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1. I n t r o d u c t i o n .

T h e  p r o b l e m  of the s o - c a l l e d  pale and e x u d a t i v e  me a t  of pigs has b e e n  s t u 

d i e d  in m a n y  c o u ntries. Th e  c o m b i n a t i o n  of h i g h  t e m p e r a t u r e  a n d  low pH in 

the post m o r t e m  p i g  m u s c l e  seems to p r o d u c e  i r r e v e r s i b l e  c h a n g e s  in the 

p r o p e r t i e s  of the m u s c l e  p r oteins. Th e s e  c h a n g e s  h a v e  an a d v e r s e  i n f l u e n -  

ce on the q u a l i t y  of f r e s h  me a t  a n d  meat products.

Less a t t e n t i o n  has b e e n  paid to the p r o b l e m  of the w e a r i e d  p i g s » w h i c h  p r o 

duce d a r k  m e a t  w i t h  a h i g h  u l t i m a t e  pH value. H o w e v e r , o u r  p r e v i o u s  i n v e s 

t i g a t i o n s  (VAN LOGx-jSTIJN 1965) have shown that, w h i l s t  u p  to 20 $ of 
a b o u t  2 0 0 0  i n v e s t i g a t e d  D u t c h  pigs ( m a i n l y  D u t c h  L a n d r a c e )  s h o w e d  m o r e  

or less severe s y m p t o m s  of m e a t  d e g e n e r a t i o n  (*"Pale, Soft a n d  E x u d a t i v e  

M u s c l e " ,  " W a t e r y  Pork" etc.) in one or m o r e  m u s c l e s ,  u p  to 6 c/o  of the 

pigs were s l a u g h t e r e d  in su c h  a con d i t i o n ,  that u l t i m a t e  pH v a l u e s  h i g h e r  

t h a n  6.4 c o u l d  be m e a sured.

More r e c e n t  i n v e s t i g a t i o n s  ha v e  s h o w n  that a se v e r e  stress on pigs le a d s  

v e r y  r a p i d l y  not on l y  tc the w e l l k n o w n  s i t u a t i o n  i n  w h i c h  meat d e g e n e r a 

tion m a y  de v e l o p ,  m o r e o v e r  in some cases to a v a r i a t i o n  of th i s  sit u a t i o n ,  

c h a r a c t e r i z e d  b y  h i g h  b o d y  t e r p c r a t u r e  an d  v e r y  r a p i d  r e m o v a l  of m u s c l e  

g l ycogen. A l t h o u g h  it is k n o w n  that l o n g  a n d  w e a r i n g  t r a n s p o r t s  m a y  cause 

this f a t i g u e  sit u a t i o n ,  we f o u n d  m a n y t i m e s  h i g h  u l t i m a t e  pH v a l u e s  in nigs 

t r a n s p o r t e d  w i t h i n  one or two h o u r s  o v e r  a sh o r t  d i s t a n c e .

F or the p r o d u c t i o n  of h i g h  q u a l i t y  po r k  me a t  it is i m p o r t a n t  to d e c r e a s e  

the v a r i a t i o n  in o r g a n o l e p t i c  p r o p e r t i e s ,  c o o k i n g -  a n d  r o a s t i n g - l o s s e s ,  

k e e p a b i l i t y  a n d  t e c h n o l o g i c a l  p r o p e r t i e s  of meat, d e s t i n e d  for d i r e c t  

c o n s u m p t i o n  or meat products.

A  r e d u c t i o n  of the v a r i a t i o n  in t h e  m e a t  q u a l i t y  01 p i g s  co u l d  be a c h i e 
v e d  b y  two w a y s :

a. by m e a s u r e s  c o n c e r n i n g  the l i v i n g  a n i m a l  (i.e, s e l e c t i o n ,  a d a p t a t i o n
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Ox the fodder regimen csp. eially during the last two days before 
slaughtering, use of pharnaca, transport-methods and -planning, 
handling before slaughter ) 5 

b. selection of slaug' tered -.pigs on the basis of meat quality in
regard 01 their destination and an adequate handling.(cooling etc.) 

At present it is impossible to deliver pigs for slaughtering in the 
desired conditions. Therefore it is important to have good methods 
for rapid and reliable, selection of slaughtered pigs. Untill now it 
usually seemed impossible to make, this selection.in practice. The 
main reasons for this were, apparently the lack of reliable and con- 
vi^«*\e .«ai’guaaents for the -economic need, of this. selection* less relia
ble. selection methods and the fear for stagnation in the processing 
line.

