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Variation in the pH of lamb meat within and between sheep breeds 

A.R. BRAY, S.R. YOUNG AND G.H. SCALES 

AgResearch, Canterbury Agriculture and Science Centre, P.O. Box 60, Lincoln, New Zealand. 

ABSTRACT 

SerialmeasurementsofthepHofthelongissimusdorsimuscle wereobtainedfromlambsof22simgroupsofsixsire breeds(Experiment 

1) and in 14 sire groups of lines selected for Fast and Slow Glucose Clearance (Experiment 2). 

Lamb sex (ewe, wether) and carcass weight and leanness had little effect on meat pH. Sire breed had significant effects on pH at 1 and 
24 hours post mortem, and selection line had significant effects between I and 4 hours post mortem. These effects were greater on slaughter 
dates when pH levels were higher. Variation between individual sires was sufficient to account for some differences between sire breeds and 
selection lines. 

Differences between sire breeds and selection lines were found from the time of first pH measurement after slaughter through until 
ultimate pH was reached.This suggests that there were differences in the rate of glycogen breakdown to lactic acid immediately after slaughter 
or during electrical stimulation, as well as differences in the amount of glycogen in the muscle at slaughter. 

These findings confirm that lamb genotype can influence meat pH and thus will affect commercially important meat properties. 
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INTRODUCTION 

The rate of the postmortem decline in muscle pH and the 
level that it ultimately reaches influence the storage life, 
attractiveness to purchasers, and eating qualities of meat. Pale, 
soft and exudative pork is produced when pH levels fall 
rapidly, and dark, firm and dry beef and pork are produced 
when ultimate pH levels are high (Pearson and Young, 1989). 
While lamb meat may not exhibit effects as dramatic as 
observed in pork and beef, pH does influence meat qualities 
important to the marketer, purchaser and consumer (Gill and 
Newton, 1981; Bray et al., 1989; Devine et aZ., 1993). 

Genetic effects on meat pH have been identified in pigs 
(Le Roy ef aZ., 1990; Fuji et al., 1991). In sheep, Bray et al. 

(1992) noted differences in ultimate pH between lines of 
Coopworths selected for fast and slow glucose clearance, and 
Young ef al. (1993) reported sire breed effects in lambs born 
to Merino ewes. In this report we present information from 
serial measurements of pH in the glucose clearance selection 
lines and the sire breed comparison. 

MATERIALS AND METHODS 

Experiment 1 

Lambs sired by Merino, Texel, Oxford Down, Border 
Leicester, Poll Dorset, and Suffolk rams (N= 22 sires; n-2-5 
sires per breed) from Merino ewes were reared together. They 
were randomly allocated within sire and sex (ewe, wether) 
groups to groups that were slaughtered on 7 July (n=104) or 
6 October (n-l 06) 1993. The number of lambs per sire ranged 
from 2 to 12 and the number per breed from 26 to 44. Both 
groups were slaughtered and carcasses processed at commer- 
cial meat export plants under AC & A (MIRINZ, 1978) 

conditions of electrical stimulation and temperature. 

Serial measurements of pH of the right langksimzcs a’orsi 

(Zongissimus) muscle at the 12th rib of each carcass were made 
using Orion 8163 glass electrodes attached to Hanna model 
HI8424 and HI9025 portable pH meters. Values recorded on 11 
occasions between 35 minutes and 24 hours post mortem were 

adjusted for differences between probes and for variation in the 
time of measurement on each occasion. Carcasses in the group 
slaughtered on July 7 were electrically stimulated 20 minutes atler 
slaughter and the group slaughtered on October6 were electrically 
stimulated 10 minutes post mortem. Carcass weight and GR 
measurements were recorded within 4 hours of slaughter. 

