
NINTH CONFERENCE OF EUROPEAN MEAT RESEARCH ’PORKERS, 
BUDAPEST, SEPTEMBER A - 11TH, 1963

THE EFFECT OP RAPID POST-MORTEM pH PALL ON THE 
EXTRACTION OP THE SARCOPLASMIC AND MYOFIBRILLAR 

PROTEINS OP PIG- MUSCLE

by

J.V. MoLoughlin,

Agricultural Institute, Meat Research Department 
Dunsinea, Castleknock, Co. Dublin, Ireland



ABSTRACT

The proteins of porcine longissimus dorsi muscle were studied 

using protein extraction techniques. The solubility of the 

sarcoplasmic and myofibrillar proteins from exudative post-rigor 

muscle was reduced at low and high ionic strengths respectively. 

Changes in the extractability of the proteins of the post-rigor 

muscle occurred when low pH values were attained in the muscle soon 

after death. The extent of these changes was related to rate of

pH fall post-mortem



INTRODUCTION

Porcine longissimus dorsi muscle which is exudative and pale in 

colour has been described by various workers, e.g, Ludvigsen (12),

Henry et al. (3,4), Wismer-Pedersen (5), Wismer-Pedersen and Briskey (6), 

Briskey and Wismer-Pedersen (7,8), Lawrie et al. (9), Lawrie (10), Bendall 

and Wismer-Pedersen (ll), McLoughlin and G-oldspink (12). In general, muscle 

of this type is associated with a rapid fall in pH post-mortem so that low 

pH values (below 6.0) are attained in the muscle at a time when the 

temperature of the muscle is still high (above 30 C). The pH about 

45 minutes after death (arbitrarily designated "pH^") has been used by 

numbers of workers (5,6,7,8,11,12) as an indication of the rate of pH 

fall post-mortem. When the pIT̂  is below 5*6 the changes in the water- 

retaining properties and in the colour of the post-rigor muscle are 

particularly marked. Low ultimate pH values (pH when post-mortem anaerobic 

glycolysis has ended) have also been found in muscle of this type (3,4,9,10).

Changes take place in certain properties of the muscle proteins when 

pH falls rapidly after death. Wismer-Pedersen (5) reported that pH^ values 

below 6.0 were associated with a reduced solubility of the proteins of the 

post-rigor muscle in 0.6 M KC1 solution. Bendall and Wismer-Pedersen (ll) 

studied the properties of preparations of washed myofibrils from exudative 

muscle and showed that their capacity to bind water and protons was reduced 

and that their extractability at high ionic strength was less than that of 

myofibrils from normal meat. The titration curves and the isoelectric 

points of the myofibrillar proteins from both watery and normal muscle were



similar to each other but were quite different from those of myofibrils from 

heat-coagulated meat in which denaturation of the myofibrils had taken place. 

Since watery muscle was found to have an apparently elevated content of 

myofibrillar protein and since the extra protein was shown to be derived 

from the sarcoplasm, it Tías concluded that the altered properties of the 

myofibrillar protein of exudative muscle were not due to denaturation of the 

proteins in the classical sense but rather to the adsorption of denatured 

sarcoplasmic protein onto sites on the myofibrils which normally bound 

water and protons.

Scopes and Lawrie (15) examined the sarcoplasmic proteins of beef 

and pig muscle by electrophoresis in starch gel and observed differences 

in electropherograms from pre- and post-rigor muscle. These differences 

were particularly marked where accelerated glycolysis had occurred post

mortem in pig muscle. McLoughlin and G-oldspink (14) pointed out that, 

since conditions of pH end temperature which cause precipitation of the 

sarcoplasmic proteins can be attained in pig longissimus dorsi muscle after 

death, the change in the apparent colour of the muscle associated with rapid 

pH fall post-mortem may be due to a masking of muscle pigment by 

precipitated protein.

