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Es wurden die nach dem Tode auftretenden pH- und Temperaturabnahme
geschwindigkeiten bei sechs Hauptmuskeln von Rinderkadavern untersucht. 
Das für den Versuch verwendete Vieh wurde unter ähnlichen Bedingungen 
geschlachtet und gekühlt wie sie im Handel üblich sind. Es wurden große 
Schwankungen der pH-Abnahmegeschwindigkeiten an verschiedenen Stellen 
der Kadaver beobachtet.

Am langsamsten war die pH-Abnahme im longissimus dorsi und in den 
äußeren Teilen der Muskeln von Rindskeulen, was ein Risiko der Schrum
pfung durch Kälteeinwirkung und eine Zunahme der Zähigkeit in diesen 
Teilen mit sich brachte. Im Gegensatz dazu wurden hohe pH-Abnahme- 
geschwindigkeiten im psaos major und in den tiefergelegenen Teilen 
der Muskeln von Keulen beobachtet. In den tieferen Teilen der Keulen 
wurde eine geringe Wärmeverlustgeschwindigkeit gemessen und die an 
dieser Stelle auftretende Kombination von hoher Temperatur und niedri
gem ph-Wert ergab wahrscheinlich eine Denaturierung von Muskeleiweiß 
und folglich eine Abnahme der Fleischqualität.

Die nach dem Tode bei Kadavern von Schlachtieren angestellten pH- 
Messungen werden weithin als Maßstab für die Fleischqualität verwendet. 
Diese Ergebnisse zeigen, daß die Geschwindigkeit der nach dem Tode ein
tretenden ph-Abnahme bei Rinderkadavern sehr unterschiedlich ist, so
wohl zwischen verschiedenen Muskeln als auch in den einzelnen Muskeln 
selbst und unterstreicht die Notwendigkeit einer sorgfältigen Auslegung 
der Ergebnisse von den an bestimmten Stellen vorgenommenen ph-Messungen, 
bevor Schlüsse bezüglich des ganzen Kadavers gezogen werden können.

On a étudié l e s"taux de tihufee de ph et i e t e mpérature ü °'i 
m o r t e m  sur six m u s c l e s  Princ i p a u x  du boeuf. Les r-éi’
ut i l i s é e s  dans cette expéri e n c e  ont été aba t t u e s  et ,c*ê- 
dans des conditions similaires à celles emoloyêes connue 
lement. On a observé d ' i m p o r t a n t e s  variat i o n s  des tsu/- 
cbute du oh en des e ndroits di s t i n c t s  de la bète.

La chute de oH la nlus lente s'est produite 
dors! et dans 1cs partie? superficielle? ’es 
cuisse du boeuf. En conséquence 11 y avait 
rncourcissement oar le froid et une augmenta 
coriacitê dans ces parties. A l'oncosé, on 
taux rapides de chute du oH dans le nsoas ma 
les parties Profondes des muscles de-la cuis 
parties profondes de la cuisse, le taux de n 
était lent et la combinaison d'une tempérât:-' 
et d'un oH bas se produisant en cet endroit 
conséquence probable la dénaturation dos or:> 
muscle et pur suite une diminution de 1s q viande.

a va t 
t ' I n o r .  11 te

Les mes u r e s  de oE nos t -mortem prises sur co r - ;• "À,?
de b o u c herie sont largement u t i l isées l titre ' ■'
de la qualité de la viande. Ces r é s u l t a t s  mor.tr' r.l ' T  :jf 
taux de chute du oH d o s  t -mortem se Produisant îan' 1 '• . 
des boeufs varient largement d'ur. m u r e 1 r 5 V
l ’intérieur des iruseles et Us seull^nent " le rte- 
d i n t erpréter les ré s u l t a t s  Je mesu r e s  de r.y ri'-- :i 
e ndroits spécifiques, avant de tirer -'ur- « 
l 'ensemble de la bc-te.