Experiment 2 

Lines of Coopworth sheep selected for rate of clearance of 
injected glucose (Francis et al, 1990) diier in leanness and in 
ultimate pH when subjected to preslaughter stress (Bray et al., 
1993; Sun et al, 1993). Ram lambs from the Fast and Slow 
Glucose Clearance lines that were reared together were randomly 
allocated within liveweight and fatness classes of 7 sine groups per 
selection line to two slaughter groups. One group was slaughtered 
on 22 June (n=34) and the other on 24 June (n=33) 1993. Sires 
were each represented by 2 to 7 lambs and there were 32 to 35 
lambs per selection line. Slaughter and post+laughter procedures 
were as described for Experiment 1 with electrical stimulation of 
carcasses 20 minutes after slaughter. Meat pH and carcass weight 
and GR measurements were obtained as in Experiment 1, except 
that pH was measured on 14 to 16 occasions between 35 minutes 
and 6 hours post mortem. 

RESULTS 

Experiment 1 

Carcass weights and GR measurements varied between 
slaughter dates, sexes and sire breed groups (Table 1). Despite 
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this variation, covariate analysis indicated that neither car- 
cass weight nor GR were significant sources of the variation 
in meat pH within slaughter groups. Differences in pH be- 
tween ewe and wether lambs were not significant, with mean 
pH levels at 24 hours postmortem being 5.95 + 0.02 and 5.88 
+ 0.02, respectively. 

Slow Glucose Clearance line lambs (Table 3). Adjustment 
for these differences had little effect on pH values. 

TABLE 3: Carcass weight and GR measurements for Glucose Clear- 
ance selection lines on two slaughter dates in Experiment 2 

TABLE 1: Carcass weight and GR measurements for sire breed and sex 
groups at two slaughter dates in Experiment I. 

7 July 6 October 
Carcass weight CR Carcass weight GR 

(kg) (mm) (kg) (mm) 

Sire breed 
Merino 14.69 5.12 15.27 3.52 
Texel 19.12 12.28 22.16 10.25 
Oxford Down 19.88 Il.10 22.82 11.45 
Border Leicester 19.95 12.23 21.65 10.42 
Poll Dorset 22.10 13.05 24.9 I 15.13 
Suffolk 18.99 10.59 21.26 8.57 
Sex 
Ewe 19.02 1 I .43 20.85 10.41 
Wether 19.72 10.60 22.62 10.04 

Sigdificance’ 
Sex NS NS *** NS 
Sire breed *** *** *** **+ 

1 * PcO.05; ** PcO.01; *** PcO.001; NS not significant 

22 June 

24 June 

Significance’ 
Slaughter date 
Selection line 

’ as for Table 1 

Fast GC 
Slow GC 
Fast GC 
Slow GC 

Carcass weight GR 

(kg) (mm) 

17.54 9.24 
16.42 5 .76 
16.73 9.33 
16.44 7.11 

NS ‘NS 
NS ** 

Meat pH levels were higher in the Fast than the Slow 
Glucose Clearance line throughout the measurement period 
at both slaughter dates, with the difference between lines 
greater on 22 June when pH levels were higher (Table 4). 
Differences between sires within selection lines were signifi- 
cant (PcO.05) at 1 but not 4 hourspostmortem. The reduction 
in pH level from 1 to 4 hours post mortem was larger for the 
Slow than the Fast Glucose Clearance line (PcO.05). 

Longissimlrs pH varied between slaughter dates with 
mean values at 24 hourspost mortem for7 July and 6 October 
being 5.88 + 0.02 and 5.54 + 0.02, respectively (PcO.001). 
Sire breed effects on pH were significant at 1 hour (PcO.05) 
and 24 hours (P<O.OOl) post mortem on 7 July with smaller 
effects on 6 October (Table 2). When compared across both 
slaughter dates, Texel-sired lambs had lower ((PcO.05) pH 
levels than all except Merino sired lambs at 1 hour and all 
except Merino and Border Leicester sire groups at 24 hours 
post mortem. Differences between sires within breeds were 
significant at 24 hours on July 7 (P&.01) and sufficient to 
account for differences between breeds. 

TABLE 4: pH of the laqissimrcs dorsi at I and 4 hoursposrmortern for 
sire breed groups at two slaughter dates in Experiment 2. 