Following the finding of exudative muscle in pig carcases (McLoughlin 

and G-oldspink, 12), the extractability of the sarcoplasmic and myofibrillar 

proteins of muscle of this type was studied at low and high ionic strengths. 

The composition of the post-rigor muscle was related to the pH^, value of 

the muscle and the results of the analyses of specimens of muscle taken 

at 45 minutes and 24 hours after death were compared.
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EXPERIMENTAL

.Materials. Specimens ef muscle used were taken from the lumbar region 

°f* the longissimus dorsi muscle* At an early stage of the work materials 

were obtained at about 24 hours post-mortem from carcases which were 

obviously exudative and muscle which exhibited low ultimate pH (below 

5.3) was subjected to analysis. Later, pure-bred Large White pigs (about 

150-180 lb. live weight) were killed and samples of muscle taken from the 

right and left-hand sides of the carcases at 45 minutes and at 24 hours 

post-mortem respectively. The pH^ (pH 45 minutes after death) was recorded. 

The carcases were kept at 2°C during the 24-hour period. The animals were 

killed using a captive bolt humane killer and were immediately exsanguinated. 

In a few instances about 40 mg. of tubocurarine chloride (Burroughs Wellcome) 

were given intramuscularly 3 to 5 minutes ante-mortem to immobilise the 

animals and thus ensure a high pH in the muscle after death. It was possible 

to collect material which exhibited low pE^ values in the range 5.0 t»

5.9 (in the course of normal rates of post-mortem glycolysis the pH^ is 

well above 6.0).

Methods

Protein extraction. The analysis of specimens of muscle was commenced 

immediately after removal from the carcase and all subsequent operations 

were carried out at 2°C. The material was thoroughly minced (to a size 

which finally passed through a 2 mm. mincer plate) and duplicate samples 

(25 mg. each time) were taken for protein extraction. The sarcoplasmic 

proteins were washed out of the tissue by extracting the material three times
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(30 minutes each time) with ten v o l u m e s  of potassium phosphate buffer 

(0.03 M ; pH 7.4). The myofibrillar proteins were extracted from the 

sarcoplasm-free residue by stirring three times (l hour each time) with 

10 volumes of a solution (pH 7.1 - 7.2 ; I  = 0.68) containing KI (0.6 Ivl), 

KH2P04 (°*°09 M) and K^HPO^ (0.041M). Bendall and Wismer-Pedersen (ll) 

used a solution (pH 6.5 ; I = 0.55) containing KCl (0.5 M) and KH?P0./
*1”

K2HP0 (0.04 M) to demonstrate differences between myofibrils from normal 

and from ?;atery muscle.

Soluble, non-protein nijtrogen. An equal volume of ice-cold trichloro

acetic acid (20̂  w/v) was added to an aliquot of a solution of sarcoplasm 

in phosphate buffer. The precipitated protein was removed by centrifugation 

and the nitrogen content of the protein-free supernatant solution assayed.

^Measurement. pH was measured using a Radiometer 23 pH meter with glass 

and calomel electrodes (types G 200 C and K 400 respectively). The pH at 

45 minutes post-mortem was measured on a suspension (10 per cent) of 

muscular tissue in iodoacetate solution (0.01 M), The pH at 24 hours 

post-mortem was measured on a similar suspension in distilled water,

lpj.4l nitrogen determination. Samples (3.3 g.) of tissue were digested 

with sulphuric acid and mercuric oxide catalyst. Ammonia was distilled into 

a boric acid-indicator mixture.

Fat determination. Samples (15 g.) were allowed to stand in vacuo at 

2°C. over silica gel for 16 hours. The dried materials were extracted 

with petroleum ether (40 - 60°C) by soxhlet extraction for 6 hours.



