periods . However , some 

seasonal variation was observed in relation to the data on psychrotrophic 

counts from fleece surfaces . 

On the basis o f  these studies  and subj ect to storage conditions , it  

would appear that spoilage o f  meat is dependant on init ial bacterial load 

which in turn may be related to the degree of contamination of the skin o f  

animals prior to slaughter . I t  would also seem likely that when animals 

are excessively dirty , contamination of meat can be reduced by washing the 

animals prior to slaughter . In fact , the New Zealand meat industry has 

during the last ten years introduced a vigorous policy of washing stock 

prior to slaughter . During the same period , dressing techniques have also 

improved and this has undoubtedly also played an important part in reducing 

the risk of transferring dirt from skin to carcases. The effect of either 

one or both of these factors may have been the reason why no direct 

correlation could be found between bacterial counts of  the fleeces of 

sheep and counts on meat surfaces in the more recent studies in New 

Zealand (Newton et a l . 3  1978 ) . 

Little attent ion has been paid to the possible side effects  of  washing o f  

stock, although i t  has been shown that v.>ashi.ng of  lambs greatly increases • 

the risk of bruising of the animals (Petersen, 1978) . These s tudies also 

indicated that in many cases , washing of lambs has no significant effec ton 

the amount of visible contamination which can be detected on the carcases 

by regulatory inspection procedures .  
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The addit ional handling and time associated \·T:lth washing and drying o f  lambs 

prior to slaugh ter may also have some other effects on meat quality . Some 

early studies in pigs indicated that the prevalence of salmonellae in the 

intestinal tract of these animals at slaughter is greater than it is when 

they are on the farm (Galton e t  al . .. 1954 ) . It  has also been shown by 

Grau and Smith (1974 )  that  the percentage of sheep infected with salmonellae 

and the number o f  salmonellae/g of faeces increases with increased holding 

period in the yards . Although similar studies have not been carried out _· 
in New Zealand , it has been shown that the prevalence rate of enteric 

salmonellae of sheep slaughtered at two meat works was 4 . 7% (Kane , 1979 ) . 

The risk of spread o f  salmonellosis within the crowded environment o f  the 

stockyards at the meat works would thus seem substantial . 

Recent work in Australia indicates that the important sources of  

salmonellae contaminat ing carcases meat includes the contents  of  the 

gastrointestinal tract, the mesenteric lymph nodes and the skin of the 

animals (Peel and Simmon , 1978 ; Smeltzer e t  al . ,  1980; Samuel e t  a l . _,  

1980a ;  1980b) . The likelihood o f  contamination from the first source is 

probably related to the amount and nature of gastrointestinal contents at 

the t ime of  slaughter but this problem has attracted limited attention in 

the past . 

TENDERNESS OF EXPORT LANBS 

It has been suggested by Bratzler ( 19 71)  that tenderness o f  meat is the 

mos t
.

important palatability characteristic and that it is influenced by 

both ante mortem and post mortem factors . Most of the earlier work on 

tenderness was carried out in beef and Lm-1rie (1974 )  suggested that 

species, breed and heritability factors may all be important . t-1ore 

recent work in New Zealand has failed to establish significant differences 

between breeds of cat tle with respect to tenderness (Purchas and Barton, 

1976)  and there appears to be no information available. concerning b reed 

differences in sheep . In general , increasing age is associated with 

decreasing tenderness but is also associated with a decrease in collag�n .  

This apparent contradiction may be explanined by the fact that the 

collagen in young animals has a higher content of reticulum , and less 

cross-binding ,  than collagen in older animals (Hiner and Ha�kins , 1950 ;  

Goll e t  a l . _,  1963) .  



These intrinsic factors associated wi th tenderness are probably of far 

l ess importance in lambs as compared to factors related to handling of 

the carcases during and immediately after slaughter. Invest igat ions in 
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this f ield Here initiated some 20 years ago after complaints were re·ceived 

from some market s  about the toughness of  New Zealand lambs and this led to 

a number of exciting discoveries concerning the post mortem changes in 

muscles . These studies have been reviewed by Locker e t  a l .  (197 5 )  so 

only the main features will be discussed in.this review . 

It was suggested by Locker (1960) that contraction of  muscles induces 

toughness in the meat and this was later confirmed by Marsh and Leet (1966) .  

The relationship bet\veen pre rigor shortening of  muscles and tenderness 

(measured in 1 Shear Force 1 values) has been depicted in Figure 1 .  3. I t  

can b e  seen that there i s  a steady decrease in tenderness as muscle 

shortening increases up to 40% . When muscle shortens beyond 40%, there 

is an increase in tenderness which has been ascribed to gross  s tretching 

and tearing of f ibres result ing in progressing weakening of the tissue . 

This clearly indicates that even small variat ions in pre rigor shortening 

of muscles can have a marked effect on tenderness, e.g. an increase from 

20% to 30% shortening would result in 'Shear Force' values increas ing from 

approximately 40 (equal to acceptable meat quality) to nearly 80 (verytough 

meat) .  

Changes in the degree of  shortening of muscles pre rigor are temperature 

related and the association between these two factors was f irst reported in 

beef by Locker and Hagyard (1963) . It can be seen in Figure 1 . 4  that 

minimum shortening occurs at 15-20°C .  There is an increase in shortening 

when temperatures are higher but this has lit tle practical significance 

because ambient temperatures at meat works would rarely exceed 25°C .  

However, muscle shortening also increases at lower temperatures 

particularly below 10°
C and this finding is of considerable importance 

as meat is usually chilled quickly after slaughter in order to control the 

growth of microbes . This cold shortening also occurs in sheep meat and 

the ability of muscles to shorten at low temperatures persists unt il the 

muscles go into rigor and there is no longer any adenosine triphosphate 

(ATP) available for contraction . At this stage in the rigor process no 

further anaerobic glycolysis occurs. Thus there is no further production 

of lactic acid and the pH o f  meat is at its lowest or ultimate value . 



FIGURE 1.3 TENDERNESS IN RELATION TO SHORTENING INDUCED BY 
EXPOSING-MEAT SAMPLES TO CHILLING (2°C )  DURING 

ONSET OF RIGOR t·IORTIS . 

Marsh and Leet , 1966)  ( Source 

160..------�..,____, 

.. tto 

0 ., u 0 
2 
0' GO -� 0 8 
., � 'b (/) 

Oo 0 0 oo 
4-<1 0 eo 0 Cl.) 0 

- 0 

0 
0 

0 O.p 

0 00 
0 

0 

0 

0 0 0 

0 0 
000 0 

0 
0 0 oa o0 Oooo� �oo 

o" 0 rf'O 
0 0 . 

0 
0 0 go 0 

g 0 0 
0 

f) " 

0�------��--------�·�------� 
0 20 4-0 60 

PtrCcni shor1ening 

FIGURE 1 . lf :t--IEAN ULTIMATE SHORTENINGS OF HUSCLES AT VARIOUS 
STORAGE TEt'-fPERATURES 

( Source : Locker and Hagyard , 1963)  

� 
0• 30 0' c 
·c � -0 J:. en 

zo 

10 

ID 
T crnpcrolure, •c 

10 



11 

Compared with physiologjcal contraction , cold shortening is extremely s low 

and develops very little force . It has also been sho�� by Marsh and 

Thompson (1958)  that if muscles are frozen pre rigor and rapidly thawed ,  

there i s  drastic shortening accompanied by mas s ive exudation . Th:ts so 

called thaw shortening �vas shown to be  more forceful than cold shortening . 

These studies indicate that i f  shortening of muscles and the a ccompanying 

toughness is to be avoided , carcases should b e  a�lowed to enter rigo r  

mortis a t  optimal temperature s  (15-20°C )  o r  muscles should be  restrained 

in order to prevent them from contracting . This latter concept o f  

'posture hanging' was suggested a s  a practical solution to overcome the 

problems of toughness and at the same time allow early freez ing o f  

carcases (Davey and Gilber'� 1974)  but the system has had only l imited use 

in the meat industry . Hare recently , it wa s suggested by Davey and 

Garnett (1980) that cold shortening can be prevented by freezing lamb 

carcases very rapidly within a few hours of slaughter . If  such carcases 

are stored at -12°C for approximately one month , post mortem glycolysis 

wil l  continue at a s low rate and the muscles will eventually enter 

rigor while still in the frozen state . Thus by strict control o f  both 

freezing rates and frozen storage times and temperature s , the toughnes s  

associated with both cold and thaw shortening can be  avoided . 

As a result o f  the earlier stud ies o f  tenderness  o f  meat,  many meat works 

introduced new processing methods for lambs which allowed carcases to be  

held for one to two days at temperature s  above 10oc .  The first part o f  

this holding period is usually referred to as the conditioning period and 

the latter part as the aging period . Such processing methods allow the 
• 

muscles to go into rigor vlithout any appreciable shortening during the 

conditioning period and structural changes associated with weakening o f  

Z l ines within the myof ibril occurring during the aging period will further 

increase tenderness  (Davey and Gilbert , 1967) . 

The additional space and extra labour required for the co1�itioning and 

aging process and increased attention to environmental conditions to avoid 

microbial spoilage were costly to the meat industry . Consequently , when 

later research indicated that required holding times prior to freezing 

could be reduced by accelerating the post morteru glycolysis in muscle s , 

by electrical stimulation .of :carcases , this ne•� process was widely 

accepted . It was shown in pigs that electrical stimulation can double 
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the rate of decline of pH post mortem (Hallund and Bendall , 1965) 

and later \vork in lambs gave similar results (Carse , 1 9 7 3 ) . Further 

studies indicated that 90 seconds electrical stimulat ion within 30 minutes 

of slaughter of lambs resulted in mean pH of muscles declining to below 

6 . 0  within one to two hours . Such methods could therefore greatly 

reduce the required holding period prior to freezing without the 

associated risks of  c old shortening (Chrystall and Hagyard , 1976 ; Hagy:ard 

e t  al.� 1980 ; Davey and Chrystall , 1980) . These methods have been 

adopted by the meat industry and it has been est imated that 90 per cent o f  

all export lambs are nmv being subj ected t o  electrical st imulat ion 

(Chrystall , 1980) . 

Since the introduction o f  electrical s timulation , studies have been 

carried out overseas to evaluate the tenderness of  New Zealand lambs at 

the point of  usage (Hagyard , 1980) . These investigat ions indicated that 

electrical stimulat ion (or accelerated conditioning as it  is often called) 

had vastly improved tenderness . However, in some of the samples , a 

small number of  carcases ( sometimes up to 20%) were still unacceptably 

tough . Although this discrepancy between the apparently excellent 

results obtained in laboratory studies and those obtained from commercially 

stimulated carcases might be explained by occasional failure of  equipment 

within the works , other factors could also have had an effect. The t ime 

between death o f  an animal , the development of rigor mortis and ultimate 

pH is dependent on the amount of  glycogen in the muscle at the t ime o f  

death (Bate-Smith and Bendall, 1 949 ) . Thus, muscles developing a low 

ult imate pH would require longer periods prior to freezing or more 

efficient stimulation to avoid cold shortening as compared to muscles 

developing a higher ultimate pH . These differences in t imes between 

slaughter and the onset of  rigor mortis do not appear t o  have been taken 

into account in previous studies of electrical stimulation . Such studies 

have generally b een carried out with a small number of animals developing 

a narrow range o f  ultimate pH values and it is therefore difficult to 

assess whether the results are applicable to the total populat ion o f  lambs 

slaughtered at the meat works which may have different muscle glycogen 

reserves . 
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ULTIHATE pH AND HEAT QUALITY 

The ultimate pH of meat is probably the most important objective ql!ality 

characteristic of the p roduct and meat with a high ult imate pH is usually 

referred to in the literature as "Dark , Firm and Dry" (DFD) meat or dark 

cutting meat . Both of these terms refer to the appearance of such meat 

which is described as being of a darker than usual colour and having a 

f irm and dry texture . The condit ion has probably been recognised s ince 

17 74  but it is only more recently that it has b een realised that it  is 

a s sociated with deplet
_
ion o� _muscle y.cq en prior to slaughter , 

resulting in the degree of  post mortem glycolysis being insufficient to 

produce enough lactic acid to lower the ult imate pH to the usual l evel of 

5 . 4  to 5 . 6  found in meat from normal animals  (Lawrie , 1974 ) . 

The appearance of DFD meat is generally considered undesirable by 

consumers and a number of s tudies have also been carried out to evaluate  

the  eating quality o f  such meat . Recently Dransfield (1981)  reported 

that lab oratory tests indicated that DFD beef is more tender than beef of  

normal pH but  the  relation between tenderness and pH depends upon 

muscle , cooking conditions and method of assessment . It  was also 

reported that DFD had less "beef flavour" and consequently was less 

preferred and less acceptable than meat of ·normal pH . S imilar f indings 

in sheep meat were reported in a review by Ford and Park (1981)  who also 

reported an increase in "non-meat aroma" which was concurrent with h igher 

ultimate  pH value s .  

DFD mea t  has poor keeping qualities . It  was reported by  Nicol e t  a Z .  

(1970)  that meat stored under  low oxygen tension (packed in gas 

impermeable f ilms ) b ecame more  rapidly spoilt when the pH was above 6 . 0  

because of the growth o f  a hydrogen sulphide producing organism and 

consequent formation of the green pigment sulphmyoglobin . More recently 

these  problems have been ext ensively inves tigated in New Zealand (Newton 

and Gill , 1 9 7 8; 1980 ; 1981) . Glucose is preferent ially utilised by 

meat spoilage organisms and aerobic spoilage is delayed unt il the glucose 

is exhausted and amino acids are used as an alternative substrate . DFD 

meat contains little or no glucose and amino acids are therefore utilised 

without delay with the result that spoilage odours can be detected when 

bacterial densities are still  quite low.  On the other hand the early 

spo ilage of DFD meat packed in gas impermeable film was found to be 
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caused by growths of an organism (Alteromonas putrefaciens) which can be 

inhibited by lowering the pH of the meat . Thus spoilage of DFD meat 

under aerobic and anaerobic conditions \vould appear to be caused by two 

different mechanisms . 

Economically, the spoilage of DFD meat under anaerobic conditions is  

probably the mos t  important factor because the export of chilled beef meat 

packed in gas i.mpermeable films is becoming an increas ingly important 

method of marketing . ..The desirable shelflife of up to three months for 

such products can only be achieved under optimal condit ions and the 

ultimate pH of the meat has been the limiting factor . Chilled lamb is 

also exported from New Zealand but so far the amount of meat has not been 

substant ial and it  is not known \vhether problems associated with DFD meat 

may be of importance \vith this type of product . 

In view of the importance of the ultimate pH in relation to meat quality , 

it is  not surprising that many studies have been carried out to 

invest igate the effect s  of preslaughter handling on muscle glycogen 

reserves because these reserves are directly related to ult imate pH values 

(Lawrie , 1974 ) . Initial work on the influence of fas t ing on the 

deplet ion of muscle glycogen reserves was carried out in 187 7  (Lawrie,  

1958)  and later s tudies in  beef indicate that limited feeding produces 

high ult imate pH of meat only when animals are subj ected to concurrent 

stress (Lewis e t  a l . ,  1962; Carr et a l . ,  197 3 ;  Holmes et a l . ,  1973) . 

Paradoxically , Shorthose (1978) reported that the carcases of sheep on 

higher levels of nutrition have higher ultimate pH values as  compared to 

animals on lov:er levels of feed intake but the work on which this finding 

was based involved a very small number of sheep (four animals per group ) . 

This rather surprising result may well have been due to the effect s  of 

unidentified variables . 

The effect of exercise on muscle glycogen reserves have been inves t igated 

in man (Rosell and Salt in, 1973) , rats (Terj ung e t  a l . ,  1.973) , p igs 

(Briskey et al., 1959) , cattle (Mitchell and Hamilton , 1933)  and sheep 

(Forres t e t  a l . ,  1964 ; Chrys tall et al. , 198la) � Although these studies 

indicate that muscle glycogen can be depleted by exercise in mammals , the 

exercise has to be of a very severe nature before there is an appreciable 

reduction in muscle glycogen . It would thus , appear , as has previously 
. 

been pointed out by Lawrie (1958 ) , that neither fas ting nor enforced 
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exercise can - result in a marked increase in the ultimate pH of meat under 

natural circumstances . 

The effect of adrenaline inj ections prior to slaughter on depletion of 

muscle glycogen in lambs \-Jas studied by Hedrick et a Z. .  (1961) . They 

reported that muscles fro� adrenalin treated animals were significantly 

darker in colour and had higher ult imate pH values as compared with 

muscles of untreated animals .  Similar findings .have also been reported 

in beef (Hedrick , 196 5 )  and it was later reported that the effects  of 

adrenalin adminis trat ion could be abolished by simultaneously inj ecting 

the animals with a beta-blocking agent (Ashmore et aZ. . ,  197 3 ) . These 

findings indicated that glycogen depletion may be induced by adrenalin 

acting on glycogen phosphorylase and thereby accelerating glycogen 

metabolism in the muscle . However it has later been found that beta-

blocking agents only have a small protective effect when bulls are 

subj ected to stress by mixing them with bulls from other sources (HcVeigh 

and Tarrant , 198la) . This suggest s  that under such conditions muscle 

glycogen deplet ion in cat t le is not predominantly mediated by 

catecholam1ne"S . 

The maj ority of studies of the aetiology of DFD meat have been carried out 

as small laboratory invest igations and it has therefore been difficult to 

use the results  of such work to formulate guildelines for handling of 

stock prior to slaughter . However , it has been suggested that extended 

holding periods in the stock yards and mixing of different groups of 

animals can cause high ultimate pH in both beef and pigs (Nielsen , 1979;  

Augustini, 1981 ) . The lack of  more extensive investigations of the 

causat ive factors associated with DFD meat may be related to difficulties 

in obj ectively identifying the condit ion during commercial operat ion at 

the meat works . In earlier investigations , the colour of the cut muscle 

surface was used as an indicator of DFD meat . However , the ultimate pH 

of the muscle is now commonly measured and it has been shown that there is 

a good correlation between these two paraemeters (�1unns and Burrell , 1965 ; 

HacDougall and Rhodes , 197 2 ) . Such measurements of ultimate pH are 
often only obtained from one of the larger muscles of the carcase and it 

would appear that mos t  workers have been using the thoracic and lumbar 

part s  of the longissimus muscle (Anon , 1973) . This muscle has previously 

been referred to as the longissimus dorsi muscle (LD) . 
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The time required for a muscle to reach the ult imate pH is temperature 

dependent (Bate-Smith and llendall , 1949)  and Marsh (1954)  suggested that , 

with efficien t cooling systems , a period of 26 to 36 hours may be 

required for the complet ion of all post mortem glycolytic changes in the 

LD of beef animals . In spite of these earlier observations , which have 

not been disputed , it would appear that in some later studies of factors 

related to ultimate pH , measurements obtained only approximately 24 hours 

after slaughter have been used (Munns and Burrell , 1966 ; Duchesne , 1978 ; 

Puolanne and Aalto , 1980 ; 1981) . I t  is suggested tha t  the assumpt ion 

made by these \vorkers that such pH values are identical to the ult imate 

pH is erroneous and can lead to false conclusions . This belief tends to 

be confirmed by more recent studies which showed that there are 

significant differences in chilled beef between mean pH values ob tained 

24 hours after slaughter and those obtained a further 24 hours later 

(Peter sen , 1982 ) . · 

I · I There are clear advantages if further de:.. N:.. on the causes o f  high ult imate 

pH of meat are obtained by large scale investigations at the meat works . 

Not only does this give a better stat istical basis on which to analyse 

data but it  also ensures that observations relate  to practical 

conditions in the mea t  indust ry .  However , before such studies are 

undertaken , there is clearly a need to develop accurate  methods for 

measuring the ult imate pH of meat under commercial operations at a meat 

works . 

NEH SLAUGHTER METHODS FOR SHEEP AND LAMBS 

The methods of stunning and slaughter of sheep and lambs have 

undergone more changes during the last  few years than any o ther part of 

the process at the meat works . Until 1977,  sheep and lambs were 

slaughtered by a transverse incision of the extended neck which almos t  

simultaneously severed the trachea , oesophagus , common caro t id arteries 

and j ugular veins , and the spinal cord at the occip itoatlantal j unction 

(Blackmore and Newhook , 1.976 ) . Although this method was considered both 

humane and efficient by the meat industry , some overseas observers were 

critical of the humane aspects of the slaughter method . It was also 

considered a disadvantage that contamination of head and neck meat from 

reflux of ruminal contents was difficult to prevent and the extensive 

incision of skin and t issues of the neck made head skinning a diff icult 
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operat ion ( l na ckmore and Ne\.J"hook , 1 976 ) . As a result of these objections , 

the statutory regulat ions covering slaughter of stock were changed and now 

require that all animals mus t  be rendered insensible prior to 

exsanguinat ion (Anon , 197 7 ) . 

Since 197 7 all sheep and lamb s  slaughtered in meat Harks in this country 

have been stunned by electrical methods . Mos t  meat works init ially used 

method s whereby the electrodes ,.,ere applied to t�e head onl y .  Such 

methods were apparently introduced in the United Kingdom from Germany in 

the 1930 ' s  (Ducksbury and Anthony , 1929;  Clark and Tweed , 1932 ; 

Warrington , 197 4 )  and were assumed to have induced an effective s tun if the 

animals showed the signs of an electroplectic fit as indica ted by a short  

tonic phase follo\o7ed by a some\.J"hat longer clonic phase ( Croft and Hume , 

195 6 ) . More recent work employing electroenc�halographic techniques 
A 

in sheep have sho\.J"U this method of s tunning produce reversible 

insensibility for 18 - 42 seconds and can be considered humane if the 

animals are slaughtered within 20 - 30 seconds of stunning . Permanent 

insensibility due to exsanguination occurs within seven seconds 

(Bla�kmore and Newhook , 1982 ; Newhook and Blackmore , 1982 ) .  

There is considerable movement associated with the clonic phase following 

electrical s tunning with electrodes applied to the head only . This 

method was therefore modified to include a third electrode which is either 

applied to the back of the animal ( ' head-to-back ' method )  or to the legs 

of the animal ( ' head-to-leg ' method) . These ' head-to-body ' methods 

appear to produce better itnmobility of the animals as  compared to the 

traditional ' head-only ' method and they also produce permanent cardiac 

dysfunction (Blackmore and Newhook , 1982) . However , this latter effect 

has been unacceptable to some of the important export markets and mos t  

meat works have therefore recently reintroduced electrical stunning b y  

the ' head-only ' method . This  is frequently followed by a period of 

electrical s t imulat ion in order to achieve immobilisation during the 

exsanguination of the animals .  This type o f  electrical s t imulation is 

referred to as  low voltage s t imulation because peak voltage is  usually 

only 30 - 50 volts  as compared to the so-called high voltage s t imulation , 

described earlier , which usually operates at  a much higher voltage . A 

similar distinction between the two types o f  stimulation has previously 

been used in beef where methods applying less than 120 vol t s  are 

referred to as  low voltage s t imulation and other methods are termed high 

voltage s t imulation ( Shaw and Walker , 19 7 7 ;  Bouton e t  a Z . ,  1978) . 
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The dif f:<:!rent methods of stunning and s laughter can have various ef fects 

on meat quality . As ment ioned previously , exsanguina t ion resulting in 

s imultaneous severance of the oesophagus connnonly causes contaminat ion 

of the neck and head meat . Thus methods of stunning producing a 

sufficient length of t ime of insensibility and s tillness to ligate the 

oesophagus prior to slaughter are therefore preferable . Both rate and 

extent of bleeding can be affected by methods of slaughter (lllackmore 

and Newhook , 1976 ; Kirton et al . ,  198lb) and it  has bee� suggested that 

badly bled carcases undergo rapid decomposition (Thornton , 1968 ) . 

However , recent studies indicate that residual blood content of muscles 

is not affected by slaughter methods (Warriss ,  197 7 ; Warriss  and Leach , 

197 8 ;  Warriss , 1978 ) . Traumatic inj uries associated with restraint and 

handling of the animals during slaughter have also been reported . These 

include bone fractures in pigs stunned by electrical methods (van der Val ,  

197 6 )  and bru ises in beef and lamb s  associated with handling during the 

slaughtering of these animals (Meischke , 1975 ; Petersen , 1978) , 

One of the mos t  important defects associated with slaught er of stock is  

the so called "blood splash" which is  described as  ecchymoses occurring 

in muscles and some organs . This defect was s tudied in sheep by Tweed 

e t  a l .  (193'1 ) and they showed that s tunning by captive bolt is  

a s sociated with an increase in arterial pressure which may exa cerbat e  the 

extent of "blood splash" . However , these workers concluded that the 

increased arterial pressure is  not the sole cause of the defect and that 

other factors such as muscular contractions associated wi th stunning may 

play an important role . S imilar observations were made in pigs s tunned 

by elec trical methods (Mandrup , 1964 ) and it was suggested that ecchymoses 

in muscles were not caused by rupture of capillaries but were a result of 

diapedesi s  >vhich may be exacerbated by increased blood pressure . More 

recent work in lambs in New Zealand (Kirton e t  al . ,  1978)  also failed 

to confi�� that increased arterial pressure was the primary cause of 

ecchymoses and i t  has been suggested by Leet e t  a l . (197 7 )  that "blood 

splash" is caused by ' supercontracture ' of some muscle fibres , causing 

severe strain on adj acent blood vessels and consequent rupture of 

capillaries . 

I t  would appear that "blood splash" in lambs has been of greater 

importance in New Zealand since the introduction of electrical methods of 

stunning and i t  has been shown that both captive bolt and percussion 

stunning of lambs causes less "blood splash" than elec trical stunning 
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(Blackmore , 197 9 ; Kirton e t  a Z . , 198la) . I t  has also been sho�n that 

electrical stunning by "head-only" methods increases the rate of "blood 

splash" as compared to "head-to-back" methods (Kirton et a l . ,  198lb ) . 

However , it  has been reported that although these latter methods cause 

few or no ecchymoses in muscles and organs , they are likely to produce 

petechial haemorrhages in the subcutaneous fat (Petersen and Wri ght , 1979 ; 

Thornton e t  a l . , 19 7 9) . 

Both ecchymotic haemorrhages in muscles and petechial haemorrhages in 

subcutaneous fat are of considerable economic importance to the meat 

industry and further studies of the possible causes of these defects  are 

therefore warranted . 

RESEARCH NEEDS IN THE MEAT INDUSTRY AND AIMS OF THE PRESENT STUDIES 

The introduction of more advanced refrigeration technology in the early 

ninet een sixties , greatly impr'C·Ved the keeping quality of meat and meat 

products  but its  deleterious effect on eat ing quality o f  meat was not 

immediately appreciated . This could have had a disastrous effect on our 

mos t  lucrat ive market s  had it  not been for the successful invest igation o f  

this aspect o f  meat quality (Locker e t  al. , 1975) . This incident and 

others like it occurring within the meat industry during the last two or 

three decades highlight the problems facing those who are directing and 

carrying out research related to the quality of meat and meat produc ts . 

There is little doubt that research in meat science has become divided 

into specialised f ields as a result of the broad spectrum of basic 

sc iences this subj ect encompasses (e . g .  microbiology , physiology , 

b iochemistry etc . )  and the depth of knowledge required o f  research workers 

in these specialised f ields . Although basic research in narrow f ields , 

such as that related to the b iochemical changes involved in muscle 

contract ion, is often required to solve specific problems there is also 

a need for research on a more broad basis . Such broadly based research 

cannot rely solely on investigating one particular aspect of the problem 

but should as far as possible study all effects on meat quality in the 

context of an indus trial setting . For example , in studies of the effects 

of washing o f  animals prior to slaughter as a means of controlling 

contaminat ion of carcases , other possible effects o f  washing on meat 

quality also need to he investigated . 



Hith this phil osophy in mind the research to be reported upon in this 

thesis was ,  \vherever possible , based on initial development work in the 

laboratory which was followed by subsequent application in an 

indus trial set t ing which was as clo se to normality as experimental 

limi ta U.ons \vould allo\v . 
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S tudies \ver:e undertaken to investigate the effect s  on meat quality in lambs 

of the various current methods which apply from the t ime the animals leave 

the farm unt il slaughter is completed . One of the important quality 

character istics measured in these s tudies was the pH of meat and some of 

the initial investigat ions were therefore aimed at developing accurate 

methods for measuring the pH of muscle s . A number of observational 
• 

studies were des igned to identify factors affect ing meat quality and 

further experimental s tudies of some of these factors were carried out 

either at the meat works or in the laboratory . It  was hoped that by 

keeping the conditions as close as possible to those prevailing within 

the meat industry , interpretation of results would be less artificial 

and the information from such studies would be d irectly applicable to the 

meat industry . 
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CHAPTER THO 

DETERl:-HNAT I ON OF AN APP ROPRIATE 
METHOD FOR HEASURING THE pH OF :HEAT 

glycolysis occurring in muscles of an animal after death 

is associated with a gradual reduct ion of glycogen , creatine phosphate 
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and later adenosine triphosphate.  These chemical changes are accompanied 

by the format ion of lactic acid and a resultant fall of pH in the muscle 

(Bendall ,  1973) . The rate and extent of post mortem glycolysis can be 

assessed by measuring changes in the amounts of these chemical 

components . However , in field studies involving large numbers of 

animals , estimation o f  the var ious glycolyt ic intermediates becomes 

impractical and mos t  workers therefore rely on informat ion on the pH alone 

when est imating the rate and extent of the post mortem glycolysis . The 

close relat ionship between certain aspect s  of meat quality and the pH of  

meat (as discussed in  the first  chapter) also j ustifies such an approach . 

The work and result s  presented in this chapter pertain to  the development 

and comparison of t echniques most  suitable for measuring pH of carcase 

muscles during commercial operations . Conventionally this chapter could 

be considered a descript ion of the general materials and methods for 

measuring the pH of muscle . As development of the final method 

selected depended upon a series of sequent ial invest igations , it was 

difficult to construct the chapter in the conventional s tyle o f  

introduc tion , materials and methods , result s and discussion . I t  was 

therefore felt to be more logical and appropriate to describe in turn 

each sequential investigation and the result s  obtained . I t  is hoped that 

this less convent ional form of presentation provides a clearer appreciation 

of the development and adoption of the technique used in the further 

studies which form the maj or part of this thesis . 

The pH is defined as the negative logarithm of the hydrogen ion 

concentration and i t  has been suggested (Earth , 1975 ) that when mean 

values are calculated , the arithmet ic mean of the hydrogen ion 

concentration should be used rather than us ing the arithmetic mean 
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of the pH values . However , Hiddleton and l�overs (197 6 )  showed that the 

arithmetic mean of a set of pH data is  equal to the negat ive logarithm 

of the �eometric mean of the hydrogen ion concentrations . The geometric 

mean put s less emphasis  on extreme values ,  whi.ch are likely to occur when 

measuring the hydrogen ion concentration and it is therefore theoret ically 

a better measure of central tendency in such cases . The use of pH data 

for calculation of arithmetic mean values and other stat istics without 

transformat ion to hydrogen ion concentrations would thus appear to be the 

most valid method of dealing with such data and this procedure has been 

followed in the present work unless otherwise stated . 

As the data on pH  from field studies  are used to measure the effects of 

one or several factors , the accuracy of pH measurements becomes an 

important issue . The accuracy of any test is dependant on the degree of 

bias of the test  as well as on the repeatability of the t es t . The 

former can only be evaluated by either measuring s tandard media of known 

values or by comparisons with a standard (benchmark) method . On the 

other hand , the repeatability or precision of different techniques can 

be directly compared by repeated measurements of test media of unknown 

values . 

The muscles for these s tudies were obtained from carcases condemned during 

regulatory meat inspection and a wide range of pH values could therefore 

be expected . In order to compare the precision of different methods , 

mult iple sample s  were taken. from the muscles .  The percentage of the 

variance of a s ingl e  observat ion due to within muscle variation was 

calculated from a s ingle classificat ion analysi s  of variance table for 

each muscle and each method ( Sokal and Rohlf , 1969) . The within 

muscle variat ion reported in this work is thus a direct measure of the 

precision of the measuring technique used and allows for compar isons 

between d ifferent techniques provided they have been used on the same 

muscles .  

MEASURING THE pH OF SAMPLES 

It has been cus tomary to measure pH of muscles at about 20°C in a 

solut ion of 5mM sodium iodoacetate at a dilution of one part homogenised 

muscle to ten of the solut ion (Bate-Smith and Bendall , 1947 ; Lawrie , 195 3 ;  

Marsh , 1954 ; Bendall , 1973) . The iodacetate i s  added to the solution in 
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order to inhibi t  the enzyme glyceraldehyde-3-phosphate dehydrogenase and 

thus to arrest glycolysis (Jeacocke , 19 7 7 )  so that pH can be measured 

accurately at any time during the pre rigor period . 

Homogenisation of muscle samples in the solution is  usually achieved by 

using a homogeniser similar to that described by Marsh and Snow (1950) . 

Although this is an efficient technique for disintegrating muscle t i s sue , 

it is  also very time consuming as both the homogeniser and beakers  must 

be cleaned thoroughly between samples to avoid cross contamination . In 

these s tudies , a Colworth Stomacher 400* was used to homogenise muscle 

t issue . Each sample (usually weighing approximately 2g)  was placed in a 

plastic bag and the required amount of solution added by a dispenser . 

Six to eight bags at a ti�e were placed in the S tomacher for two minutes 

and the pH n1easured by inserting a combination glass electrode in the bag 

and recording values with a Triac pH meter** · It was thus pos s ible to 

evaluate batches of samples without having to clean any equipment between 

samples . Hmvever , it was thought that the pH of solutions might no t 

remain s table over varying times after homogenisation and it  was decided 

to investigate .. this problem in a small experiment .  

The maj or part o f  the LD was excised from one side of 24 lambs and left 

at  room temperature for 24  hours . One sample (approximately 2g)  from 
c 

each muscle was homogenised in 20 ml of a 5mM iodacetatc solut ion . The " 
pH of the solution was measured within five minut.es of homogenisation and 

a number of subsequent readings were obtained during the following eight 

hour period . 

On the basis of the values obtained a t  the first reading , the animals 

were divided into two groups of 12 animals in each group : 

1 1Low11 group 

"High11 group 

Mean 

5 .  72 

6 . 07 . 

Range 

5 . 61 - 5 . 79 

5 . 86 - 6 . 30 

The mean pH for both of these groups as  \vell as for the t otal group was 

calculated for each recording time and these data are presented in the 

diagram in Figure 2 . 1 . 

* 
** 

A . J . Seward , U . A . C . House ,  Blackfriars Road . , Londotl , SEl 9UG , U . K .  

Triac Controls Ltd . , P . O .
'
Box 45-159 , Auckland , 8 ,  New Zealand 



F I GURE 2 . 1  THE E FFECT OF T U1 l� ON pH VALUES AFTER IODOJ\CETATE 
HOHOGENISAT ION 
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It can be  seen that there is nn increase i.n p H  values during the f±rst 

three hours after homogenisat ion and that this increas e  is of the same 

magnitude in all groups . However , the rate of increase during this 

period was e stimated to be  only 0 . 02 pH units per hour and as samples are 

always read within half an hour of homogenisation, the change in pH 

should have little effect on the ac.curacy of the test.  

It has b een suggested by Bendall (1973) that iodoacetate inhibition 

causes some alkalinisation of the muscle ho1nogenate solution but thi s  

effect was reported to fall to zero as the p H  declined towards the 

ultimate value . The cause of the increase in pH values in the present 

experiment doe s  not appear to be associated with differences in actual 

pH values of the samples as both the "low" and "high" group showed the 

same increase .  It was also suggested by Bendall (1973) that there i s  

a d iffusion of carbon dioxide associated with homogeni sation in 

iodoacetate and if such a loss is gradual it may not reach its full 

e ffect (e stimated to be  approximately 0 . 05 pH units) for several hours 

after homogenisation and this could explain the present results . 

A solution o f  iodoacetate/vmter is hypotonic in relation to muscle 

tissue , thus lowering the ionic strength of muscle suspension in such a 

solution . This can be  avoided by making up the iodoacetate in a 150 mM 
potass ium chloride solution which has the same ionic strength as mammal ian 

muscle . It was suggested by Bendall (1973) that when this latter 

solution is used different d ilutions o f  muscle suspension may be used 

without affecting the accuracy o f  pH measurements . This concept 

appeared to be of considerable practical importance and it was therefore 

decided to carry out some comparative pH evaluations o f  muscle suspension 

in iodoacetate solution in water and in potassium chloride . 

A 10-15 cm section o f  the LD was removed from one s ide o f  four sheep 

carcases with in one hour of slaughter . These sections were held for 24 

hours at room temperature after which period , surface tissue was removed 

from the muscles (2-3mm) and the remainder of each muscle was ground in a 

household mincer and then mixed thoroughly in a polythene bag . From each 

homogenised muscle section , ten samples of between l-2 . 5g were taken . 

These ten samples were divided into two groups o f  f ive ensuring that the 

d istribution of sample '"eight s '.vas similar in both groups . All the 

s amples from one sample group were homogenised in 20 ml SmM 
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iodoacetate/water solution whereas the samples from the othei group were 
homogenised in 20 ml Sm.H iodoacetate/150 mH potassium chloride solut ion . 

The pH values o f  all solut ions were obtained within 30 minutes of 

homogenisat ion . 

Table 2 . 1  gives the results of the pH values obtained from using either 

an iodoacetate/water mixture or an iodoacetate/potassium chloride 1nixture 

as solut ions in which the muscle was homogenised . , I t  can be seen that 

the within muscle var iation is  slightly higher when using the latter 

solut ion . Thus it would appear that the addition of potas sium chloride 

to the iodoacetate solut ion does no t increase the precision of pH 

measurements when different suspensions of muscle ranging from 1 : 8  to 

1 : 20 are used . However , it will also be noted that the pH values 

obtained after homogenisat ion in the iodoacetate/potassium chloride 

solut ion were generally lower than those ob tained after homogenisation in 

the iodoacetate/water solution . This problem was further invest igated by 

comparing ultimate pH values obtained by the t\vO different methods from 

a further 14 muscles from sheep and the relationship bet\veen the two sets 

of values is shown in Figure 2 . 2 .  

The data conform to the following relationship : 

pH ( iodoacetate/KCl) 0 . 97 ( iodoacetate/H
2

0 )  + 0 . 16 

r = 0 . 993  

In a previous survey Bendall (1973)  reported on 14 pairs o f  values from 

M. s ternomandibularis from beef in which the correlation coefficient (r)  

was 0 . 978 . I t  would thus appear that it  is possible in b o th sheep and 

beef to accurately adj ust for the s lightly lower iodoacetate/potassium 

chloride va lues compared with the iodoacetate/water values but as there 

appears to be no difference in the precision of the two methods i t  seems 

preferable to use the iodoacetate/water technique as i t  is  the mos t  

commonly accepted method . 



TABLE 2 . 1  MEAN ULTIMATE pH VALUES OF FIVE SAMPLES WEIGHING FROM l . Og TO 2 . 5g 
FROM FOUR SHEEP 

Animal 

1 

2 

3 

4 

Iodoacetate/H
2

0 

Mean + S . E .  

5 . 7 6 0 . 008 

5 . 88 O . Oll 

6 . 01• 0 . 015 

6 . 37 0 . 007  

Components of variance % 
Among muscles 98 . 6  

Within muscles 1 . 04 

Iodoacetate/KCL 

Mean + S . E . 

5 . 70 0 . 009 

5 . 84 0 . 016 

5 . 95 0 . 027  

6 . 25 0 . 014 

96 . 47 

3 . 53 

N 
'-l 



F I  Ct.; RE 2 .  2 l(ELATIONSHIP_ BETWEEN MUSCLE pH HEASURED AFTER 
l l m!OG EN I S AT I ON I N  IODOACETATE/WATER OR 
)ODOACETATE/POTASS IUM CHLOR IDE 

6 . 5  

Iodoace tate./ 

Po t a s s i.um 
Chl o r ide 

6 . 0  

5 . 5  

5 . 5 6 . 0  

Iodoacetate/Wa ter 

2 8  

6 . 5  
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Although the addition o f  iodoa cetatc t o  samples is only required when 

measur ing pH during the pre rigor period , it is also cus tomary to use it 

when measuring ult imate pH . Hany of  the studies presented in this thesis 

only required assessment o f  ultimate pH but it \vas decided to homogenise 

· such samples in iodoacetate as this allowed direct comparisons to be 

made \vith pre rigor pH values as  well as  with ult imate pH values reported 

by other workers .  

The homogenisat ion o f  muscle samples and subsequent measurements o f  the 

pH includes a number of procedural steps each of which can result in 

erroneous data . Although the l ikelihood of some errors can be reduced 

by strictly following a set of rules for the t echnique such as those 

outlined in Appendix 1 ,  it is desirable to be ab le to check periodically 

the accuracy o f  the technique . It  was therefore decided to  attempt to 

design a " quality control" system . 

The ent ire LD front both s ides of  three sheep were removed shortly after 

slaughter and then left at room temperature overnight . The following 

day superficial connect ive tissue was trimmed from the muscles which 

were then minced and the t issue from the three animals was mixed separately 

in three polythene bags . The mince was separated into portions each 

weighing approximately 2 g .  The pH o f  two portions from each animal was 

measured and the remainder portions were frozen on trays at -1soc .  

After complet ion o f  f reez ing , 2 0  portions from each animal were kept in 

frozen s torage at - 18°C whereas the remainder (80-100 portions per 

animal) were kept in frozen storage at -Jsoc .  

During the following three months , two samples from each animal wer e  

removed from frozen s torage (-18°C) every two weeks and the p H  o f  these 

samples measured . · Two different pH meters were used and two persons 

were involved in this work but samples examined on the same day were all 

done by the same person using the same equipment 

The result s  o f  these pH measurements have been recorded in Figure 2 . 3  and 

it can be seen that the variations with time follows s imilar patterns in 

samples from the three animals .  These fluctuations d id not appear to. be 

related to  the operator . This is probably an indicat ion that the true 

pH of the meat samples did npt change during the period of frozen s torage 

and the small deviat ions occurred as a result of some unavoidable b ias 

associated with the pH measurements . 



pH 

FIGURE 2 . 3  MEAN pH OF CONTROL SAMPLES DURING A THREE MONTHS FROZEN STORAGE PERIOD 
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It i s  therefore possible t o  use the remainder of  the fro zen samples to 

assess the extent of  bias whenever a new batch o f  samples of  unknown 

value is measured . 
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The degree o f  b ias which can be tolerated in a series o f  pH measurements 

is a some>.;rhat ·arbit-rary decision . However , it  is suggested that for 

every new batch of  samples being evaluated , replicate samples from two 

batches o f  frozen samples of kno\om values should .also be evaluated . The 

value o f  any o f  these samples should be within the range o f  +/- 0 . 06 pH 

unit o f  the mean o f  values previously recorded when evaluating this 

part icular control sample . 

This " quality control" sys tem was not d eveloped before some difficult ie s  

had been experienced with contaminated water during a s tudy presented 

elsewhere in this thesis . It  i s  bel ieved . that the use o f  such a syst em 

is imperative to ensure that the pH measurements are accurate . 

INDICATOR MUSCLES FOR ULTIMA� 

Both the rate and the extent o f  pH decline i s  subj ect  to considerable 

variat ion between muscles o f  meat animals (Lawrie , 1962 ; Mart in and 

Fredeen , 1 9 74 ; Linke et al . , 1976 )  and it has been s tated by Davey and 

Graafhuis (1981)  that the pH value o f  a s ingle muscle does not represent 

the general condition of the carcase . On the o ther hand , it  is obviously 

not possible to measure the pH of all carcase muscles and it has therefore 

become customary to use as general indicators only , s ome of  the large 

muscles .  The LD is the most  commonly used muscle for this purpose and 

this choice has a number of advantage s .  In cattle this muscle is more 

frequently a ffected by the DFD condition (Tarrant , 1981)  i t  represents the 

largest  s ingle muscle mass  o f  the animal and it is also easy to iden tify . 

Although larger carcase muscles such as  the LD are well suited for . 

experimental work , their use may be  l imited because samples usually 

canno t be  removed without mut ilating the carcase . However , there are some 

smaller muscles which can be removed from a carcase without s ignif icantly 

affecting i t s  commerc ial value and it was therefore decided to compare the 

pH of these with that of the LD . 



The following muscles (or par t o f  these) from condemned sheep carcases 

were used for this study : 
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( a )  A 3-5cm length o f  the M. longissimus at lantis excised from the 

insertion of the muscle on the caudal end of the wing of the atlas 

to  the origin of part o f  the muscle from the articular process es o f  

the second t o  third or fourth cervical vertebrae . The cranial 

part of this muscle is usually vis ible on f�lly dressed sheep where 

the maj or vessels and the trachea have been removed with some o f  

the muscles of  the ventral part o f  the neck . The caudal part o f  

the muscle i s  more difficult to distinguish from the larger 

M. longissimus capitis as they both originate from the articular 

processes of the cervical vertebrae . 

(b)  The thoracic part of the M. longissimus ca l li excised from the bodies 

of  the f irst f ive thoracic vertebrae . 

(c )  The M. Masse ter which was freed from its  insertion on the mandibule 

and a cut was made through the muscle at a point j us t  below its  

origin from the zygomatic arch . 

(d )  The costal part of  the diaphragm excised from the r ib s . 

(e)  The lumbar part o f  the diaphragm removed from the lumbar vertebrae . 

( f )  A 10-lScm section o f  the LD excised from the eighth thoracic 

vertebrae and caudally to a point  approximately lateral to  the 

second or third lumbar vertebrae . 