In our opinion it is useful to classify the slaughtered pigs in not 
more - than three categories:

type 1 - pigs with insufficient glycolysis, dark meat with a too
high ultimate- pli. 

type 2 - pig:.; ^ith a "normal*' meat quality. It should..he stated, 
t«at it is difficult at this moment to define-this 
quality, because of the gradual transition in the frequen
cy distribution of meat quality parameters in the pig 
population.

V P e  3 - pigs with meat degeneration.
In our opinion the best-moment for a .selection of the pigs is 50 - 45 

nunutws po s u mortem, at which time the carcasses are at or near the end 
of the slaughter iine, because at that moment:
a. ihe selection would cause the least stagnation and could easily be

fitted ..n the slaughter line. Further on it is usually then easier
- j tho carcasses into the different lines through a factory,
than it would be at a later moment.

b. four selection criteria could be use:',
•=> the pH value;

the r̂ i-sOj. mortis; w m c h  can be measured by a very rapid and sim
ple method,

~ the meat temceratures
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- the colour of the surface of cone superfical muscles. Especially a 
pale colour of the a, scninembranaceus and the ii, gluteus and in a 
lesij decree of the adductor nay be an indication for the develop
ment of meat degeneration.

In a later stage most of thesi ciitcria are lose or not at all usable, 
ihe variation in the pattern of the temperature, the ri^or and the pH is 
0reatest in the first post mortem period0

In another paper we have already :3iven some data about relations between 
temperature-, pH- and rigor-values, measured in pigs 40 minutes post mor

tem. (SYBESKA and VAN LOGTESTIJN 1566)
In i/his paper we intend to give some data about the relations between these 
tnree- parameters and meat quality in Dutch Landrace (D.L.) pigs. We hope 
to make clear that at that moment, i.e. 40 minutes.post mortemt there is 
a possibility for a reliable selection of slaughtered pigs on the basis of 
some, important'properties of the meat.

2* Material and Methods.

The pH-* rigor- and temperature-values were measured"in different groups 
of Du"cch Landrace pigs, slaughtered under- commercial conditionso 
The readings were taken at different times post mortem.
After a 24 hours of cooling samples (a pork chop of the last lumbar vertex 
bra = tOO. ~ 15.O gr. of. mea t )-were taken from the loin, either from all 
pigs or from a number of selected pigs. These samples were taken'to the 
laboratory, where the meat quality was assessed by visual judgement and 
measuring of pH-, transmission- and Fahell.ph.o~value»..

pH measuring - At different times post mortem the pH was measured in one 
or more 0 . the four following muscles* II. adductor, LL semimembranaceus,
M. gluteus and M. longissimus dorsi,

by using a Philips, portable. pH.meter (type PR 9401) and Electrofact spear 
electrodes. The instrument was verified ..against two buffers (pH 4 .00 and
?*0C) before each set-of readings .and was- checked., at intervals against 
buffer pH 7.00 during use*

ALxgor Htuoiiring - The rigor value of the different muscles was measured 
on tne h.. semimesbranaceus ..with_ the rigor.ineter described by SYBESKA (1 9 6 6 ),,
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Readings between 0 and 16 made it possible to distinguish easily and 
rather objective between different phases of rigor.
- Temperature measuring - The meat temperature was measured with the 
Lllab meter, dcscribcd in the other paper.(SYBESiA and VAN LOGTESTI JIT, 
1966)

- Transmission value - The transmission value was measured according 
to the method, described by HART (1961).
- Fahellpho value - The Fahellpho value was determined with a Fahcllpho 
meter described by LOHSE, PFAU and SCHRoDER (1965).
- Visual judgment - The visual judgnont of the lean meat was based
on colour, softness and exudation. Scores from 1 - 4  were given. 
Furtheron the pH-, rigor- and temperature-values, measured 40 minutes 
post mortem will be called: pH^Q» ^4o ,an<  ̂ °ther time of measu
ring post mortem will bo indicated in a corresponding way. Sometimes 
an abbreviation of the name of the muscle i3 added«

3. Choice of the muscle to be examined 40 minutes post mortem.

In most cases the PH^q , R^q and T can only be measured either in the 
M. adductor, in the M, semimcmbranaceus or in a tri-angular■part of 
the M. gluteus, because at that time the carcasses are divided in two 
halfs only.
V/e found no differences in the temperature pattern of these muscles.
The part of the M. gluteus is not suited for measurings as it is 
rather small, not easy to bo reached and causing too much risk for 
damage to the electrodes.
Also the M. adductor is less suited as it is covered with a fascia 
in 50 fo  of the cases, can be reached less easily and the pH fall in 
that muscle is less rapid.
The K. semimcmbranaceus gives a better and more reliable indication 
of the type 1 and 5 pH pattern. This may t>e demonstrated with the 
following data, obtained from 309 pigs*
Prom 76 of those 309 pigs with R 4 0  * 0 a n d  pH40 ^  <- 6.0 tho pH40 semin 
was on the average 0.18 lower than pH
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From 50 pigs with R 40 * 0 and p H ^  ^  £ 6.5 the pH 4Q was on the
average 0.12 lower than'pH.„ ’

40 ada.