Expression of results. The composition of muscle was expressed either as

S. of nitrogen per 100 g. of wet tissue (on a fat-free basis) in the 

sarcoplasmic protein, myofibrillar protein, soluble non-protein nitrogen 

and residual stroma or as the percentage of the total nitrogen (on a fat- 

free basis) comprising each of these components. The nitrogen content 

°f the stroma residue (true stroma and any unextracted protein) was not 

determined directly but was calculated as the difference between the 

total nitrogen and the sum of the sarcoplasmic and myofibrillar nitrogens 

and the soluble non-protein nitrogen,

RESULTS

At the beginning of the present study protein extractions were carried 

out on five specimens of longissimus dorsi muscle which exhibited low 

ultimate pH values (below 5»3) and which were pale-coloured and markedly 

exudative. The results of these analyses are shown in Tables 1 and 2,

The values obtained for a muscle of normal ultimate pH (oa. 5.5) are also 

included. In Table I the amount of nitrogen in each of the muscle components 

examined (sarcoplasmic protein, myofibrillar protein, soluble non-protein 

nitrogen and stroma) are given as g. of nitrogen per 100 g, of muscular 

tissue, while in Table 2 the distribution of nitrogen is expressed as a 

percentage of the total nitrogen content of the materials. By comparison 

with a muscle of relatively normal ultimate pH (specimen No. 6, in Tables I 

and 2) it was evident that the materials of low ultimate pH showed a 

reduction in the amount of protein soluble in dilute salt solutions, a 

reduced extraotability of the myofibrillar proteins at high ionic strength
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and a consequently elevated value for residual stroma nitrogen. The lowered 

content of soluble sarcoplasmic protein and the fact that the total nitrogen 

contents of the tissues were in the normal range suggested that denaturation 

of the sarcoplasmic proteins had occurred with loss of their solubility at 

low ionic strength, When the myofibrillar and stroma nitrogen values in 

Table I are added together (Table 3) the nitrogen contents of the fibrillar 

residues remaining after washing away the sarcoplasm are obtained. The 

nitrogen content of the washed fibrils from muscle of low ultimate pH vías 

in all instances higher then that of the fibrillar material from muscle of 

normal ultimate pH, Bendall and Wismer-Pedersen (ll) reported that washed

fibrils from exudative'longissimus dorsi muscle had an increased content of 

protein and showed that the extra fibrillar protein was denatured sarcoplasmic 

protein attached to sites on the myofibrils which normally bound water and 

protons. These authors quoted a value of 0,122 g, of fibrillar protein per 

S B  g, of tissue for normal meat and 0,150 g, of protein per g, for

muscle allowed to go into rigor at 40°C. Taking the nitrogen content of 

the fibrillar proteins as l6.7f¿ (Bailey, 15), the above values become 2,3Q g, 

and 2,5 g, of nitrogen per 100 g, of muscular tissue respectively. These 

values are similar to those shown in Table 3 and suggested that the low 

content of soluble sarcoplasmic protein found at low ultimate pH was due 

to denaturation of the proteins followed by loss of solubility at low ionic 

strength. The composition of one muscle of low ultimate pH (No. 5) is rather 

similar to that of normal muscle (No. 6). It seems unlikely that the 

ultimate pH attained in a  muscle will determine the apparent distribution 

of nitrogen in the post-rigor tissue, since ultimate pH is attained at a 

time when the temperature of the muscle is falling. On the other hand.
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When low PH is attained in muscle soon after death, i.e. at a time when the 

temperature of the muscle is still high (above 30°C), marked changes occur 

ln the properties of the muscle proteins (Bendall and'Tismer-Pedersen, ll). 

The relationship between the pH^ value and the composition of the post-rigor 

muscle was therefore next studied.