The muscles were removed from both s ides o f  the animals within one hour o f  

slaughter and s tored i n  polythene bags a t  room temperature . The following 

day , a sample o f  approximately 2g was obtained from each muscle ( i . e .  two 

samples per animal)  and the pH of these samples was measured . 



TABLE 2 . 2  COMPARISON OF ULTIMATE pH BETWEEN SOME SMALLER CARCASE MUSCLES AND THE LD OF SHEEP 

LD 

Within 
No . of Mus cle 

Comparisons Variation 
% 

(a)  M. longissimus atlantis 10 0 . 57 

(b ) M. longissimus co l li 22  1 . 72 

(c.) M. masseter 32 2 . 61 

(d) Diaphragm cos tal par t  19 1 . 53 

(e )  Diaphragm lumbar part 53 3 . 63 

Range 
o f  

Means 

1 .  75 

1 . 32 

1 .  75 

1 . 77 

1 . 44 

Comparison muscle 

\\Tithin Range 
Muscle of 

Variat ion Means 
% 

0 . 81 1 . 44 

8 . 32 0 . 86 

18 . 85 0 . 86 

1 . 56 1 . 05 

2 . 67 1 . 37 

Correlat ion 
Coe f f ic ient 

0 . 96 

0 . 7 9 

0 .  77 

0 . 84 

0 . 66 

w 
(,..V 
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A good ind icator muscle shoHs a small degree of  within muscle variab ility 

and in the present s tudy this was measured by taking two samples from each 

muscle (one f rom each s ide of the animal) and then calculating the 

within muscle variation , Indicator muscles should also exhibit  a wide 

range of ultimate pH values when they are obtained from animals 

subjected to different types of preslaughter treatment . Furthermore , 

as pH values obtained from the LD are most frequently quoted in the 

l iterature , there should preferably be a high degree of correlation 

between the pH of  the smaller muscles and that of  the LD . In Table 2 . 2  

a comparison i s  made between the smaller muscles and the LD from the same 

animals according to these three criteria . 

I t  can be seen in Table 2 . 2  that the M. longissimus at Zantis has a h igh 

degree o f  correlation with the LD and also a small within muscle variation 

as  well as  a resonable wide wide range of pH values . Unfortunately , the 

M. longissimus atZantis is very diff icult to identify and i t  was found that 

the excision of this muscle was so t ime consuming that it would not be 

possible to use it during commercial operat ions at  a meat  works . 

Both the M. Zongissirm.-�.s coUi and the M. masseter are easy t o  identify and 

remove from the carcas e ,  part icularly the latter . However ,  both o f  these 

showed a poor correlation v7ith the LD , a narrow range of pH values and a 

rela t ive high within muscle variation . They were therefore considered 

unacceptable as  indicator muscles . 

In regard to ultimate pH values the d iaphragm is very uni form , the within 

muscle variation of this muscle being of the same magnitude as that of the 

LD from the same animals . The lumbar part of the diaphragm exhibited a 

wide range o f  pH values but these did not appear to correlate very well 

with those f rom the LD . This is p erhaps not surprising b ecause the two 

muscles have quite different functions . 

The result s  o f  this s tudy ind icate that it may be possible  to make some 

prediction about the ult imate pH o f  the LD by measuring the ult imate pH 

of some of the smaller and less expensive muscles . However , i t  is 

believed that such predictions would be too inaccurate for use in s tudies 

of the e f fects  of preslaughter handling on ultimate pH and it was 

therefore decided to confine all further examination to the LD . 



EFFECT OF INCUBATION METHOD AND SAMPLE SIZE ON ULTIHATE pH 

Since removal o f  samples from the LD may be difficult without mutilating 

the carcase ,  the minimum amount of muscle required for accurate pH 

measurement s  is of some interest . Furthermore , when the ultimat e  pH is 

measured such sarup.J:es ·must be held for sufficient t ime for the end point 

of  post mortem glycolysis to be reached . I t  seems l ikely that 

conditions during this incubation period may affect the ult imate  pH 

because Leet and Locker (19 7 3 )  have shoym that superfic ial layers o f  

muscle exposed t o  air maintain high pH values for long periods . 

An experiment was therefore designed to investigate the effect o f  

incubat ion method and sample s ize o n  ultimate  pH . 

The maj or part of  the LD from both s ides o f  16 sheep was excised and 

transferred to the laboratory within : two hours of slaughter . The 

ult imate pH o f  each muscle was measured using the following techniques . 

(a) A 5-lOcm section o f  the muscle was left at room t emperature for 

24  hours after which period two samples were obtained from the 

centre part o f  the muscle sect ion . One of the samples weighed 

approximately 2 g ( large sample) and the o ther weighed 0 . 2  - O . Sg 

( small sample) .  Both samples were homogenised in SmM iodoacetate 

solution and the pH measured within 30 minutes o f  homogenisation . 

(b ) A large and a small sample was obtained shortly after transfer o f  

the muscle t o  the laboratory . Both samples were left  exposed t o  
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a i r  f o r  24  hours before measuring the p H  i n  the same manner as before . 

( c )  Samples were obtained as under (b)  b u t  were then incubated under 

anaerobic condit ions for 24 hours using the BBL Gas Pak System* . 

(d)  Samples were t reated s imilarly to those  under (c )  but anaerobic 

conditions were achieved by overlaying the samples with liquid 

paraffin** · This treatment was used only on the 12 muscles f rom 

the last s ix sheep in the experiment . 

* 

** 

Bect on , Dickinson and Co . ,  Cockeysville , HD21030 , U . S . A .  

2 9436  Paraf f in Liquid , BDH Chemicals New Zealand Ltd . , P 0 Box 1246 

Palmers ton North , New Zealand . 



TABLE 2 . 3  EFFECT OF INCUBATION METHOD k�D SAMPLE SIZE ON ULTIMATE pH 

U L T I M A T E pH 

Incubation Sample For n = 20 For n = 12 
Method size Mean Range Mean Range 

(a) 
Musc�e large 5 . 81 5 . 43 - 6 . 42 5 . 88 5 . 51 - 6 . 45 
Sect�on small 6 . 06** 5 . 43 - 6 . 56 6 . 18** 5 . 71 - 6 . 66 

b 
Aerobic large 5 . 88** 5 . 41 - 6 . 54 5 . 97** 5 . 5 6 - 6 . 59 

( ) 
Incubation small 6 . 29** 5 . 50 - 6 . 86 6 .  451<* 6 . 11 - 6 . 84 

( c )  
Anaerobic large 5 . 83 5 . 47 - 6 . 44 5 . 92 5 . 48 - 6 . 50 
Jar small 6 . 13** 5 . 48 - 6 . 64 6 . 30**  5 . 96 - 6 . 71 

d 
Liquid large 5 . 92 5 . 4 6 - 6 . 53 

( ) 
Paraffin small 6 . 27*>'< 5 . 94 - 6 . 60 

** These means are highly significantly different (P  < 0 . 01 )  from the mean o f  large 
samples from muscle sec t ions . 

w 
Cl 



In this study , the pll measured on large samples from muscle sections 

was considered to be the closest value to the true ultimate pH of the 

muscle and was therefore used as a benchmark . The mean value of this 

group was compared to mean values of other groups where the pH was 

measured after different treatment (Table 2 . 3 ) and the significance of 

differences between mean values was evaluated by the t-test . In these 

analyses , the data from the first 20 muscles ,  where only one type of 

anaerobic incubation was used , were treated separately from the data from 

the last 12 muscles whi ch includes samples that were also incubated under 

liquid paraffin .  

I t  can be seen in Table 2 . 3  that when large samples are incubated under 

anaerobic conditions , the mean values of these are not significantly 

different to the mean values obtained from large samples from muscle 

sect ions . However ,  it would appear that both sample size and incubation 

method have a highly significant effect on pH values . 

The result s  of this study indicate the necessity for avoidance of oxygen 

during incubation of samples and for defining the dilution of the 

homogenate in which the pH is measured . The former can apparently be  

achieved by overlaying of samples with liquid paraffin .  This technique 

has also been successfully used in assay of other b iochemical parameters 

of meat where anaerobic condit ions are required (Bendall , l9 7 5 ) . 

THE PLUG SAMPLING TECHNIQUE 

Although it is possible to measure the pH of small samples using 

special techniques (Heffron and Hegarty , 19 71) , such methods are much 

more t ime consuming compared to the Stomacher method described earlier 

in this chapter . However ,  the use of the latter method requires samples 

weighing l-2g in order to achieve enough homogenate in the polythene bags 

for rel1 able measurements . It  is also important to be able to obtain 

such samples without mut ilat ing the carcases when this technique is 

used in f ield s tudies . 

Muscle biopsy techniques have previously been developed for sampling 
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live animals (Bergstrom ,  1962 ; Fisler and Drenick, 19 72 ; Schrnidt e t  a Z . ,  

19 7 2 )  but such techniques are only capable of obtaining 200-300mg o f  

muscle t issue . A modified surgical b iopsy instrument was therefore 

developed for obtaining plug samples of the LD from sheep and lamb carcases . 



PLATE 2 . 1  B IOPSY INSTRUMENT CONSISTING OF A MODIFIED CANNULA AND TROCAR 

ATTACHED TO A 20  ml SYRINGE 
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PLATE 2 . 2  PLUG SAMPLING O F  A LAMB CARCASE 



The instrument consists of  a modified t rocar and cannula . The inner 

ho llow trocar has a cut-out section (50  x Bmm) with sharpened edges , a 

solid pointed t ip and is attached to a 20ml syringe . This trocar fits  

into a cannula with an identical cut-out sect ion (Plate 2 . 1 ) .  
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The plug samples were obtained while the carcases were in a hanging 

position suspended by the hindlegs . The biopsy ins trument was insert
.
ed 

in the LD at r ight angles to the muscle surface in the region o f  the 12th 

rib , four to  five cm lateral to  the midline (Plate 2.2 ) . When the t ip 

o f  the t rocar had reached the centre of the muscle , the ins trument was 

pushed caudally, parallel to the vertebral column until the cut-out 

secti ons of the tubes were well inside the muscle . The p lunger of the 

syringe was withdrawn , producing a vacuum ins ide the inner tube which was 

then rotated 1800 inside . the outer tube cutting off the portion o f  muscle 

sucked into the tubes . 

In order to  evaluate the accuracy o f  the plug sampling technique , two 

experiments were carried out . In the first of these , plug samples �vere 

obtained from both sides of 22  sheep carcases , and incubated overnight 

under aerobic conditions . After removal of the plug sample , a 10-lScm 

long section o f  the entire LD at the site where the plug sample was 
taken was also removed .  The pH o f  the plug samples was measured after 

2 4  hours incubat ion and these values were compared to pH values measured 

in 2g samples from the muscle sections . 

In a s econd experiment , p l ug samples and muscle sections were obtained 

from 12 sheep in a s imilar manner except t ha t  care was taken to ensure that 

a plug sample of approximately 2g was ob tained . The plug samples \o1ere 

placed in Sml plastic beakers and overlaid with l iquid paraffin immediately 

after removal from the carcases and incubated under these condit ions for 

24 hours at room temperature . 

The results o f  the two experiments are recorded in Table 2 . 4  and i t  can be 

seen that there  is a highly s ignificant correlation between results 

obtained by plug sampling and those obtained from samples from muscle 

sections . However , the table shows th2t in the f irst experiment 

involving aerobic incubat ion there is a highly significant difference 

be t,veen the means of the tw·o group s  and that the values obtained by the 

plug sampling technique in this experiment are generally higher than those 



TABLE 2 .  4 COMPARISON OF ULTU1ATE pH llF.TWEEN PLUG SM-fPLES AND MUSCLE SECTION SAMPLES 

Sample weights (g)  
Mean 
Range 

pH 
He an 
Range 
Variance components (% )  

Among animals 
Within animals 

t 
r 

Aerobic incubation 

Muscle section 

6 . 11 
5 . 53-6 . 87 

95 . 3  
4 . 7  

2 . 994 (P <0 . 01)  
0 . 9 7 (P <0 . 0 1 )  

Plug sample 

1 . 09 
o .  5 6-1 . 79  

6 . 18 
5 . 61-7 . 06 

9 7 . 3 
2 . 7  

fi�aerobic incubation 
(liquid paraffin) 

Mus cle section Plug sample 

5 . 93 
5 . 60-7 . 04 

9 6 . 0  
4 . 0  

1 . 87 
0 . 83-2 . 76 

5 . 90 
5 . 5 9-6 . 93 

9 7 . 1  
2 . 9  

1 . 546 (P > 0 . 05 )  
0 . 99 (P <0 . 01 )  

.t:-1-' 
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ob tained from samples from muscle sect ions . I t  will also be noted tha t 

the weights o f  the plug samples are generally smaller (mean = 1 . 09g) than 

the samples used from muscle sect ions. 

The results o f  the second experiment in vlhich incubation was anaerobic 

indicate tha t there i s  no s ignificant difference between means of pH 

values ob tained when plug samples weighing approximately 2g and overlaid 

\vith liquid paraffin v1ere compared to similarly sized samples f rom muscle 

sections . I t  can also be  seen that the variation within animals o f  pH 

values is of the same magnitude for the two different sampling methods . 

The results  o f  this study indicate that it  is possible to obtain an 

accurate  measurement of the ultimate pH o f  the LD of sheep , by the use o f a 

plug sampl ing t echnique . The accuracy of such methods  is apparently 

related to the ability to define the dilut ion of the homogenat e  in which 

the pH is measured and to the avoidance of oxygen during incubation . 

The overlaying o f  samples with liquid paraffin o ffers a practical solution 

to this latter problem and with some experience samples weighing 

approximately 2g can be rout inely obtained . 

COl1PARISON OF SAMPLE METHOD AND DIRECT PROBE METHOD FOR MEASURING 

pH OF DIFFERENT MUSCLES 

Because of the development of l ightweight portable pH meters , it has 

become common to  measure pH by inserting p robe electrodes into the muscles 

and take direct measurements .  However ,  there is apparently little 

published informat ion on the precision of such methods in comparison to  the 

more traditional sample method .  The present s tudy was designed to 

invest igate this problem and at the same t ime compare the pH of the LD with 

that of two other carcase muscles . 

All pH measurements were carried out at room temperature and the following 

two methods were used : 

(a) A sample method whereby approximately 2g o f  muscle tissue was 

homogenised in 20ml o f  SmM neutral iodoacetate solution . The pH o f  

this solut ion was measured using a combination glass electrode 

attached to a Triac pH meter . 



(b)  A direct probe method using an Ingold , Lot L106-MI• e lectrode* and 

the same pH meter as before . 

In the f irst  part of this s tudy , the maj or part o f  the LD and t'vo other 

muscles (M. biceps femoris (BF) and M. supraspinatus (SS ) ) was removed from 

one s ide of f ive sheep . After incubation for 24 hours at  room t empera ture , 

the pH vJas measured in s ix similar predetermined locations in all muscles 

by the two methods . 

TABLE 2 . 5  ULTIMATE �H MEASURED IN THREE MUSCLES FROM FIVE SHEEP 
( six measurements per muscle) 

Sample 
Method 

Direct 
Probe 
Method 

Mean 
Range 
\Uthin muscle 
variation 

Mean 
Range 

(%)  

Within muscle 
variation (%)  

BF M. biceps femoris 
S S  M. suprasinatus 

LD 

6 . 02 
1 . 37 

1 . 30 

6 . 06 
1 . 3 7 

1 . 02 

BF 

6 . 09 
1 . 35 

1 . 08 

6 . 13 
1 .  33 

2 . 55 

s s  

6 . 12 
0 . 93 

6 ; 39 

6 . 10 
0 . 86 

9 . 21 

The results of  these measurements are recorded in Table 2 . 5  and it  can b e  

seen tha t  the means are very s imilar for the three muscles and the two 

methods .  The ranges are also similar for the LDs and the BFs regardles s  

o f  method used whereas the SS  exhibited a much smaller range o f  mean 

values . 

The within muscle variation for each method and each muscle was also 

calculat ed and it can be  s een in Table 2 . 5  that they are o f  the same 

magnitude in the LD and the BF regardless of method used . I t  will also 

be  noted that there i s  considerably more within muscle variation in the SS 

and this may , at least in part , be explained by the smaller variation in 

* Dr W.  Ingold AG , CH-8902 Urdor f ,  Zurich , Switzerland . 
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p H  o f  this muscle between animals .  Conse quently the within muscle 

variation contributes a larger percentage to the total variation . 

The carcases in this study "rere selected to give a wide range o f  ultimate 

pH values of muscles . It  is suggested that a good indicator muscle should 

depict  such a range and that a reliable method should have the least 

within muscle variat ion . I t  would thus appear that both methods  are 

equally suitable for measuring ultimat e  pH and that the LD and the BF 

are superior to the SS  as  indicator muscles . I t  i s  interesting that the 

ultimate pH of the BF in different locations was found to be so s imilar , 

expecially in view o f  the fact that the caudal thigh muscles o f  sheep have 

been associated with variat ions in the proportions of different f ibre 

types at  different depths o f  the muscles (S ivachelan and Davies ,  1981) . 

However , care was taken to measure the pH at  the same depth in all locatidns 

which may account for the present results . 

In the second experiment , the LD and the BF from one s ide o f  two 

condemned sheep were obtained at the meat works . The pH decline o f  thes e  

muscles was followed b y  obtaining replicate measurement s  with both 

method s  at  2 , 4 , 6 , 9 , 12 and 24 hours after slaughter . These resul t s  were 

d ivided on an arbitrary basis into two groups depending on whether the 

muscle was thought to be s t il l  in the pre rigor state or \vhether the 

ult imat e  pH had b een reached . Each group was further subdivided into 

two subgroups d epending on whe ther results had been obtained by the 

sample method or by the d irec t probe metho d . The percentage within 

group variation , for all group s ,  was calculated as previously described . 

In this s tudy , the within group variation represents the variat ion 

bet\veen replicate measurement s  obtained by any of the two methods . 

TABLE 2 . 6  PERCENTAGE WITHIN MUSCLE VARIATION OF REPLICATE POST MORTEM 
pH MEASUREMENTS OF FOUR MUSCLES 

Sample method 

Direct Probe Method 

Pre r igor measurements  

1 .  7 5  

9 . 78 

Post rigor measurement s  

1 . 39 

2 . 15 



Table 2 . 6  ind icates that when using the sample method , the within group 

variation is of the same magnitude , both during decl ine of the pH and 

when it has reached it s ult imat e  leve l .  The within group variation o f  

the probe method is also small when measuring ultimate p H  b u t  is much 

greater during the pre rigor state . Thus the p robe method is 

considerably less precise compared to the sample method vhen used during 

the pre r igor period when the pH is s till declining . Although . the 

reasons for this are not clear , one contributing . factor may be  variations 

in the rate of glycolysis in different but adj acent par t s  of the muscle . 

The direct prob e ,  measuring the pH of a small part o f  the t issue only , 

might be able to detect this variat ion , whereas the sample method \vhich 

measures the pH of a larger amount of homogenised muscle would not . 

The direct probe provides a rapid and convenient method o f  measuring pH 

and it would also appear that this method has a high degree of precision 

when measuring ultimate pH. The t ime required for a muscle to reach the 

ult imate pH is temperature dependent (Bate-Smith and Bendall , 1949 )  and it 
I 

has been sugges ted by Marsh (1954)  that with efficient carcase cool ing 

systems , a period o f  2 6  to 36  hours may be required for the comp letion o f  

all post  mortem glycolytic  changes in the LD o f  beef animals . More 

recently , Tarrant and Hothersill (19 7 7 )  reported that the t ime required 

the pH t o  fall to 6 . 0  in some maj or muscles o f  beef chilled a t  3°C 

ranged from 2 . 2  to 13 . 6  hours , varying with the muscle examined and i t s  

depth i n  the carcase . I t  would thus appear that with the u s e  o f  

modern refrigeration techniques , a .period of at least 2 4  hours i s  

required before the ult imate pH o f  the LD can b e  measured hy d irect 

probe methods . In mos t  cases , further processing of carcases will 

proceed within this period and it is therefore o ften necessary to use 

o ther techniques such as the plug sampling method when s tudies of 

ult imate pH o f  meat are carried out a t  meat works . 

Although the d irect probe method is not as precise a s  the sample method 

for pre r igor measurements of pH it could still be the method of choice 

when s imult aneously monitoring the post  ruortem pH decline of carcases at 

the mea t  works . In such cases the t ime required for obtaining plug 

samples and measuring the pH of these samples will be a limit ing factor 

on the sample s ize which can be obtained . Furthermore , repeated p lug 

sampling of the same carcase 
'
can be difficult and may eventually mut ilat e  

the carcase . 
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THE EFFECT OF SN-1J)LE LOCATION ON ULTIMATE pH 

In the pas t , the maj ority of workers have used the LD for s tudies o f  

ultimate p H  i n  meat and it has been suggested that because of variations 

within this muscle , more than one sample is required for rel ·.iable 

assessmen t  of pH. This part icular problem was investigated in both 

sheep and beef cattle carcases . 

In the first part o f  this invest igat ion , the maj or part o f  the LD was 

After removed from both s ides o f  13 sheep shortly after slaughter . 

incubation for 24 hours , the muscles were d ivided into f ive 

approximately equal sized sections (Plate 2 . 3) and the pH of a 2g 

sample from each section was determined . 

TABLE 2 . 7 MEAN pH VALUES FROM THE LD OF 13 SHEEP 

Location* Lef t  S ide Right S ide 

a 5 . 83 5 . 81 

b 5 . 82 5 . 80 · 
r. f'l .... 

-

c 5 . 83 5 . 81 

d 5 . 78 5 . 79 

e 5 '. 81 5 . 78 

He an 5 . 81 5 . 80 

*Locations a - e correspond to those in Plate 2 . 3  

The mean ultimate  pH from individual animals varied from 5 . 43  to  6 . 43 

and values within some animals varied as much as 0 . 2  - 0 . 3  pH units  

between the  ten different sites , although in the maj ority o f  cases such 

variations were  only in order of 0 . 1  pH uni t . However ,  when the mean 

values for each location from the 13 sheep were  compared (Table 2 . 7) , 

the differences between these were small and non signif icant 

In another study , samples '"ere obtained from one LD of 24 beef carcases 

approximately 24 hours a fter slaughte r .  A 2g sample was removed from a 

medial , central and lateral location in the muscle adj acent to the 12th 

rib . The pH values o f  these samples were determined after 24 hours 

incubation under liquid paraffin .  



PLATE 2 . 3  THE LD FROM BOTH SIDES OF SHEEP 

(Sample locations are indicated by horizontal 

lines . Section ' a ' is at the level of  the 

8th thoracic vertebra . Sect ion ' e '  is  at 

the level of  the 6 th lumbar vertebra�. ) 

Left side Right side 

a 

b 

c 

d 

e 
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TABLE 2 . 8  �EA!i_J)ll VALU E S  FROH DIFFERENT LOCAT IONS OF THE LD IN 
2<'l CATTLE 

Medial 

Central 

Lateral 

5 . 80 +/- 0 . 051 

5 . 7 9 +!- 0 . 05 3  

5 . 78 +/- 0 . 052 

The w·ithin muscle variation appeared to be o f  the same magnitude a s  in the 

previous s iudy and it can be seen in Table 2 . 8  that  the differences 

betv1een mean values of the three sample locations v1ere small and 

non-significant . 

The observed differences between dif ferent sites within the LD of both 

sheep and cattle v10uld thus appear to o ccur at  random and are probably 

caused by both real randomly d is tributed differences between actual 

muscle t issue a s  \vell  as a randomly dis tributed error associated with 

sampling , homogenisat ion and measurements of pH values .  

factor is the only one under control of the investigato r .  

The latter · 

Although these two studies indicate that there is no advantage in 

sampling the LD over a wider area when measuring the ultimate pH o f  this 

muscle , it  is possible to reduce the error associated with such 

measurements by increasing the number of samp les . In Figure 2 . 4  the 

confidence l imits of the means of the pH values obtained in the two 

s tudies are indicated for different numbers o f  samples (n) . The 

standard error o f  the mean for different values o f  n vms es timated f rom 

a s tandard devia tion based on the within variance of all groups in each 

study and confidence l imits could then be estimated in the usual manner 

( Sokal and Rohlf , l9 69 ) . It will be noted that the decrease in error 

associated with measuring n1ore samples is relatively small and that nearly 

ten samples would be required to bring the confidence l imits  within +/-

0 . 05 pH units .  I t  is therefore believed that  in studies on factors 

affecting the ult imate pH of carcase , it is more important to  increase 

the number o f  animals per group than it is to increase the number of 

samples per animal . · 



FI GURE 2 . 4  CONFI DENCE LIHITS ( 9 5 % )  OF HEAN S CF SAHPLES FROH THE LD 
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GROUP S I ZE REQU IRED FOR STUD I ES O F  ULTIMATE pH 

One o f  the advantages of  carrying out studies on pH at the meat works is 

that large groups o f  animals can usually be obtained for comparat ive 

s tudies without any addi tional cost to the investigator . However , . the 

time required for obtaining samples and measuring their pH mus t  also  be 

considered in the planning of group sizes for such studie s . 

50  

In  most  o f  the s tudies at the mea t works , comparisons are  made b etween two 

or more groups of animals wit h  respect to one or several factors . I t  i s  

therefore important t o  know how b ig a group must  be obtained i n  o rder t o  

be able to show that a true difference is s ignif icant (P<O . OS )  with a 

def ined p robablility that the s ignificance will be found if i t  exis t s . 

In order to be able to anm·1er this question it is necessary to have some 

informat ion about the variability of the data and hm..r far apart one 

might expect group means to b e .  

During the evalua tion o f  the p lug sampling technique , data were obtained 

from several l ines of lamb s  and these are presented in Table 2 . 9 .  I t  

will be noted that these l ines can b e  divided into four d is t inct groups 

both with respect to the mean values as well as the number o f  animals  vTith 

values above 6 . 0 .  From each o f  these groups , one line o f  animals was 

selected for s tatis t ical analysis (Line Nos . 2 , 4 , 6  and 8) . The 

distributions o f  pH values in these four lines are showrl in Figure 2 . 5  

indicating the apparent normal distribution o f  values within l ines , 

whereas the distribution o f  the combined values from the four l ines 

appears to be skewed t o  the r ight . I t  is therefore possible to use 

s imple analysis o f  variance techniques for comparisons o f  d ifferences 

between l ines . 

Samples o f  6 ,  12 and 24 values were drawn at random from these four l ines . 

The significance of differences between mean values o f  neighbouring 

group s ( i . e .  2-4 , 4-6 and 6-8) and between mean values two groups apart 

(2-6 and 4-8) were tested using the F-test and these have been 

summarised in Table 2 . 10 .  



TABLE 2 . 9  COMPARISONS BET��EN ULTIMATE EH OF DIFFERENT LINES OF SHEEP 

(Ranked according to mean ultima te pH) 

Line No . Mean S tandard Deviat ian Range 
No . Sampled 

1 48 5 . 53 0 . 116 5 . 29 - 5 . 89 

2 48 5 . 58 0 . 132 5 . 32 - 5 . 94 

3 45 5 . 61 0 . 110 5 . 44 - 5 . 87 

4 46  5 . 70 0 . 220 5 . 34 - 6 . 38 

5 45 5 . 73 0 . 254 5 . 32 - 6 . 43 

6 48 5 . 87 0 . 180 5 . 52 - 6 . 42 

7 24 5 . 90 0 . 117 5 . 70 - 6 . 12 

8 48 6 . 05 0 . 255 5 . 50 - 6 . 63 

% f; 

0 

0 

0 

':) 
11 

19 

21 

52 

6 . 00 

V1 
!-' 



F ICURE 2 . 5  

Percentage 

of  

Carcases 

D I ST R IBUT I ON OF ULTIHATE pH VALUES OF SHEEP LD 

(Values from Tabl e 2 . 9 ) 

20 Line No . 2  

0 

2 0  L ine No . 4  

2 0  L ine No . 6  

20 Line No . 8  

2 0  Total 

5 . 5  6 . 0  6 . 5  7 . 0  

U l t imate  pH 

5 2  



TABLE 2 . 10 PRQPORTION OF CGHPARISONS BET\VEEN LINES 2 ,  4, 6 AND 8 
(TABLE 2 .  9) SHO\VING SIGNIFICANT DIFFERENCES AT THE 
0 . 05 PROBAB IL ITY LEVEL 

GrOUJ2 S ize  Neighbour ing Grou12s Tvm Gr_�AJ2art_ 

n = 24 3/3 3 / 3  

n 12 3 /9 6/6 

n 6 1/9 5 /6 

It  can be. seen that with a sa.mple size of 24 , there was always a 

s ignif icant difference between the means . When sample s ize was 

decreased to 12 , the differences between neighbouring samp les were only 

. signif ic�ant in three out of nine comparisons but all the comparisons 

5 3  

between samples being two groups apart were. significant . With samples of  

s ix values , one out of  nine comparisons between neighbouring groups was 

s ignificant and f ive out of the. s ix comparisons between samples being two 

groups apart Here significant . 

Another approach to the problem is to use the iterative solution method 

suggested by Sokal and Rohlf (1969) . The appropriate 

(�) 2 
ri �  2 X ( t

a (v) + t2 (1-P) (v) 

where n = number of animals per sample 

s s tandard deviat ion of the population 

) 2 

formula i s : 

d = smallest true difference that is desired to detect 

v = degrees of  freedom of the sample standard deviat ion with a 

groups and n animals per group 

a s ignificance level 

P desired probability that a difference will be found to be 
significant 

t
a (v) 

and t
2 (1-P) (v) 

= values from a two tailed t-table with 
v degrees of freedom and corresponding to 
probabilities of  a and 2 ( 1-P) , 
respect ively . 

Table 2 . 9  indicates that the standard deviations of  the populations 

( lines)  from which animals were sampled varied from approximately 0 . 12 

to 0 . 25 and the above calculations were therefore performed using three 

different standard deviations (0 . 12 ,  0 . 18 and 0 . 24 ) . It  will also be 



no t ed that the difference bet\<7een the arb itrary groups in this table is 

approximately 0 . 2  pH units and this value was therefore used for d .  

54 

As it  wa s decided arbitrarily that it would be des irable : to have four out 

of f ive s tudies showing s ignificant d ifferences if means differed b y  at 

least 0 . 2  units , the value of P was fixed at 0 . 80 and a s ignificance level 

of 5% was used (a = 0 . 05 ) . 

For the first s tep of the calculat ions for each o f  the three standard 

d eviations chosen , the number of groups was f ixed at four (a 4) and 

the number of animal s  per group was 12 . �1ere the calculated number 

deviated cons iderably from the arbitrarily chos en number , a second 

calculat ion was per formed t rying the calculated number for samp le s ize 
' 

but leaving the number o f  groups unchanged . 

Table 2 . 11 ind icates the sample sizes required from lines o f  lambs to  be 

80% certain o f  detecting a 0 . 2 unit dif ference between two o f  the four 

means at  the 5% level of s ignificanc e .  It  can be seen that if the 

s tandard deviat ion is 0 . 12 ,  a sample o f  six animals is required , whereas 

with standard deviations of 0 . 18 and 0 . 24 ,  samples o f  13 and 23 

respectively are required , The se results are compatible with the results 

in Tab le 2 . 10 .  

During these preliminary stud ies , i t  was found convenient t o  collect 

samples in mul t iples of six,  using numbered trays o f  a s imilar type to 

tho se used for tis sue cultures . The result s  o f  the present 

calculat ions indicate that when six samples only are collected from each 

l ine , s ignificant dif ferences between l ines are not likely to be detected 

unless the means of the two l ines are far apart ( 0 . 3  - 0 . 4  pH unit s) or 

the s tandard deviat ions o f  the data are very small ( 0 . 12 or less ) . I t  

would thus appear that 12 t o  24 animals p e r  group is required for mos t  

comparisons i n  order to  assure that s ignificant differences between group 

means can b e  detected . 



TABLE 2 . 11 CALCULATION OF SAMPLE S IZE 

( Iterative Solution) 

Standard Iterat ive Total No . of  
Deviation ( s )  Step Animals · 

0 . 12 1 48 

0 . 12 2 24 

0 . 18 1 48 

0 . 24 1 48 

0 . 24 2 96  

No . o f  
Groups (a)  

4 

4 

4 

4 

4 

Animal s  per V =  
Group (n) a (n-1) 

12 44 

6 20 

12 44 

12 44 

24 92  

Calculated 
n 

5 . 9  

6 . 2  

13 . 3  

2 3 . 6  

23 . 1  

�_.,., 
ln 



D I S CUS S ION 

The use of a s ingle muscle for determinat ion of the pH status of a 

carcase involves cons iderable extrapolat ion and the choice o f  such a 

muscle is therefore very impo rtan t .  Because o f  its size , high 

commerc ial value and uniformity , the LD has been the muscle of  cho ice in 

the pas t .  The present resul ts also indicate that the LD usually exhib i t s  

a wider range o f  pH values and less wi thin muscle. variab il ity a s  

compared t o  other muscles . I t  may thus be concluded that i n  f ield s tudies 

where usually only one muscle can be evaluated , the LD is the best  

ind icator of the pH s tatus o f  the carcase . 

In sp ite o f  the potent ial weal th o f  information about post mortem pH 

changes in muscles which could be obtained at  meat works very fe\v s tudies 

have set out to  measure such changes . This is probably because of the 

dif ficulties involved in measurj_ng pH o f  carcases during commercial 

s laughter and dressing of s tock . Mos t  of the work on po s t  mortem pH 

changes has therefore been carr ied out in laboratories using small number 

of animals and under condit ions which are o ften far removed from those 

prevail ing at a meat works . 

The development o f  d irect probe methods for measuring pH o f  mus cles has 

made it  possible to obtain values at  a high rate during commercial 

operations but this method would appear to be less precise during the 

pre rigor period and is often not suitable for ob taining u l t imate pH 

values .  In New Zealand , sheep and lambs are usually frozen wi thin a 

few hour s o f  s laughter and the ultimate pH would not have been r eached b y  

that t ime . Al though b e e f  meat is rout inely chilled f o r  2 4  hours prior t o  

freezing , it is doub t ful whether pos t  mor tem glycolytic changes will have 

ceased during this period (Petersen , 1982 ) . I t  is interesting to note 
u 

that several invest iagat ions o f  high pH meat in beef (Munns and Burrel l , 

1966 ; Poulanne and Aal to , 1980) have suggested that the condit ion i s  

more prevalent in the leaner grades . The L D  o f  animals i n  these grades 

have faster cooling rates because of the reduced fat cover . If the pH 

of the LD in such animals is measured by direct probe methods within 24 

to 36 hour s ,  it is likely that glycoly t i c  changes will not be complete and 

pH values will be falsely high because they have no t reached their ultimate . 
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The p lug sampl.ing method seems well s uited for e s t ima t i:on of ul t:i.male pH 
and the use of the Colworth S tomacher for the proces sing of samples i s  

rapid , effective and simple when compared \o7i th other methods o f  

homogenisation . Although the collect ion of plug samp les may be slightly 

more cumbersome than direc t probe method s ,  it can also be performed with 

minimal damage to the carcase and incubat ion temperatures of the samples 

can be completely cont rolled . I t  is therefore pos sib l e  to sample 

carcases and obtain ultimate pH levels while they are being processed and 
n , 

this technique should be a valuable tool in ivest igating caus es o f  high 

pH meat . 

The p resent s tudies ind ica te that there is  little benefit  in taking more 

than one sample per animal when invest igating ultimate pH in sheep and 

bee f .  I t  would also appear that in order t o  demons trate statist ically 

s ign ificant differences be tween groups of animals (when there is  a t rue 

differenc e)  such groups should usually compr ise at least 12 animal s  and 

if dif ferences are small or variability expected to be high , 2/f animals 

may be required per group . 

CONCLUSIONS 

1 .  The p H  measurements  o f  muscle samp les homogenised in an 

iodoacetate/water so lut ion are s light ly higher (approximately 

0 . 05 pH unit s )  than the pH o f  s imilar samples homogenised in an 

iodoacetate/potassium chloride solut ion but there is  no difference 

between the prec ision of the two me thods . 

2 .  As there i s  a high degree o f  correlat ion between the two methods 

us ing different solut ions and the iodoacetat e /water technique is  

mo s t  commonly used by other workers ,  it was adopted for the 

present s tudie s .  

3 .  I t  i s  necessary t o  use samples \·le ighing no t less than approximately 

two grams and incubated under anaerobic condi tions ( paraf f in overlay) 

in order to obtain an accurate measurement of the ultimate pH of a 

muscle . 

4 .  Thes e  f indings led to the design o f  a p lug sampling technique which 

allowed accurat e  measurement of muscle pH \17ithout carcase mut ilat ion . 



5 .  B o t h  the samp l e  method and the direct probe me thod are well su i t ed 

for measuring u l t ima te pH of mu s c les . The pr e c i s ion of the l a t t e r  

me thod i s  conside rably less when u s e d  for measuring t h e  pre rigo r  

pll value . 

6 .  The ultimate pH values o f  the LD varied cons ide rab ly among animals 
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but the �vithin mu s c le varia t ion is small . This mu scle i s  thus well 

suited as an ind icator mus c le of the ultimate pH of carcases . 

7 .  The s i te o f  samp l ing wi thin the LD was found to be o f  l i t t le 

impor tance in relation to measuremen t s  o f  the ultimate pH . Thus 

mul t ip l e  samp l ing from the same mus c le has only limited advantages . 

8 .  Santple s i z e s  o f  12 to 24 are required to assure a high p robab i l i t y  

t h a t  s igni f ic ant d i f ferences b e t\veen group means c a n  b e  d e t e c ted . 
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The occurrence o f  DFD beef has been investigated i n  many d ifferent 

countr ies . Munns and Burrell (1966)  in a four year study f ound that 

eight percent of s teers slaughtered in a Canadian meat packing p lant 

exhib ited characteris t ic s  of DFD and an invest igat ion in F inland 

(�oulanne and Aalto , 1 9 80) ind icated that the occurrence of the defect 

could b e  over 20 percent . In a more recent survey cover ing 1 9  coun tries , 

Tarrant ( 1 9 8 1 )  reported that the occurrence of DFD meat was estima ted at 

one to f i ve percent in the carca. ses of s teers and heifers , s ix to ten 

percent in cmvs and 1 1  to 1 5  p ercent in young bulls . 

These an d othe r s imilar surveys o f  beef have also provided the bas i s  for 

sugges t ions regard ing the causes and prevention o f  DFD meat (Augus t ini 

et a l . .,  1 9 7 9 ; Hedric k ,  1 9 8 1 ) .  Recommendat ions include measures to reduce 

the excitement of cat t le during load ing , transporting and hold ing prior 

to s laugh ter by the p rovis ion of adequate loading facilit ies and holding 

pens and the avoidance of mixing toge ther of group s of cattle of 

dif feren t  origin prior to s laughter . 

I t  appears that s imilar s tudies on the DFD syndrome have no t been carried 

out in sheep and lambs and there i s  l i t t le availab le informat ion about 

the occurrence and possib le causes of meat of high ul timate pH in this 

species in New Zealand or other countries . The reasons for paying less 

attent ion to this possib le p rob lem in sheep and lamb s as compared to 

beef i s  probab ly related to dif ferences in the u sual method s of 

proces s ing and handling of the two types of meat . In many countries it 

i s  cus tomary to store beef at chilling tempera tures , j us t  above freezing , 

for long period s .  Under such condit ions microb ial spoilage of the 

p roduc ts is part icularly likely to occur and would be exacerbated by a 

high pH.  On  the other hand , meat from sheep and lambs i s  usually fro zen 

shortly a f t e r  s laught er and �he ultimate pH of these p roduc t s  is therefore 
of less impor tance in relat ion to pos s ible spoilag2 . However ,  the New 

Zealand meat indus try is currently showing cons iderable interest in 



expor t ing chil led lamb . Under s uch cond itions , the u l t ima te pH of the 

mea t  and i t s  effec t upon shel f l i f e  will become a much more impor t an t  

i s sue . Fur thermore , recen t  s tud ies have indica ted t hat there is a 

relat ionship between high ultimat e  pH of mea t and undes irab le flavours 

(Drans f ield , 198 1 ; Ford and Park , 198 1 ) . 

For these reasons i t  was decided to invest igate the prevalence and 

po tent ial causes o f  h igh ul t ima te pH in lamb carcases at a meat export 

works . The f indings from these s tudies are described and discussed in 

this chapter . 

MATERIALS A1� METHODS 

Part 1 : S easonal inves t igat ion in lambs 

6 0  

These studies were carried out during the 1 9 8 1 /82 season a t  a meat expor t 

works in the s outhern part of the North Is land . A total of 1 536 lambs 

from 64 farms were inc luded in the inve s t igat ion which was d ivided into 

four sampling p eriods : 

Early sunnner 

Summer : 

Autumn · :  

Winter : 

28 November - 22  December 

24 January 3 February 

18 March - 25 March 

2 June 9 June 

Dur ing each of these sampling period s ,  1 6  l ines of lamb s were selec t ed 

using the following criteria : 

1 .  All animals in the line were from the same farm and handled 

in a s imilar manner during the las t f ew days p r ior t o  s laughter . 

2 .  Each l ine contained at  leas t lOO lamb s . 

3 .  All lamb s  in each line were o f  a s imilar age and b reed , or  

cros s ,  and with the same wool cover . 

Furthermore , an at temp t was n1ade to select the l ines in such a manner 

tha t wi thin each of the four samp ling p er iods , lambs from a number of 

dif feren t  breeds and f rom dif ferent locat ions within the works catchment 

area were included . 

For each l ine , informat ion was ob tained on the distance between the farm 

of origin and the meat works ( t rave l d is tance ) , breed o f  animals , the 
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t ime spent in the s tockyards prior to s laugh ter (holding period) , 
\/ 

weight of f leece (wool score)  and whether or not the animals were washed 

prior to s laugh ter . 

After s laughter , dre s s ing and grading , 24 carcases were selec ted from 

each l ine for sampling . The f irs t and the las t  f ive lambs of a l ine were 

always exc luded from the samp le and only carcases graded in one of the 

four maj or grading classes described in Table 3 . 1 ·were s elected . 

TABLE 3 . 1 CLAS S IFICAT ION OF EXPORT LAMBS 

(Us ing cr iteria from the Ne\v Zealand Meat Producers Board) 

Grade symbol Weight Range Fat Cover �•Di s t r ibut ion 
(kg)  Carcases (%)  

PM 1 3 . 0  - 1 6 . 0  medium 38 

PL 8 . 0  - 1 2 . 5  medium 1 0  

YM 1 3 . 0  - 1 6 . 0  light 1 7  
YL 8 . 0  - 1 2 . 5  l ight 26  

OTHERS Includes carcases outside the above 9 
weight and fat cover ranges . 

o f  

* Based o n  d a t a  from the New Zealand Meat Producers Board cover ing 
all carcases graded for export during the 1 9 79/80 killing season . 

From lines where the maj or propor t ion of the carcases were in the same 

grade , only carcases o f  tha t grade were included in the s ample . Whereas 

samples f rom l ines of mixed grades consis ted of carca ses in two dif ferent 

classes . 

Within one hour of s laughter , approximately two g of muscle t i s sue was 

ob tained f rom the LD of each animal u s ing the plug samp ling t echnique 

des cribed in Chap ter Two . Samples were overlaid with l iquid paraffin , 

incubated at  room t emperature and the ultimate pH was measured by the 

method described in Append i x  I .  

For each day samp les were taken , me teorological recordings were ob tained . 

from the Gras s lands Division of the Departmen t o f  Scientific  and Indus t rial 

Research (D . S . I . R . ) , Palmers ton Nor th , which is located app roxima tely 25 km 
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f rom the mea t works whe re these s tud ies were carr ied out . The se recordings 

covered the 24 hour p eriod prior to s laughter of the animals and included 

informat ion on air temperatures , relat ive humidity , rainfall and air speed . 

�tati. s t ical analys is of data 

Dur ing a preliminary analys is of data from this s tudy , i t  was found that 

there was a lack o f  normality of data on ultimat e  pH from some lines of 

lambs . There were also apparent differences between lines with respec t to 

var iab ility of the data (het erogene ity of variances) . Both o f  these 

factors are impor tant in relat ion to s ta t i s t ical analysis of data , and in 

par t icular , the homogeneity ( equality) of var iances is an important pre­

requisite for analysis of var iance ( Sokal and Rohlf , 1 9 69 ) . Although the 

consequences may no t be t oo ser ious '"hen the data base is of cons.i derable 

size as  in this s tudy , i t  was cons idered advantageous to perform a 

logarithmic transformat ion o f  the ultima te pH values before carrying out 

fur ther s t a t is t ical analysis . Such a p rocedure has been shown to 

a lleviate the prob lems associa ted with both non-normality of data and 

heterogeneity of var iances (Sokal and Rohlf , 1 9 6 9 ) . 

