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THE STRESS SYNDROME AND MEAT QUALITY

SESSION C: MUSCLE BIOCHEMISTRY

D.V. MC LOUGHLIN

Department of P r e - C l i n i c a i  Veter inary  Sc iences ,  T r i n i t y  C o l le ge ,

Dub l in  2

The papers in  t h i s  Sess ion  deal with a spects  of muscle 

biochemistry  in  re l a t i o n  to the p roper t ie s  of meat. The 

communications cove- four spec ie s ,  the p ig ,  the ox, the Boer goat  

and the horse. One report  (B a i le y  and Kim, p 35) i s  concerned 

with the degradat ion  of muscle p ro te in s  by lysosomal p ro te in a se s  

while  tne remaining three deal e s s e n t i a l l y  with ATP ana post-mortem 

g l y c o l y s i s  in  s k e le t a l  muscle. The papers by Heff ron,  Dreyer and 

Naude (p.40)  and M o t h e r s i l l  and McLoughl in (p.43)  prov ide a very  

i n t e r e s t i n g  comparative study of post-moitem changes in  s t r i a t e d  

muscles of two ruminant spec ies .  For tuna te ly ,  both groups o f  author* 

have used the same muscles (M. psoas ma jor  and M. l o n g i s s i m u s ) , the 

methods of otunning and s lau gh te r ,  a n a l y t i c a l  procedures as  w e l l  as 

the same co n d i t ion s  of r iqo r  onset (37°C under n i t ro ge n )  in  t h e i r  

i n v e s t i g a t i o n s .  The r e s u l t s  can therefore  be compared with  a 

cons iderab le  degree of confidence.

In both the ox and the Boer goat,  s tunn ing  and s l a u g h t e r  appear 

to cause a g rea ter  f a l l  in  pH and in  C P content o f  M. psoas major 

than of M. l o ng is s im us  d o r s i .  In  f a c t ,  the va lues  presented in  

these papers for  these two parameters are remarkably s i m i l a r  for  

each anatomical  muscle, i r r e s p e c t i v e  of spec ies  (Table l ) .  The rate
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TABLE 1

POST-MORTEM VALUES FOR OX AND BOER GOAT

Muscle I n i t i a l pH I n i t i a l C P

ox • ooat ox ooat

i'i. psoas major 6.52 6.59 2 . 3 2.o

1*1. l o n g i s s im u s
do rs i 5.84 £.24 7 ' • 7 / •

.«HW»
TABLE 2

ATP IN OX AND BCER GOAT MUSCLE (u mole/gm)

Muscle Ox Goat

M. psoas  major 4.4 8.4

M, l o n g i s s im u s  d o r s i 5.6 6.3

of  pH f a l l  appeared to be h igher in  M. p.soas major than in  

M. lo n g i s s im u s  d o r s i  (see pH/time curves in  t e x t s ) .

The i n i t i a l  ATP content of 1*1. psoas  major was lower than 

that  of M_. longissimus do: s i  in  both sp e c ie s ,  a lthough the 

concentrat ion  of t h i s  h igh-energy  phosphate was in  .each in s tance  

greater  in  the goat muscle than in  the correspond ing  muscle of the 

ox (Table 2).

Haffron et n1. a l s o  provide data on pH, C P and A,P for
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muscles removed under h a lo tha ne /n i t rou s  oxide anaesthes ia  from 

Boer goats .  Comparable data are not a v a i l a b l e  for  the ox but 

comparisons can be drauin between the va lues  for  goat muscle and 

those recent ly  publi shed for  muscle removed from I r i s h  Landrace  

p ig s  us ing  the same anaesthet ic  procedure. The C P value  

(16 umol/g) for Boer goat PI, semitendinosus removed in y ivo  i s  

s i m i l a r  to that  found by Tarrant et a l  (1972)*  in the predominant ly  

red f i b r e  area of p ig  fl, semitendinosus althouoh apprec iab le  lower 

than that  in  the predominantly white f i b r e  area of t h i s  muscle.

In  the pig» the 'level of ATP in  red PI. semitendinosus in v ivo  was 

4.9 umol/g, a value apprec iab ly  lower than that  in goat

semitendinosus  (8.^ umol/g).  Muscle from unaesthet i sed  Landrace 

a l s o  exh ib i ted  a slow rate of  g l y c o l y s i s  a t  37°C under n i t ro ge n .  

However, a f t e r  s tunning and exsangu inat ion  the s k e le t a l  musculature  

of  p ig s  was charac te r i sed  by a g reater  bu rs t  of g l y c o l y s i s  compared 

with the muscle of the ox or goat. In  the p ig  muscle the i n i t i a l  

ph ([i. lon g i s s im u s  d o r s i ,  Pi. semitendinosus)  was depressed to

6.3, and the i n i t i a l  concentrat ion  of C P was v i r t u a l l y  depleted  

(2.0 umol/g).