Materials of low ph^ were obtained without undue difficulty as it had 

teen observed that rapid rates of post-mortem pH fall very often occurred 

when pigs were killed using a captive bolt humane killer followed by 

exsanguination. The animals usually struggled very violently after 

exsanguination. According to Bendall (l6) the onset of rigor is more 

rapid when an animal struggles than when it is immobilised at death, 

because struggling results in lowered levels of ATP, phosphocreatine and 

glycogen, high content of lactic acid and low pH in the muscle, which 

conditions bring about a rapid onset of rigor. The accelerated rates of 

pH fall observed here were presumably due to the activity of the skeletal 

musculature at and immediately after death. This suggestion is supported by 

the observation that intramuscular administration of 40 mg. of tubocurarine 

chloride 3 - 5  minutes ante-mortem resulted in a slow, steady fall in pH 

after death (McLoughlin, 17). Some animals were given tubocurarine chloride 

before death during the present study to ensure obtaining some materials 

with as high as possible a pH^.

The results of the extraction of the proteins of longissimus dorsi 

muscle 24 hours post-mortem are shown in Tables 4 and 5, where they ore 

listed in order of ascending pE^. It is clear that at low pH values less 

Protein is soluble in dilute solution (phosphate buffer, pH 7.4; 0.03 M)
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and l e s s  m y o f ib r i l la r  p ro te in  i s  so lu b le  in  more c o n ce n tra te d  so lu tio n  •

(KI, 0 .6  M; KH2P04/K 2HP04 , 0 .0 5 M; pH 7 .1  -  7 .2 ) .  The amounts o f 

e x tra c ta b le  sarcop lasm ic  and m y o f ib r i l la r  p ro te in  a re  y  r e la te d  to

Iho pH^, and p ro g re s s iv e ly  decrease a t  low er pH., v a lu e s . The reduced 

e x t r a c t a b i l i t y  o f th e  muscle p ro te in s  i s  r e f le c te d  in  the  h igh  n itro g e n  

v a lues f o r  th e  r e s id u a l  strom a m a te r ia l .  Where h ig h  pK^ v a lu es  (6 .7 ,

6. 8) were reco rd ed  th e  so lu b le  sarcop lasm ic p ro te in  com prised 28,3 and 30,5 

P er cen t o f  the  t o t a l  n itro g e n  c o n ten t o f  th e  t i s s u e s ;  on the  o th e r  hand 

f o r exam ple, on ly  20,8 p e r  cen t o f  the  t o t a l  n itro g e n  c o n ten t o f  the  muscle 

oould be e x tra c te d  in  d i lu te  phosphate b u f f e r  where the  pH was 5 , 1 ,  

S im ila r ly , over 50 p e r  c en t o f  the  t o t a l  n itro g e n  o f the  p o s t - r ig o r  muscle 

appeared as m y o f ib r i l la r  n itro g e n  when the  pH1 v a lue  was h ig h , w hile  pH 

va lu es  below 6,0 were a s s o c ia te d  w ith  co n sid e rab le  re d u c tio n s  in  t h i s  f ig u r e .

In  T able 7 the  r e s u l t s  o f  e x tra c t io n s  o f  specimens o f muscle taken  a t  

4a m inutes post-m ortem  and analysed  im m ediately , a re  g iv en . The pH o f 

each of th e se  m a te r ia ls  was below 6 .0 , The r e s u l t s  o f  a n a ly s is  o f the 

co rrespond ing  m uscles tak en  from the  o th e r  s id e  o f the c a rca se  24 hours 

a f t e r  death  a re  a lso  shown. I t  seems th a t  some lo s s  o f  p ro te in  e x t r a c t -  

a b i l i t y  may a lre a d y  have o ccu rred  a t  45 m inutes post-m ortem  in  th e se  m a te r ia ls  

and th a t  f u r th e r  lo s s  o f e x t r a c t a b i l i t y  su b sequen tly  o ccu rred .