The experimen tal des ign used in these s tudies did not make i t  poss ible 

to ob tain equal numbers of observa t ions for all factors under inves t igat ion 

e . g .  breed and grade . Such s tudy des igns are termed unbalanced or non­

o r thogonal and special methods for analysis of variance have been 

des igned for these p rob lems (Hull and Nie , 1 98 1 ) . These and many 

o ther statis t ical methods have been incorpora ted in stat i s t ical package 

p rogrammes spec ially des igned for computers (Nie et a Z . � 1 9 7 5 ; Hull and 

Nie , 1 98 1 ) . For the presen t  problem ,  a regress ion model was chosen which 

allowed for adj us tment s  of the sum of squares of all e f fect s  of the three 

factors in the s tudy ( season , breed and grade) . Thus , for example , the 

main effec t of season was being adj usted for effects of both breed and 

grade as well a s  for effec t s  of any of the interactions between the se 

factors . This model also allowed for inclus ion of co variates in the 

analysis  and ini t ially all three independent , numerical variables were 

inc luded ( t ravel dis tance , holding period and wool score ) . However , as  a 

preliminary ana lys i s  of var iance ind icated that there was no s ignificant 

effect of travel d is tance on ultima te pH and s ince this variable was 

found not to d iffer s ignifican t ly during the survey , it was decided to 

exclude t rave l dist ance f rom the f inal statis t ical analysis . 



Par t  2 : Ultima te pH of condemned she� 
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I t  wa s dec ided not t o  include carcases of all grades in the seasonal 

inves t igat ion of ultima te pH in lambs because this could have resulted in 

scat tering of data into too many different groups making valid s t a t i s t ical 

evaluat ion of this factor diff icul t .  However , it  was later f ound 

des irab le to be ab le to c ompare ultimate pH values f rom the s easona l s tudy 

\vi th values from carcases having been graded out s ide the four maj or 

grading clas ses d esc r ibed in Tab le 3 . 1 .  The obj e� t ive of the second 

par t of these s tudies was to  c ompare the ul t ima te pH values of two 

groups of carcases known to d i f fer considerab ly with respect to the 

amount of subcutaneous fat ( fa t  cover ) . 

Some of the data obtained in the inves t igat ions described in Chap ter Two 

were also used in this study . The maj or ity of meat samp les used for the 

comparat ive studies of techniques for measuring ultimate pH o f  the LD 

were obtained from sheep carcases condemned during regulatory meat 

inspec tion and records were kept of the reasons for condemnat ion of 

ind ividual carcases . The two mo st common reasons for condemnat ion were 

neoplas i a  and emaciat ion and mean ultimate pH values of these two groups 

were calculated using the mean values of ind ividual carcases obtained in 

the previously descr ibed s tudies in Chapter Two . 

Part 3 : Ultima te pH of heavy lambs 

The obj ective of the las t part of these st udies was to obtain ul t ima te pH 

values of lamb carcases classed by the meat graders as being heavier and 

having larger amounts  of sub cutaneous fat as compared to the carcases 

used in the f ir s t  part of this s tudy . 

The lambs for this s tudy were derived from a feeding trial carried out by 

the Department of An imal S c ien ce , Massey University . During a two months 

per iod , the animals were randomly allocated to four dif ferent type s  o f  

pasture feeding and at the end of this period , a l l  lamb s were slaughtered 

at a local mea t  export works . The ultimate pH of the LD was measured 

for each carcase as prev ious ly described (Appendix I)  and data on 

grade and wei ghts of individua l carcases were also reco rded . 

Data on carcase we igh t s  and ultima te pH from the four group s were 

treated by analysis  of var ianc e and the s ignif icanc e  of d if f erenc es between 

means evaluated by the ' Lea s t  S ignif icant Range Tes t' as described by 

Sokal and Roh lf ( 1 9 69 ) . 



RESULTS 

Dis tribut ion of  ult ima te pH va lues 

The d i s t r ibution of ultimate pH values wi thin ind ivi dual lin e s  of lamb s 

varied considerab l y  (Figure 3 . 1 )  but in mos t  cases the distribut ion of 

values appeared to b e  normal or at leas t approaching normality . It can 

also be seen in Figure 3 . 1 that there were apparent differenc es between 

lines with respect to the variabi lity of values within the lines . In 

general ,  the var iab ility of ultimate pH values inc reased with increa ses 

in mean ultimat e  pH and there v1as a highly s ignif icant direct 

correlation between these two s ta t i s t ics ( P <0 . 0 1  for n = 6 4 ) . 

The frequency d i s t ribut ions of  ultima te pH of the LD in lambs during the 

four dif ferent samp ling periods are shown in Figure 3 . 2  and it can be 

seen that these dis t r ibut ions are all s kewed to the r ight . 

The normality of a d i s t r ibut ion can be examined by graphic methods 

(Sokal and Rohlf , 1 9 6 9 )  and the normal p robability graph of the 1 5 3 6  pH 

values in the s tudy i s  shown in Figure 3 . 3A .  If a variable i s  normal ly 

distributed , this graph will tend to form a s t raight line . The shape 

of the probab ility graph for the 1 5 3 6  lambs ind icates that this 

distribut ion is either skewed or a mixture of two dis tribution s .  On the 

6 4  

other hand , the prob ability graph for the 1 3 1 0  va lues below 5 . 80 ind icates 

that the distribution o f  this group i s  only slightly skewed to the left , 

whereas the d i s t r ibut ion of values , equal to , or above 5 . 80 i s  s trongly 

skewed to the right (Figure 3 . 3 B and C) . 

Season 

The means and distributions of the ultimate pH values during the four 

differen t  s ampl ing periods are shown in Table 3 . 2 .  The lowes t  mean ( 5 . 5 5 )  

was recorded during the f irs t samp ling period (early summer ) and the 

highest  mean ( 5 . 6 9 )  was recorded during the s econd period ( summer) , whereas 

the overall mean was 5 . 60 .  Thes e  diff erences between seasonal samp ling 

periods were also reflected in the d istribut ion of the proport ion of 
. 

ce.rcases having high u l t imate pH values and it will be noted that 7 . 2  

percen t of all carcases had values equal to , or above 6 . 00 .  
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TABLE 3 . 2  THE MEANS AND DISTRIBUTIONS OF ULTIMATE pH VALUES DURING THE FOUR DIFFERENT 
SAMPLING PERIODS 

Early 
Summer Summer Autumn Winter Total 

•. 

No . samples 384 384 384 384 1536 

Mean 5 . 55 5 . 69 5 . 69 5 . 5 7 5 . 60 

± S . E .  0 . 111 0 . 010 0 . 012 0 . 013 0 . 006 

Percentage 

Distribution 
<5 . 80 87 . 5  81 . 5  8 7 . 0  85 . 2  85 . 3  

of  
5 . 80 - 5 . 99 6 . 8  10 . 4  5 . 2  7 . 6  7 . 5  

Values 
�6 . 00 5 . 7  8 . 1  7 . 8  7 . 3  7 . 2  

0\ . 
00 



TABLE 3 . 3  LINES WITH ME&� ULTIMATE pH ABOVE 5 . 9  

L ine No . 12 22 

Sampling Period Early Summer 
Summer 

No . of Carcases 
� 6 . 00 15 8 

Hean Ult imate pH 6 . 01 5 . 93 

Breed Perendale Romney X 

Travel 
Dis tance (km) 20 30 

Holding 
Period (hrs . )  20 22 . 5  

Wool Score (kg) 1 . 00 0 . 20 

Grades Pt/YL PM/YL 

28 43 

Summer Autumn 

10 9 

5 . 99 . 5 . 92 

Perendale Romney X 

20 10 

24 25 

0 . 30 0 . 80 

PM/PL PL/YL 

54 

Wint er 

13  

6 . 0 7 

Perendale X 

50  

23  .. 5 

1 . 15 

PL iYL 

0\ 
� 



I t  is interes t ing to note that app roxima tely hal f  of  the carcases with 

ultima te pH values equal to , or above , 6 . 00 or iginated from f ive o f  the 

64 lines in the survey . It can be seen in Table 3 . 3  tha t the lambs in 

three of these lines were Perendales or Perendale crosses whereas the 

lamb s in the o ther t\vO l ines were Romney cros ses . I t  l.Jill also be no ted 

tha t l i.nes with h i gh mean u l t imate pH values were found dur ing all 
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four samp l ing p er iods and a t  no t ime during this s tudy did there appear 

to be a c luster of  l ines with e ither low or high mean ult imate pH values . 

Thus some of  the fac tors affec t ing ultima te pH in lambs are l ikely to be 

related to breed associated factors or to trea tment o f  spec i f ic groups of  

animals rather than general dif ferences in the handl ing of  animals 

during dif ferent period s . 

Breed 

Al though several dif ferent b reeds were recorded dur ing the s tudy , i t  was 

found p o s s ib le to d ivide these into four dif ferent group s in the following 

manner . 

1 .  Romney : All animals in a l ine were cons idered t o  be of  the 

Romney breed . 

2 .  Romney Crosses : These were l ines cons i s t ing o f  l amb s 

considered to be Rornney crosses excluding any 

crosses with the Perendale breed . 

3 .  Perendale : Thi s  group included both lamb s cons idered t o  

4 .  Mixed 

be of the Perendale breed as well as any crosses 

with that breed . 

This group comprised all animals which could no t 

be clas s ed in any of  the o ther three group s . 

The dist r ibut ion of  carcases within these four group s of breeds i s  shown 

in Tab le 3 . 4  and it c an be seen that nearly half of  the carcases were 

c lassed as Romney Crosses and the remainder were almost  equal ly d ivided 

b e tween the three other group s .  The lowes t  mean u l t imat e  p H  ( 5 . 5 5 )  was 

found in the mixed group and the highes t in the Perendale group ( 5 . 7 6 ) . 

Grade 

Tab le 3 . 5  indica tes that app roxima tely half of the carcases in this 

s tudy lvere in the PM grade and the res t of  the carcases ¥Jere unequally 

d is t r ibuted b e tween the three o ther grading classes . The lowes t  mean 

ultima te pH wa s obs erved in the PM lambs (5 . 5 7 )  whereas the three o ther 



TABLE 3 . 4  DISTRIBUTION OF BREEDS &�D THEIR MEAN ULTIMATE pH VALUES 

No . o f  
Breed Carcases 

Romney 264 

Romney Crosses 744 

Perendale 240 

Hixed 288  

TOTAL 1536 

Distribution of  
Carcases (%) 

17 

48 

16 

19 

100 

Mean Ult imate  
pH ± S . E .  

5 . 5 7  ± 0 . 012 

5 . 58 :!: 0 . 008 
+ 5 . 76 - 0 . 019 

5 . 55 ± 0 . 009 

5 . 60 ± 0 . 006 

TABLE 3 . 5  DISTRIBUTION OF GRADES AND THEIR MEAN ULTIMATE pH VALUES 

No . of  Distribution o f  Hean+Ult imate  
Grade Carcases Carcases (%) pH - S . E  

PM 786  51 5 . 5 7 :: 0 . 00 7  

PL 294 19 5 . 63 ± 0 . 014 

YM 5 1  4 5 . 63 :: 0 . 03 7  

YL 405 26 5 . 63 :: 0 . 012 

TOTAL 153 6  lOO 5 . 60 -: 0 . 006 
-....J 
...... 



group s all had mean values of  5 . 6 3 ( the small di fferences be tween mean 

values of these three groups are not not iceab le in Table 3 . 5  as mean 

values have been recorded only to the s econd decimal point ) . Because 

of the small d ifferences in mean ultimat e  pH be tveen the latter three 

group s , it was decided to pool the data from these group s for further 

statis t ical analy sis and the following receding of data was introduced 

Grade Symbol 

"Heavy" 

"Light"  

Descript ion 

All PM lambs 

PL ,YM and YL lamb s 

Percentage o f  Carcases 

5 1  

49 

A comparison vith the data previously p resen ted in Table 3 . 1 ind icates 

tha t the distribut ion o f  carcases between these tvo groups in th is s tudy 

is very s imilar to the d i s tribution of these group s in the total number 

7 2  

of lamb s s laught ered for export in Ne•• Zealand during the 1 9 7 9 /80 killi) Y" 

season . 

Washing 

Informat ion about \-lashing of the lambs prior to s laughter ind icated 

tha t lamb s in four of the lines were washed twice , in 48 once , and in 

two not washed . No informat ion was avai lab le about the remainder t en 

lines . Although all f our l ines having been washed twice had a higher 

mean ultimate pH compared to o ther l ines , it was cons idered that 

some of the group s were too small to be included in further stat is t ical 

analysis of data . However ,  because these result s  ind icated that wa shing 

lambs p r ior to s laught er may affect ultimat e  pH , this quest ion was 

exp lored in separate s tudies rep orted in Chap ter Four . 

Travel dis tance , hold ing period and wool score 

Some o f  the s tatistics  assoc iated with the three independent numeri cal 

variab les in this study have been recorded in Tab le 3 . 6 .  The travel 

dis tance varied for individual lines from two to 350 km with a mean for 

all l ines of 7 3  km . There was cons iderable variat ion between l ines 

within all four sampl ing p eriods as indi cated by the high s tandard. errors 

of the means but there were no s ignif ican t dif ferences between sampl ing 

periods associa ted wi th travel dis tance . 

The hold ing periods at the meat works , prior to s laughter , var ied f rom 

1 6  to 4 7  hours vith a mean of 24 . 7  hours . The shortest holding periods 

were recorded during the early summer period and the longes t  per iods were 



TABLE 3 . 6  MEANS &�D THEIR STANDARD ERRORS OF TRAVEL DIST&�CE, HOLDING PERIOD k�D 
�·J'OOL SCORE DURING THE FOUR SAMPLING PERIODS 

Sampling 
Period 

Early Sununer 

Summer 

Autumn 

Winter 

TOTAL 

F Values 

Travel 
Distance 
(km ) 

45 ± 13 . 3  

75 :!: 2 0 . 0  

87  ± 2 6 : 0  

86 :!: 19 . 2  

7 3  ± 2 . 1  

0 . 88 

Holding 
Period 
(hours ) 

21 . 2  ± 0 . 4 4  

2 4 . 1  :!: 0 . 83 

23 . 2  :!: 0 . 46 

30 . 2  ± 2 . 28 

2 4 . 7  ± 0 . 15 

8 . 99** 

Wool 
Score 
(kg ) 

0 . 91 ± 0 . 04 7  

0 . 59 :!: 0 . 071  

0 . 81 :!: 0 . 051 

0 . 99 :!: 0 . 015 

0 . 83 � 0 . 009 

4 .  811(* 

** Indicates highly signi ficant differences between means in the same column (P < 0 . 01 ) . 

-..J 
w 
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reported dur ing the Hinter per iod . The se differences i.n holding periods 

between the four smnpling groups were highly s igni f icant (P< 0 . 01) . 

There were also highly signif icant differencE:s be tween the four samp ling 

groups \vith respec t to the fleece weight of the lambs (\.;rool score ) . Thi s  

s tati.stic  varied from 0 . 2 0 t o  1 . 70 kg f o r  individual l ines and the 

highest mean wool score was recorded during \vinter \vhereas the lowe st ,:,as 

recorded dur ing the summer period . 

Analysis  o f  variance for three factors and two covariates 

The main results of the analysis of variance for the three factor s and the 

two covar iates have been recorded in Tab le 3 . 7 .  I t  can b e  s een that both 

breed and season had a highly s igni ficant effect on ult ima te pH and there 

were highly s i gnificant effec t s  o f  the int eract ions o f  season by b reed , 

season b y  grade and sea son by breed by grade . There was also a highly 

s ignif icant d irect correlat ion be tween holding periods and ult imat e  pH 

whereas there was an inverse correlation between wool score and ult imate 

pH . Thi s  latter regress ion was also highly s igni ficant . 

!he adjusted means of ul t imate pH for season and breed and for season and 

grade have been recorded in TabJes 3 . 8  and 3 . 9  respect ively . Some o f  

these value s d i f fer sl ightly from tho se presented in Tables 3 . 2 ,  3 . 4  and 

3 . 5  for two reasons . Firstly , the mean values in Tables 3 . 8  and 3 . 9  are 

calculate d  on the basis of the logarithmic transformation of the r aw data 

whi ch would tend to reduce slightly some of the higher mean values . 

Secondly , these mean values have been adj us ted for the effects o f  both 

covaria t e s  (holding period and wool score) . It was therefore considered 

that these values represented the best estimate o f  the comb ined effects of 

season , breed and grad e .  

It c an be s een i n  Table 3 . 8  that the effect o f  season on ult imate p H  i s  

mainly related t o  the high values recorded dur ing the summer period whereas 

the mean values for the o ther three sampling periods were very s imilar . 

The e f fe c t  o f  breed would also appear to be related to only one o f  the 

four groups  of b reeds as  it  will be noted that the Perendale group ha d 

cons iderably higher mean ul timate pH than any o f  the other three groups . 

The interact ion be tween season and breed would appear to  be related to 

the higher means recorded in Perendales during three o f  the four sampling 

period s .  Thus the effect of sea son is generally exaggerated by the 

effect of breed . Although the ' heavy ' group of lambs had a lower mean 



TABLE 3 . 7  ANALYSIS OF VARIANCE FOR THREE FACTORS AND TWO COVARIATES 

Source o f  Degrees o f  Mean F Signif icance 
Var iat ion Freedom Square Value of F 

--

Within Cells 1505 0 . 00023 

Regress ion 2 0 . 00185 7 . 9500  <0 . 001 

Season 3 0 . 00580 24 . 9 211 < 0 . 001 

Breed 3 0 . 00457 1 9 . 6259  < 0 . 001 

Grade 1 0 . 00031 1 .  3486 0 . 246 

Season by Breed 8 0 . 00191 8 . 2 2 5 3  <0 . 001 

Season by Grade 3 0 . 00089 3 . 8 3 2 7  0 . 009 

Breed by Grade 3 0 . 00053 2 . 2 9 30 0 . 076  

Season by Breed 
by Grade 7 0 . 00063 2 . 69 2 2  0 . 009 

Regression o f  the two covar iates : 

Regres s ion T S igni ficance 
Covariate Coeff icient Value of T 

Ho lding perio d  0 . 00028 2 . 6481 0 . 008 

Wool Score -0 . 00519 -3 . 4661 0 . 001 

-..) 
\.n 



TABLE 3 . 8  COMBINED ADJUSTED MEANS OF ULTIMATE pH FOR SEASON AND BREED 

Early 
Summer Summer Autumn Winter 

Romney - 5 . 64 5 . 49 5 . 53 

Romney Crosses 5 . 50 5 . 69 5 . 64 5 . 52 

Perendale 5 . 75 5 . 83 5 . 61 5 . 91 

Mixed 5 . 55 5 . 62 5 . 57 5 . 44 

All Breeds 5 . 5 7 5 . 63 5 . 59 5 . 56 

TA�LE 3 . 9  COMBINED ADJUSTED MEANS OF ULTIMATE pH FOR SEASON AND GRP�E 

Early 
Summer Summer Autumn Winter 

' Heavy ' 5 . 54 5 . 67 5 . 55 5 . 53 

' Light ' 5 . 60 5 . 69 5 .' 64 5 . 59 

All Season 

5 . 5 7  

5 . 58 

5 . 7 6 

5 . 5 6  

5 . 60 

All Season 

5 . 5 7  

5 . 62 

-....: 
C\ 
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ultimate pH than the 'light' . group of lambs , there was no statistically 

signif icant effect of grade . However ,  there was a highly significant 

interaction between season and grade and this is probably explained by 

the fact that differences between the two grading groups were smaller 

during the summer period as compared to the three o ther sampling periods . 

Climatic conditions 

The climatic conditions during the 24 hour periods preceeding slaughter 

and sampling of lambs in the f irst part of these studies have been 

summarised in Table 3 . 1 0 .  It  can be seen that the variat ions in air 

temperatures were very small during the first  three sampling periods , 

whereas there was a considerable decrease in both maximum and minimum 

temperatures during the last sampling period (winter ) . I t  will also be 

noted that the mean rainfall during the summer period was much lotver as 

compared to the three o ther sampling periods . 

Ultimate pH of condemned sheep 

It can be seen in Table 3 . 1 1  that the ruean ult imate pH of 2 0  carcases 

condemned for neoplasia was 5 . 7 2 with only three carcases having values 

above 6 . 00 whereas the mean ult imate pH of those cercases condemned for 

emaciation was 6 . 35 and 16 of the 20 carcases in this group h�d values 

above 6 . 00 .  This difference between the mean ultimate pH values was 

highly significant (P< 0 . 0 1 ) . 

Ultimate pH of heavy lambs 

The lambs used in this part of the. investigation were generally heavier 

and had a larger amount of subcutaneous fat as compared to the lambs 

used in the seasonal study of ultimate pH in lambs . There were no 

apparent differences in the distribution of grades between animals 

grazed on the four dif ferent types of pasture . However , there were 

significant differences between the means of carcase weights of these 

four groups and it  can be saen in Table 3 . 1 2 that the mean weights varied 

from 1 6 . 25 kg to 1 9 . 9 7 kg . The ult imate pH values of these lambs were 

generally much lower as compared to those recorded previously in the 

seasonal study and there were s ignificant differences between the mean 

ultimate pH values of .the four groups . It ¥Till also be noted in Table 3 .  1 2  

that the group with the lowes t  mean carcase weight had the highest mean 

ultimate pH value . 



TABLE 3 . 10 MEAN CLIMATIC CONDITIONS DURING THE 24 HOUR PERIODS PRIOR TO SLAUGHTER AND SAMPLING 

Sampl ing Air Temperature 
Period oc 

Nax . Nin . 

Early Summer 21 . 0  14 . 1  

Summer 2 2 . 9  13 . 1  

Autumn 19 . 7  11 . 3  

Winter 14 . 5  4 . 3  

Relat ive 
Humidity 

% 

82  

73 

7 3  

94  

Rainfall 

triiri 

4 . 9  

0 . 7 

4 . 5  

1 . 8 

Air 
Speed 
km/hr 

14 . 4  

. 15 . 7  

10 . 9  

7 . 1  

TABLE 3 . 11 CONPARI SON OF ULTIMATE pH IN SHEEP CONDEMNED AT A MEAT WORKS FOR NEOPLASMS OR EMACIATION 

Number of Carcases 

Nean Ultimat e pH 

± S . E . 

Minimum 

Maximum 

Number o f  Carcases >6 . 0  

F
s (1 . 38)  

Neoplasms 

20 

5 .  72  

0 . 047 

5 . 43 

6 . 24 

3 

43 . 13 

Ema c iat ion 

2 0  

6 . 35 

0 . 080 

5 . 66 

7 . 14 

16 

-.....! 
<X> 



TABLE 3 . 12 THE EFFECT OF LAMBS FEEDING DIFFERENT TYPES OF PASTURE ON CARCASE 
��IGHTS AND ULTI��TE pH OF THE LD 

PASTURE TYPES 

A B c D 

Carcase 
Weights (kg) 19 . 97a l8 . 81ab 1 7 . 66bC 16 . 25C 
Mean ± S . E . +0 . 621 ±0 . 566  ±0 . 463 ±0 . 466 

Ultimate pH 5 . 32a 5 . 2 7a 5 .  27a 5 . 4lb 
Mean ± S . E . ±0 . 028 ±0 . 014 +0 . 014 ±0 . 046 

Mean values with the same superscript in the same row are not significantly 
different (P >0 . 05) . 

-.....! 
1.0 
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DISCUSS ION 

De finit ion o f  DFD meat 

The di s tribut ion of ultima te pH values of  lamb carcases is  of  considerable 

interest because i t  can provide some informat ion about the p roportion of  

c arcases which can b e  expec ted t o  yield DFD meat . Like many other 

s imilar condl.t ions , DFD meat was init ially not well  defined . With the 

dis covery of  the relationship between colour and ultima t e  pH (Munns and 

Burrell , 1 9 6 5 ; MacDougall and Rhodes , 1 9 7 2 )  more attention was paid to 

the latter factor as  it is  well def ined and can be  measured by relat ively 

s imple  techniques . 

There appears t o  be no informat ion on the correlation between co lour and 

u l t imate pH in muscles from sheep and lamb s .  However ,  during the 

inve s t igations reported in Chap ter Two , it was observed that mus cles  with 

high ultimate pH values generally were darker in colour . It may 

therefore be presumed that there is a relat ionship between colour and 

u l t imate pH in muscles  f rom sheep and lamb s s imilar to that repor ted in 

bee f . 

I t  has been suggested by Tarran t ( 1 9 8 1 )  that beef quality deteriorates 

when the ultima te pH is  equal to , or  above , 5 . 8 .  However , it  would 

appear that in relat ion to shel flife  of  meat produc t s , mos t  worker s  

have used 6 .  0 a s  the crit ical value ( Nicol e t  a l . � 1970 ; Gill and Newton 

19 7 8 ) . I t  can be seen in Tab le 3 .  2 tha t 7 .  2 percent of the carcases had 

u l t imate pH values which were equal �to , or above , 6 . 0 .  This f igure i s  

comp atible to d a t a  o n  the prevalence of  DFD meat in b e e f  previously 

reported (Munns and Burrell , 1 9 6 6 ; Puolanne and Aal to , 1 980 ; Tarrant , 

1 98 1 ) . 

The f requency d i s t r ibut ions of  ultimate pH values of  the LD in lambs 

during the four d if ferent sampl ing per iods in this s tudy were all skewed 

to the right . A s imilar pattern of the dis t ribution of ul t imat e  pH o f  

the LD from large samp le s  o f  an imals  has been reported i n  beef (Tarrant 

and Sherington , 1 9 80) and in p igs (Gallwey and Tarrant , 1 9 7 9 ) . Both 

the d i s t r ibut ion in beef reported by the former worker s  and the d i s t r ib­

ut ion of  the to tal number of  lamb s in the present s tudy would appear to 

peak at a value aroun.(l 5 .  5 to 5 .  6 .  I f  the port ions above 5 .  8 \vere excluded 

both of these d i s t r ibut ions would more clo sely resemb le normal 

d i s t r ibut ions . 
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T he  d a ta  f rom th e  present s tudies were further analysed for  normality 

by graphic methods indicat ing that the distribut ion of the 1 3 1 0  va lues 

be low 5 . 80 ( represent ing 85 . 2  percent of  all values )  approaches normality . 

If  i t  is cons idered that ultimate pH , like many other b io logical variables , 

will a t tain a normal distribut ion when animals are physio logically normal , 

then the ' critical ' value of  6 . 00 is too high in view o f  the p resent 

f indings . I t  is  therefore suggested that physio logically normal values 

of u lt imat e  pH of  the LD in lamb s can be desc ribed by a normal 

d i s t r ibution curve with a mean of approximately 5 . 50 and a s tandard 

deviation of approximately 0 . 1 0 corresponding to a range of  5 . 20 to 

5 . 80 .  

Al though the ' crit ica l ' value o f  6 . 00 may still  b e  appl icable in relat ion 

to shelflife of  meat , the p resen t f ind ings indicate that values above 

5 . 80 (representing 1 4 . 7 percent of all values in the present  s tudy) 

should b e  cons idered abnormally high and may be  indicative of some 

adverse treatment of the animals prior to s laughter . 

Analysis of factors affectin�imate pH 
Two d if ferent approaches have been used in the past  to invest igate the 

causes of high ultimate pH in mea t animals . The use of  exp erimental 

s tudies has the advantage that both treatment s  and group sizes can be 

controlled making s tatistical ana lysis  a relat ive s traightforwar d  mat t e r  

b u t  extrapolat ion t o  the general population is more difficult and 

theore t ica l .  On the other hand , the results  o f  observa tional studies 

are usually applicable to the general population but s ta t is t ical analysis 

and interpretation o f  s tatis t ics can be difficu l t . 

The statis tical packages now available  for computers have made i t  easier 

to  produce large amounts  of  informat ion from observat ional s tudies merely 

by passing the data files through the system and request all pos s ib le 

s tati s tical associations . However ,  as  a direct consequence of the laws 

of probab ility , some statistically s ignifican t  f indings in a large set  

of  tabulations may be  caused by coinc idental group ing of  data rather 

than by b iological dif ferences between group s . The interpretation of  a 

mas s  of statist ical informa tion from these s tudies can therefore be 

diff icult . 



The p resent s tudies were designed so that only variab les with some 

theoretical associat ion with ult imate pH of meat  were included . 

Furthermore , during the init ial screening of  the data , some of  the 

variables for which adequate numbers were not  available , were excluded 

from the s tudy e . g .  washing of  lambs prior to slaughter and some of the 

carcase grades . This approach s implif ied the statistical analysis 

and the s ignificant s tat ist ical associations between ultimat e  pH and 

some preslaught er factors reported in this s tudy are therefore more 

l ikely to be true causal assoc iat ions . 

Breed 

82 

There is a lack of information in all species concerning the effect o f  

breed on ultimate pH . I t  was reported b y  Carr et a l  , ( 1 9 73)  that the 

carcases of Brit ish beef-crossbred cattle had lower ul timate pH values 

than thos e  f rom Hereford and Angus . Tyler et a l .  ( 1 982)  in a comparison 

of Zebu crossbred cattle and British breed steers found that the former 

group had carcases with a lower muscle pH at 24 hours . Thi s  lat ter s tudy 

was conducted in Queensland and the authors sugges ted that the higher 

pH values in British breed carcases may have been due to their poorer 

adaption to the hot t ropical environment inducing a greater degree o f  

fatigue during travel . 

The highly s ignificant dif ferences in ultimate pH between lambs in the 

Perendale group and lambs from o ther breed groups demonstrated in these 

s tudies would appear to be the first report on breed differences in lamb s . 

The Perendale group comprised both lamb s o f  the Perendale breed as well 

as crosses between Perendales and o ther breeds . However ,  nearly half o f  

t h e  group were considered to be purebred Perendales and the mean ultimat e  

p H  o f  this purebred group was 5 . 85 which is considerably higher than that 

o f  the t otal group of  Perendales and Perendale crosses (5 . 7 6 ) . I t  is  

therefore suggested that the breed effect is related to the  Perendales 

and not to any of the unidentified crossbreeds in that group . 

The Perendale breed was developed 2 0-30 years ago by interbreeding o f  

the Cheviot and Romney breeds (Anon , 1 9 80b ) and would appear to be a 

part icularly popular breed on hill country . It  is thus possible that 

lambs of  this breed have been handled differently on the farms prior 

to slaughter and that this could account for some of  the dif ferences 

between this group and the o ther three groups . Examina tion o f  the 
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i nformat ion about farm of  origin o f  the different breed gro11ps d id no t 

ind icate that such f arm factors were of importance . However , this problem 

will be further discussed in Chap ter Four . 

Season 

Seasonal effects  on ultimat e  p H  have previously been repor ted in beef 

(Tarrant and Sherington , 1 98 0 )  and in p igs (Galh.my and Tarran t , 1 9 7 9 ) . 

I t  \vas concluded by Tarrant ( 1 9 8 1 )  that DFD beef · is more common in autumn 

and winter and the reasons put forward to  explain such seasonal ef fec t s  

included t emperature f luctuat ions and changes i n  f eeding . 

Because the maj ority of  lambs in New Zealand are born the same t ime 

of the y ear ( S eptember ) , the animals sampled during the four different 

sampling periods would increase in age from the f irst  t o  the las t  sampling 

period . It has p revious ly been shown tha t  o lder lambs t end to have h igher 

ult imate pH (Corbett  et a l . � 1 9 7 3 ) . In the present  s tudies , the h ighes t  

mean ult imate  p H  was observed during the summer period ( the second 

sampl ing period)  whereas there were only small differences between 

mean ultimate  pH of lambs dur ing the three o ther sampling periods . 

I t  would thus appear that the s easonal effect in this s tudy could not b e  

related t o  age of  the animals . 

I t  has been reported by Furnival et a l .  ( 1 9 7 7 )  that lambs subj ected to  

low temperatures during the  night before slaughter tend to have higher 

ultimate pH of musc les when minimum overnight temperatures ranged f rom 

- 1  to 1 3°
C .  The variat ion in air temperatures was very small during 

the f irst three samp ling periods of this study and it therefore seems 

unlikely that the seasonal effec t  observed is d irect ly related t o  

changes i n  climatic cond i t ions . HO\vever , i t  was found that the mean 

rainfall during the summer per iod \-JaS much lower as compared · to the 

three other sampling periods . This is likely to  have affected pas ture 

growth and hence the amount of nutr ient s  available for the lambs . The 

higher ultimat e  pH f ound in lambs during the summer period may therefore 

be  related to  their state  of nutri t ion during this period . 

Grad ing 

Grading of  carcases i s  based on carcase weights and fat cover and the 

latter has been shown to be influenced by plane of nutrition (Berg and 

But t erfie ld , 1 9 7 5 ) . A statistical association between ultimate  pH and 
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grading could ther�fore be expec ted i f  the state of  nutrit ion is an 

important factor in the developmen t of high ultimate pH . Such an 

associat ion has been reported in beef (Munns and Burrell , 1 9 6 6 ; Puolanne 

and Aalto , 1 980) although , as sugges ted in the previous chap ter , these 

resul ts may have been confounded by the fact that pH measurements \vere 

obtained after only a 24 hour chilling period which may have resulted 

in falsely high values in the leaner carcases . 

The p resent s tudies did not reveal any direct significant assoc iat ion 

between grading and ultimate  pH . However , only carcases in the four 

maj or grading groups were included and this may have excluded animals 

which had been subj ected to extreme differences in 'levels of nutrition 

for prolonged periods prior to slaughter . There was a highly significant 

interact ion between season and grade in the present studies related to 

the smaller difference of mean ultimate  pH between the two grading groups 

during the summer period as compared to the other three periods . If  the 

higher mean ult imate pH recorded during the summer period is associated 

with a reduct ion in availabil ity of  nutrients ,  this la t ter factor could 

have overshadowed the much smaller effect of differences bet\veen 

grading groups and these would then appear more pronounced during the 

seasons when nutrition was adequate . 

Wool score 

The highly signif icant inverse correlation between ult imate  pH and woo l  

score could be an indication that handling associated with the shearing 

of lambs had af fected muscle glycogen reserves . Hm·rever , lambs are not 

permitted to b e  s laughtered for three weeks after shear ing because of 

the difficult ies associated with the dressing o f  closely shorn animals . 

Factors associated with shearing would thus have to be o f  a long-term 

nature to have any effect on ultimate pH .  It has been reported by 

Sumner et al . ( 1 982)  that shearing is associated with an increase in f eed 

requirements  last ing for about one month and thus the effect of  woo l  

score could b e  another nutritional fac tor . 

I t  has b een reported that sheep with unshorn f leeces have wider thermo 

neutral zones as compared to c losely shorn sheep (Blaxter et al . , 1 959 ; 

Graham et a l . � 1 9 5 9 )  and i t  has also been found that the insulat ion 

proper ties of the fleece are d irectly related to fleece length (Joyce 

et a l . � 1 9 66) . The lambs with the higher \vool scores would therefore 
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have been bet ter protec ted against extreme weather conditions and would 

generally require less energy for heat product ion as compared to recently 

shorn lamb s .  However , it is doub tful that there would have been any 

occasions during this study when wea ther condit ions were extreme enough 

../ 
' 

to cause a signif icant increase in heat production since it has been 

reported that hea t  p roduction is cons tant throughout the range of 1 5  - 35
°

C 

environmental t emperature in sheep with a 2 . 5  cm fleece (Blaxter e t  a l . � 

1 9 5 9 ) . 

The highly sign ificant differences in mean wool scores between the four 

different samp ling periods can be relat ed to shearing practices in 

New Zealand . · The maj ority of lambs delivered to the works during the 

early par t  of the seasons are not shorn . As many farmers shear their 

lamb s  during the summer period , the second sampling period comprised 

many groups of recen tly shorn lambs and the lowest  mean wool score was 

therefore recorded during this period . S ince the highes t  mean ultimat e  

pH was also recorded during this period , the assoc iation between woo l  

score and ult imate pH may either be  of  an indirect nature or the previously 

mentioned addi tional feed requirements for shorn lambs may have further 

·depleted ·glycogen reserves during a p eriod of  low dietary intake of  the 

animals . I t  is sugges ted that the latter explanat ion is the mos t  likely 

as it  has been sugges ted that feeding level after shearing is critical 

and if  restrict ed , body growth may actually decrease (Sumner et a l . �  1 98 2 ) . 

Nutrition 

S tudies have been carried out p reviously on the effect on ultimate pH of  

level of feeding in both beef (Lewis et a l. , 1 9 62 ; Carr e t  a l . ,  1 9 7 3 )  and 

in sheep ( Shor those , 1 9 7 8 )  but the results have been inconclusive , 

p robably because the number of  animals in these s tudies were small and 

in s ome cases the period of reduct ion in dietary intake was short .  The 

present s tudies were no t specifically designed to assess the effect  of  

the  level of feeding o f  animals p rior to s laughter on the ultimat e  pH of  

mea t  but  a number o f  observations made during the course of  this 

inves tigation are of interest t o  this particular problem .  

The comparison bet\veen the two groups of  sheep carcases condemned during 

regulatory mea t  i nspec t ion provides some data on the effects of low 

levels of nutr ition on ult imat e  pH of meat . Although the two samples 

were not randomly selected , i t  is believed that the very large 
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d if ference between ultimate pH values may be indicat ive o f  the dif ference ' � t / .!.- �  ·· '"" • 

in body cond i t ion be t\veen the two group s of animals � The mo se common 

neop lasm found in sheep in New Zealand during regulatory meat inspect ion 

is the sma ll intest inal carc inoma (Webs ter , 1 9 66 ; 1 9 67) .  However ,  this 

condit ion does not appear to affect the carcase grade or the cond� t ion 

of  the animal p r ior to  slaughter (personal obs ervation) . On the o ther 

hand , carcases condemned for emacia t ion are always in very poor condit ion 

with lit tle or no body fat and therefore likely to  have been subj ected 

t o  d iet ary deficiency for some t ime ei ther as a result o f  unavailab ili ty 

of  food or because of  a disease proces s . I t  would thus appear that a 

s evere reduct ion in dietary int ake can have a drama tic effect on 

ult imate pH . 

The very low mean ultimat e  pH values recorded in the four group s _of animals 

used in the las t par t o f  these s tudies are also of interest  in relat ion 

to the effect of feed ing levels on ultimate p H .  These lamb s had been 

kep t  on a high level of pas ture f eeding for two months prior to  

s laughter and this might explain both the rela t ive h igh mean carcase 

weights as  we ll as the low mean ultimat e  pH values as compared to  lambs 

used in _ the earlier part of these s tudies . 

I t  i s  interest ing t o  note tha t the group of lambs with the highest  mean 

ultimate pH also had the lowes t  mean carcase weight . It  would thus appear 

tha t the typ e of pasture (perennial ryegras s )  fed to these lamb s not 

only had a s ignifican t effect on their weight gains but also on the 

ultimate pH of  the meat . Such an effect may be e ither directly related 

t o  the quality of  the pas ture or i t  may be related to the pala t ib il i ty 

of  the pasture and hence to  the quan t i ty inges ted . 

Both the quant i ty and the quality of feed avai lable for mea t  and woo l  

produc t ion is l ikely to  b e  affected considerably b y  seasonal and c l imat ic 

condi t ions in New Zealand . The effect o f  seasonal changes on l iveweight 

gains of lambs has p reviou sly been inve s t igated (Clarke , 1 9 59 ; Sco t t  e t  a l . _, 

1 9 7 6 )  and i t  was repor ted that weight gains are of ten reduced fo r some 

t ime during the su�uer / autumn period . Such reductions in l iveweight gains 

have b een associated with quan t i t a t ive feed shortages , decline in 

nut r i t iv e  value of pas tures and sub c l inical d iseases such as paras i t i sm 

and facial eczema , although the latter factor is thought to be o f  les s 

impor tance (Sco t t  et a l . _,  1 9 7 6 ) . In Figure 3 . 4  some of  the previous 
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results  of livc�..reigh t gains s tudies in lambs are shown in relation to the 

samp ling periods used in the present s tudies and it  can be s een that the 

sampling period with the highes t mean ultimate pH coincides with a period 

of negligible �veight gains in lambs . 

It  has been shmvn in the United Kingdom that blood glucose , an essen t ia l  

percursor of  muscle glyogen , decl ines p rogressively i n  grass-fed cattle 

during late summer and autumn (Mans ton et a l . �  1 9 7 7 ) . Al though s imilar 

s tudies have not been reported in lambs , it  would seem l ikely that the 

high ultimat e  pH values in the summer period in the lambs in this s tudy 

are related to a reduct ion in dietary intake . Other factors which 

could have affected the ult imate pH such as environmental temperatures 

and methods of  handling of  the animals in the yards appears to have 

been subj ected to lesser variation during the four samp l ing periods . 

Travel dis tance 

It  has previous ly been shown that the occurrence o f  DFD meat in beef 

increases with increased dis tance and duration of transport (Puolanne 

and Aa lto , 1 980 ; 1 98 1 ) . It has also been shown that lambs transported 

for f our hours have increased ultimate pH o f  some muscles but not of 

the LD (Gire and Monin , 1 9 79 ; Monin and Gire , 1 980)  and more reeent 

s tudies in New Zealand ind icated that lambs transported approximately 

400 km for nearly t en hours had only s lightly elevated ultimate pH 

values of the LD ( Chrys tall et a l . � 198 1a) . These latt er f indings are in 
J I ' 

close agreement with the f indings in the pres ent s tud�es indicating 

that the dis tance of transport is not an important factor in the 

development of  high ultimate pH in lambs in New Zealand . Hmvever , 

i t  is possib l e  that in countries where lamb s are frequently subj ected 

to much longer j ourneys prior t o  s laughter , the t ravel dis tance may have 

an effect on ultimate pH.  This has been indicated by recent s tudies 

in Aus tralia ( Shorthose , 1 9 7 7 ) . 

Holding periods 

The effect of  holding periods of cattle prior to s laughter has been 

investigated in meat works studies during the last few years and i t  

would appear that generally the ultimat e  pH of  carcases increases with 

increasing hold ing periods (Puolanne and Aalto ,  1 980 ; 1 9 8 1 ; Augustini , 

1 98 1 ) . However , recent "t-JOrk in Australia indicated that cat tle 

subj ected to long j ourneys had lower ult imate pH of  the LD when allowed 
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to  r e s t  f o r  two days prior t o  slaughter a s  compa red t o  one days rest  only 
ef q { ,  

(Wythes , 1 980) . I t  has also been reported by Shorthose ( 1 9 7 7 )  that 
" 

sheep allowed to  res t for 1 20 hours after a long j om�ney had lower . 

ult imate  pH than sheep res ted for 1 8  hours only and Chrys tall et a l .  

( l 9 8 1 a )  found that ultimat e  pH o f  the LD in lambs declined during a 

24 hour resting period following severe exercise . 

The results  o f  the present  s tudies indicate that ' ultimat e  pH of lambs 

increases with increased holding periods in the yards s imilar to  the 

previously ment ioned mea t  works s tudies of beef . It  would thus appear 

that hold ing p eriods in both beef and lambs have a different effect  on 

ultimate pH of  the LD depending on whe ther the informat ion is  ob ta ined 

through observat ional s tudies at the works o r  through experimental s tudies . 

As the lat ter are usually carried out in laboratories , such d if ferences 

may either be  related to  the different environment s  or to  the different 

degrees of glycogen depletion of  the animal p rior to  the ac t ual holding 

periods being investigated . 

General 

Both meat  and wool p ro duct ion in New Zealand dep ends ent irely on pasture 

growth and it is  therefore not surpris ing that there are considerable 

variations in produc t ion figures both within years and between years . 

Seasonal variations are frequently associated with a down-turn 

in p roduct ion during the summer/autumn period related to changes in 

quant ity and quality  of pasture growth . Furthermore , many lambs are 

shorn prior to  this per iod and the addit ional food requirement s  

associated with shearing may also contr ibute to  a reduct ion i n  liveweight 

gains in lambs during this period . 

The present s t udies indicat e  tha t s imilar factors also affect the 

u l t ima te pH , an important  quality fac tor of meat produc t s . The 

s t a t i s t ical assoc iation between ultimate  pH and both s eason and woo l  

score i n  these studies can b e  exp lained b y  insufficient  availability 

of  pasture and i t  would thus appear that  quantity and quality  of  pas ture 

may have a maj o r  effect  on ultimate  pH.  The seasonal effect  can be 

exaggerated by the e f fect of b reed and the highest  ultimat e  pH values 

were  therefore recorded in Perendale lambs during the summer period . 

Two of  the maj or factors associated with the preslaught er handling o f  
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an imal s  at the mea t works are the washing of lambs and the sub sequent 

holding periods in the stockyards prior to s laugh ter . Both these factors 

may have some effect on ultimate pH but the data obtained in these 

ob serva t ional studies wer e insufficient to reach de finite conclusions . 

However ,  these factors are well suited for experimental s tudies at  the 

meat vJOrks and it Has therefore decided to carry out further work in 

relation t o  these variables . This work is reported in the following 

chapter . 

CONCLUS IONS 

1 .  I t  was found that 85 . 2% o f  1536 lamb carcases had u l t imate p H  values 

below 5 . 80 and the d istr ibut ion of these values approximates a 

normal distribut ion curve with a mean of  5 . 5  and a standard deviation 

of 0 . 1  corresponding to a range of 5 . 2  to 5 . 8 .  

2 .  The u l t imate pH values o f  the LD from lambs slaughtered during the 

summer per iod are s igni�icantly higher than those obtained during the 

three other seasonal sampl ing periods .  

3 .  T:he ·carc-a ses o f  Per.endale lambs have significantly higher ultimat e  

pH values a s  compared to carcases from other breeds .  

4 .  Carcase grade has no signif icant effec t  on the ultimate  pH but there 

is  a s igni f icant interaction between grade and season . 

5 .  The mean ul timate  pH o f  sheep carcases condemned for emaciation is 

s igni ficantly higher than the mean ultimate  pH o f  carcases condemrled 

for neoplasia . 

6 .  There is no s tatistical association between travel dis tance and the 

u lt imate pH in lamb s . 