POSTMORTEM pH AND TEMPERATURE CHANGES IN SIX MUSCLES OF BEEF CARCASSES 
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,1 I f  h ? temperature fall ppst-mertem In six major 
muscles in the beef carpaea uere studied. The cattle used in the 
experiment uere slaughtered and chilled under cpnditiens similar 

T f  1? °°'",nercial Ptsttlce. Large variations in the 
rates of pH fall at separate locations in the carcaes uere observed.

The slowest pH fell uas in the lonqisslmus dorsi and in the 
superficial parts of the muscles of „he beef round, as a result 
there was a risk of cold shortening and an increase in toughness in 
these parte. In contrast to this, rapid ratas of pH fall were

hV 3T  maJ°r and in thS deaP "f the muscles ofthe round. In tne deep round, the rate of heat loss uas slou, and 
the combination of high temperature and low pH which occurred at this 
location was likely to result in denaturatlon of muscle protein and 
consequently a decrease in meat quality.

Post-mortem pH measurements made on the carcasses of meat 
animals are widely used as indicators of meat quality. These results

E V t tB °f P°3t-m°rtem pH i" beef carcasses varies
greatly both between muscles and within musclaa and emphasises the 
necessity of careful interpretation of the results of pH measurements 
made at specific locations, before conclusions relating to the whole 
carcass can be drawn. y A
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/o // /1*~0 ê ĉ y ^ ¿f -¿cj}
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^ C<** ̂ 01̂, fê cxi+ttx̂ cctij p *¿4 fA/s-0-

Z3 ft s6 t-ĉc+i&r x-f
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Introduction

Post-mortem anaerobic glycolysis in muscle results in an 
increase in acidity, principally due to the formation of lactic acid. 
Determination of the rate of pH fall is a convenient way to ”«»Jure 
the rate of post-mortem glycolysis (Bate-Smith and Bendall, 1 5
Plarsh, 1954).

The rate of post-mortem glycolysis has a profound influence 
on meat quality. A very slow rate of glycolysis allows the 
temperature of the muscle to fall below 10 C while the pH and 
adenosine triphosphate concentration are still high. In beef, this 
has been shown to result in an increase in meat toughness, due to 
'cold-shortening' taking place, (Plarsh 4 Leet, 1966} Bendall, 1972). 
On the other hand, an abnormally fast rate of glycolysis results in 
a low pH in the muscle while the temperature is still above 30 C. 
This condition results in abnormal protein denaturation with adverse 
effects on the water-holding capacity, colour and texture of the 
meat (see review by PlcLoughlin, 1969).

During normal chilling the muscles of beef carcasses cool at 
different rates, depending upon their location. This experiment 
was designed to study the rate of pH fall in six major muscles in 
the hindquarter, under conditions of slaughter and chilling similar 
to those frequently used in the meat industry.

Experimental Procedure

Twenty-eight Hereford heifers, aged about 10 months to 2 years 
and weighing approximately 350 kilogrammes, were bought at a local 
market and rested for at least a week before slaughter. The animals 
were stunned using a captive bolt pistol, exsanguinated and dressed 
by conventional methods. The kidney and channel fat was removed.
The carcasses were cooled in a laboratory chill with an air flow of 
1 m sec"1 at 3°C for 48 hours.

CarCa ea3urement8 of pH and temperature were made on the intact 
h. pgSSes• The six muscles used were rn. lonqissimus dorsi (LD), 
h. JLajor (ppi) and 4 muscles from the beef round:-
anri’̂ - ^ LLbranosiiB (SPl), m. semitendinosus (ST), m. biceps femoris (Bf) 
(3 ¿jguctor (AD). Pleasurements were made at the centre 
8uperl.depth>) of the PPI and LD (lumbar region) and at the 
(8 Cm Jcial (1.5 cm depth), centre (5 cm depth) and deep part 

BPth) of the 4 muscles of the round.