From this considerations and data we concluded that for tho measuring of 
PH4 Q , ^4 q and T4 q values the II. semimembranaceus is the most obvious muscle.

4• relation between pH value, rigor value and moat temperature 4 0 minutes
post mortem and, sone factors of moat quality.

4 . 1Thc pH^q value as a selection criterion.

Since we know that the development of neat degeneration is accompanied by 
a rapid onset of acid rigor at a relatively high temperature, it is clear 
that the pH value on a certain moment after the death of the aninal will 
jive reliable information about tho chance that this meat defect will really 
occur.
During the last years many data about pH measurings have been published in 
different countries. For information about this point we may refer to the 
review articles of BMIDALL and LaV/RIE (1963), GOUTEFONGEA (1965), BRISXEY
(1964) and to BEHDALL, CUTHBBRTSOIi and GATIIERUM (1 9 6 5 ), VAN LOGTESTI JIT
(1965), MC LOUGIiLIN (1965), RAEELIC and REDE(1965) and TAYLOR (1965). 
Especially Danish workers have gathered many useful data about their pigs. 
Yet, there is no agreement about tho question if the measuring of the p H ^  
or the P H ^ q "lone can give a definite indication. In our opinion it is 
better to select not only on the pH value, but on a combined measurement 
of pll value and either rigor value or moat temperature.
Of course this combined measuring is necessary, when we want to select at 
this moment not only the type 3 pigs (meat degeneration) but also the 
"type 1 (fatigued) pigs. As explained in the introduction we believe that in 
most cases the measuring at the end ox the processing line must be prefer
red. However it should be stated that the in pigs is closely related
\rith the pH value measured at a later stage.
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At an investigation of about 200 D,L. pigs v.rc found the following correla
tions!

Prom these data it appears that the PE^-jq or pH^gQ values give a better 
indication of the pH^-j. than the PEL^q values. This is in agreement with 
S/YRE and BRISKEY (1963)» BRISKEY and SAYRE (1964) and VETTER LEIN and KIDNEY 
(1965). The correlation between pH^Q and pHg^ ^ is still rather high. This 
may be explained by the fact that rather a great part of these pigs belon
ged to the types 1 and 5. In both cases there is a (very) rapid pH fall,
in the first case to a high pH ,, in the second case to a low pH , .

"U J- "b « 111 "t 4
These data confirm that measuring of the pH^value is a good but not suffi
cient method for the detection of type 3 pigs.
For a more reliable detection of type 3 pigs and for the detection of type 
1 pigs we need another criterion to be combined with the pH^Q value*

4*2 The R,q value as a selection criterion.

SYBESMA (1966) showed that a correlation exists between the R^q and the
PH40 va^ucs semimembranaceus ( r = - 0,40 , P < 0,01, n = 93 )
It is clear that this correlation coefficient could be much higher, if it 
would bo determined within groups of exclusively type 1 and 3 pigs» i*e. 
with alkaline and acid rigor. This is demonstrated in our other paper 
(SYBESIIA and VAN LOGTESTIJN, 1966).20 pH^Q values < 6.0 were accompanied 
by R ̂  10 in 16 cases.
At a more recent investigation we found that 23 pHzi0 -^6.50 and R -5 10 re
sulted 18 times in pH ,, ^  6.4 (the average pH ,, of the 23 cases was

U l  « # U 1 1  *

6 .4 7 )
Results of other recent investigations are given in table 1 (page,7)»
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Table 1 % Some data about the relation between pH-, temperature- and rigor- 
values 40 minutes post mortem and the meat quality of pigs.

40 semim.  ̂10 > 5 <10
i

 ̂5
pH^Q class. § 6 . 5 < 6 . 5  

§ 6.0

T
< 6.0 § 6 . 0

< 6 . 5

 ̂6.0

N. 6 12 14 9 6

M.semimembr.