7 .  There i s  a highly signi fi cant d irect correlation between the duration 

of holding periods of lambs and t he ultimate pH of meat .  

8 .  There is a highly s ignif icant inverse correlation between wool score 

and u l t imate pH . 



9 .  These s tudies ind icate that nutrition plays an important role in 

the d evelopment of high ultimat e  pH values in the 1D of lamb s . 
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INTRODUCTION 

CHAPTER FOUR 

THE EFFECT OF WASHING AND SUBSEQUENT 
RESTING ON NEAT _gUALITY 
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One special feature of  the preslaughter handling of  stock at  Ne�., Zealand 

meat works , is the extens ive ·Hashing of  animals prior to slaughter . The 

importance of contaminated hides as a source of carcase contamination has 

been emphas ised in previous studies in NeH Zealand (No t tingham et al. . , 1 97 4 ; 

Newton e t  a l . ,  1 9 78)  and as dis cussed in Chapter One , the �-lashing o f  s tock 

has been considered necessary to achieve satisfactory hygienic standards 

of  carcase dress ing . 

A numb er o f  different washing techniques for both cattle and sheep have 

been employed in the pas t .  Cat tle are usually washed by hos ing or spray 

washing v7hereas the washing of sheep and lambs is most commonly achieved 

by swimming the animals through a bath . This latter method requires 

cons iderable extra muscular activity by the animals because they are 

usually required to swim a length of  at least 10 metres . I t  was 

therefore considered that the exercise associated wi th washing of 

lambs prior to s laughter may have an ef fec t on depletion of muscle 

glycogen stores and hence have an effect  on the ultimate pH of  their 

carcases . 

The ef fect o f  preslaughter exercise on muscle glycogen and the ult imat e  

p H  o f  meat has p reviously b een studied in sheep and lamb s . Forrest  et al . 

( 1 964)  reported no increase in the ult imate pH of the LD o f  lambs which 

had been exercised to near exhaust ion on a tread mill prior to s laughter 

but some increase in the ultimate pH in lambs which had been exerc ised 

by dogs . The effect s  o f  a long j ourney ( 1 1 00 km) followed by res t ing 

periods of either 1 8  or  1 20 hours were invest igated by Shor those ( 1 9 7 7 )  

who concluded that the ultimate pH of  the LD and the M. semitendinosus 
of animals rested for 1 8  hours was greater than those o f  the same muscles 

of  s imilar animals vJhich had been rested and fed for 1 20 hour s before 

s laughter . Recently , Chrystall e t  al . ( 1 98 1a)  reported that transport 

(400 km) and light exercise of lambs had little effect on the mean u l t imate  

pH , hut the  carcases f rom lambs exhausted by a 5 km rapid walk had an 

elevated ultimate pH which did not completely decline to normal levels 

when rested for 24 hours before s laughter . 



The various preslaugh ter procedures referred to in these repor ts are not  

o f t en associated with  norma l prac t ice and ex trapolation of  results  to the 

1neat indus t ry is  therefore d i f f icul t . Al though an a t t emp t was made to 

in clude wa shing as a factor in the ob s e�va tional s tudies  reported upon in 

Chap ter Three i t  was not p o s s ib le to reach defin ite conclusions f rom the 

resul t s  ob tained . Th is  was due to  the lack of information on the 

d i f feren t degrees of washing t o  which groups of  lambs  had been exposed . 

I t  \vas therefore cons i dered important to  s tudy this problem further in 

inve s t igat ions carried out at the meat works and thus keep ing the 

experimental condi t ions as close to  normality as  possib l e .  

The obj e c t ive o f  the present s tudies was primarily to s tudy the effect  

of  washing and subsequent res t ing p eriods of lamb s on the ult imate pH 

of  their carcases . However , because washing of  lamb s at  the meat works 
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was in t roduced t o  achieve a reduct ion i n  the extent o f  carcase conta  .ruina t ion , 

some preliminary inves t iga t ion s  of  the relat ionship between degree of  

f leece contaminat ion , washing and subs equent carcase contaminat ion were 

also carried out . 

MATERIALS AND METHODS 

Animals and the ir handling 

All experiments were carried out at a local meat  export works us ing lambs 

from dif ferent farms located within a radius of  200 km from the mea t  

works . The period between draf t ing the animals  o n  the farm and their 

arrival at the works var ied f rom 12 t o  24 hours and washing o f  the lambs 

was achieved by swimming them through a rectangular bath ( 1 1 5 x 1 5 6 0  cm 

and approxli1ately 70 cm deep ) . The animals were driven with the aid of  

dogs to the entrance of  the baths and d ischarged into the water by means 

of a conveyor belt (Plate 4 . 1 ) . The t ime taken to swim the length of  

the wash was observed to be be tween 30 and 4 0  seconds .  This t ime did not 

appear to change appreciably when the animals were washed more than once . 

Est imation of removal o f  solids from the fleece during washing 

The wash water was samp led before and af ter washing of some group s of  

lambs . Samples of  one l itre were taken at three d i f ferent poin ts  and 

the composite  sample taken to the laboratory where 1 00 ml was poured 
0 

into a d i sh of  knmm we ight whi ct. was lef t in a dry ing oven ( 10 5  C )  

overnigh t .  The dried dish was reweighed and the to tal solids p e r  l it re 

of  water calculated . The dif ference in total solids between the two 
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PLATE 4 . 1  WASHING O F  LAMB S I N  A SWIM-THROUGH BATH 
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samp le s rep resen ted the ga i n  in solid  content and by mu l t ip ly in g  thi s 

figure by the c a l cula ted t o t a l  volume o f  wa t e r  in the wash , the w e i g h t  o f  

solids r emo v ed f rom the an ima J s \vas o b t .:� i n e d . 

The t o ta l  amount o f  solids  wa s related to the numb e r  of animals  wa shed 

and Ll w  mean \ve i g l t t  of f l eeces c�-.rool  score) and the amount of  solids  

remove d  per k ilogram o f  \voo l  �-.ras c a l c u la t e d  for each group of  l ambs . 

Reco rd ing of  c o n t am i n a t ion and b r uis i ng of  carcases  

In  some of  the groups of  experimen t a l  J ambs , all  carcases iden t i f ied 

by the M . A . F .  i n spec t ors as b e in g  contaminated were recorded . The carcases 

in the s e groups were also examined a t  the same t ime by the author f o r  

evid ences o f  bruis ing . 

U l t ima t< : pH mea s u_re!�1en t s  

\H th i n  one hour of  s laugh ter , ap proxima t ely two gram o f  muscle  t i s sue was 

ob tained from the LD of each animal us ing the p lug samp ling t e chnique . 

S amp l e s  �-.rere overlaid with liquid paraf f in ,  incubated at  room t empera t ure 

(approxima t e ly 2 0
°

C )  for 24  h o u r s  an d the pH meas ured by the me thod 

p reviously described . 

Expe r imen t 1 

This experimen t was des igned to evaluate  the e f f e c t  o f  overnight res t ing 

on u l t imat e  pH in lamb s having been washed at leas t once . 

Lamb s from four farms were washed once o r  twice after  arrival in the 

s t ockyards and immedia t e ly af terwards t�-.ro sample group s o f  2 4  lambs we re 

taken f rom each of the fa rm groups . Anima ls in the f i r s t  samp l e  group 

we re s laughtered within four hours of wa s h in g  whereas lamb s in the second  

samp l e  group we r e  res t ed f o r  24 hours prior to  s laughter . 

Data on u l t ima t e  pH were examined by analysis  o f  var iance t o  d e t e rmine 

t h e  s igni f icance of  d i f f erences o f  means between the two t reatment group s .  

Expe r imen t 2 

The obj ec t ive o f  the second exp e r iment was to d e t ermine the e f f ec t on 

u l t ima te  pH o f  the u s ua l  me thods of washing and re s t ing of l ambs at 

the mea t \vorlcs . 



From ea c h  o f  two f arms (Farm 5 and 6 )  1 60 lamb s were ob t a i ned and 

d iv id e d  in to ei ght t r ea tme n t  grou p s  with 20 a n ima l s  per group . The s e  

eight g roups were u s e d  in a 4 x 2 fa c t o r ial experi ment where groups were 

e i t:l le r um,)ashcd or wa shed , on e ,  t 1vo or three t imes and r e s t e d  for e i ther 

one o r  2 4  hours a f t e r  washing and before s laughter . 

The data from lamb s f rom Fo rms 5 and 6 were c omb ined in a three-\vay 

an a l y s is of va r i ance eva luat ing the e f f e c t s  o f  faim of o ri g in , wash ing 

and r e s t in g .  The e f f e c t  o f  washing was f ur ther tes ted b y  examining the 

s i gni f ic an ce o f  c ontras t s  for indiv i dual degrees of f reedom , based on 

orth ogonal c o e f f i c i en t s  taken f rom the t ables o f  Roh l f  and S o k a l  ( 1 9 6 9 ) . 

Thi s  expe r imen t wa s d e s i gned t o  evaluate  \vhether exc e s s ive "V-7ashing 

(mo r e  than t hree washings)  would fur ther increase the u l t ima t e  pH and 

whe ther extended res t ing periods (beyond 24 hours ) could count eract such 

e f f ec t s .  

In lhis s t udy , 1 5 0  lamb s o r i g ina t ing f r om the same farm (Farm 7 )  were 

d iv ided into n ine treatment groups in  a 3 x 3 factor ial design . Group s  

wer e  washed one , three an d f ive t imes and allowed to res t f o r  one , 2 4  o r  

4 8  hours . The three groups wa shed once , comp rised  only ten anima l s  p e r  

group vlhereas there were 2 0  lamb s in each o f  t h e  ·other s i x  group s . 

9 6  

Data o n  u l t ima t e  p H  were examined i n  a two-way ana ly s i s o f  var iance u s ing 

wash ing and res t in g  as the two factors but because of unequal s amp l e  s i z e  

i n  t h i s  exper imen t ,  the coef f i c ient s  \vere mu l t ipl ied by the number o f  

animal s  in e a c h  group . 

Expe r iment 4 

The obj e c t ive o f  this experiment wa s to  det ermine whe ther b reed has an 

e f f e c t  on the a nima l ' s  response to washing in relat ion to  deplet ion o f  

glycogen stores  and subs equen t u l t imate pH values o f  t h e  LD . 

A group o f  approxima t e ly 50 Romn ey l amb s and 1 0 0  Perendale l amb s wh ich 

had been gra z j ng on the same . farm , were t ransported a d i s t ance o f  

approximately 20 kilome t res to  a paddock s i tuated a t  the meat works . After 

on e week , the animals were walked f o r  a few hun dred me t res to  the c overed 
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s to ckya rd s and penned s e p a r a t e ly f rom o ther anima l s  overnigh t . The 

fol l o'lli ng mo rn ing one group of 2 /f an imals f rom each of  t he. tHo breeds wa s 

subj ec ted t o  three \·Ja shings and \v i t h in one hour all animals were 

slaugh t e r e d . 

Data on ul t ima te pH were ob tain ed in the two group s o f  a nimals v1h :i ch had ­

been washed and in s imilar s ized groups f r om both breeds o f  the unwashed 

lamb s . The data were �xamined in a two way analy s i s  of  var iance u s ing 

breed and washing as the two facto r s . 

Experimen t  5 

The la s t  o f  these s t ud ie s  \..-ras des ir,ned to  determine the e f fe c t  o f  

wash ing o f  lamb s o n  c on t amina t ion and b r u i s in g  o f  carcases . 

S ix l ines o f  lambs , comp r i s in g  b etHeen 1 5 0  a n d  200 animals each , were 

used for these s t udies . From each o f  these l ines , f ive animals were 

selec ted a t  random for appraisal o f  f leece contaminat ion with dust and 

sand . The animals were held on their backs and the crutch r e g ion was 

closely inspec ted . The skin in this area has only scat te red f ine hairs 

but  contains well deve lop ed sebaceous gland s and apocrine t ubular glands 

(Habermehl , 1 9 8 1 ) . The s e c r e t ion o f  a f a t ty subs t an ce from these g lands 

( the sebum cutaneum) forms a brownish greasy layer on the skin in this 

regi on and i t  has been observed that in animals exposed to dusty and 

sandy cond i t ions , the c o lo u r  changes to b lack , p re s umab ly because o f  

adherence o f  b lack part icles to t h e  greasy surface . O n  the b a s i s  o f  

this examina t ion , t h e  s i.x lines were cla s sed as  eit her con s i s t in g  o f  

lambs w i t h  b lack crutches o r  l amb s w i th clean crutches . 

Each l ine was d ivided int o  two app roximately equal s i zed groups and one 

group was washed wh ile the other group wa s l e f t  unwashed . Solid s  

removed f rom t he f leece during washing were measured and both  carcase 

con tamina t ion and bruis ing were r e c o rded in all group s . However samp les 

for  determina t ion o f  ult ima te pH values were not obtained f rom any o f  

t h e  gr oup s i n  this  part  o f  th e  s t ud y .  

RESULT S 

The maj o r i t y  of lamb s s laugl 1tered a t  the meat works where these exper imen t s  

\\'ere c a r r i e d  o u t  a r e  washed once o r  t\.ri ce f o l lowed b y  overnight r es t ing 
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prior  t o  s laugh t e r . Tab l e  4 . 1  :i.nd :i.c<J tes  t h a t  the mean u l t ima t e  pH  for 

t h e. four groups of  anima ls havin g r ec e ived s u c h  treatmen t  v a r i e d  f rom 5 .  42  

to 5 . 8 4 .  I t  will  also be noted that there wa s a sma l l  but �n-s ign i f i c ant  

dec rease i n  mean u l t ima t e  pH of  l amb s f rom three of  the farms following the 

24 hour res t ing p eriods . On t h e  other band , overnight r e s t ing apparen t ly 

caused a h ighly s ign i f i cant increase in u l t ima t e  pH of  lambs from Farm 2 

vJhe r e mean va l u e s  in creased from 5 . 6 5 to 5 . 84 .  

I t  c an b e  seen i n  Figure 4 . 1 that when lamb s were subj e c t ed to an increased 

numbe r  of  was h ings the mean ult imate  pH increased regardless  o f  farm o f  

o r i g in . Hhen the data fr om Farms 5 and 6 were c.:omb ined in an analy s is 

o f  var iance (Tab le 4 . 2 ) i t  was found that mean pH o f  animal s  f rom 

Farm 5 (P e rencl a l e  breed)  \vere h i gh l y  t> i gn i f i c an t ly grea t er than t ho s e  

from Farm 6 (Romney breed ) . I t  can a lso b e  s een that washing had a highly 

s igni f icant e f f e c t  o n  mean ultimate  pH o f  lamb s from these farms and that 

there is  a l inear relat ionship b e tvJeen number o f  washings and mean p H .  

However , i n  tl1 is  part o f  the study there was n o  stat i s t ical assoc iat ion 

between res ting pe r iods and u l t ima te  pH  and there were no s igni f i cant 

e f f e c t s  of any of the interact ions be tween the three va riab les ( farm , 

·vmslling and I'L.'Gt ing) . 

After  lambs f r om Farm 7 had been washed f ive t imes , the mean u l t ima t e  pH  

o f  t he  group slaughtered af ter one hour ' s  res t was 6 . 0 3 with  a range o f  

5 . 5 5 t o  6 . 8 6 a s  compared t o  a group o f  anima ls from the same farm having 

been washed only once wi th a mean of 5 . 5 2 and a range of 5 . 39 to 5 . 7 4 

(Figure 4 . 2 ) .  I t  can be seen in Tab le 4 . 3  that there was also a h ighly 

s igni f icant l inear effect  of washing on mean u l t imate pH in these lamb s 

and that there we r e  no s t a t i s t ical  associations between res t ing periods 

and u l t imate pH . 

I t  c an be seen in Figure 4 . 3  that al l groups of  lambs f rom Farm 8 had 

very low mean pH values as c ompared to mean values f rom the previous 

exper iments . Tab l e  4 . 4  ind icates that the d i f f erences b e tween breeds were 

non s igni f icant but there was a highly s igni f icant ef fec t of washing . 

Th i s  e f fect  would appear to  be mo re p ronounced in the Pe rendale lambs 

a s  compared to  the Romne y  lambs . Al though the interaction between breeds 

and \va sh i n g  \vas non s i gn i f i c an t , the value o f  the variance ra t io for this 

s t a t i s t i c  was app roaching s ign i f i cant levels ( 0 . 0 5 < P  < 0 . 1 0 ) . 
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TABLE 4 . 1  EFFECT OF RE STING P ERIODS ON ULTIY!ATE pH IN LAMB S 

Mean ult imat e  pH ± S . E . 

No . of  1 - 4 hrs 24 hrs 
Washings rest ing period resting p eriod 

Farm 1 1 5 . 60 + 0 . 022  5 . 5 7  + 0 . 025 

Farm 2 1 5 . 65 ± 0 . 026 5 . 84 + 0 . 042 

Farm 3 1 5 . 44 + 0 . 020  5 . 42 + 0 . 020 

Farm 4 2 5 . 65 + 0 . 04 2  5 . 57 + 0 . 023 

* >'< p <0 .  01 

Variance 
Rat io s  

0 . 8 7 

14 . 15 *>� 

0 . 62 

2 . 54 

ID 
ID 
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TABLE 4 . 2  SUMMARY OF A THREE WAY ANALYSIS OF VARIANCE OF DATA FROM FARMS 5 AND 6 

Source o f  Variat ion DF Variance Rat io s  

A .  Farm 1 1 7 . 79 >'o'< 

B .  Hashing 3 7 .  7 7 >'< >� 

( i )  l inear 1 2 0 . 61*>'< 

( ii )  quadratic 1 0 . 00 

( ii i )  cub ic 1 1 . 60 

c .  Re s t ing 1 0 . 30 

A x B 3 1 .  2 0  

A X c 1 0 . 26 

B X C 3 1 . 4 5 

A X B X c 3 0 . 37 

Re s idual mean square 304 2 5 9 . 33 

>'d< p < 0 .  01 

i-' 
0 
I-' 
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TABLE 4 . 3  S��y OF A TWO-WAY &�ALYSIS OF VARI&�CE OF DATA FROM FA&V. 7 

Source of  Variat ion DF Var iance Rat io s  

A .  �vashing 2 

L .  Linear 1 2 7 . 80*>'� 

Q .  Quadra t i c  1 0 . 5 1 

B .  Re st ing 2 

L .  L inear 1 2 . 55 

Q .  Quadrat ic 1 0 . 00 

Interac t ions 

L x L 1 0 . 51 

L X Q 1 0 . 2 1 

Q X Q 1 0 . 35 

Q X L 1 0 . 2 3 

Residual Mean Square 141 5 70 . 81 

';'< p < 0 . 01 

1-' 
0 
w 
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TABLE 4 . 4  SUM¥�Y OF A TWO-WAY ili�ALYSIS  OF Vfu�IANCE OF DATA FROM FARM 8 

Source o f  Variat ion DF Variance Ra tios 

A .  Breed 1 0 . 2 1 

B .  Hashing 1 24 . 84>'o'< 

Interact ions 1 3 . 4 211  

Res idual mean square 9 2  234 . 04 

** p <0 . 01 
0 O . OS<P<O . lO 

,, 

� 0 Vl 



TABLE 4 .  5 THE EFFECT OF ��ASHING OF LAHBS ON CONTAMINATION OF CARCASES 

Unwashed Hashed 

Number % Affected Number % Affected 

Lambs with black 76 48 . 7  7 8  28 . 2>'< 
crutches 

9 7  3 7 . 1  9 0  18 . 9* 

99  21 . 2  9 1  2 3 . 1  
Lambs with 

7 2  16 . 7  8 7  23 . 0  
clean 

96 19 . 8  9 6  15 . 6  
crutches 

74 20 . 3  7 3  16 . 4  

* Significant reduct ion in contaminat ion rates (P < 0 . 0 5 )  

Solids removed per 
kilogram 'vool (kg) 

0 . 30 

0 . 28 

0 . 15 

0 . 19 

0 . 24 

0 . 16 

i-' 
0 
C\ 



TABLE 4 . 6  THE EFFECT OF WASHING OF LAMBS ON BRU I S ING OF CARCASES 

Unwashed Hashed 
--

t\umber % AffeCted Number % Affected 

Lambs with black 1 7 3  9 . 8  168 32 . 1** 
crutches 

Lambs with clean 341 16 . 4  347 28 . O*i� 
crutches 

** Highly significant increase in rate of  bruising (P < 0 . 01)  

f--J 0 
--..J 
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Two of the s ix l ines in the last p a r t  o f  these s tudies  were c lassed as 

hav ing b lack c r u t ches and it wil]  be no t iced in Tab l e  4 . 5  t h a t  there was 

a s ign i f i c an t  reduct ion i n  con tami n a t ion r a t e s  a s s o c i a t ed \·Ji th \vashing 

in b o th of these l ines . On the o ther hand washing had no s ign i f ican t  

e f fect on con t amina t ion ra tes  i n  the four l in e s  classed a s  hav ing clean 

c r u t c h e s . The mean amoun t o f  sol ids removed f rom the f leeces var ied 

from 0 . 1 5  to 0 . 30 k i lo gram per  k i l o gram of wool and the larges t  amoun t s  

o f  solids were recorded in lambs v1i th b lack crutches . I t  \va s not iced 

d u r in g  s laughter and ·dress ing of  lamb s in this s tudy that the cru tches 

of washed anima ls were c lea n , r egard less of the clean l iness of  the 

animals prior to  washing . 

I t  can be s e en in Tab l e  4 . 6  that wa shin g c a u s ed a highly s ign i f icant 

inc rease in bruis ing in both grou p s  of lambs in this s tudy . 

D I S CU S S ION 

Effec t of wash ing on u l t imat e  pH 

A h igh rate o f  deplet ion of  nus cle g lyco gen associa ted with severe 

exe r c i s e  has been ob s erved i n  man and it has been reported that one 

quarter of the mu s c l e  g l y c o gen c an be dep leted within two to four 

minu tes during maximal exerc ise  (Resell and Salt in , 1 9 7 3) . I t  has a l so 

been shown by Terj ung e t  a l .  ( 1 9 7 3 )  t hat  90-9 5% o f  the glycogen s tores 

in the leg musc les o f  rats can be  depleted by running in a treadmil l 

whereas less g lycogen deplet ion oc curs in the leg muscles o f  rats  

exhausted  by swin�ing . I t  would appear that glycogen deplet ion of  

muscles induced by exercise has been mo re d i f f i cult  to achieve in 

ruminan t s  than i n  other animals al though Forrest  et a l .  ( 1 96 4 )  showed 

that lambs exe r c i s e d  by a dog had a high u l t ima te pH of some muscles and 

more  recently Chrystall  et a l .  ( 1 98 l a )  repor ted that lambs subj ec ted to 

a rapid f ive kilometre walk had increased u l t ima te pH values of the LD 

as compared to con tr ol  animals . 

The results o f  the presen t  experiments indicate that \vashing lambs in 

a swim- through bath has a severe and p red i c t able effect  on u l t imat e  

pH of  mea t .  In one o f  the exper imen t s  of the present s tudies , the 

mean u l t ima t e  pH increased from 5 . 5 2 to 6 . 03 with several an imals 

hav ing pH v a l u e s  above 6 . 50 when the l nmbs were washed f ive t imes . 

T l 1 e s e  animal s were only forced to  swim for a total  period o f  approximately 
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three m i nu t e s . It  would thus appear that in comp a r i snn to o th e r  me t hod s 

of  exe r c i s e ,  swimmi ng i s  a very e f f e c t ive met h od o f  induc ing muscle  
glycogen dep l e t ion in lamb s . T h i s  me t hod o f  glycogen dep l e t ion might 

be appl icable for o t h e r  work e r s  i n t e r e s t e d  in this area o f  r e s e a r ch . 

Al though lamb s a re usually wa shed only once or twice prior t o  slaugh t er , 

the e f f e c t  o f  mul t iple  wa sh ings on u l t imate pH i s  of  some i n t e r e s t .  

Evaluat ion of  the data from these exper iments  ind icated that there was 

a l inear relationshi� be tween washing and u l t imat e  pH regard l e s s  of  the 

in i t ial mean u l t ima t e  pH and the numb er of  wa s h in g s  t o  which the animals 

were subj e ct ed . I t  seems l ikel;: that some group s o f  lambs arr iving a t  

the meat works may a lready have b een subj ec t ed t o  trea tmen ts resu l t ing 

in some deplet ion of  glycogen . In such cases the add it ional effect  o f  

one or t\vO washings may be enough to  induce high u l t imat e  p H  i n  the 

mus c les o f  some of  the animals . 

The highly s ign i f i cant d i f f erence in u l t imate pH values between Farm 

5 and Farm 6 in the second experiment is an interes t ing f in d in g .  As far 

as it  could be ascertained , animals from these f arms were subj ected to  

the same trea tmen t p rior to  arrival at the works but  they were o f  

d i f ferent  breeds ( Perendale l ambs from Farm 5 and Romney lambs from 

Farm 6 ) . The results  recorded in Chapter Three a l so indicated that 

Perendale lamb s general l y  had h igher ultimate pH values as compared to 

other b reeds . 

Although lambs from Farm 5 and Farm 6 responded in a s imilar manner to  

washing i t  w i l l  be  n ote d  that there was a s lightly higher (but  non  s igni f i­

can t )  increase in ult ima t e  pH assoc ia ted with washing Perendale  lamb s 

as  compared t o  the increases in s imilar groups o f  Romney lambs . A s imi lar 

trend is  apparent in the comparison be tween the same two breed s  o f  lambs 

from Farm 8 .  All the lamb s in this lat ter experiment were in very good 

cond it ion and care was taken to ensure that they were handled gen t ly 

prior to their arrival . a t  the works . Both of  these factors may have 

cont ributed to the low mean u l t imate pH values ob tained in this  

experi  �en t . However ,  t h e  increase in mean ultimate  pH values a f t e r  

wash ing o f  t h e  Pe rendal e .lamb s (0 . 21  pH  uni t s )  was approxima t e l y  doub le  

o f  the incre. a se assoc iated \vith \vashing o f  the  Romney lambs ( 0  . 10 pH un i t s ) . 

There was also some ind i c a tion o f  an inten:.c t ion between b reed and 

washing in this  experiment and a lthough this  was no t s igni f icant 

( 0 . 10 <P <0 . 05 )  it i s  b e lieved that in view o f  the b reed tendency 



f o r  h igh u l t i ma t e  pH r e p o r t ed in Chap t e r  Th ree i t  is  very l ike l y  tha t 

P e r en d a l e  lamb s are mo re suscep t ib l e  t o  the e f f ec t s  of  washing as 

compared t o  Romn ey lambs . 

�f f ect  of r�_t:_ing_���!.:..Uma�:._PH 
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T h e  p o ssi bl e  reple t ion of mus cle glycogen st ores during rest ing periods 

p r ior t o  sla ught er  is  an impor t ant factor when d e t ermining pres laughter 

holding periods a t  the m e a t  works . I t  would appear that mu scle glycogen 

replet ion following exerc i se induced mus c l e  glycolys is , is rapid in rats  

and is  usually comp l e t e  w i thin two t o  four hours (Terj ung e t  a Z . , 1 9 7 4 ; 

Arms trong and I anuzzo , 1 9 7 7 ) . On the other hand , McVe igh and Tarrant 

( 1 9 8 1 )  found that young bulls  d id not recover completely f rom muscle  

gl ycogen dep le t i on wi thin t hree days and Shorthose ( 1 9 7 7 )  repor ted that 

muscle g lycogen rep le t i on took up to  f ive days in sheep exhausted by  

a long j ourney . 

In con t ra s t t o  p revious s tudies , the animals in the present s tudies we re 

rested w ithout access to food and water and this may have some ef fect  

on their  abi l i ty to restore glycogen reserves , although i t  has  been 

sugges ted ( Chry s ta l l  e ·t a Z .  � 1 9 8 1 a )  that for relat ively short periods o f  

fas t ing , the c ons iderab l e  amount o f  food i n  the gas trointes t inal tract 

should b e  suf f i c ient t o  p rovide energy for repleni shing muscle  g lycogen . 

However ,  the present resu l t s  ind icate  that there was no s ignif icant 

replet ion o f  musc le g lyco gen regardless of  the degree of deplet ion and 

the length of subsequent rest ing periods . These f ind ings are not in 

complete  agreement with those of  Chrystall  et a Z .  ( l 9 8 1 a )  who reported 

a decrease in u l t imate  pH values after a res t ing period o f  24  hours 

following exer c ise . However , the ir  s tudies were carried out at  a 

smal l  experimen tal  aba t to i r  where the cond i t ions might have b een more 

conducive to adequat e  r e s t ing of the animals than in a large meat 

export works . 

The e f f e c t  o f  res t ing  p e r iods prior to s laughter on u l t ima te  pH o f  mea t  

has been inves t igated i n  cat t le under commercial cond i t ions . Augus t in i 

( 1 98 1 )  reported that bulls kep t in l a irage at the abat toir  were more 

likely t o  exh ib i t  DFD meat than those wh ich were not res ted . In the 

f ir s t  exp e r imen t of the present s tudies , there was also a highly 

signif icant i n crease in u l t imate pH af ter 24  hour s rest ing in animals 

from Fa rm 2 .  Thes e  lamb s had been - t reated in a s imilar manner to 
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o ther animals used in t h e  s t ud i es and it i s  therefore  d i f ficult  t o  

exp l a i n  their appa ren t  dif ferent r esponse t o  t h e  s tockyard environmen t .  

However , this f inding indicates that under certain cond i t i ons , in creased 

ho ld ing periods in the s tockyards may also caus e high pH in lamb carcases . 

Th e aeqo l ogy o f  l.!l_gh u l t imate pH 
The obj e c t ive o f  the s tud ies presented in this thesis  �..;as to invest igate 

the e f f ec t  o f  p reslaugh te r  and s laughter factors ' on meat quality and i t  

was the in ten t ion to s tudy mainly factors wh ich could be inve st igated at  

the  mea t works in ord e r  to  b e  ab l e  to  use  such f ind ings d irec t ly to 

a llev ia te p r ob l ems a f f ec t ing the meat indust ry .  However , future r esearch 

in mea t  sc ience must obviously also be d irec ted t owards s tudies o f  some 

of the fund amental  physiological and b iochemical even ts caus ing the 

changes in meat qua lity  wh ich can be detected at  the meat works . In this  

context , the  causes o f  meat with high u l t ima te pH cu·e o f  part icular intere s t  

and i n  t h e  fo l lmving paragraphs a few compar isons a r e  made bet\veen 

p revious work related to metab o l ism of muscle glycogen and some of the 

f indings in the present studies . 

I t  has b een suggested by Rosell and Salt in ( 1 9 7 3 )  tha t the metabolism 

of  mus c le  g lycogen dur ing exercise may be mainly act i va t ed by the 

so-called "contractile  factor" . The maj or effect  of this factor i s  

probably related t o  the re lease of  calcium ions into  the myo f ibril  which 

induces a rap i d  convers ion of  phosphorylase b to · phospho rylase a 

(Drummond et a l . � 1 9 6 9 ) . The lat ter  enzyme is  capab le o f  hydrolysing 

glycogen to g lucose- 1-phospha te in the absence o f  adenos ine monophospha t e  
0 

(AMP ) whereas phosphrylase b is  normally inac tive exc ept in the p r esence 
" 

o f  eleva ted  levels o f  AMP . Although b lood levels o f  catecholamine s are 

increased during exercise (Rosell  and Saltin , 1 9 7 3 ) and i t  has been 

shown tha t these hormones are potent ac tiva tors of  glycolysis (Drurumond 

et a l . � l 96 9 ) , the rela t ive importance o f  this method of ac t ivat ion of  

muscle  glycogen breakdown during exercise  is  not  c lear . I t  has been 

shown in humans that b lockage of  beta  recep tors does not markedly 

inf l uence the b reakdwon of  muscle glycogen dur ing exerc ise  (Harris  et a l . � 

1 9 7 1 )  and McVeigh and Tarrant ( 1 9 8 1 )  found that inj ect ion o f  beta 

b lockers only had a small  prot ec t ive ef fect against  mus cle  g lycogen 

me tabolism i n  bulls  s ubj ec ted to s t ress and exercise . On the o ther hand , 

Hon in and Gire ( 1 980)  repo r t ed that the b e t a  effects  o f  c a techo lamines 

played a p redomi nant ro l e  in mus cle glycogen mob i l isation during transpo rt  
s t ress in lamb s .  



I t  i s  sugge s ted t h a t  i n  the p r e s e n t  exper imen t ,  both the "con t rac t i l e  

f a c tor 1 1  and t h e  rel ease o f  c a t echo lamines may h ave p layed a role i n  

a c t iva t ion o f  g l y c o J.y s i s . I t  wa s noted that the an ima l s became mo r e  

relu c t an t  t o  move a f t e r  h av i n g  b een through the ba th a f ew t imes and 

t l tc shepherds , aided b y  the i r  cl o g s , had t o  force the l amb s into the 

wa ter . I t  would seem l ikely t h a t  such hand l ing me thods c ould r e s u l t  

in an  increase in secret ion o f  cat echolamines as it  has been shown 

t h a t  b lood levels o f  b o t h  ad renal ine and noradrenal ine are eleva ted 

Hhen lamb s a r e  s ubj ected to  the environmen t of  s tockyards in large 

me a t  works as c omp ared t o  anima ls s laugh t e red in sma l l  p lan t s  (Pearson 

et a Z . � 1 9 7 7 ) . One o f  the f e a t ur e s  o f  the u l t imat e  pH data f rom g r o u p s  

11 2  

o f  lamb s s ubj ected t o  s everal wash ings , was that not only \vas there an 

in c r e a s e  in the mean u l t i ma t e  pH but the range of values was a l s o grea t l y  

increased as ind i c a t ed by the inc rease i n  t h e  s tand ard e r r o r s  of  t h e  means . 

Thi s  apparent varia tion in the repon se o f  animals t o  washing may in par t 

be due t o  dif ferences in t h e i r  phy s i cal cond i t ion and par tly due t o  

behavioural d i f f eren c e s  which could be expec ted t o  reflect  t h e  level 

o f  s ecret ion of c a t echo lamines . 

Al though her i tab i l i ty has n o t  yet been shown to  have played an impor tan t  

r o l e  i n  the d evelopmen t o f  DFD mea t , i t  has b een sugges t e d  by L i s t er 

and Spencer ( 1 9 8 1 )  t h a t  the exce s s ive metab o l i sm o f  glycogen , in an imals 

deve lop ing this cond i t ion , c an b e  a t t r ibuted to inadequate aerob i c  

me tabo l i sm and to  s t imu lat ion of anaerob ic glycoly s i s , un der the in f luen c e  

of a b e t a  adrenergic mechan ism .  I t  was fur ther sugges ted � y  L i s t e r  and 

Spencer ( 1 9 8 1 )  that the r e le a s ing mechanism for  t h i s  chain o f  even t s  

may have some heritab i l i ty componen t s imilar to that found in porc ine 

mal i gnant hyp e r thermi a .  The pr imary defect  in this  la t t er cond i t ion i s  

assumed to  be a n  abnormali t y  o f  calc ium regulat ion (Hall  e t  a Z .  � 1 98 0 )  

and i t  i s  assoc ia ted vli th a mas s i ve increase in p l a sma cat echo lamine 

concen trat ions ( L i s t er et a Z . � 1 9 7 4 ) . 

I t  would appear that b r eed d i f f erences have no t p reviously b een reported 

in relat ion t o  D FD mea t . The p r e s en t  f ind ings ind icate  tha t Pe rendale 

lamb s gener a l l y  have h i gh e r  ul t ima t e  pH values and they a r e  p robab ly more 

suscep t ible t o  the ef fec t s  o f  washing on u l t ima te pH as  c ompared t o  lamb s 

of o ther breed s .  I t  i s  sugges ted t h a t  the en f o r c e d  SHi mming o f  lamb s  

c o u ld be used in f u t u r e  s t udies o f  t h e  p ro t e c t ive e f f e c t o f  b e t a  b l o cker s  

o n  muscle glycogen metab o l i sm in d i f f e r e n t  breeds o f  lamb s . Unfor tunat ely 
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sucl1  s t udies could not be c a r r ied o u t  a t  the mea t works b e c au s e  o f  t h e  

p r ob l ems a s s o c ia t ed w i t h r e s i d u e s  i n  mea t .  Howe ver , i t  migh t b e  p o s s i b l e  

t o  use a p e r c u t aneous need l e  b i opsy t e c h n i q u e  s im i l a r  t o  tha t u s ed i n  

c a t t l e  by Tarrnn t a n d  McVe i gh ( 1 9 7 9 ) . I f  t h i s  t e chn i q ue was u s ed , 

s e q u en t ia l  g ly c ogen e s t ima t i ons c o u l d  b e  o b t a ined and t h i s  wou l d  r ed u c e  

t h e  n umb e r  o f  animal s  r e q u i r e d  f o r  s u c h  an inv e s t iga t ion . 

�li ca t ion of r e s u l t s  
Mo s t  sheep an d l amb s a r e  wasl1ed a t  lea s t  once p r i o r  t o  s l augh t e r  and 

t h i s  is u s u a l l y  ach ieved by s�vimming the animals through a b a t h . The 

r e s u l t s  of the p r e s e n t  s t u d i e s  ind i c a t e  tha t such me thods of wa sh ing 

o f  lamb s  is a c o n t r i b u t ing f a c t or to the induct i on of h i g h  u l t ima t e  pH 

of meat . It was a l so shmvn t ha t  t here is a s igni f icant i n c r e a s e  

in b r u i s in g  o f  c a r c a s e s  a s s o c i a t e d  w i th wa sh ing o f  l amb s p r io r  t o  

s laught e r . T h i s  l a t t e r  f ind ing i s  i n  agreemen t w i t h  s ome p revious wo r k  

whe r e  a d i f f e r e n t  me thod o f  wC!s h ing o f  l amb s Has u s e d  (Pe t e r s en , 1 9 7 8 ) . 

I t  may thus b e  concluded that wa sh ing o f  lamb s p r i o r  t o  s laugh t e r  i s  n o t  

only t ime c on s uming and expen s ive b u t  can a l s o  have ser ious d e l e t e r io u s  

e f f e c t s  o n  mea t q u a l i t y . 

Was h in g  o f  lamb s in the s t ockyards wa s in t ro duced by the mea t in dus t r y  

t o  ach ieve a r e d u c t ion i n  c a r c a s e  c on tamina t ion . However , i t  would 

appea r that no s tu d i e s  have b e en carried o u t  t o  evalua t e  the e f f e c t  

o f  wa shing o f  s t ock o n  con t amina t ion o f  c ar c ases . Th i s  i s  p robably 

b e c au s e  of the d i f f i c u l t ie s  in f inding some obj ec t ive methods f o r  

mea s u r in g  c on t am ina t ion o n  m e a t  s u r f a c es . In the p r e s en t  s tu d i e s  

d a t a  f r om t h e  regu l a t o ry m e a t  insp e c t ion s e rvice we r e  u s e d  t o  d e t ermine 

the con t am ina t ion of c a r c a s e s . A l t hough t h i s  i s  a r e la t ive ly s ubj e c t ive 

meas u r e , it wa s c on s i de red to be the mo s t  accurate me thod ava i lable f o r  

mea suring c a r c a s e  c o n t amina t ion . I t  i s  a l s o  d i rec t ly rel a t ed t o  the 

economic imp o r tance of this f a c t o r  a s  carcases are d e t a ined and condemned 

on such j ud gmen t s . The r e s u l t s  of t h ese s t udies clearly ind i c a t e  that i t  

i s  p o s s ib l e by r e la t ive l y  s imp l e  methods t o  make a d i s t in c t i o n  in the 

s t o c kya r d s  b e t\-Ieen l ines of l amb s requi ring wa sh ing and t h o s e  l i n e s  whe r e  

washing i s  u n l i kely t o  r e d uce the r i s k  o f  carcase contamina t ion . I t  i s  

sugg e s t ed tha t b y  us ing t h e s e  o r  s imilar methods f o r  a s s e s smen t o f  

c lean l in e s s  o f  an · a ls in the s t o ckyard s ,  i t  wou l d  b e  p o s s ib l e  f o r  t h e  

mea t indu s t ry t o  avo i d  unne c e s sary washing o f  animals and the reby r e d u c e  

t h e  r i s k s  o f  a s s o c i a t e d  ef fec ts  on me a t  q ua l i t y . 
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The results o f  the present s tudi es and t h o s e  repor ted in the prev i ous 

c hapter c l e a r l y  i n dica te that  rest ing o f  animals prior to slaugh ter has 

no e f fect on repl.c t ion o f  glycogen reserves and may in some cases be 

con t ra indicated . It \vould thus b e  advisable to keep hold ing periods in 

the s to ckyards to  a minimum . H m,Jever , this factor may also have other 

effects  on meat qual i t y and these will be d i s cussed in the foll owing 

chapter . 

CONCLUS ION S 

1 .  There is a high ly s igni f icant l inear relat ionship b et,veen the number 

of t imes lambs are Hashed prior to s laughter and the u l t imat e  pH of the 

LD . 

2 .  Res t ing o f  animal s  prior to slaughter has no apparent effect  on 

reple t ion of  glycogen stores a f t er \vashing and may in some cases 

exacerbate  the cond i t ion . 

3 .  The increase in u l t i ma t e  pH values follmving washing is general l y  

greater i n  Perendale lamb s  a s  compared to  Romney lamb s .  

4 .  There i s  a highly s ignificant increase in bruising o f  carcases 

associated Hith washing of lamb s prior t o  slaughter . 

5 .  Reduct ion o f  carcase contamina t ion by washing lambs p r io r  to  

s laughter can only b e  achieved Hhen d irt  is visible on the  skin o f  the 

inside aspects of the thighs . 
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CHAPTER FIVE 

THE EFF ECT OF FAST ING ON CARCASE WE IGHTS 

AND NATUH.E AND HEIGHTS OF RUNINORETI CULAR CONTENTS 

INTRODU CT ION 

D i f f erences in t ime s b e tween an imals  leaving the �arm and being s laught ered 

could theore t ically have a n  e f f ec t  on several aspec t s  of  meat  qua l i ty . 

During this  t ime an imals are usual ly deprived of  food and wa ter , subj ec t ed 

to exerc ise and changes in env ironment and contaminated by faeces and 

other extraneous ma terial . Some o f  these  f ac tors could affect  muscle  

glycogen reserves ,  body weight ( inc lud ing b o th carcase weight an d the 
• 

weigh t and nature of gas tro intes t inal contents)  and p o t en t ia l  carcase 

contaminat ion . 

The t ime spent in t ransport from the farm to the meat works is  dependant 

largely on the d i s t ance to be  travel led . However , the t ime the animals 

spend in the s tockyards at  the meat works (holding period)  is  dependant 

on b o th legisl-a t ive requiremen ts and l og is t ics o f  inspect ion and p roduc t ion . 

The animals must  b e  in the yards for  suff ic i ent t ime to  allow for adequa t e  

an te  mortem inspe c t ion.  There mus t a lso b e  t ime to wash excess ively d i r t y  

an imals to  ensure a regular supp ly o f  clean and inspec ted animals  at  the 

p o int o f  s laught e r .  

The durat ion o f  t ime f o r  which meat animals mus t  b e  held i n  s tockyards 

b e fo re  b e ing s laughtered is  subj ect to statutory regulat ions (Anon , 1 9 69 ) . 

The general requirements  are that stock mus t  not  b e  sl aughtered on the 

day o f  arrival at  the meat works and the Minis try o f  Agriculture and 

Fisheries  (M . A . F . )  can is sue ins truct ions with regard to any c lass  o f  

stock specifying requi r ed holding periods p r ior to  s laughter . At present , 

the s p e c i f ied holding t ime at the works f o r  adult  sheep is  24 hours , 

whi l e  lambs are  requi red to b e  rec e ived a t  the works by midnight on the 

day p r ior to s laughter . The regulations also allow for di spensat ions 

from these requ irements and stock can under certain condi t ions be s laughtered 

earl ier than spec if ied . However , i t  is  st ipulated that such d ispensat ions 

can only be g iven when c lean l iness , �np t ine ss and provis ion for adequate 

rest ing o f  the an imals have been taken into account . It  would thus appear 

that emp t iness (wh i.ch  presumab ly refer to  gas tro intes tinal f i ll )  and 



res t ing o f  the .::mimals prior to  s laugh t er i s  c ons idered impor t an t  by  

reguJ.a tory author i t i es (Benne t t , l 9 6 7 ; Wa t t , 1 9 6 8 ) . 
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The r e  is  l it t l e  doub t that the  nature a n d  wei gh t s  o f  gas trointestina l  

contents  c a n  have an e f f e c t  on meat  qua l i t y  as  it is  generally accep t ed 

that hygien ic eviscerat ion Hi thout contnmina t ion o f  mea t  and meat produc t s  

is  eas ier to  achieve when gas trointes tinal conten t s  are reduced in  Heights 

and are of a f irm cons i s t ency . However , apart f rom some earl ier work 

by Kir t on et a l .  ( 1 9 6 8 )  wh ich was ma inly related to the e f f e c t  of fas t in g 

on carcase wei gh t s  o f  lamb s , this par t i cular probl em appears to  have 

received l i t t l e  at tention in the pas t i n  New Zealand . 

The wo rk reported in tltis cha p ter was under taken to i nve s t igate the e f fe c t  

of  d i f f erent holding periods before s laughter and t h e  provis ion o f  

dr inking water i n  t h e  stockyards a t  meat works o n  t h e  nature and weights  

of  rumino ret icular conten t s  of  sheep and lambs . At the  same t ime an 

a t t emp t was made t o  measure the e f f e c t  o f  these various fac tors on 

the weights o f  dressed carcases . 