. uremi
A Radiometer pH Pieter 29 with a combined probe

___1 C) was used for pH measurements. The meter
using standard buffers at pH 6.5 and 4.0. The 

3 were made by inserting the probe electrode, to the
l8d depths, into the intact muscles in the beef carcasses. 

n'ade q° Petermine the relative accuracy of probe pH measurements 
muscle compared to pH measurements made on 

The tea* 8 hom°9enates of muscle, fifty paired tests were made. 
rr,°t'tem tS UI8rB made on bBBf carcasses between 0.5 and 3 hours post- 
iltact* Each test consisted of a probe pH measurement made on an 
°f mns l',Uscle and a pH measurement made on the adjacent sample 
°f sodi aftBr it had been excised and homogenized in five volumes 
lneas Um iodoacetate (0.005 PI, pH 7.0). The mean of the probe 
the mean’Bnts' 6*62 * .03 ae.was significantly lower (p<0.0l) than 
there uP the homogenate measurements, 6.65 - 0.03. Nevertheless, 
Set8 ofas Efficiently good agreement between the means of both 
UsQd fQ mBasurements to allow direct insertion of the probe to be 
ll'easurer Carcass pH measurements. When 2 or more probe pH 
F°IJr'd tn’8nts were made on a muscle, at hourly intervals, it was 

0 be essential to use a fresh site in the muscle for each 
mBnt. use of the same site repeatedly would give false pH 
invariably too low.

C°ntfal»vinU°U8 temperature recordings were made on the 
^to thg 8ra* muscles in six carcasses by inserting thermocouples 

muscles at the specified depths.

''ai,asur,

Results and Discussion

ifl thehk.p08t“m°rtem changes in pH and temperature in four muscles 
J®de at ^ q u a r t e r  are shown in Figure 1. The measurements were 
[asteSt • C0ntre of each muscle. The rate of pH fall was 
• d intBln the Pn and slowest in the LD. The muscles of the round 
d the c^mediate rates of pH fall, the rate being somewhat faster 

are n than in the BF, AD and SPl. The results for the AD and 
dlFferent Shou’n in figure 1 because they were not significantly 

from those shown for the SPl.

Because of their anatomical location, the LD and the PPI cooled 
quickly to 10°C, in 8.5 and 9.3 hr respectively^ The muscles in 
the round took about twice as long to cool to 10 C.

The slow rate of pH fall in the LD can be largely attributed 
to the fast drop in temperature in this muscle. A fall in 
temperature has been shown to cause a decrease in the rate of pH 
fall in beef muscle (Plarsh, 1954} Cassens and Newbold, 1966). A 
slow rate of post-mortem glycolysis was also observed in the LD 
in beef carcasses, held under post-mortem conditions similar to 
the usual commercial procedures, by Bodwell et al (1965). An 
important aspect of the present results was that the pH in the LD 
in six of the twenty carcasses examined was equal to or above 6.4 
when the temperature fell below ID C, These carcasses were within 
the range of pH values,in the LD,associated with extensive toughening 
caused by cold shortening (Plarsh 4 Leet, 1966; Bendall, 1972).
An increase in toughness in the LD has been observed by Joseph (1974) 
using animals and experimental conditions similar to those in the 
present experiment.

In contrast to the LD, the PPI had a low pH at 30 min post-mortem 
(6.37 - .05) and a fast rate of pH fall subsequently. A low pH 
in the PPI immediately post-mortem has been reported previously 
(Howard and Lawrie, 1957, Plothersill and PlcLoughlin, 1974) but has 
not yet been adequately explained, although it may be associated 
with muscular contractions at slaughter. In this context it is 
interesting to note that actomyosin (the contractile enzyme) from 
beef PPI was reported to be significantly more active in the splitting 
of Pig ATp"” than was actomyosin from beef LD (Plothersill and 
PlcLoughlin,1974). When pH values below 6.0 are reached in muscle 
while the temperature is still high, changes occur in the properties 
of the sarcoplasmic and myofibrillar proteins which adversely effect 
meat quality (Bendall and Wismer-Pedersen, 1962} PlcLoughlin, 1963, 
Scopes 1964). It was considered unlikely that extensive protein 
denaturation occurred in the PPI under the conditions of the present 
experiment, because the temperature at the centre of the muscle 
fell quickly (to 30° in 2 hours).

