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ABSTf�ACT 

Bruising in lambs processed for human consumption is a significant 

economic problem. A reduction in the prevalence of bruises could be 

achieved relatively efficiently if their important places of occurrence 

could be identified by ageing these lesions with respect to the known 

times of occurrence of events of pos�ible aetiological signifi cance . 

To this end efforts were made to age experimental bruises in lambs by 

objectively asse5sing semi-quantitative histopatholog i c al data using 

a mathematical model based on Bayes' theorem of inverse probabilities, 

by enzyme histochemical and isoelectric focussing studies and by 

measurement of muscle pH. 

The Bayesian method for objective histopathological ageing was 

developed and tested on data representing 178 bruises. It was success­

ful in identifying bruises as either 1-20 hours or more than 24 hours 

old. The 'accuracy' \'!ith whi ch a bruise of kn01<1n age could be identified 

as such depended on the nature and number of tissue samples studied. 

The degree of 'confidence' with which an individual bruise of unknown 

age could be aged, however, depended both on the 'accuracy' of the 

method and on the rel ative number of bruises estimated to belong to 
each of the two age categories considered. In general a degree of 

'confidence' of 80-90% can be ex pected i� pra cti ce , and in this respect 

the performance of the Bayesian method is superior to that achieved by 

purely subjective m ea ns. A pilot survey involving 107 bruises collected 

from an export meat works established both the practical value of the 

objective ageing method and its superiority over alternative epidemio­

l ogical approaches to the problem of utilising data pertaining to 

trucking times and holding times in meat works yards. Of the bruises 

studied, 60% 1vere estimated to have been inflicted \'Jithin the \'torks, 

and 40% prior to arrival. 

Enzyme studies on bruises aged 4-144 hours old revealed no detectable 

relationships bet1·1een observed changes in either histochemical or 

isoenzyme activities and bruise ages. In light of contradictory 

publishr=d r esul ts pertaining to o ther types of vtOuncls, this lack of 

success was thought to reflect the relatively mild nature of the tissue 

reaction ir, bruises. 
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Statistically significant relationships could not be demonstrated 

between ab solute or relative muscle pH and the ages of bruises from 

4-48 hours old. 

A ne�tJly recognised condition of 'subcutaneous h aemorrha g i c  spcckling' 

in the carca se adipo se tis sue of young lambs processed fat� humtln 

consumption v1a s inve stigated. From histopathological and epidemio­

logical evidence� the primary cause of the le sions wa s shown to be 

electrical stunning. However, secondary aetiological factors were 

proposed as having influenced the prevalence and severity of lesion s. 

Attempts to elucidate the pathogenesi s of ' speckling' with the 

intention of formulating a rational approach to its prevention were 

un successful . 
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phosphatase s ta i n i n g of i nfi l trating macrophages . 
X 500 

A l ka l i ne phosphata se  zymogram of brui sed musc l e ,  
sma l l i n tes t i ne and  l i ver  after i soel ectri c 
focus s i ng a t  25 wa tt constant  power for 1.5 hours 
i n  PAG wi th ampho l i ne buffer range pH 3.5-9.5. 
The gel wa s i ncuba ted i n  aqueous s ubs trate med i um 
for 30 1ni nu tes a t  37°C. 

Brui se 144 hours o l d .  
l euci ne ami nopepti dase  
mus c l e fi bre ,  a ctua l l y  
macrophages . 
X 320 

Apparent ly  pos i t i ve 
s ta i n i n g of a necroti c 
due to i nfi l t ra t i n g  

Bru i se 4 hours o l d .  Pos i t i ve l euc i ne 
ami nopepti dase  s ta i n i ng i n  the a bsence of 
i nfi l tra ti n g  macrophages . 
X 320 

Bru i se  144 hours o l d .  Moderate l euc i ne 
ami nopept idase  s ta i n i n g of fi brobl a s ts i n  
connec t i ve t i s sue septum . 
X 500 