HATERIALS MID METHODS 

Part 1 : �f f e c t  of  hold ing t imes in s tockyards 

Thi s  part o f  the inves t igation Has carried out  dur ing the later part  of 

the kill ing season (March to June ) . The es t imated age of  lambs wa s six 

to e igh t months and the adul t sheep were  discarded breed ing ewes , mo s t  

of  which would b e  over f ive years o f  age . T>vo separat e  l ines o f  adult 
sheep and lamb s from f arms within a 5 0  km rad ius of  the \vorks were 

inve s t igated . Both groups of  an ls  had been draf ted on the farms 

late  in the day , were held in the f arm yard overnight and transported to 

the works the f o llowing morning . After arrival at the works , the anima l s  

were d ivided i n t o  f ive approximately equal treatmen t group s as shown 

below .  

Group A S laughtered the same day 

Group B Held for 24 hours without food and water 

Group c Held for 2 ll hours without food , w i th access to water 

Group D Held for 48 hours without food and wa t er 

Group E Held for LI S hout·s  without food , \oTith access to  wa ter . 



The anima ls 1 • e r e  s l augh t e r e d  and p r oc e s s e d  a t  the t i me s  ind i c a ted . Each 

c a r c a s e  was in d iv i d u a l ly i den t i f ied and f inal c a r ca s e  weigh t s  r e c o r d e d . 

Paunches were o p ened by a 1 0 - 1 5  cm inc i s ion in the ven t r a l  a s p e c t  o f  the 

rumen and a sma l l e r  one i n  the r e t icu lum , and t h e  con t en t s  were emp t i ed 

in to bucket s of knovm w e i gh t .  
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The c o n t e n t s  were we l l  mixed an d we i ghed and a 1 2 5  m l  samp l e  taken f r om a t  

l e a s t  1 0  an ima l s  f rom each group f or sub s eq uent e s t imat ion o f  d r y  ma t t e r  

conten t . 

The n a t ure o f  t h e  rumino r e t icular conten t s  Here a s s e s s ed u s in g  t h e  f o l l owing 

scoring sys t em adap t ed f r om t h a t  used b y  Ro s s  ( l 9 3L1 )  : 

I S o l id moulded t o  the shape of the rumen 

I I  S emi s o l id no t mo u l d ed b u t  no t f l m.;ring out o f  t h e  rumen 

I l l  S em i f l u i d  s l m.;rly f l owing out o f  the rumen 

IV F l u i d  f r e e ly f l mv ing c o n t a i n ing a mixture o f  f i ne ly 
d iv i d e d  p a r t ic les 

V Wa t ery p r ac t i ca l ly no s o l i d  ma t e r ia l .  

In the lab o r a t o ry , the samp l e s  w e r e  tran s f er r e d  t o  d ry 5 0 0  ml b eakers o f  

known 1ve i gh t . The b e akers and c o n t e n t s  were r e\ve i gh e d  and p la c e d  in an 

oven f o r  d r y i n g  overn i gh t  ( 1 3 5
°

C ) . Af t e r  r eweighing , the d ry ma t t er wa s 

c a l c u l a t ed and exp r e s s e d  in g r ams p e r l O Og ruminal c o n t en t s . A p r e l iminary 

s t udy s hm.,re d  tha t no f u r t h e r  d e c r ea s e  i n  we i gh t  o c c urred a f t e r  this t ime 

and t emp e ra t ure t r e a tmen t . 

Part 2 : Fur ther inve s t iga t i on s  o f  t h e  na ture o f  rumino r e t i c u lar c o n t en t s  

The obj ec t ive o f  t he s e  s t ud i e s  was t o  mea sure the d ry ma t t er c o n t e n t  o f  the 

rumino r e t icular c o n t en t s  i n  a c r o s s  s e c t ion o f  s h e e p  and l amb s whi ch had 

been subj ec ted t o  t h e  usual overn i gh t  h o l d ing p e r i o d  p r i o r  t o  s laught e r . 

Five l ines of she ep an d 1 2  lines o f  l amb s s laugh t e r e d  a f t er a h o l d ing 

p e r i o d  of approxima tely 24 hours w i t hou t a c c e s s  t o  water were s e l e c t e d  

for t h i s  s t udy . F r o m  e a c h  o f  t h e s e  l ine s , s amp l e s  o f  rumino r e t i c ular 

conten t s  �ve re ob ta ined f r om f ive randomly s e le c t ed anima l s . These samp l e s  

w e r e  t rans f e r r ed t o  th e labo r a t o ry n n d  dry ma t t er c o n t en t s  we re 

e s t ima t e d  a s  p r evio u s ly d e s c r ibed . 



P a r t  _ _  -l  : \.Ja t c r  con sumpt i on of shee p ''-�:i lamb s  
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S l 1 o r t ly a f ter  ar r ival i.l t  the worl<s , groups o f  o.p p J:oxima t e ly 2 5  sh eep or 

lamb s ,,1ere held s e para t e ly i n  iden t ic a l Hire mesh p ens and wa ter \vas made 

available from a p las t i c bucket fas tened to the midd le of the back wa ll 

of  the pen . The quan t i t y  of  wa ter con sumed was measttrcd by refilling the 

bucket from a one l i tre measur i ng cy l inder t o  a premarked leve l . The water 

was changed be tween groups of anima l s  an d a con t�ol bucket of ident ical  

d imen s ions Has set  up  j u st  outside the  pen , out of  reach o f  o ther animals . 

On each day of  the s tudy , one group of  adul t sh eep and one group o f  lambs 

were selec ted for inve s t igat ion . The s e  g r oup s usually or iginated f rom 

d i f ferent farms . The an imals \vere lef t und i s turbed in the pens  un t i l  

j us t  p r io r  to slaugh ter the following day . This wa s u sual l y a period o f  

approximately  24 hours b u t  o n  some occas ions the animals  \vere l e f t  in the 

pens f or periods of  up to  48 hours . In such cases , the Hater consumpt ion 

during the f ir s t  and second day of  the hold ing period Ha s mea sured 

separately .  

O ther details  c oncern ing the s t udy groups o f  animals such a s  breed , woo l  

score a n d  t ransport  t imes were a l s o  recorded and records o f  the daily 

temperature and humid i ty \vere ob ta ined from a loca l  met eorological of f i ce . 

RESULTS 

The mean weights of the dressed carcases from the d i f f eren t t rea tment groups 

of  sheep and lambs  are shown in Tab le 5 . 1 .  I t  will  be seen that the 

d i f f erences b e tween groups are smal l  and analys i s  o f  var iances indicated 

that none o f  these d i f f erences were s igni f ican t .  However , i n  the group s 

o f  lamb s , there \vas a t rend in reduct ion of  we igh t s  w i th increas ing holding 

p e r iods and in some groups th is weight reduc t ion amounted to approximately 

0 . 5kg per anima l daily . 

In Table 5 . 2 ,  the mean weights of  ruminoret icular  contents  are recorded 

and i t  w i l l  b e  no ted that these appear to be reduced with increased holding 

per iods . I t  was found tha t in sheep slaughtered after a 24 hour hold ing 

pe riod , the weights of ruminoret i cular contents were s ign i f icant ly higher 

in sheep having access to wa ter , as  compared with the group w i thout wa ter . 

Th e analysis  o f  va r iances also ind i c a ted that  lamb s sl augh t e red after  a 

4 8  hour hold ing period showed a s ign i f ican t decrease in we igh t s  o f  



TABLE 5 . 1  WEIGHTS OF CARCASES (k£1 

Slaught ered In yards 24 hours 
on day o f  No Water 
arrival wat er available 

No . 2 0  1 8  19  
SHEEP Mean 16 . 5  17 . 4  1 8 . 1  

S . E .  0 . 7 8 1 . 1 3 1 .  00 

No . 18 19 20 
LAYillS Mean 16 . 5 16 . 4  1 6 . 0  

S . E .  0 . 39 0 . 4 9 0 . 4 3 

In yards 4 8  hours 
No I.Jater 
Water available 

19 20 
16 . 8  16 . 7  

0 . 6 7 0 . 8 9 

19 2 0  
15 . 9  15 . 6  

0 . 41 0 . 4 1 

f-' 
f-' 
� 



TABLE 5 . 2  ��IGHTS OF RL�INORETI CULAR CONTENTS (kg) 

Slaughtered In yard s 24 hour s 
on day o f  No Water 
arr ival water available 

No . 20 18  19  
SHEEP Mean 4 . 49 4 . 03 4 . 81 

S . E .  0 . 2 45 0 . 215 0 . 2 1 3  

No . 18 19  2 0  
LAMBS Mean 2 . 74 2 . 80 2 . 50 

S . E . 0 . 123 0 . 105 0 . 10 7  

In yards 48 hours 
No Water 
water available 

19 20 
4 . 15 3 . 7 9 
0 . 2 35 0 .  /-+12  

19 2 0  
2 . 5 3 2 . 38 
0 . 104 0 . 080  

)-' 
N 
0 



ruminore t i cular c on t ent s a s  c omp a r e d  t o t h o s e  s la u g h t ered on d a y  o f  

a r r iv a l . The d i f f e rences b e t we en o t h e r  t r e a tmen t g ro u p s w e r e  no t found 

to b e  s t a t i s t i c a l ly s i en i f i cant . 

The p hy s i c a l n n t u re o f  rum i no r e t i c ular c on t e n t s  i s  ind i c a t e d  in T!lb l e  5 . 3 

and 5 . 4  f o r  sheep and l amb s r e s p e c t ively . I t  w i l l  b e  n o t e d  t ha t  t h e  

rumino r e t i cular c on t e n t s  o f  anima l s  s la u ghtered s o on a f t e r  a r r iv a l  a r e  

genera l ly o f  a s emi s o l i d  na ture a n d  t ha t  f l u i d i t y  a p p e a r s  t o  inc r e a s e  

1 2 1  

w i t h  i n c r e a s e d  h o l d in g  p er i od s . The r e  is  a l s o  an a p p ar en t  i n c r e a s e  in 

f l u i d i t y  in t h o s e  group s o f  adu l t  sheep having access t o  wa t er as compared 

t o  groups w i thout wa t e r . However , t h e r e  appears t o  b e  no d i f ference b e tween 

gr oup s o f  l amb s in t h i s  r e s pe c t . 

The s ubj e c t ive n a t u r e  o f  t h e  s c o r in g  s y s t em i s  l iab l e  t o  e r ro r s  an d 

r a t h e r  un s u i t a b l e  for s t a t i s t i c a l  ana ly s i s . Howev e r , F igure 5 . 1 ind i c a t e s  

t h a t  t he r e  i s  a g o o d  c o r r e l a t ion b e tw een these rath er s ubj ec t i v e  s c o r e s  

o f  t h e  p hy s i c a l  n a t u r e  and the mo r e  obj e c t iv e  measuremen t o f  d r y  ma t t e r  

c o n t e n t s  in sh e ep . T h e  d r y  mat t e r  o f  rumin o r e t i c u l a r  c on t e n t s  f o r  a l l  

t r e a tmen t g r ou p s o f  sheep and l amb s a r e  shown i n  Tab l e  5 . 5  and t h e s e  

r esul t s  a r e  summarised in F i gure 5 . 2 . The f lu i d i t y  o f  t h e  rumino re t icu lar 

con t en t s  of a l l  groups of a nimals in c reased in r e l a t i o n  t o  the t ime t he y  

wer e  h e l d  in t h e  yards p r io r  t o  s laugh t er . A l l  g r o u p s  s howed a h i g h l y  

s i gn i f i can t ( P < O . O l )  d e c r e a s e  in d ry mat t er content dur ing the f i r s t  

2 4  hours and t h i s  t rend c on t inued f o r  the s e c ond 24 hours o f  the experiment 

but was only s t a t i s t i c a l l y  s igni f i c an t  i n  the lamb s (P< O . O l ) . Although 

the a c c e s s  to wa t e r  d u r ing the hol d ing p e r io d  had no d e t e c t a b l e  e f f e c t  on 

the n a t u r e  o r  d ry ma t t e r  c on t e n t  of the rumino r e t ic u l a r  con t e n t s  in lamb s , 

i t  had a s i gn i f icant e f f e c t  in a d u l t  sheep on reduc ing t h e  d r y  ma t t e r  

c o n t e n t  d u r i n g  h o l d in g  p er i o d s  in the yards (P< 0 . 0 5 ) . 

The mean and range o f  d ry mat t er es t imat ions o f  rum ino r e t i c u l a r  c on t en t s  

o f  t h e  f i v e  l in e s  o f  a d u l t  sheep and 1 2  l ines o f  lamb s i n c l u d e d  i n  the 

s e c on d  part of t he s e  s t u d i es have b een recorded in Tab l e  5 . 6 .  It wi l l  be 

n o ted that these values are c l o s e  to t h o s e  o b t a ined a f t er a 24 hour h o ld ing 

p e r i o d  in the e a r l i e r  exper iment s  as r e p o r t e d  in T ab l e  5 . 5 . 

The hour ly wa t e r  c on s ump t i o n  _p e r  a n imal \vas c a l cu l a t ed f o r  each g r o u p  

o f  a n ima l s  u s e d  in t h i s  p a r t  o f  t h e  inve s t iga t i on a n d  the mean values o f  

t h e s e  are rec o rde d in Tab le 5 . 7 .  The eva po r a t ion f rom wa t e r  in the c o n t ro l 



TABLE 5 . 3  PHYSICAL NATURE OF RUMINORETICULAR CONTENTS OF SHEEP 

Slaughtered 
on day of 
arrival 

I Solid 2 

I I  Semisolid 15 

Ill Semifluid 3 

IV Fluid 

V Watery 

To t al in group 20 

In Yards 24 hours 
No Wat er 
water available 

, .L 

4 

7 8 

6 11 

18 19 

In Yards 4 8  hours 
No Hater 
water availab le 

2 

6 3 

7 7 

4 10 

19 20  

}-' 
:-v 
N 



TABLE 5 . 4  PHYSICAL NATURE OF RUMINORETICULAR CONTENTS OF LAMBS 

Slaughtered In Yards 24 hours In Yards 48 hours 
on day o f  No Wa ter No Water 

Descript ion arr ival water available \vat er availab le 

---

I So lid 

I I  Semisolid 12 

Ill S emi fluid 5 1 1 

IV Fluid 1 12 14 

V Wat ery 6 5 19 2 0 

Total in Group 18 19 20 19 20  

'--' 
N 
w 
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l 
S o l id 

I I  
S em i so l id 

I l l 
Semi f l u i d  

I V  
Flu id 

V 

Ha t e r y  
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Dry ma t t e r  ( g ) / lOOg r umino re t i cu l a r  
c o n t en t s  



TABLE 5 . 5  DRY MATTER (g/lOOg) OF RUMINORETICULAR CONTENTS 

Slaughtered In �ards 2 4  hour s 
on day o f  No Water 
arrival v.1ater available 

No . 2 0  1 0  10 
SHEEP Mean 10 . 3 2  7 . 7 3 5 . 9 5 

S . E .  0 . 2 9 7  0 . 6 6 1  0 . 4 0 5  

No . 18 1 9  2 0  
Uu'1B S  Mean 8 . 3 0 3 .  7 7  3 . 7 3 

S . E .  0 . 2 7 1  0 . 1 3 8  0 . 2 1 0  

J 

In yards 48 hours 
No Ha t e r  
-v;ater available 

10 10 
6 . 4 7 5 . 1 0 
0 . 64 5  0 . 43 6  

1 9  2 0  
2 . 4 8 2 . 5 8 
0 . 080 0 . 0 9 4  

!-' 
N 
V1 
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F .l GURE 5 .  2 THJ ·: E F F I·:CT OF HO : . J H �!C l ' E J\ lO D  i\:m 1\.C.: C E S S  TO 1-.'/\.T E R  

O N  J ) JZY �LYJ"l'E R O F  J\ ll t l J . i'\ U l� ! :T l CU I ,/\. R  CO�TEl�TS 

11 sheep (no wa t e r )  
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Ho l d ing pe r i od ( ho u r s )  



TABLE 5 . 6  DRY JvlATTER (g/ 100g) OF RUMINORETICULAR CONTENTS OF ANIHALS HELD WITHOUT 
WATER FOR ONE DAY 

Sheep 

Lambs 

No . o f  t imes 
sampled 

5 

12  

TABLE 5 . 7  WATER CONSUMPTION m1/hour /anima1 

Day 1 

Day 2 

No . o f  
groups 

10 

4 

SHEEP 
Mean o f  
groups 

2 . 98 

10 . 4 2 

Mean o f  
l ines 

6 . 0 7 

4 . 31 

No . o f  
group s 

1 0  

4 

Range 

4 . 11 - 7 . 94 

2 . 7 8 - 6 . 20 

LAMBS 
Mean o f  
group s 

1 .  06  

2 . 58 

f-' 
N 
-...! 
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bucke t was found t o  b e  n e g l i g ib l e� .  There \va s  a h igh ly s ign i f ican t increasG 

in wa t e r  c onsump t ion in t h e  g roup s of  sl 1ccp a s  c om p a r e d  t o  the groups o f  

lamb s (P< O . 0 1 ) . There was also an a p p a r e n t  in crease i n  \·Jater  consump t ion 

of b o t h  sheep and l amb s during the second d ay of  hold ing in the yard s . 

Al though no s i gn i f icant corre l a t ions were f ound be tween water consump t i on 

and wea ther c ondi t i ons , there appeared t o  b e  a tren d  t owards higher wa ter 

consump t ions on days w i th higher amb ient t emperatures . This effect has 

also  been sugge s t ed by o ther a u t h o r s  (Kir t on et a l . � 1 9 7 1 )  b u t  f u r t h e r  

inve s t igat ions over a wider range of  c l ima t ic condit ions , would be required 

to clarify  this quest ion . 

D I SCU S S I ON 

The poten t ial loss o f  carcase weight dur ing pres laugh t er f as t in g  periods 

of anima l s  has a lways b een of concern to the meat p roducer and a number 

of  invest i gat ions have been carried out to evaluate this  p roblem in lamb s .  

The resul t s  o f  the se s tudies have been reviewed b y  Kir ton e t  a l .  ( 1 9 6 8 )  

and Hughes ( 1 9 7 6 )  who c onc luded that the ma in componen t s  o f  l ive weight loss 

during the f ir s t  2 4  hours o f  f a s t ing o f  lamb s are assoc iated w i th r educ t ion 

in the c on tents of the gastrointe s t inal  trac t and we igh t loss  of some 

internal o rgan s . They also reported a 33% reduc t ion in the weigh t s  o f  

s t omach c ontents  dur ing t h e  f i r s t  2 4  hours o f  the f a s t ing o f  lambs , 

compar ed to a 6%  reduc t ion over the following day . On the  o ther hand , 

l o s s  o f  carcase weight was small  during the f ir s t  day of  fas t ing but  

inc reased to nearly O . S kg per  anima l dur ing the  next  2 4  hours . Although 

similar s tud ies have no t b een c a r r i e d  out in adu l t  sheep in Ne'" Zea land , 

i t  has b een repor ted f rom the Un i t ed Kingdom ( Boyne et a l . � l 9 5 6 )  tha t a 

s i gnif icant decrease in weights o f  ruminoret icular con ten t s  o f  sheep o c curs 

during the f ir s t  12  hours o f  f a s t ing . However , the s e  resu l t s  a r e  no t 

d i rec t ly comparable wi th the present f ind ings as these animals  were housed 

ins id e  and fed a diet of hay . 

The present s tudies were not  spec i f i ca l ly designed to measure the e f f e c t  

o f  f a s t ing on c a r c a s e  weights bu t i t  would appear t h a t  t h e  resul t s  are  

in general agreement with t h e  f indings o f  o thers which have been d e s c ribed . 

I t  wa s e s t ima t ed tha t L h e  anima l s  in t h is inves t igat ion had b een subj ected  

to  1 2-24 hours fas t i n g  p r i o r t o  a r r ival a t  the works and this may exp lain 

the rela t ively smal l  dec rease in the we igh t s  of rum i n o r e t icular contents 
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dur ing t h e  ho lding ped ods a t  the works . The decrease in carcase we igh t s  

i n  t h e  gr oups of  lambs are a l s o  of the same magni tude as those repo r t ed 

by o ther workers . 

I t  wou ld t hus appear that  fast ing o f  lambs for up t o  24  hours does n o t  

a f f e c t  carcase weights apprec iab ly , but  fur ther periods o f  f as t i ng may . 

result in weigh t losses o f  app roxima t ely 0 . 5 kg per anima l per day . 

On the b a s i s  of  thes e f igures , one add i t ional day o f  hold ing o f  all  lamb s  

i n  New Zealand could co s t  the Indu s t ry as  much a s  $5  mill ion annually (based 

on s chedule p r ices for the 1 9 8 1 / 8 2 season ) . 

The dry ma tter  con tents of  ruminoret icula r conten t s  are  o f  impor tance in 

relat ion to t h e  hygi en i c  evi scerat i on o f  the an imals . Hhen the r umino­

ret i cular con t en t s  are very f luid , s eepage pas t
.

an oesophageal c l ip or 

l igature i s  more likely t o  occur and acc iden t a l  inc i s ion of the paunch 

may also result in more widespread contamina t ion of the carcase wi t h  

inges t a .  Some earl ier work in Aus tralia (Ro s s , 1934)  had ind i c a t ed that 

in sheep , the ruminal conten t s  b ecome wat ery after withho l d ing of  food 

for 24-48 hours . More recent work in New Zealand (Kir ton et al . � 1 9 6 8 )  

ind ic a t es tha t two days o£ fast ing more than halved the p ercen t a ge o f  d ry 

mat ter o f  s t omach contents of  lamb s . The p resent inves t igat ions have 

shmm tha t  in b o th sheep and lamb s which have been s ubj ec t ed to rout ine 

dra f t ing and t ranspor t a t ion methods , and therefore been depr ived of food 

for 1 2-24  hours p r i o r  t o  arrival a t  the works , there i s  a dramat ic increase 

in f luid i ty o f  ruminoret icular con t ents dur ing the f i r s t  24  hours of 

holding a t  the works . Thi s  i s  f o llowed by a f urther decrea s e  in dry ma t t er 

content over the next 24 hours and an apparent reduc t ion in par t i c l e  s i ze 

o f  the ruminoret icular conten t s  so that the phys ical nature b ecomes even 

mo re f luid . 

Some var iat ion o f  the na ture o f  ruminoret icular contents could b e  expec ted 

between d i f f erent l ines of  animal s  as  this factor i s  a f fected by the type 

of  pas ture grazed by the animals (Nicol and McLean , 1 9 70) . Animal s  are 

also l ikely to have b een s ubj ected to varying periods of  f a s t ing prior 

t o  arrival at  the wo rks . However , the presen t  resu l t s  indi c a t e  that the 

two l ines used in the f ir s t  par t o f  the survey were typical o f  s tock 

rece i ved at the wo rks . Th i s  v iew i s  suppo r t ed by personnel within the 

Indus try who have indi c a t ed that the maj ority  of  sheep and lamb s are 

subj e c t ed to 1 2-24 hours fas t ing b e fore arriv ing at the works . 
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I t  would a p pear f rom the re sul t s  o b t a in e d  i n  th i s  s t udy tha t t h e  <Jva i l ab i l i ty 

o f  \,;a t e r  during h o l d i n g  p e r i o d s  has a p ronounced e f f e c t  on t h e  f lu i d i t y  of  
r umin o r e t i c u l ar con t e n t s  i n  a d u l t  sheep , ,.;h ereas there s eems t o  b e  no e f f e c t  

o n  lamb s . T h i s  d if f e r en c e  may be d u e  t o  d i f ferences i n  a c t u a l  \-la t e r  

consump t ion as i n d i c a t ed in t h e  l a s t  p a r t  o f  t h e s e  s t udi e s . I t  has bePn 

n o t i c ed p r ev io u s ly tha t l amb s d r ink l i t t l e  dur ing t he f ir s t  24 hours of 

ho ld ing (Anon , 1 9 4 3 )  and i t  was s ugges t ed that the lamb s require t h i s  

p e r i od t o  s e t t le d own in t h e i r  n ew sur round i ngs . · 

The d i f f er en c e  i n  \-Ja t e r  c onsump t ion b e tween sheep and lamb s  i s  d i f f i c u l t  

t o  exp lain b u t  i t  ha s b een obs erved tha t d a i ry c ows d r ink c on s i d erah ly 

mor e  f o l lowing the f ir s t  c a lving ( R . E . Munford , p er s on a l  commun i c a t ion ) . 

Th i s  in creased wa t e r  consump t ion in c ows apparen t l y  c on t i n u e s  even a f t e r  

t h e  t ime when t h e r e  i s  no phy s i o l o g i c a l  requiremen t f o r  i n c r e a s e d  wa t e r  

con s ump t i on and i t  has b e en s ug g e s t ed t h a t  s ome ruminan t s  may b ecome 

hab i t u a l  dr inker s .  A s imilar phenomenon may o ccur in sheep f o l l owing t h e i r  

f ir s t  l a c t a t ion . 

The p r e s en t  f i nd ings , t o g e ther w i th p r evious ly p ub l i shed repo r t s ,  mak e s  

i t  p o s s ib l e  t o  g a i n  a b e t t er a p p r e c i a t ion o f  some o f  the imp o r tant chang e s  

taking p la c e  dur i n g  p r e s l a ugh ter h o l d in g  p e r i o d s  o f  sheep a n d  l amb s .  

I t  would appear t hat i f  t he s e  a n ima l s  are r emoved f r om p a s t u r e  imme d i a t e l y  

a f t e r a p e r io d  o f  gra z ing and s laugh t e red wi thin a sho r t  t ime , t h e y  a r e  

l ikely t o  have a c omp le t e ly f u l l  rumen and r e t i cu lum making evi s c er a t i on 

d i f f ic u l t . Howev e r , during t h e  i n i t i a l  f a s t ing p e r i o d  o f  1 8-24 hour s , 

f r equent ly a s s o c i a t e d  w i th d r a f t ing and transpor t a t ion to t h e  wo rks , t h e r e  

a p p e a r s  t o  b e  a d rama t ic reduc t i o n  in weigh t s  o f  s t omach c on t en t s  b u t  n o  

a p p r e c iab l e  d e c r e a s e  i n  c a r c a s e  we ight s .  Fur ther h o l d ing p e r i o d  a t  t h e  

wo rks a r e  no t l ikely t o  a f f e c t  t h e  weigh t s  o f  rumino r e t i c u l a r  c on t en t s  

b u t  may reduce t he c a r c a s e  we i gh t s  o f  lamb s . I t  wou ld a l s o  appear t h a t  

a n  e x t ended ho ld in g  p e r io d  a t  t h e  works w i l l  inc r ea s e  t h e  f l u id i ty o f  

rum in o r e t icular c o n t en t s  a n d  t ha t  th i s  e f f e c t  i s  exac e r b a t e d  in a du l t  

sheep i f  wa t e r  i s  ava i lable . 

The s e  o b s erva t i o n s  and the f in d i ng s  r e p o r t e d  in the two p r evious chap t e r s  

in r e l a t ion to t h e  e f f ec t  o f  ho l d ing p e r i o d s  o n  ul t imat e pH , ind i c a t e that 

t he p r e s en t  r e gu l a t o ry r equ i r emen t s  for holding o f  s t o c k  p r io r  t o  s laugh t e r  

a t  t h e  mea t work s  may i n  s ome c a s e s  b e  d e t r imen t a l  t o  t h e  q u a l i t y o f  me a t  

produc t s . I t  i s  s u g g e s t e d  that a s  an a l t ernat ive , arrangeme n t s  could b e  
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m2.d e for she ep a n d  lamb s to arrive at t h e  works a f t e r  a fa s t ine period o f  

18-2/• hours and for the ho lding periods a t  the \vo rks t o  be kep t t o  a 
minimum . Such a procedure would reduce the p revalence o f  those fac t o r s  

which a r e  p o tent i all y detr imental to  meat qua l i t y  which have been 

described in t hi s  chap ter . 

CONCLUS IONS 

1 .  Lamb s lose lit t l e  body weight during the f irst  2 4  hours o f  fas t ing 

2 .  

but further ho l d ing per iods in the s t ockyar d s  withou t food resul t in 

weight losses of approx imately 0 . 5  kg per animal per day . 

v 
Tl1e weigb t u  o f  rumin ret icu lar contents are reduced by as much as one 

t\ 
third during the i n i t i a l  2 4  hours o f  fas t ing . Further reduct ion 

o ccurs wi th increased fas t ing periods but at  a reduced rate . 

3 .  The fluidity of ruminoret icular conten ts increases with increas ing 

per iods of fas t ing in both sheep and lambs . This e f f e c t  is  

exacerba ted by ava ilab ility of wa ter in sheep but no t in lamb s . 

4 .  The water consump t ion o f  lamb s held in the s to ckya r d s  i s  negl i g ib l e  

as compared t o  sheep . Hc�1ever ,  both lamb s and sheep dr ink more 

during the second day in the s tockyards as compared to the f ir s t  day 

o f  hold ing . 

5 .  These results ind icate that the ideal t ime to  slaughter lamb s is  

18 to  2 4  hours after removal from pas ture . 



Cll!ll'TER S I X  

THE EFFECT O F  D IFFERENT HETHODS O F  S LAUG HTER ON THE 

RATE AND EXTENT OF P O S T  MORTEN GLY COLY S I S  

INTRODUCT I ON 
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Tlie me thods o f  s l augh t e r  o f s to ck ( i . e .  s tunning and exsanguina t ion) have 

und ergone many changes dur ing the last f ew year s . Some o f  t he s e  have b een 

ini t ia ted by new l egi s l at ion , whe r e a s  other d evelopment s  have been 

associated with  a t t emp t s  to imp rove the comme rc ial e f f i c i en cy of the 

proce s s , part icularly in relat ion to the  immob ilisat ion of anima l s  dur ing 

exsanguina t ion . I r resp e c t ive o f  the me thod o f  s tunn ing , the s laugh t er 

process  r e s u l t s  in varying degrees o f  spasmodic mus c ular movement s . I t  

'va s shown i n  Chap t e r  Four tha t  exces s ive mus cular exer c i s e  immediately 

p r i o r  to  s laugh ter can dep lete  muscle glycogen res erves and result  in 

h igher than nonrra l ul t im a t. e  pH values of ruea t .  I t  wa s therefore cons i d ered 

that d i f f e rences in the degree o f  muscular a c t iv i t y  o f  an imal s  during 

s laughter might a lso have an e f f e c t  on the rate and dec l ine o f  the pH 

o f  mus c l e  pos t mor t em .  

I t  has been reported b y  Pearson e t  a l .  ( 1 9 7 3 )  tha t carbon d ioxide nar c o s i s  

o f  ewes increases p o s t  mor t em gly c o lys i s  as c ompared t o  t h a t  o f  uns t unned 

an ima l s  and these authors sugges t ed tha t this method of induc ing 

ins ens ib i l i t y  could be u t i lised to  reduce the t ime requi red for condit ioning 

and ageing lamb c a r c a s e s . Shorthos e  ( 1 9 7 8 )  reported a decreased rate o f  

p o s t  mor tem glyc o ly s i s  i n  aged wethers s tunned by cap t ive b o l t  a s  compared 

to  uns tunned animals and a t tributed this  effect  to  the lesser degree o f  

kicking ob served i n  s tunned sheep . Mo re recen t ly , Chry s t a l l  e t  a l .  ( 1 98 l b )  

f ound no d i f fe rences in p o s t  mor t em p H  values o f  muscles  in lamb s 
s laugh tered wi thout p r ior s tunning and tho s e  slaugh tered a f ter s t unn ing 

by e i th er an e lec tric a l  ' head-only ' s t u n  or an elec t r i c a l  ' head-t o-back ' 

s tun . However , a l l  t h ese s tudies were carried out on sma l l  groups o f  

exper imen t a l  anima l s  and may n o t  have comp l e t e ly ref lec ted c i r cums tan c e s  

wh j ch usually o ccur i n  a mea t works . 

The s tudies  p resen t e d  in this  chap ter were carried out t o  gain m o r e  prec i s e  

in forma t ion o n  t h e  type and amount o f  muscular activ i ty a s s ociated '"ith  

d i fferent  methods o f  s laugh t e r  and e f fec t s  o f  such ac t iv i t y  on the  rate  and 
dec line o f  the pH of mus c l e  pos t mortem.  
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All the s tud ies were carr i ed out a t  mea t  export  works in the lower part 

of the Nor th I s land . Groupc of l amb s from \,7ithin the same l ines Here 

subj e c t ed to d i f ferent methods of s tunning and exsan guina t ion during 

norma l opera t in g  p rocedures at the meat works at  rates vary ing f rom four 
to e�ght per minute . Al though s e lec t ion of  the an imals in t o  d i f f erent 

trea tment groups could no t a lHays b e  achieved on a s t r i c t ly random basis , 

care was exercised to assure that groups within the same l ine were 

comparab le with respect t o  carcase we i gh t s  and grades . 

Pa r t  l : Effect o f  d i f f e ren t me thod s o f  slaughter  on EH d e c l ine 

T h e  f o llowing me thod s  o f  s laughter  were used 

(a)  Exsanguina t ion without prior stunning by a t ransverse inc i s io n  of the 

ven t ral neck region with severance of the maj o r  vessels , the t rachea , the 

oesophagus and the s p inal cord a t  the occipi to-atlantal j un c t ion , i . e .  

the " gash-cut" method o f  exsanguinat ion t rad i t i onally used in Ne1v Zea land 

up to  1 9 7 7 . 

(b)  S t unning by a penetrat ing cap t ive b o l t  fol lowed by severance o f  the 

maj or ves sels  within the thorac ic inle t , i . e .  the thorac ic s t ick descr ibed 

hy Blackmore and Newhook ( 1 9 7 6 ) . 

( c )  ' Head-on ly '  elec t r i cal s t unn ing ( 0 .  7 5- 1 . 2 5 Amp . 4 00V , 50Hz for 2-3 s )  

with two elect rodes o n  the head us ing a "Paralec " s tunner* f o l lm·1ed by 

exsanguinat ion as  in ( a ) : 

( d )  Elect rical ' head-t o-leg ' s tunn ing u s ing the same elec t r i ca l  parame ters  

as in  (c)  but with a third elect rode connec t ed to met a l  rails  in  contact  

\-li t h  the lmver part  o f  the legs  ( "Paralec Split-S tun Sys t em" ) * .  This  

was followed by thorac i c  s t ick as  in  (b) . 

The muscular act ivity o f  animals following s tunn ing and subs equen t exsang­

u ination was recorded by two observers and , wher e  pos s ible , the dura t ion o f  

spec i f i c  events lvere t imed . Hea r t  ac t ivity  was a l s o  mon i tored during the 

same per iod by auscu l t a t ion and p a lpa t ion o f  the che s t . 

*McKenz i e  and Holland (NZ ) Lt d . , Ra ta S t . , Naena e ,  New Zealand . 



Af t e r  d ress ing , inspect ion and grad in g ,  a l l  carc�ses were t rans ferred t o  

hold ing areas \·Jhere t h e  amb ien t t emp e r a t ur e s  \·J e r e  approxima tely 20
°

C . 

Mu s c l e  t i s s u e samp les ( 2 - 3  g )  w er e ob tained f rom the LD and over l a i d  with 

l iq u i d  paraf f in .  The s amp l e s  were kep t at room temperature un t i l  proces sed 

in the laboratory where one gram o f  mus cle  t i ssue  was homogenised in 10 ml 

of  5mN n eut ral iodoac ctate  in wa t er . The f i r s t  snmple f rom each c a r c a se 
wa s p r ocessed approxima t e ly three hours after  s laughter  and a s econd 

s amp le was proces sed the fol lowing day . The pH of  the solut ions wer e  

measured immediat ely fol lowi ng homogen i s a t ion of  samples . 

_P_a_r_t_2 __ C_o_m_p._a r i s on b e t\veen stunn ing by a capt ive b o l t  and an elec t r ical 

' head-to-leg ' me tho d .  

In th i s  s tudy , the p H  va lues o f  carcases o f  lamb s s t unned h y  a cap t ive 

b o l t  and by an e lectr ical ' head- to-leg ' method ,,·ere compared at i n t e rva l s  

dur ing a 24 hour perio d .  

The c arcases were t r a n s f e r red from the hold ing a rea t o  a chilJ.er approximately 

four hours a f t e r  s laugh ter . The t emp erature in the chiller was app roximately 

1 5
°

C a t  the t ime o f  loading and decl ined to 1 2 - 1 3
°

C during the next two to  

three hours and r ema ined at this temperature for the r e s t  o f  the s tudy 

p e r io d .  The pH values were ob tained by d irec t p robe me thods us ing a 
+ 

comb ined type Lot  4 0 6-1'14 Ingold pH e lec t rode The probe was ins e r t ed 

a t  a depth of  approximat ely 1 5mm in the lumbar region o f  the r i ght LD . 

Sub sequent measurement s  were taken f rom a d i f f erent s i t e  in close p roximi ty 

t o  the f i r s t . Temperature measuremen ts were ob t a ined in the s imilar 
++ 

region o f  the LD us ing a Koch Rechargeab le High-Low C / F  The rmome ter wi th 

the probe pos i t ioned at  the same depth as  the pH prob e .  

Part 3 : Ef fec t o f  low vo ltage s t imul a t ion on pH dec l ine and t endern e s s  

Three d i f f erent me thod s  o f  s laughter were used in these s tudies . One o f  

these was Me thod ( a )  as  des c r ibed i n  the f i r s t  part o f  these inve s t i gat ions , 

i . e .  t ransverse inc i s ion o f  the ven t ral neck region without p r io r  s tunning . 

The second method used was elec t r ical ' head-to- leg ' s tunning followed by 

thorac ic s t ick (Method (d)  in Part  1 )  and the third method was s imi lar 

t o  the second but  immed i ately a f ter s t unning the lambs were subj ected to  

low voltage s t imulation ( 50- 1 50mA p eaking at 5 0V f o r  approxima t ely 9 0  s econds ) .  

Th is  was ach ieved b y  susp ending the an imals by all four legs by me t a l  hooks 

+ 
Dr . W .  Ingold AG , CH-8902  Urdorf , Zur ich , Switz erland . 

++ 
Koch Supplies Inc . , Kansas C i ty , Mon tana , U . S . A .  
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from t i.JO ra ils  conn e c t e d  t o  the  elec trica l s upp ly . T h e  current thus p a s s e d  

t h r o u g,b t h e  car r.. a s c  f r om fore- t o  h indlegs . Hh ile suspended and b eing 

s t imul a t ed , e x s a n gu i n a t io n  of t he an ima l s  was carried o u t . 

Hus c le samp l e s  (app roxima t e ly 3 e; )  were ob t ained from the LD within I-t S 
minu t e s  o f  s laughter  and overlai d with l iquid paraf f in .  The pll o f  one 

gram samples homo genised in 1 0  ml of an iodoace t a t e /wa ter  solut ion were 

me.asured approxima t e ly one hour , ti.JO h ou r s and 24  hours a f t e r  s laugh t er . 

The t en d e r n e s s  o f  the LD after  frozen s torage was a ls o measured in two 

groups of carcases in thi s inves t igat ion . These carcases were t ransferred 

t o  f r e e z e r  rooms a pp roxima te ly two hours a f t e r  s laughter . They were 

s ubj ect etl to t emp e r a t u r e s  b e t\veen -20°C and -7.5
°

C during a 24 hour period 

and the fol lmving day , two transverse sec t i ons (4  t o  5 cm in length) 

·Here obtai ned f r om the lumb ar part  o f  the LD . Al l samp les were immediat ely 

tran s ferred on i ce to the l abora tory wher e they we re sto red a t  t emp erat ures 
0 

b e lmv - 1 8  C un t i l measuremen t s  of  t enderness  vlere carr ied out . 

One samp le f rom each carcase was taken d irec t ly from frozen s to rage to  a 
0 0 

water b a t h  at 8 0  C + l C ,  cooked for one hour , chilled on i c e  and s tored 

a t  approx ima t e ly 2
°

C .  Ten derne ss was measured with a "MIRINZ Tenderorne t er" 

wi thin 12 hours o f  cookin g  as d es cr ib ed b y  Macfarlane and Marer ( 1 9 6 6 )  

and tHo o r  three ' Fo r c e  Scor e ' values were ob ta ined f rom each samp l e . 

The o ther samp les were removed from frozen storage and kep t a t  approxima t ely 

2°C for 1 6-- 1 8  hours p r ior to cooking and t enderness assessmen t . 

_Par t 4 : Compari son b e t ,.;reen lm.;r vo l tage and high voltage s t i mulat ion 

A l l  lamb s  in these s tud ies were s t unned by the ' head-only ' elec t r ical 

me thod fo llowed by t ransvers e inc i s ion o f  the ventral neck region (Method 

( c )  in Part 1 ) . 

Four g r o u p s  of 1 2  lamb s f r om f ive d iff erent l ines were used in a 2 x 2 

fac tor ial exper iment where groups were e i ther s t imu lated o r  not by a low 

voltage method and ei ther s t imul a t ed or no t by a high voltage me thod . The 

loH vo l t age me thod was s imilar t o  that described in Part 3 but us ing a 

p e r i o d o f  s t imulat ion o f  only app roxima t e ly 4 5  s econds app l ied immed ia tely 

f o l lowi ng ini t i a t i on o f  b leed i n g .  The h i gh vo ltage s t imulat i on (peaking 

at 1 1 00 volts , 1 4 . 3  pulses per s econd for 90  second s ) was app l i ed to the 

c a r c a s e s  a f t e r  d r e s s ing ( 20-25 minutes a f t er slaught er ) . 



The p r e  r igor pH va l ues of  the LD were ob ta ined a t  lea s t  twice in a l l 

carcases �.Jithin two hours o f  slaught er  by t h e  d ir e c t  probe me thod 

described in P a r t  2 of t h e s e  inv e s t iga t ion s .  Plug samp les were also 

obtained f rom s ix carc<.�ses in each group for  l a ter measuremen t o f  the 

u l t imate  pH values as prev i ously described . 

RESULTS 

Hus c u lar rea c t ions a s soc iated w i th s laughte_r_ 

J 3 6 

The reac t ions o f  the an imals to d i f ferent methods o f  s laught er are 

recorded in Tab le 6 . 1 .  Both me thods of  e l e c tr ic a l  s tunning caused tonic 

contract ion o f  all skele tal muscles v1hi ch l as t ed for approxima t ely 

25 seconds . This i s  the charac t e r i s t i c  t e tany seen as  the animals 

emerge from the conveyor and is followed by a two t o  four minut e  period 

o f  c lonic spasms character ised by int ermit t en t  leg and body movement s . 

The extent and durat ion o f  such movements  appeared to be  s ligh t ly 

incr eased in those animals st unned by the ' head-only ' method as  compa red 

t o  tho s e  stunned by the ' head-to-leg ' technique . 

Anima ls s tunned by a cap t ive bolt  also exhib i t ed tonic sp asms but  o f  

short e r  d uration ( a p p roximately 1 5  seconds ) .  This v·r�S followed by 

int ermi t ten t leg and body movement s  for up to  four minutes  which appeared 

to b e  of a more vigorous na tu re than those seen in animal s  which had been 

e l ec t r i c a l ly s tunned . Tonic spasms d id not occur in lambs exsanguina t ed 

withour prior s tunning but  these anima ls exhib i t ed the mo s t  vigorous 

leg and body movemen t s . 

No rhythmical heart a c t iv i ty could be detec t ed in any of  the animals 

s t unned by the ' head-to-leg ' me thod but  in all the other groups , hear t 

a c t ivity could be detec t ed by auscultat ion and palpat ion un t i l  a f t er 

b leeding had commenced . 

Effect  o f  method of  s laug_!lter on pH decline 

In Tab le 6 . 2 ,  a comp a r ison is shown of the pH of the LD be tween lambs 

s tunned by t he ' head- to-leg ' method and those  sla ugh tered by the three 

o ther me thods . There were no significant  inter group d i f f erences of  mean 

ultima t e  pH values and thes� have there fore been exc luded f rom this t ab l e .  

I t  c an b e  seen that p H  va lues a t  three hours af ter slaughter  we r e  con s t an t ly 

lower in the animals s t unned by the ' head-to-leg ' method as  compared to 



TABLE 6 . 1  MUSCULAR REACTIONS OF LAMBS SUBJECTED TO DIFFERENT METHOD S OF SLAUGHTER 

No . o f  Delay between Detec table Durat ion o f  S ever i t y  o f  
Method o f  animals stunning and heartbeat t on ic spasms clor.ic 
slaughter ob served slaughter at s laughter Mean ± S . :C .  body movement ''< 

( s ) ( s )  

(a)  N o  s tun , very vigorous 
transverse cut 12 n . a . + 0 movement s  

(b ) Cap t ive bolt , 
thoracic s t ick 24 60 - 9 0  + 14 . 6  + 0 . 84 vigorous movements 

( c )  Electric ' head-only ' some int ermi t tent 
transver se cut 12 5 - 10 + 2 5 . 0  ± 0 . 9 2 movement s  

( d )  Elect ric ' head-to- ve:::-y l i t tle 
leg ' thoracic s t ick 2 3  60  - 9 0  - 2 6 . 3  + 0 . 75 movement 

;, some int ermi t t ent leg movement s  �.;ere noted in all animals for up to three minutes after slaughter . 

n . a .  = not applicable 

1-' 
w 
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TABLE 6 . 2  COYJ.PARI SON OF ELECTRIC ' HEAD-TO-LEG '  STUNNING WITH THREE OTHER METHODS OF SLAUGHTER 

(pH values three hours post mor t em) 

Alternat ive Me thod 

(a) Ro s tun 
Group A 
Group B 

(b ) Capt ive bolt 
Group C 
Group C 

( c )  Elec t r ic ' head-on1z' 
Group E 
Group F 

* == p < 0 . 05 
* * = p < 0 . 01 

No . ir. 
group 

12  
12  

21  
14  

12  
15  

Mean 
+ S . E .  