_pH4o 6.73 6.1 6 5. 65 6. 24 6.62

PH24 h. 6.41 5. 80 5 . 68 5 . 65 5*78

pIV pH24h. +0 . 3 2 +0.36 -0 . 0 3 +0.59 +0.84

T40 4 0. 8 41 .1 41 .8 40.5 40.4

Mo gluteus

pH40 6.56 6.19 5.68 6. 19

5*81

+0 . 3 8

6.39

5*85

+0.54

pH24h.

PH4°-PH24h.

6.33

+0 . 2 3

5 • 8b 

+0 . 3 3

5.68

0.00

M.long.dorsi

pH4 8h. 6.10 5. 86 5.87 5.86 5 . 8 7

Visual
judgement 1.17 2.08 3o 14 1 .89 1 . 6 7

Transm.
value 13 39 77 32 19
Fahellpho 1 
value 1 37 55 62

I
48 52

From these data it becomes clear that the combined measurement of pH.A +
40

gives a good indication of meat properties and in other words a possi
bility of a reliable selection of type 1 and 3 pigs» The difference in 
meat quality between the type 1 and 3 was significant. (Analyses of vari
ances F for visual judgement, transmission value and Fahellpho value resp. 
13«14? 15*37 and 10.00? Test of Tuckeys D resp. 1.15? 35*1 and 15*9?
P < 0 .0 5 ).
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/}' ’ 3 iiig. T^q value as a selection criterion.

Prom table 6 in the other paper it appears that the average meat tempera- 
. ..re in the pigs of type 1 and 3 is higher than in the pigs of type 2 .
The results of recent investigation confirm this fact. In table 2 results 
are given of measurings of p H ^ ,  and R in 245 D.L. pigs.

Table 2 : Some data about the relation between meat temperature and pH^Q + 
Rigor^Q values in the M, semimembranaceus of pigs.

r.— -------------—
pH40_:> •

V
O > 6 . 3

I “ j> 6o5 < 6.0

T0

p
i0

Eh

- - 5 8 < 8 i 10 1 10 N
&

S 42 3 1 3 1 <M* 3 4
<  42 > 41 39 11 36 14 10 12 50
1 41 > 40 48 89 42 95 5 5 1370Vll 

j

9 45 5 49 1 - 54

N 99 146 86 159 16 20 245

Average 40.9 140.3 4 1 . 0 40.3 4 1 . 0 4 1 .4 40.5
T-test V (P < 0 .0 1 ) *(P <  0 .0 0 1 )j IT.S.

Prom this table we may conclude:

a. Pigs with a high values have a significantly higher T than 
those with low

b ‘ Although the differences in meat temperature between the types 1 and 
3 pigs are not significant, there is a tendency that the type 3 pigs 
have on the average a somewhat higher meat temperature.

Prom other investigations we can give the following data on the relation 
between T^0 and other parameters, measured in the same muscles

9
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T.A , , x 

40 add. pH24 h add. 0 . 0 9 47
" X ii 0. 22* 142
" X Transm. 0.44" 45

Value L.D,
" X I! 0.36“ 89
" X II -0 .1 5 142

From table 2 and the preceding data we may conclude that %
a, there is apparently a high correlation between values in different 

muscles,
b, there is no or very low correlation between T^Q a(̂  and in the

whole group. But this is clear if we imagine, that./a. high generally
accompanies a rapid pH decrease, leading to a very '....igh or to a very 
low p H ^ ^  . However, the correlation in the type 3 pigs is much better 
than in the type 1„

c. It is remarkable that, although moqlt cases of meat degeneration occur in
pigs with high T^ q (generally > 41*0 C), sometimes the T^ q is much lower 
, in some cases even lower than 40.0°C. Obviously meat degeneration is 
caused by a complex of causes, from which a high meat temperature gene
rally is one, but not always the most important.

d. There is a rather low correlation between the T^ q and the transmission
value,

5« Conclusions.

The classification of slaughtered pigs in three types of meat quality 
( 1= dark + high pH ,, , 2= normal and 3= degenerated meat) is possibleH-L X o
by measuring the pH-, rigor- and temperature-values in the M. semimembra- 
naceus, The most obvious time, at which these measuring could be done is at 
the end of the slaughter line, i.e. approximately 40 minutes post mortem.

Measuring of pH/5 q alone gives a rather good indication of the develop
ment of type 3 meat , but not of type 1 meat.

Measuring of the R^ q or T^ q values gives a good indication of type 1 
and 3 pigs, but it is not sufficient.
A combined measuring of pH^Q and R^ q gives the best results. This combina
tion gives a rapid and reliable indication of both type 1 and 3 pigs.
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Untill now we got good results with the following criterias 

type 1s pH40 » 6.5 si,nd R * 10
type 3s pH4Q < 6 . 0  and R > 10
type 2 s the other pigs.