The pH and temperature fall at three locations in the SPl, at 
the superficial (1.5 cm depth), at the centre (5 cm depth) and at 
the deep part of the muscle (8 cm depth), are shown in Figure 2.
The pH at one hour postmortem was similar at all locations examined. 
Subsequently, during chilling of the carcass, the temperature 
gradient in the beef round influenced the rate of pH fall at different 
locations in the SPl. The rate of pH fall was five times faster in 
the deep muscle and three times faster at the centre than at the 
superficial part of the SPl (Figure 2). Similar results were obtained 
for the other muscles in the round (Table l). In each case the rate 
of pH fall increased as distance from the surface increased. In the 
ST, BF and AD the postmortem pH fall was completed (pH 5.6q- 5.7) 
in the deep muscle before the temperature dropped below 30 C.

Scopes (1964) using beef sarcoplasmic protein extracts showed 
that combinations of high temperature and low pH, similar to those 
reported above for the deep round, caused denaturation. In the
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present experiment it was frequently observed that the meat located
in the deep round tended to be paler in colour, softer in texture and more
susceptible to lo-s of drip than the superficially located meat.
Preliminary experiments have indicated that the rapid fall in pH in 
the deep round may be prevented by excising the muscles at one hour 
postmortem. This procedure allowed the muscles to cool at a uniform 
rate throughout and eliminated the temperature gradient.

The present results support those of Follett et al (1974) who 
found that the rate of postmortem glycolysis in the anatomically 
deep tissue of the beef SM was retarded by early postmortem excision 
and air cooling. As a consequence of this procedure, the latter 
authors found a lower drip loss in the vacuum packed meat, minimal 
discolouration and an improvement in tenderness.

Post-mortem pH measurements (pH^) have been widely used as 
indicators of meat quality, particularly in the case of pig carcasses.
A similar measurement may also prove useful in determining beef 
quality. The results in this paper show that the rate of post-mortem 
pH fall in beef carcasses varies greatly, both between and within 
muscles and emphasises the necessity of careful interpretation of the 
results of pH measurements at specific locations.
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POST-MORTEM pH FALL

pH

FIGURE 1, The pH and temperature changes at the cSf1
of 4 muscles _in situ in beef carcasses. ^ apd 
The pH results for the LD and PM are msa"tg f°r 
standard errors for 20 animals, the resu 
the ST and SM are for 28 animals.
The pH changes in the BF and AD are n°* Bpt ' 
because they were not significantly di' 

those shown for the SM.

pH 'POST-MORTEM pH FALL IN SM

IGURE 2. The pH and temperature changes in m. semimembranosus 
in situ in the carcass. Measurements_were made at—  
the superficial (1.5 cm depth), centre (5 cm depth) 
and deep (8 cm depth) parts of the muscle. The pH 
values at the 5 cm depth are means and standard 
errors for 28 heifers, the pH values at the 1,5 
and 8 cm depths are for 8 heifers.

RATE OF POST-MORTEM pH FALL AT THE SUPERFICIAL.
PART OF THE MUSCLES OF THE ROUND

CENTRE AND,

jscle Depth Rate of pH fall c h i » £ V W(hours to(cm.) (pH units/hr + s.e.)

ST 1.5 0.11 t ,,oic less than 2

5.0 0.24 Í ,,oib 3.9

8.0 0.37 Í ,,04C 5.7
SM 1.5 0.06 i ,,oic less than 2

5.0 0.17 - ,,oib 3.3

8.0 0.29 ± .,04C 4.7

BF 1.5 0.09 1 ,.01° less than 2

5.0 0.18 ± .,01b 4.9

8.0 0.31 t ,,03C 6.4

less thanAD 1.5 0.07 t ,,oid
5.0 0.10 t .,01d 3.6
8.0 0.31 t ,,02d 6.4

The rate of pH fall was calculated between pH 7.0 and 6,0
Mean and standard error for 28 observations

Mean and standard error for 8 observations

Mean and standard error for 6 observations
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