6 . 28 ± 0 . 0 2 2  
6 . 28 ± 0 . 020  

6 . 35 ± 0 . 0 2 1  
6 . 28 ± 0 . 016 

6 . 28 ± 0 . 02 3  
6 . 3 6 + 0 . 03 2  

Electric 
' Head-to-leL 

No . in Mear. Sample Varianc e 
group ± S . E . Ratio ( Fs ) 

12 6 . 19 ± 0 . 0 2 7  5 .  7 7  * 
12 6 . 19 + 0 . 031 5 .  4 0  ;, 

24 6 . 2 7 ± 0 . 015 9 . 01 * *  
1 4  6 . 15 ± 0 . 0 3 2  11 . 6 8 · H  

12 6 . 19 ± 0 . 038 4 . 01 
15 6 . 2 7 + 0 . 0 2 6  4 .  54  ;, 

w 
CP 



o ther group s . These d i f f e rences  were s i g n i f i c an t  in a l l  g ro u p s  a p a r t  

f r om o n e  c omp a r i son b e tween a group s t unned by a ' h ead-only ' me t h o d  

and a group stunned b y  a ' h ead - t o-l eg ' me thod . 

The r a t e  o f  d e c l ine o f  pH of the LD dur in g a 2 4  hour p e r io d  in l n m b s  

s tunned vJ i t h  a c a p t ive b o l t  a n d  by an elect r ical ' h ead-to-leg ' me t hod 

1 3 9  

i s  r e c o r d e d  i n  Tab le 6 . 3  and i n  F i g u r e  6 . 1 .  I t  c a n  b e  s e en tha t a t  t h e  

t ime o f  t h e  f ir s t  mea s u r ement ( 9 0m) , the pH o f  the LD o f  t h e  e l e c t r i c a l l y  

s t unn e d  an ima l s  ( 6 . 4 2 )  wa s s ign i f i can t ly l e s s  than t h o s e  s t unned w i t h  

a c a p t ive b o l t  ( 6 . 6 6 ) . Th i s  d i f f e r enc e , o f  app roxima t e ly 0 . 2  o f  a p H  

un i t ,  rema ined t h e  s ame f o r  t h e  n e x t  s even and a h a l f  hours , but by 15  h o u r s  

a f t er s laugh t e r  the pH measurement s  of both groups were s imila r . Tab l e  6 . 3 

a l s o  i n d i c a t e s  that the LD f rom an ima l s  s tunned by a cap t ive b o l t  took 

three hours longer t o  reach a pH o f  6 . 0  a s  comp a r ed t o  those e l e c t r i c a l ly 

s t unn e d . 

Howev e r , the increased r a t e  o f  g l y c o ly s i s  in t h e  e l e c t r i c al ly s t unned 

an ima l s  r espons ib le f o r  this more rapid d e c l ine , had occurred d u r ing the 

early part of the pre r igor per i o d  and was n o t  due t o  an increa s ed ra t e  

o f  glycoly s i s  t hrougho u t  t he p e r i o d  a s  t h i s  ra t e wa s approxima t e l y  t h e  s ame 

i n  the two grou p s  f rom 1� hours t o  n ine hours a f t e r  slaugh t e r ( s e e  

Table 6 . 3 ) . Al tho ugh t h e r e  were at t ime s s ome d i f f e rences i n  t emp e r a t ur e s  
0 

in the two s t udy group s , t hey were generally v e ry sma l l  ( le s s  than 1 C )  

whe r e a s  t he r e  were marked d i f ferences w i t h in t h e  two groups dep end ing 

on the p o s i t ion o f  c a r c a s e s  in the c h i l l e r . The mean t emp era t u r e  o f  

a l l  c a r c a s e s  are a l s o  r e c o r d e d  i n  F igure 6 . 1 and i t  can b e  s e en that t h e r e  

wa s a s teady drop in t emp e r a t ure d u r ing the 15 hours a f t e r  s l a u gh t er b y  

which t ime the mea t h a d  equi l ibriated a t  a temperature o f  appro x ima t e l y  1 3
°

C .  

E f f e c t  o f  e le c t r i c a l  s t imu l a t ion 

The e f f e c t  of low vo l t ag e  s t imu l a t i on for 90 s ec on d s  d u r in g  exsangu inat i o n  

on r a t e  and d e c l ine o f  mus c l e  pH i s  recorded i n  Tab le 6 . 4  a n d  F i gure 6 . 2 .  

I t  c an b e . s een t h a t  in t h r e e  separa t e  c ompara t iv e  t r i a l s  there wa s a 

h ighly s igni f icant d i f f erenc e in the pre r i g o r  pH va lues o f  s t imu l a t e d  

and n o n  s t imu l a t e d  c a r c a s e s . On average the pH o f  s t unned and s t imul a t e d  

c a r c a s e s  f rom the three s tudy groups h a d  de c l ined t o  a value o f  6 . 0  wi thin 

twd hours wl1ereas the pH o f  s tunned , non s t imu l a t ed c a r ca s e s  had on l y  

d e c l ined t o  approx ima t e ly 6 . 3  a n d  n o n  s tunned , non s t i mu l a t ed c a rc a s e s 

(one group o n l y )  had decl i n e d  t o  6 . 4 .  The re wer e  no s i gn i f i can t d i f f e rence s 

b e twe en t h e  u l t ima t e  pH val ue s i n  any o f  these group s . 



TABLE 6 . 3  EFFECT OF METHOD OF STUNNING ON pH DECLINE IN LAMB S 

( 1 6  animals per group ) 

Capt ive Bolt 

Mean pH ± S . E .  l . Sh after slaughter 6 . 6 6 ± 0 . 0 Lt 6  

Mean pH ± S . E .  24h after slaughter 5 . 5 9 + 0 . 009  

Time to  reach pH 6 . 0  (h) 8 . 5  

Rate o f  pH 

decline 
1 . 5 - 9h a f ter slaughter 0 . 09 2  

p H  uni t s / h  
9 - 15h a f t e r  slaughter 0 . 05 7  

Elec t r ic 
' head-to-leg ' 

6 . 4 2 ± 0 . 028 

5 . 60 + 0 . 018 

5 . 5  

0 . 08 8  

0 . 025  

i-' 
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TABLE 6 . 4  

Line 
No . 

1 

2 

3 

THE EFFECTS OF ELECTRICAL STUNNING &�D LOW VOLTAGE STIMULAT ION ON DECLINE OF uH 

(Hean :!: S . E .  of 12 lamb s per group ) 

S tunned by Low 
electric voltage Approximate t ime from slaughter 
' head-to-le g ' st imulat ion lh 2h 24h 
me thod 

6 . 6 8 6 . 41 5 . 6 9 
± 0 . 034 + 0 . 03 0  ± 0 . 032 

+ 
6 . 5 5 6 . 2 9 5 . 74 

-

+ 0 . 022  ± 0 . 024 ± 0 . 062 

+ + 
6 . 18 6 . 05 5 . 74 

± 0 . 02 9  + 0 . 03 0  + 0 . 044 

+ 
6 . 4 7  6 . 25 5 . 6 1 

-

± 0 . 0 6 3  + 0 . 025  + 0 . 0 2 6  

6 . 15 5 . 9 8 5 . 48 
+ + 

+ 0 . 02 9  ± 0 . 02 9  ± 0 .  04Lf 

+ 
6 . 5 9 6 . 31 5 . 6 2 

-
+ 0 . 02 3  + 0 . 02 2  + 0 . 024  

6 . 20 6 . 00 5 . 65 
+ + 

+ 0 . 0 3 7  + 0 . 02 8  + 0 . 03 2  

1-' 
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The results  o f  the tend erness  mea suremen t s  o f  samp les f rom the LD from 

e i ther f ro zen or thawed samp l e s  a r e  recorded in Tab l e  6 . 5 .  I t  can be 

seen that the mean ' Force Score ' values from s t imu lated carcases were 

lm.ver than thos e  from non s t imula ted c arca ses but this  d i f ference was 

on ly s ign i f ican t when the samples were cooked while s t il l  f rozen . I t  

will  also be noted that  s amp l e s  cooked f rom thawed mea t generaJ ly had 

l ower ' Force Score ' values as comp a red t o  those cooked f rom fro zen mea t . 

The e f f e c t s  o f  low vo l t age and high vol t age elec t r ical  s t imulat ion on the 

decl ine of  pH in f i ve d i f f erent l ines o f  lamb s are recorded in Tab l e  6 . 6  

and F igure 6 . 3 .  In two o f  these l ines (Line No 4 and L ine No 5 ) , the 

f ir s t  pH meas uremen t s  were ob t a ined approxi mately half an hour a f t e r  

s t unn ing a n d  the high vo l tage s t imul a t ion was therefore delayed fo-r 
nearly one hou r a f t er s tunning . I t  wi l l  be noted that in these l ines , 

there \vere only small d i f f erences b e tween mean pH values a t  two hours 

p o s t  mor tem of the groups s ubj ected to high vol tage s t imulat ion as 

compared to the groups treated by low voltage s t imula tion only . High 

vol tage elec tr ical  s t imulat ion had a relative greater effect  when 

the carcases were subj ected to this treatmen t w i th in 30 m inutes o f  

s laughter  (Lines 6 , 7  and 8 ) . 

The e f f e c t  of  low vo l tage s t imulat ion appeared to vary con s id erably both 

be tween l ines and within l ines . I t  w i l l  be noted in Tabl e  6 . 6  that in two 

l i ne s , the mean pH va lues of groups subj ected to low vo l t age s t imulat ion 

only , decl ined t o  below 6 . 0  within two hours of s laughter whereas the 

mean pH of a s imilar group from ano ther l ine was 6 . 64 .  It is also 

apparen t  f rom F igure 6 . 3  that the s tandard errors o f  the means of  tho s e  

group s  subj e c t ed to low voltage s t imulat ion only , were greater  a s  compared 

t o  all  o ther groups . 

The res u l t s  o f  two-way analys i s  of  variance t e s t s  on the data ob ta ined 

one and two hours af ter s laugh ter have been recorded in Tab le 6 . 7 .  I t  

will  b e  noted that l ow vo l tage s t imulat ion had a relat ive greater effec t 

in the t\oJO lines where h igh vol tage s t imulat ion was delayed . On the o ther 

hand , high vol tage s t imula t ion had the greatest  e f f e c t  in the three lines 

wh ere this treatment wa s performed w ithin 30  minutes o f  s laughter . 

The u l t ima te pH o f  the LD wa s also measured in these s tudies and i t  can be 



TABLE 6 . 5  ' FORCE S CORE ' VALUES OF THE LD FROM STIMULATED fu�D NON-STIMULATED CARCASES 

(12 animals per group ) 

S t imulated 
Carcase s  

Mean ± S . E .  

Range 

Non- s t imulated 
Mean ± S . E .  

Carcas e s  
Range 

Signif icance o f  dif ferences 
between means of group s 

Cooked from Co oked from 
frozen samples tha>ved samp les 

35 . 1  ± 2 . 1 9 34 . 3  ± 2 . 3 8 

2 2 . 0  - 5 2 . 5  2 1 . 3 - 4 6 . 0  

4 4 . 2  + 1 .  68  3 8 . 8  + 2 . 54 

3 3 . 0  - 5 3 . 0  2 2 . 7 - 5 4 . 5  

p < 0 . 01 p > 0 . 10 

� 
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TABLE 6 . 6  

Line 
No . 

4 

5 

6 

7 

8 

THE EFFECT OF THE LOW VOLTAGE AND HIGH VOLTAGE STI}illLATION ON EH DECLINE OF THE LD IN L.��B S 

(Mean values o f  12 animals per group ) 

Delay be tween Time from s tunning 
Low High stunning and (h) 
voltage voltage high volt age 
s t imulat ion s t imulat ion s t imulat ion (m) 0 . 5  1 2 24 

+ + 6 . 6 7 - 6 . 24 5 . 2 8 
+ 

s o  - 5 5  
6 .  7 7  6 . 1 2 5 . 2 8 -

+ - 6 . 2 7 - 6 . 2 0 5 . 3 8 
n . a . 

6 . 84 6 . 5 6 5 . 3 1 -

+ + 
4 1  - 45  

6 . 1 7 5 . 94 5 .  7 7  5 . 5 1 
+ 6 .  9 0  6 . 2 3 5 . 9 9 5 . 4 1 

+ - 6 . 16 5 . 9 4 '  5 . 8 6 5 . 3 7 
n . a .  

6 . 9 2 6 . 6 9 6 . 4 6 5 . 4 6  

+ + - 5 . 81 5 .  7 2  5 . 4 2 
+ 

2 5  - 3 0  
5 . 85 5 . 7 3 5 . 3 9 -

+ - n . a .  - 6 . 0 7 5 . 9 4 5 . 2 9 
6 .  7 7  6 . 7 3 5 . 3 3 

+ + 
2 0  - 2 5  

- 5 . 9 3 5 . 7 8 5 . 4 0 
+ - 5 . 9 2 5 . 7 8 5 . 4 6  

+ - - 6 . 7 3 6 . 64 5 . 4 1 
n . a . 

6 . 8 7 6 . 84 5 . 4 1 

+ + 
2 2  - 2 6  

- 5 . 94 5 .  7 7  5 . 5 6 
+ - 5 . 9 8 5 . 8 1 5 . 5 6 

+ - - 6 . 3 9 6 . 3 3 5 . 5 4 
n . a . 

6 . 90 6 . 7 9 5 . 5 7 

-
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FIGURE 6 . 3  THE E FFECT OF LOiv VOLTAGE AND H I GH VOLTAGE 

STH1ULAT ION 0� pH DECL INE  O F  TH E LD I N  LAMBS 

Low voltage and high voltage 

High voltage only 

Low vol tage only 

No stimulat ion 

Approximate time o f  high 
voltage s t imulat ion 

Line No . 5  

Line No . ?  

1 

pH 

2 

7 . 0  

6 . 0  

Time from stu�ning (h)  

Line No . 4  

Line No . 6  

Line No . 8  

1 

14 7 

2 



TABLE 6 . 7  Sill'IHARY OF TWO-WAY A.�ALYS I S  OF VARIANCE_  OF THE EFFECTS ON E_H DECLINE OF LOW VOLTAGE 
fu�D HIGH VOLTAGE STIMULAT I ON IN THE LG OF LAMBS 

(Var iance ra t io s  and their significance levels )  

TIHE FROM STUNNING 
-- -- ----

1 hour 2 hours 
Low High int er- Low High int er-

L ine voltage vol tage act ion vol tage voltage ac t ion 
No . e f fect effect effect e f fect 

4 6 . 7 1 19 . 21 2 6 . 5 6  

5 209 . 26 4 1 . 38 38 . 7 6 1 9 7 . 5 7 9 1 . 03 4 3 . 03 

6 62 . 11 1 6 1 . 8 7 49 . 7 9 85 . 65 208 . 1 7 84 . 2 0 

7 1 . 5 2 (n . s . )  504 . 25 2 . 4 2 (n . s . )  7 . 85 5 8 6 . 5 4 9 . 0 6 

8 5 2 . 81 32 8 . 6 2 369 . 05 35 . 7 6 3 3 7 . 6 9 25 . 06 

n . s .  = P < 0 . 05 
All o ther groups : P <0 . 01 
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seen in Table 6 . 6 tha t these values were not affected by me t hod of 

s l augh ter or sub sequent s t imulat ion . 

D I SC U S S ION 

Hu s c u l o r_ a c t ivity and pH dec l ine dur i ng slaughter 

I t  was not pos s ible  in th is s tudy to compare all . four methods  of  stunning 

and s laugh ter  at the same time . However , it would appear that  ' l tead- to-leg ' 

s tunning increases the rate o f  pos t mortem glyco ly s i s  as compared to  o ther 

me thods but this method o f  stunning had no s ign i f icant e f f e c t  on ul t ima t e  

p H  values . 

Animals slaughtered by the . tHo d i f ferent methods o f  elec t rical s t unning 

appeared to react simi larly , although those stunned by the ' head-only '  

method s eemed to  exh ib i t  sl igh tly mor e  leg and body movements  a f t er the 

i nit ial  phase of  te tany . However , as expected the ' head-to-leg ' s tunned 

an ima l s  all had an immediate  cessat ion of  normal card iac a c t ivity at 

the t ime o f  s tunn i ng , whereas those  stunned by the ' head-on ly ' method 

had a detectab l e  heart beat unt i l  after  commenc ement o f  bleeding . 

Thus the increased durat ion o f  a funct ional circulating sys t em in the 

lamb s  s t unned by the ' h ead-only ' method may remove some of the lac t ic 

acid formed during the init ial post  stunn ing glycolysis . Such a remova l 

of  lac t ic  acid would however only b e  of  a very short  durat ion as the delay 

be tween stunning and exsanguina t ion was only f ive to t en seconds . Fur thermore  

i f  lactic  a c id  was removed to any appreciable extent from the  muscles o f  

animals stunned b y  the ' head-only ' method , this should have resulted in 

higher ult imate pH values in these groups as  compared to  the group s 

s t unned by the ' head-to-leg ' method but such d i f f erences were not  observed 

in any of  the s tudies . 

The lower pH values in the LD o f  animals short ly after  s laughter by a 

' head-to- leg ' method are more l ikely to  be caused by an increase in the 

rate of glycolys is rather than dec reased removal of l a c t i c  acid  from the 

musc les . It has been shown by Devine e t  a Z .  ( 1 9 7 9 )  that increases in 

glycolysis can be produced both indirectly through intact  nervous pathways 

and by di r e c t s t imu l a t ion of muscles . Both methods of elec t rical s tunn i ng 

inve s t i gated would presumab ly induce a degree of  both d irec t aad indirec t 

st imulat ion of musc le s . However i t  vould s eem l ike l y  that there \vould b e  
more d irect s t imulat ion o f  mus c l e s  wl 1cn the  ' head-to-leg ' method is used 
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as t l 1 r. d i s LmCL' b e U·Jcen t h e  e l e c trod es Dppl ied t o the  anima l ' s  body  i s  

grea t e r .  This  e f f e c t  is  l ike l y  t o b e  exac e rb a te d un d er t h e  comme rc ial 

cond i t ions s t udied  \vherc. the anima l s  Here sprayed \dth v:a t c r and 
r . s t ra in ed in a s tainle ss steel  conveyo r wh ich a l so a c t Q d  as a body 

e le c t r od e . Thu s  t h e  d i r e c t  s t imulat ion of muscles by the ' h e a d - t o - l e g ' 

me thod is p robab J.y the maj or cause of the increased ra te o f  p o s t mo r t em 

glycolysi s  in anima l s st unned by this method . This hypo thesis  is also  

supp o r t e d  by f u r ther un p u b l i s h e d  s tudi es by  the  au thor wh ich in d i ca t e  

tha t mus c les from sho rn and very damp lamb s have signif ican t ly l ower p H  

values sho r t ly af ter s laugh t er than mus cles f rom woo l ly , d ry l amb s 

st unned by the ' h ead- to-leg method . This f inding could be expl a ined by 

the reduced conduct iv i ty of  the f l eeces of  the l a t t e r  group and therefore 

less d irect  s t imu lat ion o f  muscle . 

The mu s c les of  an imals  s t unne d  by a captive bolt or  s laughtered wi thout 

prio r  stunning are only sub j e c ted to  ind irect s t imulat ion through nervous 

p athway s . I t  is therefore not surpr ising that the pH values , shor t ly 

a f ter s laught er , were always s ign i f icantly h igher than the corresponding 

groups stunned by the ' head-to-leg ' method . Previous reports  by 

Chry s t a l l  et a l .  ( 1 98 l b )  indicated that there >-7ere no d i f f erences in 

glycolys is  p o s t  mor tem bet\Veen non stunned lambs and e lec t r i cally st unned 

lamb s but these s t udies were carried out  us ing ' head-only ' or ' head-to-back ' 

methods and presumab ly with  lambs �vith less wet f leeces than those rout inely 

s laught ered a t.  a meat works . Such d i f f erences may account for  apparen t 

d i s c repancies be tween their f indings and those reported here . 

Ext en t a nd e f f ec t  <2 f  pH dec l i ne dur ing s lau_gh t e r  

The p resent s tudies ind icate tha t ' head-to- leg ' s t unning increases the 

pH declin e  by the order of 0 . 1 - 0 . 2  pH uni t . It  would also appear 

tha t t h i 8 effect  occurs immediately following stunning and that there is 

no increase i n  the rate o f  glycolysis  during the remainder of the pre r igor 

period . However , the dec l ine in pH assoc ia t ed with s t unning by the 

' head- to-leg ' method is  suff i c ient to reduce the time during \vhi ch carcase 

musc les a r e  suscep t ib le to  cold shortening by two to three hours . This 

phenomenon could be  of va lue in sma l l e r  aba t toirs where elec t r ic a l  

s t imula t ion i s  usually not  ava i l a b l e  and carcases have to  b e  he ld i n  

chi l lers f or s everal  hours b e f o r e  b e in g  frozen . 

Low voltage s t i mula t ion was introduced by the me a t  indus t ry in New Zealand 
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to immob i l i s e  an ima l s  d ur ing s l au gh t e r  a n d  subj e c t iv e  a s s e s smen t 
ind i c a t e d  t h a t  t h i s  �·JaS a c h ieved in mo s t c.:1s cs . Lamb s subj e c ted t o low 

volt age s t imula t i on u Pu a ]_ ly exhib i t ed no leg and body movemen t s  during 

exsang 1 i n a t ion . Hos t a n imals ap p e a r e d c omp l e t e l y  i mmob ilised and only 

cont inuo u s  s li ght t r emo r s  o f  carcase mus c l es were n o t e d . The present 

s tuJics a l s o  indi c a t e d tha t this procedure i s  a s so c i a t e d  with a n  imme d i a t e  

dec l ine i n  pH o f  the L D  wh ich is  apparen t ly a dd i t ive t o  the pH decl ine 

a s s o c ia t ed w it h  ' head - t o-leg ' s t unning . 

The e f fec t o f  e l e c t r i ca l  s t imu l a t ion on pH dec l ine o f  lamb muscles has 

p reviou sly  been inve s t i g a t e d  i n  New Zealand . Carse ( 1 9 7 3 )  repo r t ed tha t 

when carcases were subj ec t ed to  square wave pulses ( 2- 1 3 . 5 ms duration) 

a t  0-7. 5 0  v o l t s , d e l ivered at rates f rom 3- 1 7 . 5  per s econd , only var i a t ions 

in voltage a pp eared to affect the rate of pH dec l ine . In some further 

s tudies  b y  Chrys t a l l  and Hagya rd ( 1 9 7 6 )  the carcases �•ere subj ected t o  

much higher vo ltages ( 3600 vol t s )  resul t ing i n  b o t h  a n  immediate dec l ine 

o f  pH as we ll a s  an i n creased rate o f  d e c l ine during the  rema inder of 

the p re r i go r  period . It was sub sequent ly sugges ted by Hagyard e t  a Z .  

( 1 98 0 )  that a n  a l t e rna t ing waveform , o f  1 1 3 0  vo l t s , pulsed a t  1 4 . 3 pulses/  

second , 10  ms durat ion pulses , appl ied for 9 0  seconds within 3 0  minu t e s  o f  

s laugh ter represents  opt imal s t imulat ion con d i t ion . 

The exten t  o f  t he pH d e c l ine assoc iated with low vol t age s t imulat ion 

va r ied cons iderably both be tween l ines (mean dec l ine f rom 0 . 3 2 t o  0 . 7 5 pH 

un i t s )  as  wel l as w i t h i n  l ines as  ind icated by the wide conf idence l im i t s  

in tl1e groups subj ected t o  low voltage s t imulation only ( see F igure 6 . 3 ) .  

The s e  inves t iga tions were carried .ou t  a t  two d i f f e rent mea t  works shor t l y  

a f t er t h e  equ ipmen t had b een instal led and a var ie ty o f  prob lems related 

t o  d e s i gn o f  equi pmen t were encoun t ered . These included con s i s tency o f  

e le c t rical  output and d i f f i cu l t ies in mainta ining adequat e  contact be tween 

the le8S of the anima ls a nd the hooks f rom wh ich they were s uspend ed . 

In s p i t e  o f  t hese p rob lems , i t \vould appear that the immed iate  pH decl ine 

f o l lowing t he l ow vol t age s t imulat ion was of the same magn itude as that 

reported in rel a t ion t o  high voltage s t imulat ion of l ambs (Davey and 

Ch r y s t a l l , 1 98 0 ) . However , this e f fect  appeared to be of shor t dura t ion 

a s  the d i f f erenc es be tween st imulated and non s t im�lated groups were o f  

t h e  s a m e  magn i tud e on e and two hours a f ter s l augh t e r . This is in con t r a s t  

to h i gh vo l t age s t imu l a t ion which h a s  b e e n  reported to  c a u s e  a n  inc reas e 

in the r a t e  o f  g lycolysis  during t he rema inder o f  the pre r i gor period 

(Davey and Chrys t a l l , 1 9 80) . 



The mos t a p p r op r i a t e  me thod for a s s e s s in g  the ef f e c t  o f  low vol t a ge 

s t imu l <1 t i o n  on mc8 t  q u a l i ty is  an obj ec t ive measuremen t:  o f  tend e rn e s s  
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o f mea t: subj ected t o  t he t r e a tmen t compared to that f rom un s t imula ted 

carcases . I t  h a s  b een s hown that there is a good co r re l a t ion b e tween 
' Fo r c e  S c o r e ' va lues and t h e  t enderness values ob tained by a t ra ined 

p a n e l  o f  taster s  (McCrae et a l . > 1 9 7 1 ;  Davey and Gilber t ,  1 9 7 5 )  and the 

fol lowing relat ionship has been s uggested by Davey and Winger ( 1 9 7 9 ) . 

' Force S c ore ' values 

< 25  

2 5 - L,o  
> 40 

Meat tend erne s s  

very t ender 

t ender 

undesirably tough 

The relative high ' Force S core ' values recorded in this s tudy o f  b o th 

s t imula ted and uns t imulated  carcases are probably assoc iated with the 

rapid method of f r eez ing u sed in the inve s t i gat ion . I t  has b een 

sugge s t ed by Chrys tall ( 1 980)  tha t a ccep t ab le tenderness following electr ical 

s t imu lat ion can only b e  achieved i f  the t emp erature o f  deep muscles i s  n o t  

0 
reduced to below - 4  C wit h in 1 4  h our s of  s laugh t er . Al though meat 

t emp e r fl. t u.res vJere not m.easnr ed in this -s tudy , it  was e s t imated f rom the 

envi ronmen tal  t emperatures that the deep mus c le t emperatures were b elow 

-4° C wi thin e i gh t  to t en hours of s l aughter . 

The high ly s ignif icant d i f f erence in mean ' Force Score ' values between 

. s t imu l a ted and non s t imulated carca ses indicates that lovJ vo l tage 

s t imulat ion can imp rove the tenderness of lamb . Hmv-ever , it i s  sugges t ed 

that more s tudies would be required for a complete a s s e s sment o f  this 

techni que and in this con t ext , i t  would be par ticularly valuab l e  t o  a t t erap t 

to reduce the variab il i t y  recorded in the present s tudies . 

Comb ined e f f e c t s  o f  low vo l t age and h igh vo l t age s t imulat i on 

Previous work has shown tha t electr ical s t imulat ion o f  carcases mus t  t a ke 

p lace '" it hin 3 0  minu tes of s laugh ter to have maximum effect  on muscle 

glycoly s i s  (Chrys tall e t  al.  1 9 8 0 ; Davey and Chry s t al l ,  1 98 0 ) . This i s  

suppor ted by t h e  f ind ings in t h i s  s tudy Hhich ind icated t h a t  t h e  pH 

dec l ine in carcases s ubj ected to high vol tage s t imulat ion later than 

30 minu tes p o s t  mo r t em \vLJ s cons iderably less  than t h e  pH decline o f  

ca rcas e s  s t �nu lated ear l i e r  b y  h igh voltage . Th i s  d i f f erence i s  

prol>ab ly related t o  a decrease i n  t he e f fec t o f  ind irect  nervous 
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s t imu l a t ion o f  mu s c l e s s inc e i t  has b e en sugg e s t e d  tha t when s t imulat ion 

is d e l ay ed for more than 30 min u t e s  p o s t  mo r t cm ,  the neu romu s c u l a r  j un c t ion 

c an n o  longer b e  �xc i t c d  t n  i ndu c e mus c l e  d e p o la r i s a t i o n  ( Swa t l a n d , 1 9 7 7 ;  

Devin c e t  a l . ,  1 9 7 9 ; Ch ry s t a l l e t  a l . 3  1 9 8 0 ) . 

Tlte p resent s t u d i <-� s  a l s o  in d i cate  that \vl len h igh v o l t a g e  s t imul a t io n  i s  

car r i ed o u t  wi thin 30 mi nu t e s o f  s l a u gh t e r , the earlier  low vol tage 

s t imu l a t i on has very l i t t l e  e f f ec t  on the mean pH va lues one and t\vO hours 

a f te r  s l augh t e r . I t  0ould thus appear t h a t  at  mea t works u s ing h i gh vo l t age 

s t imu]_n t ion in accordance with the guid e l ines des c r ib ed b y  Davey and 

Ch r y s t a l l  ( 1 9 8 0 )  the a d d i t ion o f  a p er i od of lmv v o l t age s t imul a t ion will 

make l i t t le d i f f erence t o  t h e  t ime d u r i n g  whi ch carcases are suscep t ib le 

t o  cold shor tening . The r e a s o n s  f o r  the effects  o f  the two me th o d s o f  

s t imu l a t ion t o  b e  non- ad d i t ive i n  the p resent s tud ies are n o t  c lear 

but it has p rev i o u s ly been s ug g e s t e d  that t h e  decline in pH associated 

with s t imulat ion i s  reduced a t  l ov1er pH values and app roache s  z e r o  when 

the mu s c le pH h a s  reached approxima tely 6 . 2 (Davey and '�inger , 1 9 7 9 ) . 

In view of the present widesp read us e o f  the comb inat ion o f  low vo l t age 

and h i gh vo l t a ge s t imula t i on in New Zea land , i t would appear t o  b e  

impor tant tha t t h e s e  p r ob l ems a r e  inves t iga t ed f urther . 

The p re s ent s t ud i e s  indi c a t e  tha t the u l t ima te pH va lues of the LD o f  

lamb s a re n o t  af f ec t ed by met hods o f  slaugh ter and electr ical s t imulat ion . 

Th i s  is n o t  surp ri s ing b e cause cardiac induced c ircula to ry f ailure o c c u r s  

ei ther a t , or very near , the t ime when mus cular ac t ivi t y  i s  induced b y  

t h e  various m e t h o d s  o f  s l augh t e r . Thus lac t i c  acid can no longer b e  

removed f rom t h e  mus c le and the u l t ima t e  pH value is t herefore only 

dependen t  on the a mount of g l ycogen p r e s en t  in the mus cle a t  the t ime 

of s laugh t er . 

Alt hough the me thods of s laugh t er and assoc iated ele c t rical s t imu lation 

have no e f f ec t  o n  u l t ima t e  pll , recen t s t udies ind icate that the e f f ec t ivene s s  

o f  e le c t r i cal s t imula t ion i n  r e la t i on t o  tenderness o f  muscles may b e  

af fec t ed b y  t h e  u l t imate pH value a t t a ined b y  th e mu s c l e . I t  was r e p o r t e d  

by Dutson et a l . ( 1 9 8 1 )  t h a t  elec t r i ca l  s t imulat ion o f  b e e f  with h igh 

u l t ima t e  pil va lues ( ab ove 6 . 5 ) had no ef fec t on tendernes s and Chry s tall 

et  a l . ( 1 9 8 2 ) r e p o r t ed t h a t  e l ec t r i c a l  s t imul a t ion of " exerc i s e-s t r e s s ed "  

lamb s (mean ul t ima t e  p H  ah ove 6 . 3 ) de c r e a s e d  t enderness as  compared t o  

n o n  s t imu l a t ed " exerc i_ s e - s t r e s scd " lomb s . I t  \va s su gge s t ed b y  the lat ter 



a u th o rs th a t  mus c l e s  w i t h  very high u l t ima t e  pH va lues (above 6 . 5 ) e n t e r  
r i g o r  mo r t i s  suff i c ien t ly early t o  en sure t h a t  they arc insen s i t ive 

to lmv t emp e r a t u r e s  a n d  the tender n e s s  i s  th e r e f o r e  n o t  a f f e c t ed by 

early ch i l l ing . Th e t oughness , a s s o c ia ted with s t imula t ion o f  mus c l e s  

w i th p H  values in t h e  range o f  6 . 0  - 6 . 5 ,  wa s a t t r ib u t e d  to t h e  r a p id i t y  

H i t h \.;h ich they entered r igor mo r t i s  a n d  i t  was s ugge s t ed tha t no 

relaxa t ion occu rred in t h e s e  mu s c l e s  a f t e r  comp let ion of the s t imula t i on 

p e r i o d . Such m u s c l e s  would therefore remain in a p a r t i a l ly con t rac ted 

s t a t e  ( ir r evers i b le con t r a c t ion) and h en c e  b e  less t en d e r . I t  was 

f ur ther suggested that mea t f r om an ima l s  having very high u l t imat e  pH 

values w i l l  a lways be tender rega r d l e s s  of methods of s laughter and 

s t imulat ion b ecause the mu s c l e s  f rom s u ch animals  are in s ens ible to cold  

shortening within a v e ry short p er iod a f ter s J.au ghter . The s e  f ind ings 

may exp lain the r eas on s for s ome of the var i ab i l i ty which has p reviously 

been a s s o c ia t e d  with tenderness o f  meat f rom electr ically s t imu l a t e d  

lamb carcases (Hagyard , 1 9 8 0 )  It i s  a l s o  in t e r e s t ing to speculate on t h e  

e f f e c t  the comb inat ion o f  low vo l tage and h igh vo l t age s t imu l a t ion may have 

on i r r eve r s ib l e  con t raction of muscles with d i f fer en t  u l t ima t e  pH values . 

Acc.orcling t o  the hyp o t h e s i s  put f o n1ard by Chry s t a l l  et a l .  ( 1 9 8 2 ) , mus c l e s  

exposed t o  h igh vo ltage s t imulat ion a t  a t ime when the mus c le pH i s  in  the 

range o f  0 . 3 - 0 . 6  pH uni t s  above its  u l t imate value , would b e  subj e c t ed 

to a severe d e g ree o f  irreversible con t ract i on . This concep t i s  depicted 

in F igure 6 . 4 . A ,  which a lso ind icates tha t there are probably some 

muscles with pH va lues on e i ther s ide of this range , wh ich may also b e  

a f fected , but t o  a lesser ex ten t . 

Pr ior t o  the 1 9 8 2 / 8 3  k i l l ing season , vir tua l ly a l l  lamb s were s laughtered 

wi thout b e ing subj ected t o  low vo l tage s t imulat ion but 90 p er cent o f  expo r t  

lamb s  were subj ected t o  h igh vol t a ge s t imulat ion ( Chrys tall , 1 980) . Thi s  

trea tmen t usu a l ly t akes p lace ab out 30 minut e s a f ter s laughter a t  whi ch 

t Due the pH o f  the muscles would have d ec l ined to app roxima t e ly 6 . 8 .  I t  

c an the re for e b e  e s t ima t ed tha t  mus c l e s  w i th ul t imate p H  values i n  the 

range 6 . 2  - 6 . 5 are l ikely to be s ubj ected to severe-- i r revers ible 

co ntrac t ion . If the data on the d i s t r ibution o f  u l t ima t e  pH values 

r ep o r t ed in Chap ter Three are u s ed , it can b e  s e en in F i gure 6 . 4 . B  that 

t h r e e  percent of c a r c a s e s  H� u ld have be en s ubj e c t e d  to such severe 

irreve r s ible  c on t r a c t ion a n d  would theoret ica lly yield very tough mea t .  

I t  can a l s o b e  s een t h a t  a f u r th e r  4 . 5  percent o f  carcases may be 



F I GURE 6 .  4 THE EFFECT OF LOH VOLTAGE STIMULAT I ON AND ULT I :•f.ATE pH ON I R REVERS IBLE CO�TRACTIO� D'CRI�G 
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n f f e c t ed t o  n l e s s er ex t en t  b y  i r r ev e r s ib l e  c on t rac t i on . Th e s e  f igures 

1-�ou l d a p p e a r  t o  be c omp a t ib l e \.J i t h  the p r ev i o u s  r e p o r t s  o n  t en d e r n e s s  o f  

ex p o r t  l amb s ( I l agyard , 1 9 8 0 )  and c o u l d  tlms exp l a in th e reasons f o r  a sma l l  

b u t  s ign i f i c a n t  p ro p o r t i o n  of l amb s be in g l e s s  t ender t h a n  d e s i rab l e . 

D u r i n g  t h e  1 9 8 2  8 3  s e a s o n  many me a t  wo rks in s t a l led l ow vo l tage s t imu J.a t ion 

L o  iUJmob i l i s e  c a r c a s e s  d ur ing exsang u in a t i on . The p r e s en t  s t ud i e s  ind i c a t e  

that such t r eatment may r e s u l t  i n  a n  a lmo s t  imme d i a t e  p H  d ec l in e  o f  

approxima t e ly 0 . 5  pll un i t . The g r e a t  maj o r i t y  o f  t h e s e  lamb s are a l s o  

subj e c t e d  t o  h i gh vo lt a ge s t i um l a t ion wi th in 3 0  minu t e s o f  s laught e r  a nd 

a t  t h i s t ime , t he pH wo u l d have d e c l i ned to approx ima t e ly 6 . 3 .  Un d e r  

t h e s e  cond i t ions , mus c l e s  w i t h  ul t i ma t e  pH values i n  t h e  range 5 . 7  - 6 . 0  

wo t 1ld theo r e t i c a l l y  b e  exp o s e d  t o  severe i r r ever s ib l e  con t r a c t ion and 

F i gu r e  6 . 11 .  C ind i c a t e s  t h a t  1 6  p er c e n t  o f  a l l  lamb caJ:c a s e s  might b e  in 

th i s  c a t ego ry wh i l e  a f u r t h er 4 2  p e r cent mig h t  b e  a f f e c t ed to s ome exten t . 

Al though t h e  evidence p r e s e n t e d  in the f o rego ing d i s cu s s i on i s  o f  a s omewhat 

s p ec u l a t ive na t u r e , it do e s h ighlight the s e r i ous imp l i c a t ions a s s o c i a t ed 

w i th the imp l emen t a t i on o f  n ew t echn ique s in t he meat indus t r y  wi thou t 

f i r s t  hav i n g  eva l u a t e d a l l  t h e  e f f e c t s  o f  such t echni ques on mea t qual i t y . 

I f  t h e  t h eory o f  e l e c t r i c a l  s t imula t i on induc ing i r revers i b l e  c o n t ra c t ion 

dur ing the l a t t e r  p a r t  o f  the p re r ig o r  p e r i o d  is c o r r ec t , the a s s o c i a t ed 
e f f ec t s on mea t t enderne s s  c o u l d  be a f a r  mo r e  s e r io u s  ma rke t i ng p r ob l em 

t h a n  t h o s e  r e l a t e d  to the c o l d  shor t en ing o f  s ome 20 years ago . Fur ther 

res e a r c h  i n t o  this area o f  meat s c i ence i s  therefore urgen t l y  requir e d . 

CONCLU S IONS 

1 .  S t unnin g by e l e c t r ic a l  me t h o d s  causes tonic c o n t r a c t ion o f  ske l e t a l  

mu s c ] e s  J.a s t ing f o r  a p p r oxima t ely 2 5  second s .  T h i s  i s  f o ll owed b y  

a two t o  f o u r  m i n u t e  p e r i o d  o f  c lonic sp asms chara c t e r i s e d  b y  

in t e rmi t t ent l e g  a n d  b o d y  movemen t s . 

2 .  There i s  a s ig n i f icant increase i n  the r a t e  o f  pH d e c l ine f o l lowing 

s t unning by a ' head-t o - ] eg '  ele c tr i ca l me thod a s  compared to o t her 

metho d s  of s l a u gh t e r . 

3 .  Low v o l tage s t imu la t ion , a t  the t ime o f  s l augh ter , i s  a s s oc i a t e d \v i th 

an imme d i a t e  d e c l ine in pH o f  the LD (Approxima t ely 0 . 5  un i t s ) b u t  there 
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i s  n o  in c r ea s e  i n  the r a t e  o f  p H  d ec l ine cl u r :i.ng t h e  r emainder o f  the 
pre r i gor p er i od .  

4 .  There are no s ign i f i c a n t d i f ferences b e twe en pH va lue s , two hou r s  po s t  

mo r t em , o f  group s o f  laltlb c a r c a s e s  s ubj ec t ed t o  lo"r vo l t a ge and h i gh 
v o l t a ge s t imu l a t io n  n s  c.ompared to groups sub j ec t ed to high vol tage 

s t imul a t ion only . 

5 .  I t  i s  conc luded that the c omb ined e f fects o f  l m·l vo l tage an d h i g h  

vol tage s t imu lat ion can cau s e  irrevc r s i h l e  con t rac t ion and a s s o c i a t ed 

t ou ghnes s in a s i gn i f i c an t  p r o p o r t ion o f  c a r c a se s . 

6 .  T h e  method o f  s lau gh t e r has no e f f e c t  on ul t ima t e  pH . 
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CIJAPTER SEVEN 

O B S E RVAT I ONAL S 'l'U D J E S  OF HAEHORRHAC ES A S SOC IATED WITH SLI\UCBTE R Of LAMB S 
-------------·---- - - - - - -----------------------------------··--·- --------

INTRODUCTION 

'l\vo d i f f e r en t haemo r r h a g i c  s y nd romes appear to be  a s s oc i a ted Hith s tum1ing 

b y elec t r i c a l  me thods . On e o f  these s ynd rome s is  u sual ly d e s c r i b e d  a s  

exh ib i t in g  oval shap e d  ecchymo t i c  haemo rrha ges f rom a f ew mi l l �ne t r e s  t o  a 
f ew c en t im e t r e s  in s i z e f requent ly oc curr ing in the carcase musc l e s  o f  

an ima ls a n d  t o  a les s e r  extent i n  organs s u ch a s  l iver , s p l e en , ga l lb l adde r  

a n d  lun g s  ( Du c ksbury and Anthony , 1 9 2 9 ; T've ed et a Z . , 1 9 3 1 ; Jor E;en s en , 

1 9 5 9 ; Cha r l e s , 1 9 6 0 ) . The s e  les ions have for many y ears b een r e f e r r e d  

t o  a s  " b lood s p lash " and th is term w i l l  b e  u s ed in this thes i s . The 

o ther haemo r rh a g i c  synd rome assoc iated with ele c tr ic a l  s t unning o c c u rs 
in the s ub cu t aneou s f a t  o f  lambs and has b e en d e s c r ib ed a s  b e in g  

cha rac t e r is e d b y  th e p r e s e n c e  o f  mu l t ip l e d i s c r e t e  p e t e ch i a l  haemo rrha g e s  

wi th a d i amet e r  of 0 . 5 to  3 . 0  mm (Thorn ton e t  a Z . � 1 9 7 9 ) . The 

d i s t r ibu t i on o f  t hes e haemo rrhages varies c ons iderab ly but in e x t r eme 
c a s e s  t h e  maj o r  part  of the sub cu t an eo us carcase f a t  may b e  involved 

( P l a t e  7 . 1 ) . When t he s e  l e s i o n s  were f ir s t  rep o r t ed , th ey were r e f •� r re d  

t o  a s  " s p ec kl i ng " o f  th e carcase f a t  (Anon , 1 9 7 8 )  and t h i s  t erm has b een 

r e t a i ned in the p r esent s t ud i e s . 