Hours post murtem 
1 4 

22 June Fast GC 6.78 6.23 
Slow GC 6.5 1 5.86 

24 June Fast GC 6.40 6.04 
SIOWGC 6.3 1 5.8 I 

Significance’ 
Slaughter date *+ NS 
Selection line * ** 

Sires * NS 

‘as for Table 1 
TABLE 2: pH of the lan~issitnus darsi at 1.4, and 24 hoursposrmortem 
for sire breed groups at two slaughter dates in Experiment 1. DISCUSSION 

7 July 6 October 
1 4 24 1 4 24 

Sire breed 
Merino 6.16 6.03 5.72 5.83 5.75 5.70 
Texel 6.08 5.94 5.68 5.79 5.82 5.62 
Oxford Down 6.25 6.09 5.92 5.78 5.74 5.45 
Border Leicester 6.28 6.07 5.86 5.89 5.74 5.54 
Poll Dorset 6.33 6.17 6.04 5.74 5.8 1 5.45 
Suffolk 6.27 6.02 5.97 5.80 5.80 5.53 

Significance’ ’ 
Sire breed * NS *** NS NS ** 
Sires NS NS ** NS NS * 

I as for Table 1 

Eqeriment 2 

Lambs from the Fast Glucose Clearance line had similar 
carcass weight and greater (PcO.01) GR measurements than 

The results of Experiments 1 and 2 confirm that genetic 
variation within and between sheep breeds can influence the 
pH of lamb meat. The findings on pH levels in the Glucose 
Clearance selection lines agree with the reports of Bray etal. 
(1992) and Sun et al. (1993). However the sire breed effects 
recorded in Experiment 1 were not consistent with those of 
Young et al. (1993). In Experiment 1, Merino and Texel sire 
groups had lowest pH values at 24 hours post mortem whereas 
in Young et af.‘s study the Merino group had the highest 
ultimate PH. Differences between the studies in sire breed 
rankings could be due to sire or year effects. The same dams 
Weti joined with the same sire breeds in the two studies but 
the sires used in 1991 to produce the lambs for the Young et 
al. (1993) study differed from those used in 1992 for Experi- 
ment 1. On some occasions in both experiments, variation 
between sires within breeds was as great as variation between 
breeds, indicating that the breed effect could be accounted for 
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by individual sire effects. The change in sire breed ranking 
between the two studies may, therefore, be due to the influ- 
ence of individual sires. 

Carcass mass and insulation from subcutaneous fat (as 
indicated by GR measurements) would be expected to influence 
the temperature of the Zongissimus and hence the rate ofchemical 
reactions in the muscle, such as glycogen breakdown to lactic 
acid. Despite the substantial differences between slaughter dates 
and sire breeds in carcass weight and GR measurement in 
Experiment 1, there was little effect on meat PH. 

Differences in pH levels between sire breeds in Experi- 
ment 1 were greater on 7 July when pH levels were higher 
than on 6 October. Similarly, the difference between Glucose 
Clearance selection lines was greater on 22 June when pH 
levels were higher than on 24 June. These findings are 
consistent with the hypothesis that the sire breeds and selec- 
tion lines differed in the size of the glycogen stores in the 
longissimus at slaughter. A reduction in the amount of glyco- 
gen would reduce the amount of lactic acid formed after 
slaughter, and hence result in higher meat pH. 

The sire and sire breed effects on meat pH were present 
at the first measurement after slaughter, taken soon after 
electrical stimulation of carcasses, indicating that there were 
differences in either pH at slaughter or in the pH change 
immediately afterwards. Given that the pH of living muscle 
is normally maintained within narrow limits, it is suggested 
that there was variation in the rate of glycogen conversion to 
lactic acid soon after slaughter or during electrical stimula- 
tion. Thus there appears to have been differences both in the 
amount of glycogen in the longissimus at slaughter and in the 
rate at which it was broken down to lactic acid. 

The importance of the observed effects on meat pH 
depend on the magnitude of pH influence on meat properties. 
Relationships between pH and a number of properties have 
been described for lamb meat by Gill and Newton (1981), 
Bray et al. ( 1989) and Devine et&. ( 1993). They indicate that 

while the genetic effects recorded in this study are not likely 
to have major impact, the consequences may be greater under 
more exhausting and stressful conditions of preslaughter 
management (Bray er al., 1989). 
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