Leuc i ne ami nopept i da se  zymogram of bru i sed 
mus c l e homogenates a fte r i soe l ec tr i c  focus s i n g 
a t  25 watt con s tant  power for 1 . 5 hours i n  PAG 
wi th  ampho l i ne buffer range pH 3 . 5-9 . 5 .  The gel  
wa s i ncubated i n  aqueous  substrate med i um for 
30 mi nu tes a t  37°C .  
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3 . 38 

3 . 39 

3 . 40 

3. 4 1  

3 . 42 

3 . 43 

3 . 44 

3 . 45  

3 . 46 

Bru i se 4 hours o l d .  Negat i ve or s l i gh t l y  
pos i t i ve non-spec i fi c  es terase s ta i n i ng of  
a pparent l y  norma l mus c l e fi bres . 
X 320 

Bru i se 24 hours o l d .  
non - s pec i fi c  es tera se  
mus c l e f i bres . 
X 320 

Unchanged and i ncreased 
s ta i n i ng  i n  necroti c 

Bru i se  48 hours o l d .  S tron g l y  pos i t i v� 
non- specifi c e s terase  s ta i n i ng i n  i n tersti t i a l  
fi brob l a s ts . 
X 320 

Esterase zymogram of bru i sed mus c l e a fter 
i soel ectri c focus s i ng at 25  watts constant  
pm;er for 1 .  5 hours i n  PAG wi t h  ampho l i ne 
buffer ra nge pH 3 . 5 - 9 . 5 .  The gel  wa s 
i ncuba ted i n  aqu9ous substra te medi um for 
15 mi nu tes a t  25 C .  

E s te rase  zymogram of bru i sed musc l e  after 
i soel ectri c focus s i n g at 25 watts con s tant  
power for 2 . 5  hours i n  PAG wi th ampho1i ne buffer 
range pH 4 . 5-6 . 5 .  The g e l  was incuba ted in 
aqueous · subs trate medi um for 1 5  mi n utes a t  25°C .  

A rep resentati ve dPn s i tometer scan o f  e l ectro­
focus sed  non - s pec i fi c  esterase  i scenzymes 
obta i ned  from bru i sed mus c l e ,  s howi n g  the 1 7  
pea k s  represented i n  a l l t he  mu sc l e sampl es . 
Th i s  pa rt i c u l a r  bru i se was 24 hours o l d .  
The gel  had  a n  ampho l i ne buffer range of  
pH  4 . 5 - 6 . 5  

Bru i se 144 hours o l d .  Moderate d i ffuse  and  
s tron g  punctate creat i ne phosphok i nase  
s ta i ni ng i n  a ppa rent ly  norma l mus c l e  fi bres . 
X 500 

Bru i s e  24 hours o l d .  Unchanged creat i ne 
pho s pho k i na se  s ta i n i n g i n  s evere l y  necro t i c  
mus c l e fi bres . 
X 320 

Brui se  48 ho urs o l d .  Decreased creat i ne 
phospho k i nase s ta i n i ng i n  necrot i c musc l e  
fi bres . 
X 320 

Bru i se 144 hours o l d .  Strongl y pos i t i ve creat i ne 
phos phok·i rJa se act i v i ty i n  the l eucocyti c exuda te . 
The necroti c fi bres s how decrea sed act i v i ty .  
X 320 
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3 . 47 Bru i se  48 hours o l d .  S trong l y  po s i ti ve creat i ne 1 3 5  
phosphok i nase  s ta i n i n g of  fi brob l a s ts i n  connect i ve 
ti s s ue septum .  
X 320 

3 . 48 Creat i ne phospho k i nase  zymogram of bru i sed  musc l e ,  1 3 5  
l eucocytes , p l a sma and  erythrocytes a fter i soe l ectri c 
focus s i ng at 25 watt  cons tant  power for 1 . 5  hours i n  
PAG w i th amphol i ne buffer range pH 3 . 5-9 . 5 .  The 
s ub s tra te wa s i ncorporated i n  a 2% a garose gel  wh i c h 
was agpl i ed to the e l ectro-focussed  ge l for 30 mi nutes 
at 37 C .  