The o c currenc e o f  b lood sp lash in c a rcase mus c l e s  has b e en e x t e n s i v e l y  

s t ud i e d  a n d  e ar l i e r inve s t i g a t ions ind i ca t ed t h a t  d i f feren t s t unn ing 

p r o c e d u r e s  we re as s oc ia t ed w i t h  both the oc cur rence o f  the l e s ion and 

an i n c r e a s e  i n  ar t e r ia l b lood p ressure (Tweed et a Z . � 1 9 3 1 ; Cl a rk and 

Twe e d , 1 9 3 2 ; Roo s  and Koopman s , 1 9 3 4 ) . Such an in cre ase in b lo o d  p r e s sure 

wa s thought t o  cause rup ture o f  � ap i l l a r ie s a n d  hen c e  b l ood sp l a s h  b u t 

t h e s e  e ar l i e r i nves t ig a t ions a l s o  ind i c a t e d  that the inc r e a s e d  b l ood 

pres s ure wa s not the sole cau se o f  the l e s ion a l though t h e  p r eva lence of 

b l ood s pla sh was apparen t ly a f f e c t ed by d i f f e r e n t  m� t hod s o f  s t unning 

(An thony , 1 9 3 2 ) . S everal s tudies  o f  p igs h ave b een c a r r i e d  o u t  i n  
Denmark (Jorgensen , 1 9 5 9 ; Handrup , 1 9 6'f) and i t  \vas sugg e s t ed b y  worke r s  

in t h a t  coun t r y tha t b l ood s p l ash was not  c au s e d  by rup t ure of  the  

c ap i l la r i e s b u t  w a s  a r e s u l t  of diapede s i s  wh ich may b e  exac e r b a t e d  

b y  in c r e a s e d  b lood p r e s s ure . La t e r  wo rk by Shaw e t  a Z .  ( 1 9 7 1 )  i n d i ca t ed 

t h a t chan ges in b lood pres sure may hRve some a f f e c t on the occurrence o f  
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PLATE 7 . 1  LAMB CARCASE AFFECTED BY SPECKLING 



l G O  

b lo o d  s p l a sl 1  i n  ra t s  an d the s e \vo rkers conc l u d ed tha t a n  inc r e a s e d  mcnn 

c a p i l l a ry b lo o d  p res s ur e Ha s an impo r t ant fa c to r  in the a e t i o l ogy o f the 

cond i t ion . Th i s  v i ew wa s sup po r t e d  by van der Wal ( 1 9 7 8 )  who sugge s t ed 

that inc reased l eve l s  o f  c a t echo L..1 n j n e s  dur ing s t unning o f  p igs r e s u l t e d  

i n  a n  in cr ea s e i n  b l ood p r e s s ure and sub s equen t rup t u r e  o f  cap i l l a r i e s . 

B lood sp lash in c a r c a s e s  o f  l amb s has a l s o  b e en inve s t i ga t ed in New 
Z ea lan d and K i r t on et a l .  ( 1 9 7 8 )  found t ha t  a d e lay b etween s t unning and 

b l eed ing incre a s e d  t h e  pr eva l en c e o f  the d e f e c t . It has a l s o b een shmvn 
t h a t  b o t h  c a p t ive b o l t  and p e r c u s s i on s tunn ing o f  l ambs cau s e  l e s s  b l o o d  

sp la sh t han e l ec t r i c a l  s tunn ing ( B lackmo r e , l 9 7 9 ; Ki r t on e-t: a Z . ,  1 9 8 l a )  and 

Kirton et a l .  ( 1 9 8 l b )  f o un d  that e l e c t r i ca l  s t unn i n g  b y  ' head-on ly ' 

methods increased the r a t e  o f  b l ood spl a sh a s  c omp a r ed to the e le c t r ic a l  

' head-to-back ' me tho d . 

I t  would a p p ear that f eHer s tud i e s  have b e en c a r r i e d  o u t  in re l a t ion t o  

t h e  a e t io l o gy o f  s p e ckl ing a s  c ompa r e d  t o  the work r e p o r t ed o n  the 

a e t io logy o f  b l ood sp lash . When s p e c k l ing >-7a s  f i r s t  rep or t e d  in Neh' 

Z e aland , i t  wa s su g ges t ed t ha t  i t  \va s  caused b y  an ima l movemen t s  in t h e  

re s tra i n i.ng c onveyor dur ing s tu nn i ng ( Anon , 1 9 7 8 ) . Tho rn t on e t  a l .  ( 1 9 7 9 )  

r e p o r ted t h a t  t h e  cau s a l  f a c t o r  was e l e c t r i ca l  s t unn ing and tha t the me thod 

o f  r e s t ra int during s t unning o r  subs equent method of exsangu ina t ion had no 

e f f e c t  o n  the p r evalence o f  s p e ckl ing . I t  was sugge s t ed by P e t e r s en and 

Wr igh t ( 1 9 7 9 )  that the p r imary f a c t o r  r e l a t e d  t o  s p e c k l i ng was a s s o c i a t ed 

wi th e le c t r i c a l s t unning by a 
' head-t o-body ' method and that t h e  p r eva len c e  

c o u l d  b e  r e d u c e d  b y  reduc ing t h e  d i s t ance b e tween t h e  head e l ec t rodes a n d  

t h e  b o d y  e le c t ro d e . Mo r e  recen t ly G i lb er t and D ev ine ( 1 9 8 2 )  sugge s t ed tha t 

speckl ing i s  caus e d  by mus c l e  movemen t s  dur ing s t unn ing r e s u l t ing i n  

rup ture o f  b lood ves s e l s  in f a t  a nd connec t iv e  t i s s u e . 

In v i ew o f  the unc e r tainty o f  the cause of s p e c k l ing and the lack o f  

i n f o rma t ion ab o u t  p r ed i s p o s ing f a c t o r s  wh i ch may c on t ribu t e  t o  t h e  

o cc ur renc e or severity o f  the con d i t i on in lamb s , s ome p re l im inary s tud i e s  

were c a r r ied o u t  t o  inves t i gat e t h i s  p rob l em a n d  t h e  r e s u l t s  o f  t h e s e  

s t u d i e s a r e  rep o r t e d  in th is chap t e r . 
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by c l c c t r i c cJ l  ' l J C �i d · ·ol l ly ' E1c t h o cl  < �w: S O  l amb s s l unn c cl  l1y t l l c  c l c c t r· L c: a l 

A L t e r  d r e o> :c: inf, , t he s u r f ;!Cf' S  o f  t h e  c a r c a s e  JllU E: c l c �: ,  h e a r t s  and gil l :l b l a d d e r s  

ob s e r ve d  t lt.:.J t  t l t e  maj o r i  t· y o f  O:.:p c ck1 i n g  wa s c Ci n U nccl t o t h e  hind q ua r t e r s  
o f  l a �:lb �o , onl y �: p c c L l i ng o f  subcutaneous f .q t  i n  t h i s  il Y C' a  ,,,as r e c c rdcd . 

_l'_f:l "C ,t __ _? __ :__�C::V:_c_r:..�.LY _ _  c:_f___c j) :::.CJ.'-)_ii 1 i'c.. -��cl__1 _!:':_!:__c__rl_ f .. Y_c) :; _t_ _r:co £S_c."!.__f� t y_:· o }_y_c;_:�� 
F i v e l a nili s n f f � c t e d by s p c c k l in� w e r e  s e l e c t e d f o r  t h i s  s t udy . De t a i l s  
c o n c e r n i n g  t h e  c x l  cn t a n d  d e g r e e  o f  s p e c k l in g  \ve r c  r e c o r cl c d  and 
t er,liJ c r a. t u r c s  <md pll  value::; of two mw:: c l e s  1.-: cr e  rnc asurC'd a t  a p p ro}: :i m.::t t cly 
1 . 5  hours onJ 2 . 5  hours af t e r  s l au gh t er o f  t h e  <m ima J s .  Th e s e  r e c o r d i n g s  

\·Je re mad e on e a ch s i d e  o f  t h e  C il i" C Cl S <'  i n  t h e  L D  ( lumbar p a r t ) and t h e, 
M. biceps ferr:O! '{D ( p r ox:i.m<J l p a r t ) .  A t  each in t erval , o n J y one r e c o r d in g  
o f  t h e  t ePlp e r <J t u r e  wa s mad e fo r e a c h  mcJ s c l e  v.'h c r e <l S  t 1.vo p ! I  values w e r e  
oh L <J incd  ( l  t o  2 cm a p a r t ) . The t em!J era t u r e  v.'a s me a s ured a t  a dep t h  of 
1 5  n • rn  u s i n g  a Ko c h  t h e rmome t e r *  an d p H  v a l u e s  w e r e  mea s u r e d  a t  the s am e  
d e p th u s ing ; 1  U•r:lb in a t. :i o :·; g l a s s  c lc · c t r o d e  a l l achccl to a T r i a c pH m e t e r  

a s  d e.f; c d b l· d  j n  t h e  prl'V i o u s  c l!3p t c r . A f t e r  c o::1p l e t ion o f  t h e  p H  
reco rd i n gs a p lu g  s am p l e  \·: :l s  ob ud. n c· d  f rom t h eo  L D  o f  o n l'  s i d e  o f t h e  
c a r c a s e  f o r  l a t e r  e s t i mil t i on o f  t h e  u l t ima t e  p l l  a s  p r ev i o u s ly d c H c r ib e d . 

_Pa..J:"_�:--� --�--()!2 �� -- ':; _t_c:t g,c· __ p_�o_t _l l_T�l:�nl)J_j_� - -�-i 1"' :��- _<lil_�....0JlY_( ���}__01 g 
l\ ] o cJ cl s cc: , <: p l r· �� h' CT L' c o J J c- c t c: d f l' cl;r, l CO L t l!lb <e; o r ! p, L n :1 t i n g f r om t e n d i f f c r eu t: 

( !: . 2i ml ) \•! C' r e  uh tn j n e  cl h y  i n  t r;: c a r d i  ac p un c t u r c  \·.' i �-h i n 

'" K o c h  r c c h: : r g c· ; 1 l d e h i e h - l o ,,; C / F  Th c r rr:o m�' t. (' r , t c• c h  Sul' p l i c s  I n c . , K :msas C i l y , u :; .' 
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Tl t c  p l a :;m; t  

t i m e.  of t l 1 e  con t: r o J \vil �� 1 5-- l G  s e c o n d s . Al J a n :Lun J s  f r o lll \•Jh i c h f_, :< Tttp l e s  
had }J c e n  o h t a i n c ct  w e r e  i d en t i f i e d  a n d  a s s e s s e d f o r  s p cckl i n g n f t c r  

The p r cv:J. cn c c  o f  s p c:> c k l in g  vi:J 3 a l s o  r c c o :c d e cl  
in a f u r ther 5 0- 1 0 0 c D r c fl ::, e ,; f n) ;n c 2 c h  J i nc o f  laritb s u s e d  :i n t h e- s t udy . 

a c c o n; :L n g  t o  t h e  c ;-: t cn t 2nd o;l' V e r l t: y  o f  l e s ions on a s c a l e  f r om 0 t o  5 .  
T h i s  <t l lo'hccl t h e  me a n  s c o r e  o f  c: p c c k l ir, g  f o r  e ach o f  t h e  t <? n  l :i n e �-;  in 
the �; t: u d y  to b e  c <1 l c u la t e d . 

RE S U LTS 

The r e  wa s a s i gn i f i c an t  i n c r e a s e  in t h e  p r evalen c e  of s p e c l c l i n g o f  c a r c a s e  

f <1 t  in l a mh s  s t u nilt:cl by e i t h er t h e  1 hc a d -- t o -- o 2 c k ' me t h o d  ( 'J';:1ble 7 . 1 ) o r  

the ' lw a rl -- t o-- l e g ' rn c t ll o J  (Ta b l e  7 . 2 ) n s  c o u1pa red t o  t h e  p r eva l e n c e  o f  

s p e c k l  in[j o f  l a111b s s t u n n e d  b y  t h e ' h e r�  cl--on l y ' method . 
t he r e  v.-a o; V E� r y  J i t t lc h J oocl  s p l a s h  in t he c <:� r c a s e ;3 ,  hear t 2  a n cl  t>,D l lb J a cJ cl e r s  
o f  a n :i �:1;! l s s t unn�· d b y  c l c c t r :i  c a l  ' head - t o - b o d y ' mc t l1 o d s , whe r e a s  b o t h  

[; l"Oup s o f  lcnnh �.: s t U il ! l C d  b y  t il e  ' hc ;:,d--on l y ' E:e t: l 1 0 d  h < d  a h i t;h p r evalence o f  
b lood splash . Th c :=; c  cb f f e r CJl C C' S  in p r e v a l en c e  r a t e s  o f  u l n o cl s p l a s h  

wen• h i g l l l y  s :L g n :' f i c c; n t  i n  << l l  g r- o u p s  i n  t h i s  s t ncl y . 

�·n·, Te ramo Corr o r n ti c, n , Toll y o , ,b p:m . 
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A'::D 1 H ::.::,\D-'.L'Q- 31\C:K ' E L E C TR I C:,\=, sn;N:::;:i\G 

S_;;e c:kl :_ng. 

B �_ o o ci  S p l a sh 

Carc a s e  
1Ie a r t  
Gal l  Bladder 

( 50  2ni�a l s  per group)  

�o . o f  lamb s a f f e c t ed 
' He2d-011ly � 

s t ur:n2d 

6 

1 2  

1 1  

1 6  

' Ec2d- to-bnc:Z ' 
s �t::. ;:::.n c d  

19  

0 

2 

0 

Chi 
� ..... .  , � - 0 
'-' ....._.._ -- '--� ..1.- ·� 

? 

9 . 0 1 ? < 0 . 0 1 

1 3 .  6 i� ? < O . O l 

7 . 1 6 p < 0 . 0 1 

1 9 . 0 5 ? < 0 . 01 

'---' 
J 



TABLE 7 . 2  CQ}1PARIS001 OF TEE 
Al';D ' !i�AD-TO-LE G '  

PREVA��E:�CE O F  l-L'lP:Ol{R.HAGE S B2��·,:£�J� � HE)�·- Ol'J�_J""'Z r 
---

EL� C��1RI CA.L S "�[\':-.J ING 
(50 ani�2l s p e r  gro�p ) 

S p e c k l in g  

Blood S :J l a s:.1 

C a r c a s e  

H e a r t  
G2ll B l a d d e r  

No . o f  lanili s a f f e c t e d  
' lT .., -, ! �eaa-on�y 

s t un�ed 

3 

2 5  

1 8  
1 9  

' Hec:d-to-
s "'c 'J.:-!_:;_ c.� d 

10 

2 

0 

0 

Chi 
S Ci :L'l :- e  

4 . 3 3 

2 6 . 84 
2 l . 9 5 

2 3 . 4 6 

p 

p < 0 . 05 

";::> < O . Ol_ 
P < O . C l 
? < C . O l 

C' 
.:::--
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o t  r; p c  c k ]  i n �·. , 1 1  t h e  :--.: u h c u t : m c  CHJ :� f n t c'vvr l a y  :i n g  t l 1 c  J : n_w c l  c :� . 

i t  c ; m h e· s e e n  t:l J .J t in n l l  c n c ; c'. S  t l l c , : c•. v n l u c :; n r e l o v7c r f r oill the r:to �; t 

i n <\ i c �1 t c d  t l l ;n t lk d i f f c r c:• n c c  "' '' �� s l (•,n i f i c a t1 t  a t  t h e  5 %  l ev e l . Al l 
o l  h e r  c Li f f e r c D c c :c: \\'C r c  n on s :i g n i f i c ;-: n t . 

c a r c n :; e s . THo o f  t h e s e  ( C :1 s c� No !� an d Case r�o 5 )  appearccl  t o  h a v e  a 

Th e s e  t w o  c a r c a s e s  w e r e  a l s o  r e c o r d e d  as l1 a v i n g  sma l l e r  a n d  J c s s  s e ve r �  

T h e  u l  t j ma t: e p J :  va l u e s  wecE: u r c cl  o u  p 1 u[j s awpJ c s  f rom t h e  L D  <1 re r e c o r d  e el  
i n  the l a s t  c o l u 1nn o f  T<1b l c  7 .  4 an d i t  \vi l l  b e  no t e d  t b a t  t h e r e  vle r c  o n l y  
sma l l d i f f e r e n c e s  b e tween c a r c a s e s . 

I t  c a n  be s c c'n in Tab l e  7 .  5 t h a t  3 7 %  o f  the 7 7 5  c a r c a s e s  in c l ud e d  i n  t h e  
la s t  p a r t  o f  t l1 c  s t udy we re a f f e c t e d  by s p c c k l in g and 2 . 5 % o f  t he c a r c a s e s 

h a d  maj o r  l e s io n s  ( Brad od 4 or 5 ) . I t  \·J i l l  aJ s o  1 J c  n o t ed t h a t  t here  H E' r c  

c on s i d e r ab l e  c1 i f f P HTt c c c> lw t�'vcen l i ne ;:; o f  J : :nn1 l s  j n  t h e  c.k g r e c  o f  s p e c k l i ilg 
re�;:! rd l c:s  s o f  ,,, he t l 1 e  r t h i ;; \·Ja s lll 2 c1 f; l l red by t h r  f U) (] j_ n g  s y s t e m u s e d  in t h e 
s t udy ( a s  exprc· ,; s c· d  b y  t l � c  I o c .cw s c o r e ) o r  w h e t  h e r  j L vJa s  mca s u 1· c d  by the  
t o t a l  nu iHh c r  o f  c <J r <:: a E; c' <; c-, f f c c: L r: cl . 

v;: r i ( � d  ! r un; l J  t o  2 1; s c c u n cl �; H i t h  a Jll i.' iln o f  1 6 . () �; c c on cl s  (Tn b l c  7 . 5 ) . T h e  



TABLE 7 . 3  MUS CLE TEMPERATURES OF LAMB CARCASES AFFECTED BY SPECKLING 

Descrip t ion 
o f  

Case No . Speckling 

1 very severe 

2 medium 

3 med ium 

4 med ium-light 

5 very l ight 

He an 

± S . E .  

M b .  -�'" . 
BF == • &ceps J emor&s , 

1 . 5  h EO s t  mor tem 
Mo s t  sever ely Least affected 
affected s ide side 

BF LD BF LD 

3 0 . 0  3 2 . 0  3 0 . 0 3 1 . 0  

3 2 . 0  3 4 . 0  30 . 0  3 3 . 5  

- - - -

- - - -

- - - -

31 . 0  3 3 . 0  3 0 . 0 3 2 . 3  

±0 . 0 7 +0 . 0 7 - +0 . 0 7 

2 . 5  h Eo s t  mor t em 
Mo s t  severely Lea s t  affec t ed 
affected s ide side 
BF LD BF LD 

2 5 . 0  25 . 5  2 6 . 0  2 5 . 0  

2 7 . 5  2 9 . 0  26 . 5  2 9 . 5  

2 7 . 0  25 . 5  2 5 . 5  2 6 . 0  

2 5 . 5  2 6 . 5  2 6 . 0  2 7 . 0  

2 7 . 0  2 6 . 0  25 . 5  2 6 . 0  

2 6 . 4  2 6 . 5  2 5 . 9  2 6 . 7  

+0 . 04 +0 . 0 6 +0 . 0 2 +0 . 0 7 

� 
C'> 
c, 



iABLE 7 .  4 _pH VALL:E S OF XL'SCLES OF thlill CARCASES A?::'ECTED JY SPECZ:L I�rG (_L'�EAN VALUE S CF :;:o 
READlSGS PER S IT E )_ 

D e s c r i p t ion 

o f  

C a s e  "0:o . S;_Je ckling 

1 very severe 

2 rn.ed ie1r.1 

3 J::.C G. lUrrt 

4 med ium-l ight 

5 v e r y  l ig�t 

�-�can 
S . E .  -

BF = ��-:. biceps ferrzor-�s 
,, One reading only 

1 . 5  h po�t �arte� 
l�1o s t s ev e r e �. y  Lea s t  � t t c c i.: e c.!.  
e f fec t e d  s i c� e  s ide 
BF LD BF T-.�D 

6 .. 1 3  5 . 9 9 6 . 1 9 6 .. 0 0  

6 . 1 9 6 . 0 8 6 . 3 0 6 . 1 3 

6 . 0 7 6 . 1 1 6 . 0 7 6 . 0 7 

6 . 2 6 6 . 3 4 6 . 3 4 6 . 5 0 

6 . 3 1 6 . 2 4 6 . 3 9 6 . 2 5 

6 . 1 9 6 . 1 5 6 . 2 6 6 . 1 9 

+0 . 0 2 +0 . 0 6 ±0 . 05 �o . os 

2 . 5 _t:_]2_�_:S t _IC�_? r" t C: r;� 
�o s t  s e ve r e l y � e 2 s t  a f f e c t � d 
a f f e c t e d  s id e  s id 2  
IE•' 

5 . 9 3 

5 . 9 1 

5 . 9 1 

6 . 2 2 

6 . 1 7 

6 . 0 3 

+0 . 0 6 

LD 

...- 0 ;  :J . u ..C 

c 0 "�  ..: • � L 

5 .  2· 6 

6 . 10 

6 . 19 

5 . 9 8 
+0 . 0 6 

� �  ;)�' 

5 .. 8 0  

6 . 0 3 

G . O J 

6 . l l 

6 . 2 2 

6 . 04 
+0 . 0 6 

·-D 

s . s s 

5 � 3 G 

5 � 9 .1 

6 . 4 5 

E . 11  

G . C4 
-'-0 . 1 0 

24 � 
� c s ,: ���, � � e l:l  

� """' -;'� 

5 .,  S i3  

5 . 5 3 

5 � 7 2 

.... - ,....., :J .  � () 
,... r· � ) ., ;) ..!.... 

� 
�-· 



�1\BLE 7 .  5 A. S S O S IATIQ� DE'���.rs=�-r DEGP�EE ()F SPE CIZL I��G l�::D o:�S S J\\G!� "!:? .. O�i�RC:·l<3 =1>J I' I�(�= s � r�L�S-...:? � J  ...-y 
-----· - . 
��LE;� L Lf·�2 S  OF �_JA�·I3 S 

L ir,e C '.Jde Speckling 02e s t a g e  p r o t h rom� �n t i�es 

/. 

3 
4 

5 
6 

7 

8 

9 
:.o 

r :!' 

r ·I: ·/:: 

No . 
Exarr: . 

o; f)  J v  

5 0  
7 5  

100  
5 0  

1 0 0  

7 5  

7 5  

l O O  
l O O  

7 7 5  

�1ean 
S co r- e  

0 .  9 0  
0 .  L1 C 
0 . 6 9 

1 . 0 5 

0 . 8 2 

0 . 54 
0 . 3 6 

0 . 6 0 
0 .  7 2  

0 . 6 5 

0 . 6 8 

P e r c en t a g e  c a r c 2 s e s  
c f ::= e c ted \·:it�: 

l·1aj e r  1\1.r-...y 
L � s i o n s  L e s i o n s  

( graded 4 & 5) (graded 1-5 )  

2 . 00 
4 . 00 
5 . 3 3 

8 . 0 0 

2 . 0 0 

0 
0 
0 
0 
3 . 00 

2 . 4 5 

4 G . O O 
J..S . CO 
3 2 . 0 0 

4 8 . 00 
5 0 . 00 
3 6 . 0 0 

2 6 . 6 7 

3 8 . 6 7 
L; 2 . 0 0  

3 6 . () 0 

3 7 . 6 8 

-0 . 6 0 

-0 . 11 

"" " 

t e s ·:= e d  

" 

5 
1 1  

1 0 -L V  

1 1  
J. O 
1 2  

1 2  

j_ ]_  

, ') .!. ..!  

1 0 0  

l 6 . 2  
l / . G  
1 5 . 6  

1 5 . 6  

1 7 . 3  
1 3  .. 2 
1 8 . 2  

15 . 8  
l r-:, ? -"� V • '-' 

15 . 3  

1 6 . 6  

i-�C2_f: 
-- 0 . � . 
( s e c )  - '  

0 . 6 6 
� 0 .  5 "-
-- 0 . 3 ) 
+ 0 . 3 S 

- 0 . 6 7 
f\ ....... ') ,- 'J . ! �· 

+ o . s s 
+ 0 . 54 
-l.. n -r n  · ...._ . •  t O  

+ 0 . 3 3 

r *  = correla t ion coeffic ient be tween mean s c o r e s of speckl ing and mean o2e s ta�e  p r o t hr omb in 
t imes (n = 10)  

r 'f:�·/� c o r r e l e t ion c o e f f ic ient b e tween grades o f  speckling and o rre s t age p r o thr o�b in t i�e s c �  
i�d iv idual an ima l s  ( n  = 100)  :; 



S p e c  L l 
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f ,' 1 : ' ' � : : ' / • 

I . 1 

l . ( )  

0 .  n 
/ 

(J . il 
�. r ;_g 

�.: c ( J  ,-(' ) 
0 .  I 

0 . 6 

0 . '5  

r 
I ! 
[ 
1 
; . 
1 
� ( 
I ' � '"'" \ I 
I ( ! • . 

I 
I I 

( J  
n 

(• 

c 

I ' 
c .. 
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1 / CJ  

o r  

(-0 . 1 1 ) L e t  v·>c: C J •  g r n :l e c: o f  s p r: c k l  j n g  a n d  O i 1 C  s t a g e  pro thr oc:1b Ln t i r,:r' C-' o f  

ind i v i J u a l  n n i ma l s .  

I t  h a c;  1 J c' cn d Lf f i c u J t iD t h e  p c, �� t  t rJ c a n-y o u t  i n vc :c: U  g n t i o n s  n l  t h e  
mea t v:nrk �; t o  c omp;: r c  t h e  c f f p c t �� o f  c1 i f f c t <.' l l l: mcth o d ': o f  s t unn i n g  on t h e  

s o rnc l i rw .  T h e  f j r s t  p o r t o f  t h e  >; t u cl i e s  } J H' S Pn t t' d  i n  th i s  cha p U� r  \vo .r c  
c ar r i e d  out  at  a t i me >-;h en m.·1n y m e a t  \·o o d.:: s v1 c r c  ch[m g :Ln g f r om ' hea d - t o - b o d y ' 

me t l ! o d .c: t o  ' h e :J d - · ou l y ' 1t1c t h o d :c.: o f  e l e c t r i ca l  c; t u n n in g  ancl i t  wa s t .hus 
p o f; s i l ; ] .:: to c on' p 8 r e  t h •:  e f f e c t s  of the t Ho m e t h o d s  cl u c i ng c orrane r c L1 l  
o p er a  t :i  on f.; . 

I t  b n s  p 1· cv io u s l y  b c (' ll shown t h z:1 t  ' head-- t o · ·b ack ' s t un n i ng d ec r e a s e s  the 

p r eva l en c e  of b l o o d  s p l a s h  a s  c o m p .J r c d  t o  s t u nH i n g  by the ' hc a d - o u l y ' 

method ( K i r t o n  e·i; a t . , 1 9 8 l b ) . The p r c o: en t  f indings s u p po r t  t h i �; v i ew 

an d a L: r! i nd i c a t e  t k1. t  b lo od s p l a s h  i s  of l i t t l e  i lllp o r t a n c c• wh en t h e  

' h eacl -- t n-- l e z, ' me t h o d  o f  s t un n i ng i c; u s e d . I t  w o u l d  a l s o  a p p e a r  th 3 t  
durhtg t h e  y c, a n: ;  v.-ltc n  mo :c, t r;Jc a t  \v o rl\ s w e r e  u s ing c: l c c t ri c o l  ' hc <; d -- t o -b o dy ' 

me t: h o d E-' , t h e r e  \·:e n· f c1;v r e p o r t s  o f  p rob h�1ns a s s o c i .ctt . c cl 11H h b ] ood sp l 3 s h  

T t  'JJO u l cl  t h u s  a p p e a r  t h a t b l oo d  s p l a s h  i s  n p roh 1 em 
t ; a :i n J y ; , :·1 S O C 'L a t c d  \d t h  t he (: l co c t t· i c :t l  s l nnn i ll g  c, [ l :1n:h s  \v i t: h o u t  the u s e  

of  a t h i r d  h o cly e le c t r od e . 

cOilT 't r ( • tl t o  o L ltc r  n : , · L lwdf; o f  c ] c c t r :i c; t l  s t u n n ing , j �; i n  agrcc iih_'n t \Vi t h  



I i i 

c u n d -_i t _i D -:: 1 .  

T h e: J n t t c r  p ;u· t .  o f  t l 1 c' p n· s u; t  s t u c; i e .c; I ' " "' c �1 r r :i c: d  c1 1. 1 L cl uLi n�� l l t c  c 2 r J y 
p n r t:  c· f the  l S �i l / : : ?  k i :! J inp, s e : � ��; n n  :'l t a w e :l\: \·.rc, rL :.; tL' :i 1 1 ;:. tlw c l c c tri c;-1 l  
' lw a cl - · t: ;, lee; ' P: f • l bx1 cJ f: �; t unn i l1 g . Tl1 c r c �nd. t � ; inc Li. c a t c·d that 3 7 '/  o f  the 

c a r c a :c; 0: o: l 1!; d s o :CJ rc  c)r i'Y C �· of �. p c c l\ l i n g and 2 . 5% h0d m;: j o r  1 c• s i oi1 o1 ( grad ed  
!1 o 1· 5) . A s i r,i i l o l· �. t u cly -..J rt o3  c a r r i  e el o u t  :1 t  t h e  S <·l l'iC' rqe a t  \·.'C.1 J· k �� d u r i ng 
t lw e a d.y p : H t  o f  t h e  1 9 7 7 / / 8 c; Q ;J S O J J  when t h c  e 1 Q c t r i ct 1  ' hc o d - t o--b a c k ' 

mc t 1 J o c1 o f  �; t u nn i n ;;  v• :1 s u �; c d  ( P c · t  c r: s en ancl \-} r i gh t , 1 9 '/ 9 ) . The r c ::o u l  t s  

o f  t h i ;3 �; t ucly i ncl _[ , · <'t t e cl t h a t  2 9 %  o f  3 0 .) 8  c :J r c :t s e s  cxamj n c cl  -..n· r e  ,, [ f e c t e l1 
by s p c c k l .i nf, ancl 2 . G % had maj cn· l c· s j on s . As b o th o f  t h e s e  s tu (H c ::; H e r e  

c a r r l e c1 o �1 t  z.1 t t he· s ::1 m e  t i me o f  t h e y e a r , t :1c rc�; u l tc ;  a r c cor,; p e1 u• b l e  and 
in d l c;cJ \ c tlu t t h e  p nc V cJ lcncf' of t� I • cc kJ in [:. i s  s im i l a r in ccm i w1 l s s t unned 

by ' b ezHl -- t o - J c · �·, ' fitt• th o d s  a �; c cCl! ' O r cc d  to a n i n:::J l ;;; s t unned hy ' hcad · -t o-b c�c k '  
m e t }  w e] . I t  D cay t h u s  b e  c on c l u d e d  t h a t  s r e c k l in �  is a p r o b lem a s s o c i a t e d  

ma i n ly \o'i t h  e 1 c c t r i cccd. ' h E: a d · - t o -l J O d y ' me t h o c1 ;3 o f  s t u nn i n g , v1hc r c a s  
b l ood s p l o s [J i s  usua l l y  C1 s s o c i 2 t cd \·J i t l l  ' head-only ' mr� th o d s  o f  s t unning . 

Thr-' :i n c rc:· .c> .'' cd r<J t c  o f  pH decLi n e  j n  rr1u s e. J c s  un cl e r l ety in g  S tlb cu t <; n e o u s  f a t  

af f e c t ed b y  s e v c r l'  s p c c k l i n g  i s  an i n t e r e s t ing f ind i ng .  

i n  C:luJ p t c r  S :i x  t k1 t  ' !l e ad-- t o - l e g ' s t unn i n g  c a u s c s  a n  i n c r ea s e d r a t e  o f  
p H  d P L' l ine: o f  t h e  LD il 3  compn r c rl  t o  ' h ead --on ly ' E:: t: un n i n tj .  

s ug g e s t ed t ha t  t l H' a p p aren t Jr: c r e a s c  in F O S t mor U·m g l y c o l y s i s  a s s o c i a t e d  
wi t h  ' h c <Hi - t o - l c g '  s t unnl 11g l s  cnusf:d b y  d ir e c t  s t i mu l a t i o n  o f  t h e  mu s c l e �; 
>-Jlwn a t h i r d  e )  l' C t roc1 c  i s  p ]  a c e cl  on t he b o dy o f  t b e  an ima l . I t  vlou l d  t lm s  
app e a r  th a t  L h e r c  I:L;.y b e  a cl :i r e c t o r  i n d i r e c t  C\ S s o c i CJ l io n  h c: t \;· c · c n  the 
d c z r e c  o f  e x p o �; u r c  to e 1 e c t r5 c c'. l c u r r e n t  i.l nd t h e  zc p p ca r a n c e  of s p e c k l i n g  
i n  s ub c u t an e o us f a t . 

At t h e  wca t: \,. n rk c; t ltc L;;n}J s a r e p l il c c c1  j n  s t <J ilt l c s s  s t c• c l  c mw r ' )  c ' r E; "-'h L l c  
h c i n g  �: t u n n c d  :m d t he p e l t s  n r c· u s u:1 l l y  s p 1  n y c· d  H i  t h  wc: t e r  3 t  the  p o i ! J t s  

o f  c o n i. : ! c t  o f  t ll c  s t unn i n (; c J cc LTod c s . Tho  mno u n t  o f  \va t c r  u:; c- d  d i f f e r s  

n o t  on 1 y  b e t hi t' f ' ll  t h e  'I·J :n� L ;:; b �1 L  cl l ::: o  '.·d t h i 1' vo r k s  ci c p c1 1 d in g  o n  o p e r a t o r  



o f  ,-0 1  

Lca l v:n L t t i on s  i n  p r eva l en c e  o f  

c on t a �t u j n L C01 i. J tt.:.t r ill  �l 1 1 cl A �-; �- D t ·i. s t i c c l l D s E; o c j G t j on \\-rt1 �:; C ' �: t .:. t b ] i �j 1 J c-' d 1) c t\•.rc-� cn 

i n  l amb >;  (Ecs t ;c: l J , 1 9 8 1 ) .  
e x t r in >d c  s y s t cw o f  b J u cd c o :c<-;u LH: ion ( C o J e s , 1 9 7 !4 )  <1 11 d  ;my i n c r e ;: s c abovl'. 

a s s o c :i a L c cl \ ? :i t ! !  t l 1 i s  f; y �_: t cm , i . e .  f a c: t o r s  I ,  I l  (pro thromb i u ) , V ,  V l l  

o f  t h i s  f n e  i o r  c an o c c u r  i1 S  8 r c r: u J  t o f  ir· :> cl (" (j U :J  l c a b s o r p t i o n  o f  v i  t .1 m i n  K 

o r  f r om a n  imp a i r e d  s y n l h c :� i s  o f  p -.- u th ro;nlJ -i n  by t h co Li ver . S u ch i mp a i r e d  

syn t he s i s o c c u r s  <l f t c r  i ng c �; l: ion o f  <:m t i c o i1 z; u J ;: n t  sub �; L-m c c s  s u c h  a s  

d icouma r o l  \-J h i c h  c :1n h e  f o r med f r o !D c oun1 a r j n  i n  S\vcc t c l o v e r s  ( C l  ;-; rl�e> 
a n d  C J a rke , 1 9 7 5 ) . T h e  h a cmo r rh a g i c  d i s o rd c r D  c; c; o:; o c i a t c- d �vi t h  exp o s u r e  
t o  <' r r t i c o �r L, u ] an t s  a r e  c 1J n r a c t e 1 i s o d  b y  inc r . • a f,cd c o p i l ] z.x y p ermE -n1J i 1 ity  
and in c r e a o: c c1  b lo o d  c l o t t i n z  ti r;1 c �� ( H a t c h , 1 9 7 7 ) . T h e:  c a u s e  o f  t l t c  chanse 
h1 C<lp i l l n r  i c s  i o: 1 w t  kuc''''n but i t  ,,;ou l cl  h e  l o g i c a l  to c o n s i d e r  f: u c h  a 

con cl i  t i on t o  p r c cl i ,': p o :- c  t o  haE'mo r r l!o ges i n  c a r c a s c E: . 

The o n e  s t n g e  p r o t h r omb in t j mc t: r e c o r d ed l n  t h :L >:; s t ud y  a r c  in c ]  u s e  

a gr e emen t ,,, L t l l  t h o s e  p n: v l o u �; l y  r e p o r t e d j n  she e p . T i l lnnn e t  a l . ( 1 9 8 1 )  
r e c o rded a mean o n e  s l: a g e  p r o t h r ouili i n  t j rnc o f  1 9 . 3  s e c onds  ( range 1 6 . 4  
t o  2 3 . 9 )  j n  t e- n  nu t u rc, v:c � h c r s u s :i n g r a b :J j t b ra in t h n:mb c p l a s l i n  and 

( J l i d L l l c in eL a l . � 1 9 [) 9 ) . 



:J / .  ·� 

On the: c: u ; I_ tr n r y , 

Th i �; �; c) c] �; further C'v i dcnce to t L c  h y p o tJ J c : ; :i E> th�t 

the n e t i (> l o;;y o f  b :l u o d  s p J  a <e;l t and s p eck] i l ! £', a r c  f u n c't:l mcn t .:J l l y  d i f fe1:cn t . 
1 L  i ;; b c J j cvcd L h" L E: U c! J  d i f f e r e nc e s  1ray h e  rc1a tccl  t o  t h e  d i f f e r e n t  
c f f c c U; CJ f ' h c;clC] -onJ y '  s t m m j n g il n d  ' h cacl - t o -b o cl y ' s t u nn i n p;  m n y  h0vc 

Fur t l 1 c r  invc s t i ga U mi s  of 

the s e  p r ol> l t>J rJS d T C'  cl c E: c r _i l, c d  :i n  Lhe f o l l ov.> i_ n z,  c ha p t er .  

CON Cl ,W; lCi\ S  

1 .  The p revct l c n c e  o f  spc c:kl in;:; i s  s :i gn:i f i c:antly h :i ghPr in c a r c a s e s  f r om 

lamb s s t nnncd by 1 1 , c ;� d-· t:o --b u d y  1 mctho d c> .:1s c owp;:: r e d  to c:ar c a �; e c; f rom 

a n j ;r ra 1s s t un:wc1 b y  ' ri c o cl - on l y ' mc t li o cl s , 

2 .  Thei ·c i s  o. highly s it;n i.f :ic ,:m t inc rease in the p revalen c e  o f  b l o o d  

s p l � sh in c ar c a s e s  a n d  o r gans f r o m  ru1ima l s  s tunned b y  a ' l1ea d-onl y ' 

T!1(' LhoJ a f; comp a r eu t o  tha t f r o m  animal s s tunned by ' he a d - t o---b o d y ' 

method s .  

3 .  Tl i C' r c  i s  an in c r e a s e d  rate o f  pH d e c line in some mu s c l e s  und e r l y ing 

s uh c u t anco u o; fat \·: i t h  severe s p e c k l in g  as comp a r e d  to the pH d e c l in e  

o f  s i m i l a r  mu s c l e s  a s s o c i a t e d  w i t h  l e s s  ex tens ive s p e c k l ing o f  the 

s uh c u t :meous f a t . 

4 .  The one s t age p r o t h -:- o mh i ll  L hr1e r.1c a s u r e cl on ind iv:i_clual b lood samples 
f rom 100 Jan'b s var ied fro!'I 13  L o  24 s e c on d s  \v i t h  a mean of 1 6 . 6  seconds . 

5 .  E::rtcnc1 cc1 o n e' s t: J gc pro tlwoml) j n  t ime s are n o t  a s so c iated '>v i t h  an 

i n c r c o. s e  in thr> prev; J l C' JH' e o f  �; pecl;. l iu g . 
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t h e  Uvo r. tc' L ) , , , r[ � .  o f  s t um , _Ln g c n n  lw r c l :1 t c cl t o  d i f f e r e n c e :--; i n  t l 1 c  u c t i o l o r,y 

;m rl TvJccd , 1 9 �'. �' ; K :i 1: t on c l  a l . , 1 9 7 8 ; J31a c krw r c  an d Nc·\·.'t J o u k , 1 9 3 ?. ; 
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t h c r e f  o r e  c' u g ;c, c s t ecl hy t h e r; c  uo r k c· J  s t ha t  s p e c k }  i n g  is n o t  r e l a t e d  t o  

Howeve r ,  i t  wou ld 

ap p c· 0 r  tha t t h e  d u r a t i o n  .sncl in ten �; i t y  o f  mu s c u. l d r  a c t iv j  ty f o l l mv :i ng 
d i f f e ren t n: e t hcd s of c J. cc t r i c.:::. l s t un n in z  l l a s  n o t  p r cv i o uo; J y b e en 
inv e :c; t i g a t c d  2 p i1 1' t  f r om t h e  H o r lz r c p cll� L c-J in C1n p l l? 1: S i x  o f  t h i s  uw �� i s . 

On e o f  the m:Ji n f c ;:: t u r c s  o f  ' h e a d -- t o -- b o d y ' �; t u n n in['; i s  t h a t i t  c a u s e s  

h�ill(:cl L l t c  cn n1 -i a c  dy �; f unc t :i on ( B lacbno r e  a iHi  l' c l cr �; cn , 1 9 8 1 )  and 
s ub r: -::q� 1en t c c :� :: :� LL o n  of b lood fJ 0\v . I t  l u'L S b e en sll o'vm hy P c n r s m 1  c L  a l . 
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and a d r en a l i n 0  i n t o  th� b l ood s t r e a m  r c s u l t i n [';  i 11 l e v e l s r c s p c c t J v c J y 

1n t h e c a s e  o f  
1 h c :H� --- t o---h o d  y ' 

f', t Hnn in z; ,  t he a d  r c :• :1 J i.nc v:o u l  c1 n �' t h e  c i r e  u L1 t e el  vhc r e a ,� 

.c s  �-t J' (' _-_; u l t n 1  L hc t_' l c .:� L r i c a J  � ; t · ·i n: L i } !1 t· j un .  



l / ' i 

] l l t > c;;·] v • · : ; :  t ] : : ., ] > : 1 1  L i r · u l : 1 r J y  t· lJ,:l ; ; , · i : 1 t ] , , •  : : L i n  : : n : �  J : : . J c " ; � : : i  (T i ( · t :-:; li ' H: J l : : 1 1 ,  

1 9 / l ) . 1\ : ;  \ 1 : ·: - n · L ;  rl i •  J u t : �'. l ' )' ii : \ Y  1 � 1 u " d  fl o r i ,  U l i J L :- d c t .i on o f  .' :m ,l l .l v r • o : :-; c · J : ;  

�12}�1 ;� 1 �� ;_1_1 1 0 _ _ t_ll_c:_i !'_] !_2 c p:;_l�:<_ t_� O!]_ 
Lm,;b s i rm>! t lw H a s :; c· y  U n ive r s i t y  f n r w  \vcT C u s ed f o r  tll ro s c· s tucl :i e :-: .  'fhey 

sawe h n : c d . i\ 1 1. an irr1:d r; 1:/ C: Y C  d e n  i c e! <t C C: (• E> S  t o  f o o d  a n d  \·i <:l t c r  f o r  2 !r h o u r s  

Tll e t e n  l a!!1tJ S m; e d  i n  t h e  f i rs t o f  the s t u cl i c .c: h' C' r e  p n· p , J r c d  by l h <c• 

f o l l ow i n z s u r g i c: a }  p r o c e d u r e s  : 

The 1 i1Etl, s w e n� j ll i ti f1 U y  a n a l' o; t 1 l C' t:i s cc1 by j n u· a v c n o u :-� :i n j e c t io n  o f  

f o l J. m.,;c:d b y  int ul> a t iun  and L h 1.' a c>,d n i  �; t ra t J o n  o f  a 11 :d o th<tn0 and o z y g cn 
mix t u. r c  cl ur j_ng  t h e o p e r a t i o n . T!tc f c ,no r a l  a r t e r y  awJ o;<1 p h c no 1Y; vc· i n  

o f  t h e  r _i g h t  h i  n .lJcg \,• a s  e x p o s e d  n n d  ,1 60 cm l onz p o l y c t h y l cnc• tu1 )c  w i t h  
a 3 mm f? X l e rn a ]  d i ::·mc t c r  w a s  .i n c: c r: t c cl i n  c �tch v c s :::; c l . The c <.mnul a c  vJ e l' e  

gen t l y  p ushed i n t o  the ves s e l s  t ; n t:i  1 t h e y  r e a c l J c cl a p o i n t  j u s t  c o u d a l  
t o  t h e  d j aph1· a gm i n  t h e  a o l" t <t '-> l i d  tl t c• c awl :cd_ vena C <-1 v a  r c s p c c t iv P ly . 
H o t h  c ann u l a e  v:c r e  f lu s hed n n cl  f :i l l e d  w i t h s cd i n c  ( n p p roxima t r: l y  2 . 5  ml ) 
and p ro v i d e d  \·d. t h  a t:c:' o--·v.ray L; p on th e i r  e:.-: t c: rl\ 2 1  f r e e  e n d �; \vh i  eh \-! e r e  

h c l cl in p n s i t ion cl u r  i n g  r e c o v c · ry ;md t h C' ov< T n i gh r e r: ci ng period by 

_R_:::_oc:_t_I.:�·":_i � 1_L_ _<l_��cl _ _ _  :-, 1 __ a u ; ;1 J  t_e_!._ 
Du r i n g  1 \l :· c :-: p e r ·i Jc c · n t ;o , t �w Lmi 1 ::; \·: e r e  p L1 c c cl in <1 �-: L :1 U o n c r y  n• s t r n -[ J J c: r  o f  
f::imi Ll r � ; ! J c ; p c  l e'  t l t e  mo v i nf', c u : < '- · l'yo r s  u;, c cJ  a t  t h e  mc· n L 1-JOrb; ( l ' l ;l t c · 8 . 1 ) . 



PLATE 8 . 1  SHEEP IN RESTRAINING CRATE BEING STUNNED BY 
THE ' HEAD-TO-BACK ' METHOD 

1 7 6  



The. animals were stunned e i th er by the ' head-only ' method described 

in Chap ter S ix or by the ' head-to-back ' method . The latter method 

u t i l i s e d  the same e lectrical parameters as the ' head-only ' method 

1 7 7  

(0 . 7 5 - 1 . 25 Amp , 400V , 5 0 Hz for 3 seconds)  but \vas also equipped �.;rith 

a third elec trode connected  to a metal  plate placed over the back of  the 

animal in the region o f  the las t thoracic and the f irst lumbar verteb rae . 

All animals were exsanguinated by transverse incision of  the ventral neck 

region with severanc� of  the maj or vessels , the trachea , the oesophagus 

and the spinal cord at the occipito-at lantal j un ct ion . 