9-

The slow rateo of pH f a l l  observed in  ox muscle by M o t h e r s i l l  

and f icLoughlin were confirmed by the l a c t a t e  concentra t ions  in  the 

t i s s u e  at the v a r io u s  rime i n t e r v a l s  shown in the l a c t a t e / t im e  cur^eS 

The g lycogen consents  of the muscles were a l s o  con f i rm atory ,  the 

glycogen l e v e l - i n  PI. psoas (7.9 mg/g) being s i g n i f i c a n t l y  l e s s  

than that  of M. lon g i s s im u s  do rs i  (10.4 mg/g).

P lo th e r s i i l  and PIcLoughlin i n v e s t i g a te d  the rate at which

2 -

MgATP was s p l i t  by na tu ra l  actomyosin in  r e l a t i o n  to differences

¡arrant ,  P.O.'J, Hegarty, P.V.3. and PIcLoughlin, 3.V. Proc. Roy.

I r .  Acad., 72 B, (229-2 ' i l ) .
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in  rate  of ATP l o s s  and postmortem g ly co ly s . i s  between the two 

ox muscles. The r e s u l t s  suggested that  p reparat ions  made from 

M_. psoas had a somewhat h igher h y d r o l y t i c  a c t i v i t y  than those from 

lonq i s s im us  d o r s i . I f  these r e s u l t s  are co r rec t ,  then they 

would imply that  the ATPase a c t i v i t y  of the c o n t r a c t i l e  p ro te in s  

was adapt ive  to funct ion .  Indeed, d i f fe re n c e s  in  the a c t i v i t y  

of preparations rP mvosin from different. sneci" ,-nd d: ?,'r rent

rnusci.es sugges t  th a t  myosin may be f u n c t i o n a l l y  aciaptive. un tne 

other nand, the very iou  l e v e l s  of C P (c 2,0 umol/g) in fi. psoas

b e  s u f f i c i e n t  t o  a c c o u n t f o r  t h e  r a t  h e  r m o r e r a p i d

G i  n  » r- i i ' U i . i  C • « i .  o  111 Li o  O  J. u b J L O w B  C » i b I ’ d  v C O  f  t\1f  1G S S

o n s i d e r a b i y  when t h e  c c n c ----i „  - A- S ~  r-,w  i 1 W  A. X  Cs ] 1 ^  r r* P in ;T; L  G C  J. e

f a l l s  balow about 4,0 umol/g.

The authors  o f  the paper 'The ATPase a c  ' 1y cf  myosin and 

ATP y i e l d  as a f fe c te d  witu a d e p o l a r i s i n g  myore.laxant b r o t h y l in e '  

(Bor tkev i tch  and K ry lov a )  descr ibe  the e f f e c t s  of a d m in i s t r a t io n  of  

a muscle re laxant  on the ATP content of equine muscle. The r e s u l t s  

showed tha t  in c r e a s in g  doses of b ro th y l in e  (a di-bromo d e r i v a t i v e  of  

s u c c i n y l c h o l i n e ) p r o g r e s s i v e l y  r a i s e d  the concentra t ions  of ATP found 

in  the musculature post mortem. Th is  r e s u l t  i s  not unexpected s ince  

the use of  other muscle re iaxan ts ,  e , g . ,  the n o n -de p o la r i s in g  drug 

curare and myanesine which ac t s  on the motor neurons of the a n t e r i o r  

horns of the grey matter in  the s p in a l  cord,  r a i s e  the l e v e l s  of ATP 

in  p ig  muscle. However, the paper co n ta in s  the i n t e r e s t i n g  in fo rmat ion  

that  the myorelaxont reduces the a c t i v i t y  o f  the myosin ATPase 

in  v i t r o . This  observa t ion  su gge s t s  a p o s s i b le  s i t e  of a c t io n  other  

than the p o s t - s y n a p t i c  membrane o f  the neuromuscular junct ion  fo r  

bro th y l in e .  In t h i s  context i t  might be noted that  F io th e r s i l l  and 

McLoughlin (unpub l ished)  recent ly  found that  the neurot ransm it ter



se ro ton in  i n h ib i t e d  the s p l i t t i n g  of flgATP * by na tu ra l  actomyosin  

in  v i t r o .

The paper by Da i ley  and Kim might be read in  a more s u i t a b le  

context i f  placed in  Sess ion  P s ince  i t  de a l s  with f a c t o r s  i . e .  

ly sosomal enzymes from the white c e l l s  of r e s id u a l  blood present  

in  muscle post mortem, not p rev iou s ly  i n v e s t i g a t e d  in  r e l a t i o n  to 

the te n d e r i s a t io n  of meat. However, the re levance to the s t r e s s  

syndrome of t h i s  paper i s  the p o s s i b i l i t y  th a t  lysosomal p ro te in a se s  

may be re leased  not merely post mortem or f o l l o w in g  t i s s u e  damages 

but as a response to more genera l i sed  s t r e s s .
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