Zusammenfassung.

Es wurde versucht Kriterien zu finden, die es ermöglichen, geschlachtete 
Schweine schnell, einfach und doch zuverlässig einzustufen auf Grund der 
Unterschiede in Fleischqualität.
Es wird poniert, dass eine Einteilung in nur drei Qualitätsklassen zweck
mässig ist und für die Praxis ausreichts,

Typ 1 s dunkles Fleisch, mit hohen pH-Endwerten von ermüdeten
Schweinen, mit schnellem Eintritt des Rigor mortis (alka
lischer Rigor)

Typ 2 s "normales,lFleisch.
Typ 3s degeneriertes ("blasses, schlaffes und wässriges) Fleisch von 

Schweinen mit hohen Körpertemperaturen und ebenfalls mit 
schnellem Eintreten des Rigor mortis (saurer Rigor)

Der Wert als Klassifiezierungskriterium des pH-, des Rigor- oder des 
Temperaturwertes, 40 minuten nach dem Tode des Schweines in einem Muskel 
gemessen, wurde geprüft.
Die kombinierte Messung des pH^Q und R i g o r ^  erwies sich als die brauch
barste und zuverlässigste Indikation für die Entwicklung des Fleisches 
in Typ 1 oder Typ 3.

Verschiedene Argumente (oberflächliche Lage, besserer Indikator als der 
M. adduktor oder der M. gluteus) liessen den M. semimembranaceus als den 
geeignetsten Muskel für die verschiedenen Messungen erscheinen.



- 11 -

Bendall, J.R., Lawrie, Pl.A. s Watery Pork, a discussion of symptoms and causes 
Fleischwirtschaft 4 4 , 1 6 , (1964)0

Bendall, J.R., Cuthbertson, A., Gatherum, D .P,: A survey of pH, and ultimate 
joK-value s of British progenytested pigs 5 Xlth Meet.Eur.Meat Res.wTT Beo-*" 
grad, (1965)o

Briskey, E.J.s Etiological status and associated studies of pale soft, exu
dative porcine musculature\ Adv.in Food Res., i_3, 89, (1 9 6 4).

Briskey, E.J., Sayre, R.U. (1 9 6 4) I cited by Briskey (1 9 6 4).
Goutefongea, R„ s Les viandes exsudatives; Ann. Zootechn. , 1_2, 297, (l96j).
Hart, P.C.s Der Transmissiomme rt des Fleischextraktes als Merkmal fiir Muskel- 

degeneration bei Schweinen; 7th Meet.Eur.Meat Res.W., Warschau, (1 9 6 1).
"Vetn Logtestijn, J.G. s The post-mortem pH-pattern in meat and its significance 

in relation to the judging of slaughteranimals; Thesis, Utrecht, (1965).
Lohse, B., Pfau A ., Schröder, L.A.J. s Messungen mit dem Farbhellwert-Photo- 

meter"Fahellpho-Mariensee" als einfache Methode zur QualitStseinstufung 
von Schweinefleisch; Fleischwirtschaft 45, 1 2 1 , (1 9 6 5 ).

Mc.Loughlin, J.V.: Studies on pig muscle. 4 . pH-values in the longissimus 
dorsi muscle of pigs killed under commercial conditions! Irish J.Aerie.
Res., 4.5 151, (1 9 6 5)»

Raheli6 , o., Rede, R.s Some physico-chemical properties of watery pork muscle; 
Xlth Meet .Eur.Meat Res.W., BeOgrad', (19 6 5)

Sayre R.ET. , Briskey, E. J. : Protein Solubility as influenced by physiological 
conditions in the muscle; J.Food Soi., 28, 6 7 5 , (1 9 6 3 ).

Sybesma, W. s Die Messung des Unterschiedes im Auftreten des Rigor Mortis i* 
Schinken; Fleischwirtschaft 4 6 , 6 5 7 , (1 9 6 6 ).

Sybesma, W. , van Logtestijn, J.G.s Pres-slaughter temperature and its effect 
on the post-mortem metabolism in pig muscle? XIIth Meet.Eur.Meat Res.W., 
Sandefjord (1 9 6 6 ).

Baylor, A.Mem.s The pH-values of British Pigs; Xlth Meet.Eur.Meat Res.W., 
Be.ograd, (1 9 6 5 ).

Yetterlein, R . , Kidney, A.J.s The effect of some pre-slaughter variables on 
pH changes post-mortem in pork, and the use of pH in predictirg lean meat 
quality factors; Xlth Meet.Eur.Meat Res.W., Beograd, (1 9 6 5)»

Literature