DISCUSSION

P o s t- r ig o r  p o rc in e  lo n g issim u s d o rs i  muscle which i s  exud ativ e  and 

p a le  in  c o lo u r has been a s s o c ia te d  w ith  r a p id  pH f a l l  post-m ortem , so 

th a t  pH v a lu es  a t  o r below 6 ,0  are  reached  in  the muscle b e fo re  the 

tem peratu re  o f  th e  muscle h a s  f a l l e n  below 30 -  35°C (5 , 6 , 7 , 8 , 1 8 ).
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Under these conditions changes occur in the muscle proteins, e.g. their ■ 

solubility in 0.6 M XCt ia reduced (5). Bendall and Wismer-Pedorsen (ll) 

showed that the number of sites available for water and proton-binding 

is reduced in preparations of myofibrils from watery muscle, although 

the isoelectric point and titration curves of such myofibrils are similar 

to those of myofibrils obtained from normal muscle. They also showed that 

when the sarcoplasm was washed out of exudative muscle using dilute 

Phosphate buffer (0.04 Mj pH 6.5 j I = 0.05) some of the sarcoplasmic 

protein was retained by the myofibrillar residue. In the present study, 

the sarcoplasmic proteins were washed out of post-rigor muscle which had 

exhibited low pH soon after death (pH^ using potassium phosphate buffer 

(°.°3 M; pH 7.4 ; I = 0.06). It was found that with decreasing pHn 

values the amount of sarcoplasmic protein extracted was reduced. The 

elevated nitrogen content of the residue (myofibrils plus stroma) remaining 

alter removal of the proteins soluble at low ionic strength indicated 

that insoluble (presumably denatured) sarcoplasmic protein was attached 

to the residual material. The solubility at higher ionic strength of the 

contractile proteins was also reduced when low pl^ values were attained 

in the muscle. The fact that reduced extractability of the myofibrillar 

proteins is accompanied by a loss in the solubility at low ionic strength 

of some of the sarcoplasmic protein, and that the denatured sarcoplasmic 

material remains attached to the washed myofibrillar residue, appears to 

support the observations of Bendall and Wismer-Pedersen (ll) that the loss 

of solubility at high ionic strength characteristic of the contractile

Mx °\



-  1 0 -

proteins of watery muscle is due to the adsorption onto the myofibrils 

of denatured sarcopla,smic protein.

In conclusion, it appears that loss in solubility at low and high 

ionic strengths of the sarcoplasmic and myofibrillar proteins is 

characteristic of post-rigor exudative muscle* The changes which occur

m  the solubility of the muscle proteins are brought about when low pH 

values are attained in the muscle soon after death. The extent of these 

changes appear to be determined by the pH^ value,,
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TABLE A

pH^ and com position  o f 1 . d o rs i  muscle 24 hours post-m ortem

D is tr ib u t io n  o f N itrogen*

No. PH1 ' S arco
p lasm ic

N

Myo- Non- 
f i b r i l l a r  p ro te in

N N
Stroma

N

T o ta l
N*

1 5 .0 0 .78 1.09 0.46 1 .34 3 .7

2 5 .1 0 .74 1.06 0.45 1.32 3 .6

3 5 .15 0.78 1.08 0.45 1.22 3 .5

4 5 .30 0.80 1.36 0.45 1.15 3 .8

5 5 .4 0.85 1.59 0.45 0.76 3.6

6 5 .5 0.70 1.51 0.43 0.80 3 .4

7 5 .8 0.86 1.41 0.45 0 .84 3 .6

8 5 .8 0.92 1 .64 0 .4 4 0.71 3 .7

9 5 .85 0.89 1.76 0.47 0.32 3 .4

10 6 .2 0.92 1 .84 0 .44 0.21 3 .4

11 6 .7 1.02 1.90 0.46 0.22 3 .6

12 6*8 1.10 1,95 0.45 0.13 3 .6

* g . N p e r  100 g , o f  wet t i s s u e  exp ressed  #n a f a t - f r e e  b a s is