3 . 49 Crea t i ne phos phok i na se  zymogram of  b ru i sed musc l e ,  1 36 
l eucocytes and  erythrocytes a fter e l e ctrophores i s  
a t  250 vo l ts for 90 mi nutes i n  cel l u l o s e  acetate 
p l a tes . The s ubs trate wa s a pp l i ed to a second 
c e l l ul o se acetate pl a te as a 0 . 5% nobl e agar ge l . 
Th i s  p l a te was fi rml y a pp l i e d  to the f i rs t and 
the pa i r  i ncubated for 20 mi nutes a t  37°C .  

3 . 50 Bru i se 48 hours o l d .  Var i a t i o n  i n  a denos i ne 1 36 
tri phosphatase  s ta i n i n g  i n  norma l musc l e  fi bres  
accordi ng to f i bre type i n  a ppa rentl y norma l musc l e .  
X 50 

3 . 5 1 Bru i se 24 hours o l d .  Va r i a t i on of  adeno s i ne 1 36 
tri phospha ta se  s ta i ni n g a ccord i ng to fi bre 
type i s  ma i n ta i ned i n  areas  of musc l e  necro s i s .  
X 125  

3 . 52 Bru i se 24  hours o l d .  Very mi l d  a n d  thel�efore 136 

4 . 1  

4 . 2  

4 . 3  

equ i voca l adenos i ne tri phosphatase  s ta i n i n g  of  
fi brob l a s ts i n  connect i ve t i s sue  s eptum . 
X 500 

Sequentia l pH mea s urements  of norma l muscl e 
sampl ed 1 hour pos t mor tem a nd homogen i sed 
in 5mM sodi um i odoaceta te .  

Sequent i a l  pH meas urements o f  norma l musc l e 
samp l ed 24 hours pos t mortem and  homo geni sed  
i n  5mM sodi um i odoacetate . 

Ra nges of fore and  h i nd l i mb pH  va l ues i n  3 hour 
pos t mortem samp l es  o f  bru i s es of  d i fferent  a ges . 
H i nd l i mb val ues are o ffset  to the ri ght  for 
c l ari ty .  

Page 145 
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4 . 4  Ra nges of fore a nd  h i nd l i mb pH va l ues  i n  24 hour Page 146 
pos t mortem samp l e s  of bru i ses  of d i fferent  a ges . 
H i nd  l i mb va l ues are offset  to the ri ght  for 
c l a ri ty .  

4 . 5  Ra nges o f  urui se/contro l  pH  d i fferences for Page 149 
3 hour pos t mortem fore and h i nd l i mb musc l e  
samp l es o f  brui ses of  d i fferent  ages . H i nd  
l i mb va l ues are  offset to  the ri ght  for c l ari ty .  

4 . 6  Ra nges o f  brui se/contro l pH d i fferences for Page 146  
24 hour pos t mortem fore a nd h i nct l i mb musc l e  

5 . 1  

samp l es of  bru i se s  of  d i fferent  a ges . H i nd  l i mb 
va l ues are offset  to the ri ght  for c l ar i ty .  

Petech i a l  haemorrha ges occurri ng i n  a d i pose 
t i s s ue but not i n  mu sc l e .  

5 . 2  Di s c rete haemorrha ge i n  ad i pose t i s s ue and  
i ts assoc i a ted  fa sc i a .  

5 . 3  

5 . 4  

5 . 5  

5 . 6  

( Paraffi n secti on ,  H+E x 65 ) 

A cap i l l a ry thrombus wi th c l o s e l y  a s s oc i a ted 
l eucocytes . 
( Paraffi n sect i on , p i cro-Ma l l ory x 1250 ) 

The week ly  i nc i dence of  petech i a ti on i n  carcas e  
a d i pose t i s sue  i n  compari son  wi th  t h a t  o f  
conventi ona l  bru i s i n g .  

Changes i n  a rteri a l  pre s s ure fo l 1 owi n g  e l ectri ca l  
s tunn i ng  us i ng a ' Thorn to n  Mk  I I ' hea d - to-back  
current app l i ca tor . 

Changes i n  a rteri a l  pre s s u re fo l l owi n g  e l ectri ca l 
s tunn i ng us i n g a ' Para l ec ' head- o n l y  current  
app l i ca tor . 

159 

. 159 

Page 1 6 1  
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