Recording of data 

Elec trocardiogra_p_!:ry_jECQl Needle electrodes , provided W! /6 overvoltage 

protect ion diodes on the input cables , were inserted subcutaneous ly in the 

thoraci c  wall . The e lectrical s ignals were recorded graphically on a 

Devices 8 Channel Recorder . *  

Blood pressure : Both arterial and venous pressures were  obtained by 

at taching a Bell and Howell  Type P I  pressure transducer** to  th� taps on 

the free ends of the cannulae . The transducers were p laced at the level 

of  the heart to equ ilibriate to zero hydrostatic head and p ressures were 

recorded on the Devices 8 Channel Recorder s imultaneously with the EGGs . 

Electromyograph_y (EMG ) : Two needle elect rodes, provided with overvol tage 

protection diodes , were inser ted in the muscles at a depth of 1 5  mm and 

60 mm apart . A reference elec trode was placed between the two needles 

and recordings in Experiment 2 were ob tained in a s imilar manner to the 

ECGs \vhereas the EMG signals in Experiment 3 were recorded using diff erent 

equipment which is described later . 

Haemorrhages : Following slaughter , dressing and evisceration , the 

carcases and organs of the animals r.vere carefully examined for speckling 

and b lood splash . 

��eriment 1 : 

Ten lambs were used f or this experiment in which ECGs and arterial and 

* Device Sales Ltd . , Hertfordshire , United Kingdom. 

**  C . E . C .  Divis ion , Pasadena , California , 9 1 1 09 , U . S . A .  
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venous pressures were ob t a i n e d  before , during and a f ter stunning . Because 

of  some ini t ial problems w i th the in t ravascular cannulae , both arter i a l  

and venous blood pressure measurement s  were not ob tained in all cases . 

Four of the lambs were inj ected through the intra-arterial cannula with 

noradrenaline (Levophed* ) before being s tunned by the ' head-to-back ' 

method . In three of  these animals a dosage of 20� g/kg liveweight was 

adminis tered from f ive to  f if teen seconds p rior to  stunning . The four th 

lamb , used in this part of  the experiment , was dosed four t imes with 

varying amounts of  noradrenal ine and after each dos e , the animal was left 

undis turbed until the arterial pres sure had declined to approxima tely the 

same level as before the treatmen t .  This animal was stunned and 

exsansuina ted one minute  after the last inj ection with 40�g noradrenaline 

/kg l iveweight . 

The remainder of  the lambs in this experiment had no treatment  prior to 

stunning and three o f  these were stunned by the ' head-only ' method 

whereas the last three lambs were stunned by the ' head-to-back ' method . 

Exper iment 2 : 

This experiment �.,ras designed to  measure the durat ion o f  muscular act ivity 

following s tunning and t o  ob tain more informat ion about venous pressures 

associated with the two different types of  stunning used in these s tudies . 

The venous pressure was measured through a cannula inserted in the j ugular 
J 

vein j us t  prior t o  s tunning rather than us ing the saphenous veh as in the 
,... 

f irs t experimen t .  

Recording o f  the EHGs were ob tained from the middle region o f  the neck 

(lateral aspec t ) , the lumbar part of  the LD and the proximal part o f  

the h indleg ( lateral aspec t ) . 

Two animals in this experiment were stunned by the ' head-only ' method and 

three animals v1ere stunned by the ' head-to-back ' method . 

* Win throp Laboratories , Sydney , Australia . 
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Experiment 3 : 
The obj ec t ive of this exper iment was t o  measure the myo-clec trical a c t iv i ty 

in the LD during the i n i t ial  period o f  muscul ar contrac t ion following 

electrical  s tunning . 

Ten lambs \.:ere used in this exp eriment . Five o f  these \vere stunned by the 

' head-only ' method and f ive were stunned by the ' head-to-back ' method . 

EMG recordings were ob tained from two s i tes of  the r ight LD of  each animal . 

A c ran ial s i t e  was selected in the region o f_ the fourth t o  s ixth thorac i c  

vert eb rae and the caudal s i t e  was s i tuated i n  the area adj acent to  the 

tuber coxae . 

The EMG si gnals from the two s ites were recorded for a 20  s econd period 

immediately a f t er stunning . After  amplificat ion (Tektronix , Type 1 2 2  

Amp l i f ier*) , these records were s tored o n  a DMS-6430 Digital Memoryscope* * ·  

At the c omp let ion of a 20 second recording per iod , selected par t s  o f  the 

informat ion ,!//ere expanded , using the Memory scopes zoom fac i l i ty , and trans­

ferred to a chart  recorder {Ornniscrib e  recorder ***) . The t ransfer o f  

info rmat ion was i n  a l l  cases ini t iated one , eight , twelve and ninet een 

seconds after s tunning and at  these t imes , the EMG s ignals were reco rded 

on the chart paper f or one second . These a c t ion potent ial recordings 

were later integrated for a 0 . 2 5 s econd period , randomly selected f rom 

each t ime period by means of a p lanimeter as des cribed by L ippold ( 1 9 5 2 ) . 

I t  was thus possib le to  obtain measurement s  of act ion pot en t ials  associated 

with the four dif ferent periods of  EMG recordings (Figure 8 . 1 ) .  These  

were measured in  mV . s  x k , where k is an  arb i trary cons tant . 

RESULTS 

Expe riment 1 : 

The main effects  of noradrenal ine on b lood pressure in four lambs are 

recorded in Tab le 8 . 1 .  The ar ter ial pressure increased , usually within a 

fe\v seconds of  the inj ec t ion and the extent of the pressure rise  appeared 

to  b e  dep endant on the dose given . When one of  the animal s  was subj ected to 

* Tektronix Inc . , Port land Oregon , U . S . A .  
* *  Iwa tsu Elec tric  Co . , Japan . 
***Hous ton Ins trument s , Aus tin , Texas , U . S . A .  
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TABLE 8 . 1  THE EFEECTS OF ADMINISTRATION OF NORADRENALINE ON THE BLOOD PRES SURE 
(mm Hg) - OF LAMBS PRIOR TO STUNNING 

- - - Maximal arterial Eres sure Haximal venous Ere s sure 
Animal Do sage Pre Post Pre P o s t  
Ident ificat ion ]Jg/kg inj ect ion inj ect ion inj ection inj ect ion 

1 20 120 185 ( 10 )  '/( .,� * 

2 20 130 145 (5)  5 3 ( 5 )  

3 20  115 165 ( 5 )  1 0  1 0  ( 7 )  

4a 2 130 140 (30)  * ';'( * 

4b 4 120  145 ( 3 0 )  ;( * * 

4c 2 0  125  245 (30 )  5 10 (30) 

4d 40 120 250 ( 30)  5 10 (30) 

* not recorded 

Figures in parenthesis  indicate time in seconds to reach maximal pres sure . 

I-' 
00 
I-' 



mm Hg 

200 

1 5 0  

1 0 0  

F I GURE 8 . 2  THE EFFECT OF NORADRENAL INE ON ECG . AND BLOOD PRES SURE 
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succe s s ive inj ec t ions , the r e t urn t o  preinj ection levels var ied from one 

to two min u tes and the maximal arte rial pressure recorded \vas 250 mm Hg 

approxima tely 20 seconds after inj ecting 40 pg noradrenaline/ kg liveweigh t .  

The venous pressure was no t ob tained in all cases but i t  can b e  seen in 

Table 8 . 1 that administration of norad renaline appeared to have only a 

very smal. l effect  on inc reasing venous pressure . I t  can also  be  seen 

in Figure 8 . 2 , that the n oradrenaline effect  on arterial pressure was 

followed by a decrease of the hear t rate within a few seconds .  This 

e ffec t  appeared to be  d irectly related to the do se  of  noradrenal ine and 

at 20 � g/ kg or more , there was a 50% decrease in heart ra te  within 

30 second s . 

The mean maximal blood pres sures for  lamb s stunned by the two d i f f erent 

methods and for animals s t unned after noradrenaline treatment i s  shown in 

Tab le 8 . 2 .  The three animals s tunned by the ' head-only ' me thod all 

exhibi ted an immediate drop in art erial pressure when the s tunner was 

appl ied (Figure 8 . 3 ) .  This was followed by a dramat i c  increase in arter ial 

pres sure during the f ir s t  5- 1 0  seconds after s tunning and in one animal 

the p r essure rose to 37 0  mm Hg . Thi s  high pressure (above 200 mm Hg) was 

maint ained for 30-60 seconds and then dec lined rap idly . On the o ther hand , 

there was only a moderate  increase in venous pressure dur ing the ' head­

only ' s tunning . 

Lamb s s t unned by the ' head-to-back ' method exhibited an immediate rise  

in arterial pres sure dur ing s t unning fo llmved by a decline with in a 

f ew s econds (Figure 8 . 4 ) . This effec t was s lightly more p ronounced in 

lambs t reated with noradrenaline p rior to  stunning where a maximal pressure 

of 240 mm Hg was measured in one animal whereas the maximum pres sure measured 

in untreated lambs was 1 8 0  mm Hg . There was also a more rapi d  decline o f  

ar ter ial pressure i n  noradrenaline treated animals with the pressure dropp ing 

to  below 100 mm Hg within 10 seconds of  s tunning whereas this level was 

not reached in untreated lamb s unt il approximately 30 seconds a f t er 

s t unning . 

There was an immediate  increase in venous pres sure in a ll animals s tunned 

by the ' head-t o-back ' method and this increase  was s l igh t ly greater in the 

noradrenaline treated lamb s as compared to untreated lamb s .  The maximum 

venous p ressure reached was in a lamb subj ec ted to four inj e c t ions of 

noradrenaline . In this case the venous pres sure rose to  8 5mm Hg 



TABLE 8 . 2  THE EFFECT OF METHOD OF STU1�ING ON MEAN MAXI}�L BLOOD P RES SURES (mm Hg) 

Method 
of 

S tunning 

' Head-only ' 

' Head-t o-Back ' 

' Head-t o-Back ' 
after 
noradrenaline 
inj ect ion 

No . 

3 

2 

4 

Arterial Pres sure 
Pre Dur ing 

stunning stunning 

140 160 

133 165 

156 209 

Pos t 
stunning 

3 0 7  

115 

143 

No . 

3 

3 

3 

Venous P r e s sure 
Pre 

s tunning 

10 

6 

8 

·During 
stunning 

2 2  

68  

7 7  

P o s t  
stunning 

3 7  

51 

53  

f-J 
C) 
.:::--



F I GURE 8 . 3  THE E FFECT OF ' HEAD-ONLY ' STUNNING ON ECG AND BLOOD P RE S SURE 
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<WriiJ!!M\#o�q�wm�l\\l�fiMNIJ����t��N.\Wi,M������i!•\\\\\�i;)\iM\WiW�fWN;l\�fi�\if11:.zy�,;\�l.�1i '/iN/1¥1 
Time scale ( second s )  

4 0 0  � _ , /  
3 0 0  

.... ;;- _,.,·-

2 0 0  Ar tet ial pressure 
Vu 

100 

0 
mm Hg 

100 
75 

50 Venous pres sure 

25 

0 

� S tunning 4>1 
0::: 
V1 



mr.l Hg 

FIGURE 8 . 4  THE EFFECT OF ' HEAD-TO-BACK 1 S TUNN ING ON E CG AND BLOOD PRES SURE 
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immediately af ter s tunn ing . A relat ivel y  high venous pressure ( 2 5-50 mm Hg)  

wa s maintained for  a p e �·iod o f  20-30 seconds in all lambs s tunned by the 

' head-to-back ' me thod . 

Exper iment
_
l : 

The EMG recordings from the f ive animal s  in the second part of these  

s t udies indicated that immedia tely f o llowing s t unning , there was a period 

of mus cular a c t iv i ty in a l l  three s ites from which record ings \vere ob tained 

(Figure 8 . 5 ) .  It can be  seen in Tab le 8 . 3  that the durat ion of this init ial 

period of muscu lar a c t iv i ty was approxima tely 25  seconds and appeared to be 

una f f ec ted by the method of s t unning and the s i t e  of  recording . The 

intens ity of the muscular ac t ivity was not measured but  the EMG records 

indicated that muscu lar ac t iv i ty may have been more intense in -animals 

s t unned by the ' head-to-back ' me thod as compared to an imals s t unned by 

the ' head-only ' _ method . I t  '"as also no ted that animal s  s tunned by the 

' head-to-back ' method exhib i t ed l i t t le or no mus cular a c t ivity following 

this ini t ial p eriod , whereas several short periods ( three to f ive seconds 

dura t ion) of  mus cular ac t ivity '"ere recorded from animal s  s t unned by the 

' head-only'  method . 

There was also an increase in venous pressure associated with ' head-to-back ' 

s tunning and t here appeared t o  be some correlat ion between the inc rease 

in venous pressure and increas es in muscular a c t ivity ( Figure 8 . 5 ) .  

Experiment 3 : 

The EMG record ings of a 20  second period immediately follmving s tunning have 

been reproduced on Plate 8 . 2  for four of the ten lambs . It can be seen 

that there app eared to be more .muscular ac t ivity associated with 

' head-to-back ' stunning as  compared to ' head-only ' s tunning and also 

more ac t ivity associated with recordings from the cranial s i tes as  

compared to the  caudal s ites . 

The mean integrated action potent ials for 0 . 25 second periods have been 

recorded in Tab le 8 . 4  and it can be seen that these values were higher 

in the group of  animals s t unned by the ' head-t o-back ' method as  compared 

to the group s tunned by the ' head-only ' me thod . These mean values were 

also higher in recordings obta ined from the cranial sites as compared t o  

those ob tained from the c audal s i tes . I t  can b e  seen in Table 8 . 5  that 

these d ifferences between  mean values were s ign ificant in mos t case s .  
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TABLE 8 . 3  DURATION OF MUSCULAR ACTIVITY FOLLOWING ELECTRICAL STUNNING 

Method 
of 

Stunning 

' Head-only ' 

' Head-to-Back ' 

No . o f  
A.-'1.imals 

2 

3 

Mean duration o f  
nruscular act ivity ( s )  

Neck Loin Hind Leg 

23 . 5  2 5 . 0  23 . 5  

25 . 0  2 6 . 3  2 0 . 3  

!--"· c� 
� 



PLATE 8 . 2  EMG RECORDS FROM THE LD FOLLOWING ELECTRICAL STUNNING 

(20  s recordings of four different lamb s )  

Top record 

Bo t tom record 

cranial s ite 

caudal s ite 

' Head-only' stunning 

' Head-to-back ' stunning 
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TABLE 8 . 4  THE EFFECT OF METHOD OF STUNNING ON MUSCULAR ACTIVITY 

Cranial 

Site 

Caudal 

Site 

( Integrated act ion potentials of  0 . 25 second periods ; means 
o f  f ive animals per group in mV . s  x k ,  where k is an arbitrary 
constan t )  

Time after 
stunning 
( seconds) 

1 

8 

12 

19  

1 

8 

12  

19 

' Head-only ' 
stunning 

73 +17 

7 3  ±22 

7 0  +26 

44 +13 

35 ±11 

31 ±16 

16 + 4 

7 + 1 

' Head-to-Back ' 
stunning 

131 +24 

134 +17 

145 +11 

47 +14 

90 ±11 

83 ±25 

5 7  ±17 

18 + 4 

i-' 
\C 
i-' 



TABLE 8 . 5  

Time after 
stunning 
( second s )  

1 

8 

12 

19 

SUMMARY OF TWO-WAY ANALYSIS OF VARI��CE OF THE EFFECTS ON MUSCULAR 
ACTIVITY OF METHOD OF STUNNING (Variance Rat ios ) 

Effect of  Effect of  
method o f  Elec trode 
stunningl position2 Interaction 

9 . 15** 4 . 53* 0 . 01 

6 . 18)'( 4 . 22 0 . 03 

9 .  7 2** 14 . 3l,'o'( 0 . 86 

0 . 38 8 .  99,'<* 0 . 10 

1 = ' Head-only ' stunning vs ' Head-to-Back ' stunning 

2 = Cranial position vs Caudal position 

* = p < 0 . 05 

*'b p < 0 .  01 

f-1 
\0 
N 



Although all carcases and organs were examined for haemorrhages only t\vO 

cases o f  speckling were r ecorded . Both of the se were minor , con s i s t in g  

of one t o  three petechia e (grade 1 )  and occurred i n  the subcu taneous fat  

of the  loin o f  two lambs stunned by the ' head-to-back ' method . 

DISCUSS ION 

All o f  the peripheral arterial sys tem contains alpha-recep tors and i t  is  

1 9 3  

als o  thought that the  adrenergic recep t ors in the  venous system are  primarily 

o f  the a lpha-type ( Smith and Hamlin , 1 9 7 7 ) . An increase in both arterial 

and venous pres sure could therefore have been expected following nor­

adrenaline inj ections . However , it  would appear that the decrease in 

' heart rat e ,  ini t iated through arterial b arorecep tors , is so effect ive 

in es tablishing homeostasis  of blood pres sure that the maj or poten t ial 

effect o f  noradrena line on con traction of the veins was masked by a 
decrease in blood flow .  I t  was therefore no t possib le to  exacerbate , t o  

any s ignif ican t extent , the condit ions wh ich were thought t o  exi st  during 

' head-to-back ' s tunn ing as a result of  noradrenaline release . 

The decline in arterial b lood pres sure during electrical s tunn ing by the 

' head-only ' method c an be  attributed to  the cardioinhib itory effect  of 

vagal st imulation as was a lready suggested by Roos and Koopmans ( 1 93 4 ) . 

Immediately a f t er stunning , there is  a two t o  three fold increase in 

arteria l  pres sure which is probably associated with the marked increase 

in heart rate and the effect of symp athetic  s t imulat ion o f  blood vessels . 

The sma1 ler increase in venous pressure following ' head-only ' stunning may 

also be ini t iated by sympathetic s timulation . This elevated b lood pressure 

is then sustained unt i l  either the heart rate returns to normal or the 

pres sure decreases as  a result of exsangu ina t ion . 

The p ressure curves obtained follovling ' head-to-back ' stunning were s imilar 

to those previously recorded by Blackmore and Newhook ( 1 9 8 2 )  and G ilbert 

and Devine ( 1 9 8 2 )  al though the former workers d id no t report the short 

period of increase in arterial pressure during stunning . I t  has b een 

sugges ted that this occurs as a result of thorac ic pres sure changes 

during applica t ion o f  the s tunner (Gilbert and Devine , 1 9 8 2 )  but it may 

also be assoc iated w i th sympathe tic  s t imulat ion of vessels . The decrease 

in arter i al pressure fol lowing removal of  the stunner from the animal is 

p resumab ly caused by card iac dys func t ion induced by ' head-to-body ' s tunning . 
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I t  has therefor� been sugges t ed that  b lood pressure is no t associated �i th 

speckling (Gilhert and Devine , 1 9 8 2 ) . However it is believed that these 

workers may no t have taken into a ccount  the changes taking place in venous 

pressure during and a f t er s tunning by a ' head-to-body ' method . 

If i t  i s  considered that speckling is associated with the microcirculatory 

bed ( i . e .  ves sels less than 1 00 � in d iameter)  then pressure changes within 

th is sys t em are important . I t  ha s been report ed' by Smith and Haml in ( 1 9 7 7 )  

that blood pressure decreases i n  the microci rculatory bed  from 3 5  mm Hg 

in the arter ial s ide to 15 nun Hg in the venous s id e  and that normal mean 

capillary pressure is about 25 mm Hg . This lat ter value is det ermined by 

th e rat io of  pos t cap illary t o  precapi llary resistance . The first  o f  the se 

va lues i s  sma ll under normal cond i t ions s ince the diff erence b etween mean 

capi llary p ressure and venous pressure (approximat ely 5 mm Hg) is small 

whereas the second value is  much larger because of  the larger difference 

be tween mean arterial pres sure (approxima tely 100 mm llg) and mean 

cap illary pressur e .  Thus a change in pos tcap illary �esistance has a 

much larger effect  upon capi llary p ressure than the s ame change in 

p recap illary resistance . 

I t  is o f  interest t o  no t e  that although precap illary pressure is great ly 

incr eased by ' head-only ' s tunning , the pos t cap illary pressure is only 

moderately increased . On the o ther hand , there would appear to  b e  

a sub s t antial increase i n  pos tcapi llary pressure follm,•ing ' head-to-back '  

s tunning \vith venous pressures increased as much as 10- 1 5  t imes no rmal 

values , poss ibly as a result of noradrenaline release .  I t  is therefore 

no t unl ikely that mean capillary pressure may rise to higher levels following 

' head-to-back ' s tunning as compared to ' head-only ' stunning . 

The data from this exper iment and the p revious work of  Gilbert  and 

Devine ( 1 9 8 2 )  indicates tha t fo llowing ' head-to-back ' s t unning , the 

venous pressure may rise to nearly 100 mm Hg \vhile a t  the same t ime , 

the arterial pressure is s t ill maintained at  levels well above 1 00 mm Hg . 

I t  would thus appear that it is p o s s ible for  the mean cap i llary pressure 

to reach a level of three to  f our t imes normal values . It  is  therefore 

b elieved that b lood pressure changes assoc iated with ' h�d- to-back ' s t unning 

may be implicated in the aet iology of speckling and this \vill be discussed 

further later in this chap ter . 
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The EMG findings related  to  the duration of muscular activity following 

stunning are in close agreement witl 1  the more subj ec tive observa t ions 

repor ted in Chap ter Six .  These studies indicate that both methods of 

elec trical stunning induce tonic spasms last ing for approximately 2 5  

s econd s .  This i s  followed b y  so;ne intermit t ent movemen t s  in lambs stunned 

by the ' head-only ' method whereas lambs s t unned by ' head- t o-back ' me thods 

exhibit li t tle movement af ter the initial spasms . It is therefore not  

surprising that the �eat industry p refers the  ' head-to-back ' me thod of  

stunning because it results i n  a greater degree of  immob i lity 

during exsanguination . 

I t  has b een shown in human volunteers that the elec t r ical ac t ivity  

recorded from muscles by means of  EMG signals is  a good  measure of  

mus cular activi ty (Lippold , 1 95 2 ; Bigland and Lippold , 1 9 5 4 ) . This 

p r inciple has also b een used in mor e  recen t  work (Milner-Brown and 

S t ein , 1 9 7 5 ;  Brown and Cooke , 1 9 8 1 )  and was the basis for the exper iment s  

carried o u t  in the las t p art o f  these s tudies . 

The increase in muscular activ i ty associated with ' head-to-back ' 

stunning as compared to ' head-only ' s tunning is probab ly caused by direct 

e lec trical s t imulati on o f  muscle s .  This is supported by the f inding that 

the muscular activity  wa s s ign if icantly greater in the cranial part of 

the LD as comp ared to the caudal part . The cranial site f or the EMG 

recordings was between the pos it ion o f  the head electrodes and the back 

electrode of  the electrical stunner and this site was therefore more 

d irec t ly assoc iated with the current pa thway as compared to  the caudal s i t e . 

I t  would thus appear that mus cles or par t thereo f ,  which are loca t ed close 

t o  current pa thways dur ing electrical s tunning , exhib i t  more intense 

activity immediately following s tunning as compared to muscles which are 

further removed from current pa thways and mainly act ivated through indirect 

nervous s t imulat ion . The increased ac t ivity of these muscles i s  probably 

responsib le for the increased rate in post  mor tem pH dec line in the LD 

o f  animals s tunned by ' head-to-body ' methods reported in Chap t er S ix .  

These s tudies indicate that there i s  a correlat ion between muscular activity 

and venous pressure . I t  is thus likely tha t the increase in venous pressure 

associated with ' head-to-back ' s t unning may partly be  caused by the increase 

in muscular activity associated '·lith this me thod of  s tunning . 
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I t  ha s b e en sugges t e d  b y  Lee t et a l .  ( 1 9 7 7 )  that b lood s p la sh i s  caused b y  

' sup er c o n t r a c ture ' o f  some mu s c le f ibres , caus ing severe s t rain on 

adj acent b lood vessels and con s equent rup ture o f  their wal ls . It has 

also b e en sugge s t ed recen t ly by Gilbert and Devine ( 1 9 8 2 )  that speck l i ng 

i s  caused by mus c l e  movements dur ing s t unning . Thus b o th types o f  haemo rr­

hages a s s o c iated Hi th e l e c t rical s t unning have b e en l inked t o  the exten t  o f  

muscu lar a c t iv i t y  during and a f ter s t unn ing . However , i f  the c a u s e  o f  b o th 

typ e s  o f  haemo rrhag i c  les ions \-Ja S mus cular a c t iv i t y , i t  could b e  expec t ed 

that ' head-to-back ' s t unn ing would result in the h i gh e s t  prevalen c e  o f  

b o t h  speckling a n d  b lood s p lash . Th i s  i s  c l early n o t  t h e  c a s e . 

I t  was n o t  p o s s ib le in the pre sent s t udies to iden t ify the causes o f  e i ther 

b lood splash o r  sp e ckling and a t t emp t s  to induce haemo rrhages by .in creas ing 

b lood l evel s  o f  noradrenaline also f a il ed . HoVJever , it i s  b e l i eved that 

some important informa t ion in relat ion to t h e  a e t io logy o f  haemor rhages 

was ob t a ined . On the b a s i s  of t he s e  f indings and s ome o f  the p revious 

repor t s  pub l ished on these haemorrha g i c  syndromes , the f o l lowing hyp o t he s i s  

was f o rmula ted . 

� E l e c t r i c a l  s t unning b y  the ' h ead-only ' method is a c compan ied by a mas s ive 

release of c a t e cho lamines in the c i r culat ing b l o o d  (Pearson et a l . � l 9 7 7 )  

and this would f avour some va s ocons t r i c t ion in s kin and muc o s a  and p a r t i a l  

d i lat a t i on o f  v e s s e l s  in s k e l e t a l  mus c l e  a c c o r d ing to the d i s t r ib u t ion o f  

a lpha- and b e ta-recep t o r s  (Ti e t z  and Hall , 1 9 7 7 ) . This me thod o f  s tunn ing 

also causes a c ons i derab l e  increase in heart r a t e  and as a res ul t of thi s , 

and t he increase in c ircula t ing catecho lamines , arterial b lo o d  p r e s sure i s  

inc reased to leve l s  two t o  three t ime s above norma l . There i s  therefore 

an increase in b lood f low unde r  high pressure in the par t ially d il a t e d  

v e s s e l s  o f  ske letal mus c l e s  and i t  i s  sugge s t ed t h a t  t h i s  may b e  the 

t r igger ing mechanism caus ing blood splash a s  a result o f  the rupture 

o f  smaller arteries and ve ins . 

...:> The ' head-t o-b ody ' method o f  s tunning causes imme d i a t e  cessa t ion o f  b l o o d  

f low and h ence a n  imb a lan c e  o f  c a t e cho lamine s r e l e a s e d  i n t o  the b l o o d  ve s s e l s  

f avour ing noradrena l ine wh ich is mainly a c t ing o n  alpha-recep t o r s  

( s t im11 lat ory e f f e c t ) . Because t h e  v e s s e l s  in ske l e t a l  mu s c l e s  contain 

mainly b e t a-recep to r s , abund ance o f  noradrena l i n e  w i l l  have a min imal 

e f f e c t  on vas cular contrac t i on . There is a l s o  a d e c l ine in a r t e r i a l  
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pressure following ' head-to-body ' stunning and therefore less blood f low 

through the vessels of  s keletal muscles . Rupture of  small vessels in 

skeletal muscles , as a result o f  the comb ination o f  high b lood pressure 

and dilated vessels , is therefore not _likely to occur under such condit ions. 

Stunning by ' head-t o-body ' methods is also associated wi th an increase in 

venous pre ssure �hich is sustained for 20-30 seconds after s tunning . 

As previously d iscussed this can have a dramatic  effect  on the b lood 

pressure in the microairculatory bed . The preponderance of noradrenaline , 

as a result of  electrical s t imulat ion o f  sympathet ic nerves , may further 

increase the b lood pressure in small vessels , mainly equipped with alpha­

recep tors , such as those in skin and mucosa bu� perhaps also in 

subcutaneous fat although this doe s  not appear to be well invest igated . I t  

has b een sugges ted that the basement membranes o f  cap illaries a r e  o f  a 

thixotropic nature with the ability to undergo a reduc tion in viscosity a s  

a result o f  increase in pressure and thus allowing both f luids and cells to 

penetrate without permanent damage to the membrane ( S impson , 1980) . It is 

therefore suggested that an increase in blood pressure in the 

microc irculatory bed is the direct cause of speckling associated with 

' head-to-body ' stunning . 

In view o f  the importance of  both blood splash and speckling to the mea t  

industry , i t  is believed that it  is important to further investigate these 

problems . It  '"ould be  of particular interes t  to measure capillary blood 

pressure following different methods of  stunning and to develop methods 

of electrical s t imulat ion of  sympathet ic nerves to localised areas of 

subcutaneous t issue . 

CONCLUS IONS 

1 .  Administration o f  rioradrenaline is followed by an increase in arterial 

pressure up to 250  mm Hg but there is only a small increase in venous 

pressure . 

2 .  There is a two to three fold increase in arterial pressure following 

' head-only ' s tunning '"hereas there  is only a moderate increase in 

venous p ressure . 

3 .  S tunning b y  the ' head-to-back ' method i s  followed b y  a decrease in 

arterial pressure but venous pressure increases to levels above 5 0  mm IIg . 



4 .  There is an init ial period of muscular act ivity following electrical 

stunning by either of the two methods . The durat ion ( 25  s ) o f  this 
' 

activity is unaffected by the method of stunning and the site of EMG 

recording . 

5 .  There is a significant increase in the intensity o f  muscular activity 

following ' head-to-back ' stunning as compared to ' head-only ' s tunning . 

6 .  There is a correlation between the intensity o f  muscular activity and 

the location o f  the recording site in relation to the position o f  

stunner electrodes . 
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7 .  PresBure changes in the microcirculatory bed are likely t o  be  associated 

with speckling . 



CHt\PTER NINE 

GEHERAL DISCUSSION 

Although DFD meat has probab ly been recogni sed since 1 7 74 (Lawrie , 1 9 7 4 ) , 

i t  i s  only during the las t ten t o  tv-'enty years  tha t the impor tance o f  

pres laughter handl ing o f  stock , in determining meat quality , has been 
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fully apprec iated . The economic importance o f  high pH meat was apparently 

o f  lit tle consequence to the New Zealand meat industry until  new methods o f  

process ing and market ing were developed . The in troduct ion o f  packaging 

of chilled beef meat in gas imp ermeable f i lms has increased the export 

value o f  this p roduc t and created new marke t s . However , i t  has also 

resulted in the rej ec tion , at  some meat works , o f  up to  30% o f . beef carcases 

des t ined for these markets  becaus e of high ultimate  pH values (A . S . Glover , 

personal communication ) . A s imilar trend in  the marke t ing o f  lamb is now 

deve lop ing and the resul t s , p resented in Chapter Three of this thes is , 

indicate that p roblems associated with high ultimate pH o f  meat can also 

be expected  in lamb produc t s  . 

.Studies of  an te mortem d.ep letion o f  muscle glycogen and consequent high 

ult ima te pH values of meat have been particularly extens ive in beef . 

Earlier invest igat ions discoun ted both fas t ing and exercise o f  animals as  

p rimary causes o f  DFD meat (Lawrie , 1 95 8 )  and attent ion was then focussed 

on the role of  catecholamines in the development of the condi t ion in both 

beef and sheep (Hedrick et a l . _, 1 9 6 1 ; Hedrick , 1 9 65 ; Ashmore e t  a l . _, 1 9 7 3 ) . 

I t  was also suggested that the so called "psychological s t ressor s "  such as 

exci ten1ent of animals prior to  s laugh ter were more l ikely to cause high 

ultimat e  pH mea t  as compared to  physiological factors including f a s t ing 

of the animals C !�Yu'"' Jfr 1 980) . Such statemen ts were supported by the 
I 

f inding tha t mixing s trange animal s  could cause deplet ion of  mus c le 

glycogen , but i t  was later sho�m , by the administrat ion o f  beta blocking 

agents , that such a depl e t ion in cat t le is no t predominantly med iated by 

adrenal in (McVeigh and Tarrant , 1 9 8 1 a ) .  I t  should also be noted that there 

d o  not appear to be any sub s tant ial reports  on the adverse a f f e c t s  on 

ultimate. pH o f  mea t from sheep and lambs following mixing of  s tr ange group s 

o f  animal s  prior to  slaughter . Thus there is  so far no scien t i f ic evidence 

to support the vie�v that "p sycho logical s t ressors ' are of maj or importance 

in induc ing DFD meat in sheep and lamb s . 
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Although experimental s tudies in ruminants have failed to  produce 

evidence of an associat ion between levels of nutrit ion and ult imate pH , 

i t  has been shm.1n in beef that there is a statistical association between 

carcase grading and ultimate  pH (Murn1S and Burrell , 1 9 6 6 ; Poulanne and 

Aolto , 1 9 80) . 

It is surprising that so fe\.J studies on fac tors affe c t ing the ul t ima te pH 

of  beef have been carried out at  the meat works , and apparently no such 

s tudies have previously been reported in sheep and lamb s . This may be 

part ially assoc iated with previous difficulties in determining ultimate  

pH o f  carcase mus cles during commercial operat ions . The p lug sampling 

techn ique developed during the course of these s tudies was found to have 

the same degree of precision as those techniques previously employed in 

laboratory s tud ies . I t  therefore overcomes some of the difficulties 

associated with the measurement of ult imate pH values in s ituat ions where 

carcases are frozen before rigor has occurred . 

The seasonal pat tern o f  u l t imate pH values found in these s tudies , as 

well as the statistical association between wool score o f  lambs and ultimate  

pH of  meat , indicates that the level of nutrit ion may be  an  import an t  fac tor 

in the development of  DFD meat . This is supported by the findings that 

extreme levels of  dietary intake can s ignf icant ly affect ultimat e  pH values . 

These resul ts are no t in agreement with recent f indings by Devine e t  a l  . . � 

( 1 98 3 )  who repor ted that lov7 levels of  nutrition in lambs d id no t affec t 

ultimate  pH of the LD . However , the lat ter results  were based on experimental 

studies using small groups of lambs (n = 1 2 ) and may reflect the difficult ies 

associated with attempt ing to reproduce in the laboratory the condi tions 

which p revail in the field . 

Recent work by Lister and Spencer ( 1 9 8 3 )  supports the hypothesis  that level 

of nutrition is an impor tant predispos ing factor in the aetiology of DFD 

meat . These workers found that beta-adrenergic s t imulation in sheep 

caused some reduct ion in muscle glycogen and when this was combined with 

inhib i t ion of l ipolysis , muscle glycogen was severely depleted at 

slaughter . They concluded that a decrease in the availability of  energy 

substrates from ad ipose t issue ( free fatty acids and glycerol )  is an 

important factor in the development of DFD meat . It  was also poin ted out , 

by these workers , that the cattle mos t at risk to the DFD cond it ion are 

lean young bulls and cows in rela t ively poor condition .  These  observat ions 
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are in c lose  agreeme n t  with the f indings regard ing lambs presented in this 

thes Js Hhich indicate  that the nu t r i tional s t a t e  of lamb s prio r  to  s laugh ter 

may be an important factor in determin ing the u l t ima te  pH o f  mea t . The 

extent of muscle glycogen metabol ism dur ing p res laugh t er exercise  o f  

animals  may be dependant upon both adrenergic s t imulat ion of glycogen 

me tabol ism and the availab ility of o ther sub s t rates such a s  free fat ty 

acids . It  seems l ikely that  the lat t er is  associa ted with the nut r i t ional 

s tate of animals pr ior to s laughter , whereas the former is probab ly related 

to both handling factors as \ve l l  as genetic  charac teris t i c s  of  the animals .  

\vork p resented in Chapter Four ha s shown that Perendale lambs are more 

suscep t ible to  mu scle glycogen dep let ion follm·1ing wa shing as compared to 

Romney lamb s . It has also been sho-vm that Perendale lamb s have s ignifican t ly 

higher u lt imate pH values as c ompared to  other breeds . The Perendale breed 

is  very common on hill c oun try (Anon , 1 9 80b ) and it is thus p o s s ible that 

lambs o f  this breed have been handled and fed differen t ly on the farm 

prior to slaughter . However , further s tudies indicated that the cause of 

high ul t imate pH values in Perendale lambs i s  more l ikely to be d irectly 

associated with the b reed rather than indirec t ly with methods of  husbandry . 

This b reed associated dif ference ind icates that further comparisons should 

be carr ied out on the ul t imate  pH values of some of  the other common breeds 

in NeH Zealand (e . g .  Coopworth , Corr iedale and Mer ino ) . 

Although the aet iology of high ultimat e  pH meat  is  s till unclear , i t  is  

pos sible on the bas i s  o f  the present f indings to identify the type o f  lamb 

carcase which is mos t  likely to  exhib i t  a high ul t ima te  pH value . The 

more important animal and farm related factors to be considered in such an 

evaluat ion would include breed , level of nut r i t ion and woo l  score . The 

maj or preslaughter handling factors vlhich should be taken into account are 

wa shing p rior to slaughter and the durat ion of ho lding periods at the meat 

works . These latter  two factors mus t  also be eva luated in terms of  their 

effect  upon carcase contaminat ion . It is  therefore concluded tha t the 

hol ding p er iod a t  the mea t works should be kept to  a minimum but there 

should also be a sufficient delay ( 18 to 24 hour s )  between d ra f t ing of  lambs 

on the farm and slaughter a t  the meat works . During this per iod , animals  

should b e  kep t under clean cond i t ions to  avo id soiling of  pel ts  as  this  will 

nece s s itate wa shing of the lambs at  the mea t works . Such wa shing may result 

in an increase in the preva lence of  bruising o f  carcases and has nov7 also been 

shmvn t o  increas e  the u l t imate  pH of  mus cles . 



202 

With the introduc t ion of new s laughter methods in 1 9 7 7 , the New Zeal and 

mea t  indus try was faced with maj or techno logical prob l ems which have not 

yet been fully overcome . The dev�lopmen t of ' head -to-body ' methods of 

elec t r ical s t unning p rov ided the Indus t ry with  a reliab l e  me thod of  inducing 

insens ib i l i ty of  anima ls p rior to exsanguinat ion but i t  apparen tly also 

int roduced a h ither to  unknown type of  haemo rrhage in carcases . In spite  

o f  extens ive investigat ions , t he cau ses of  ei ther blood splash , o r  the  more 

recent  syndrome of  speckl in g ,  are s t i ll unknown . ' However , the results of  

the s t udies reported i� this thesis , ind icat e  that local pressure changes 

in the microc irculat o ry bed associated with the different methods of 

stunning are likely to be  associated with the development of haemorrhagic 

syndromes associated wi th s t unning of animals . These pressure changes v1ere 

measured by indirec t methods in the present s tudies but it  is  sugges ted that 

the use o f  micro techniques for measuring intra capillary pressures should be 

used in future stud ies . 

The high voltage elect rical s t imula t ion of  lamb carcases , which has been 

used in New Zealand for the past  f ive to ten years , was developed a fter 

extens ive s tudies of  rate of  pH decline and tenderness in "normal"  lambs . 

Recent ly Chrystall et a l .  ( 1 9 8 2 )  reported that in some cases , \vhen u l t imate 

pH values of muscles are elevated , elec trical s t imula t ion may have a 

detrimental effect  on tenderness o f  meat . The wo rk presented in this 

thesis indicates that this adverse effec t  on tenderness by elec t r ical 

s t imulation may be exacerbated by pr ior app l ication to the carcases o f  low 

voltage s t imula t ion . Thus , the inter relat ionship between rate o f  pH 

decl ine , u l t ima te  pH and t endernes s of  meat  requires fur ther invest igat ion . 

Future s tudies of  the development of irrevers ible contract ion during h igh 

voltage s t imulat ion and i t s  affect on t enderness requires experiments  

u t i li s ing groups o f  animals exhibi t ing a wide range of  ult ima t e  pH values . 

In the p ast , such experimental cond i t ions could only be  achieved by . either 

using large group s o f  animals or by artif icially inducing h igh u l t ima te pH 

by preslaughter admin i s t rat ion of adrenalin ( Bouton et al . 3  1 9 74 ) . I t  is 

sugges t ed that the f indings presented in this thesis could be used to  imp rove 

the des ign of such experiments as it is now possible to identify l ines of  

lamb s likely t o  produce some carcases with elevated ultima te pH values under 

natural cond itions . Th e p reslaughter handling of such lambs , and in 

particular the washing of animals p rior to slaughter , can also be manipulated 

t o  ob tain a wider range of ul t imat e  pH values . Fur thermore ,  the use of  the 



plug samp ling method in comb inat ion wi th the technique for early 

ident i f ic a t ion of  DFD mea t de sc ribed by Davey and Graafhuis ( 1 98 1 )  makes 

it possible to measure u l t imate pH values of musc les wi thin one hour o f  

s laugh ter and wi thout mu tilat ion of carcases . I t  would thus be p o s s ible 

to  selec t re la t ive small s tudy groups with known mean ultimate pH values 

and subj ect  these to  the d i fferent me thods of processing currently used 
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at  the meat works followed by tenderness measurements  o f  meat samp les . I t  is 

believed that i f  such a study design was used , coriditions could be  kep t 

close t o  normal , minimal number of  experimental animals vmuld be  required 

and valuab le informa tion for the mea t indus try could be  obta ined . 

The ma j or ity of  inve s tigat ions presented in this thesis were carried out at  

meat works and it  is believed that the use of an indus trial s e t t ing for  

research work in meat scienc e  can be  mos t  success ful .  Some of  the  maj or 

f indings in these s tudies , such as the e f fect of breed , season , nu trit ion 

and washing of  lambs on ult imate pH of  meat , can now be direc t ly app lied 

by the meat industry , whereas in the pas t such invest igations have usually 

been carr ied out as  small scale experiments making extrapolat ion o f  

results - and direct imp lemen tat ion b y  the Indus try d i f f icul t . I t  is 

therefore sugges ted that in the future a greater empha s is on this type 

o f  approach , in spite of  some o f  the logi s tical problems of  in tegr a t ing 

research with a commercial operat ion , would r esult in s c ient i f ic work o f  

mer i t  and the solut ion of  many problems of  economic impo rtance . 

In conclus ion , the ideal c ircums tances for p roduct ion o f  high quality lamb 

meat is the selec t ion of lambs o f  suitable genet ic composition , on a high 

level of nutrit ion , not recen t ly shorn , delivered to  the works in a 

clean cond i tion and slaughtered between 1 8  and 2 4  hours a f t er being r emoved  

from pas tures . The animal s  should be  s laughtered by  one  o f  two methods .  

One opt ion is s tunning by an electrical ' head- to-body ' method followed by 

high vol tage electri cal s t imulation o f  carcases within 30 minutes and 

chi lling and freez ing after  two hours . The o ther opt ion is  s tunning by a 

' head-only ' method and immediately subj ecting carcases to  low vol tage 

s t imula t ion fol lowed by a three to four hour delay p r ior to  freezin g .  
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S amp l e s  

APPE N D I X  I 

MEA S U R I NG THE pl-I OF HU S CLE SAMPLE S 

Two g r am s amp l e s  in t i s s u e  c u l t u r e  t,r ay s  
ove r l a i d  wi th l i q u i d  p a r a f f i n  and 
inc ub a t e d  for 24 hours a t  r oom 
t empe r a t u re . 

S o l u t ion : M ix 1 ml o f  s t o c k  r e a g e n t *  with 20 ml o f  
g l a s s  d i s t i l l e d  wa t e r  f o r  e a c h  s am p l e . 

!lomo�?_en i s a t ion : Use 20  ml o f  s o l ut i on p e r  b a g . 

pH : 

P l a c e  s am p l e  i n  s o l u t i o n  and h omogen i s e  
i n  S t orn ac h e r  f o r  two m inu t e s  ( 6 bag s a t  a 
t ime . 

Mea s u r e  pH o f  s o l u t ion w i t h i n  30 m o f  
homogen i s a t i on a f t e r  a d j u s tment o f  t h e  pH 
me t e r u s ing two s t an d a r d  b u f fe r  
s o l u t i ons . 

Qua l i t y  c o n t r o l : U s e  two f r o zen con t r o l  s am p l e s  
whe n ev e r  b a t c h e s  o f  s runp l e s  o f  unknown 
v a l ue s  ar e t e s t e d . A l l va l ue s  o f  c on t r o l s  
mus t b e  w i t h i n  t h e  r ange +/- 0 . 06 p H  un i t  o f  
t h e  me an o f  t h e  c on t ro l . 

I f  one or more c o n t r o l  v a l ue s  are ou t s i d e  
t h e  l im i t s , c h e c k  a l l  e q u i pmen t  and 
s o l u t i on s  and r e t e s t u s i ng add i t i on a l  
con t r o l s  i f  av a i l ab l e . I f  a l l  c on t r o l s  
h ave t h e  s ame b i a s ( e . g .  u s ing new pH 
me t e r  o r  prob e ) v a l ue s  from unknown 
s amp l e s  mus t be ad j u s t e d  b e fore c omp a r i ng 
w i t h  prev i o u s  re s u l t s . 

* D ] s s o lve 9 . 3  g iodoac e t a t e  ac i d  in 4 0 0  m l  g l a s s  d i s t i l l ed 
wa t e r . Ne u t r a l i s e  t o  pH 7 . 0 and make up t o  500 ml . S t o r e  
i n  b rmvn b o t t l e  a t  0 - 5 ° C .  
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