TABLE 5

pH^ and com position mf 1 . d « rs i muscle 24 hours post-m ortem

No. pHl

D is tr ib u t io n o f N itrogen51i

S arco
p lasm ic

N

Myo
f i b r i l l a r

N

Non
p ro te in

N

Stroma

N

1 5 .0 21.1 29.5 12 .4 36.2

2 5 .1 20.8 29.6 12.6 36 .9

3 5 .15 21.9 30.7 12.6 34.7
) l 5 .3 1 21.2 35.0 11.9 31.8

5 5 .4 20.0 40 .1 12.4 2 5 .5

6 5 .5 20.4 43 .8 12.5 23.4

7 5 .6 24.2 39.1 12.5 23.7
8 5 .8 24.9 44.3 11.8 18.9

9 5.85 25.9 51.2 13.7 9 .3
10 6 .2 27.1 54 .1 12.8 6.0

11 6 .7 28.3 52 .8 12.8 6 .1

12 6 .8 30.5 54.2 12.5 3 .6

"ex p ressed  as pe rcen tag e  o f the t o t a l  n itro g e n



TABLE 6

pH^ and com position  o f 1 . d o rs i 4  h r .  and 24 h r .  post-m ortem

D is tr ib u t io n  * f Nitrogen*

No. pHl Time Sarco- Myo- Non- Stroma
p o s t

mortem
plasm ic

N
f i b r i l l a r

N
p ro te in

N N

|  h r . 0 .90 1.67 0.48 0 .62
2 5 .1 24 h r . 0 .74 1.06 0.45 1.32

-4 h r . 0.96 1 .62 0.46 0.37
3 5.15 24 h r . 0 .78 1.08 0,45 1.22

-4 h r . 0.85 1.62 0.46 0.37
6 5 .5 24 h r . 0.70 1.51 0.43 0,80

1  h r . 1.00 1.70 0.45 0.50
7 5 .6 24 h r . 0.86 1.41 0.45 0 .84

|  h r . 1.07 1.76 0.45 0.37
8 5 .8 24 h r . 0.92 1 .64 0 .44 0.71

-4 h r . 0 .97 1 .61 0.49 0.33
9 5.85 24 h r . 0.89 1.76 0.47 0.32

expressed  on a f a t - f r e e  b a s isg . p e r 100 g . t i s s u e ,
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L’effet de la diminution rapide de pH, apres la mort, 

sur 1* extraction des proteines du sc.rcopla.sma et des fibrilles 

musculaire du muscle du porc.

par J.V. McLoughlin,

Agricultural Institute, Meat Research Department, 
Dunsinea, Castleknock, Co. Dublin. Ireland.

SOIR.U-IEB

Les proteines du muscle long dorsal du porc ont ete 

étudiées en utilisant les techniques d’extraction des proteines.

La solubilité^ des protéines du sarcoplasma et des fiorilles 

musculaires provenant du muscle exsudant, apres la rigidité 

cadavérique, fut réduite 'a basse et haute puissance ionique 

respectivement. Des changements quant a la possibilité d'extraction 

des protéines du muscle apres la rigidité cadavérique se produisirent 

quand un faible degré de pH fut atteint dans le muscle peu apres 

la mort.
L’importance de ces modifications était on rapport, avec le degre 

de diminution de pH apres la mort.
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DIN WIHIÜM& EINES SCHNELLE!, rOolkORiALEN pH-ABFA.U,I3 nUF

VON S C HWEINEIIüSKEL 

Von

J .  V,. McLoughlin,

A g r ic u l tu ra l  I n s t i t u t e ,  Meat R esearch  D epartm ent, 

Duns in e a , C astleknock , ^o , Dublin,, I r e la n d 0

ZUSM: ANPASSUNG-

DIE EXTRAKTION DER S.lRKOPIASIv!ISCHSN UND ' /01 iBRILi AREN Er..AISS,tJW:~E

des Muskels nach d e r T o te n s ta r re ,  we :x. e in ig e  o r te  im 

Muskel b a ld  nach dem Tode e r r e ic h t  wurden. De Ausmass d ie se r  

V eränderungen wurde au f d ie  p o s tm o rta le  pH- -A ofallsgeschw indigkoip

bezogen




