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QeréeVelopment of PSE is usually
8 ibuted to an increased glycoly-
peerate post mortem (pm) (Wismer-
%isisen' 1959; Wismer-Pedersen &
Steg €y, 1961). If the pigs are
iy Ssed just before slaughter there
m”ite an increased metabolic ac-
i, ¥ in the muscles. This con-
loy ®S after slaughter and gives the
%erPH at 45 minutes pm which cara-
3y -2%€ carcasses with PSE (Lowe et
i{é 1977). The high metabolic rate
Yiye € mucles before slaughter may
AN  accumulation of lactate and
PH in the muscles before post
Umsem glycolysis starts. It is
%Qreth clear if the rate of the pH
%rmaiSe is higher in PSE than in

Carcasses.

m
0
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W .
%rsfg loin muscle (M. longissimus
%gtl)' the pH is approximately 7 at
.9 ' and the value varies between
R%mand 7.3 (Tarrant et al., 1972;
Mg 1l 1973; Léwe et al., 1977).
" SXercise the pH can drop to
Q73?8 about 6.10 (Lindberg et al.,
4, 7 Ldwe et al., 1977). In human
i driceps femoris the pPH level
&Qsest is also about 7 (Hermanssen
W )88, 1972; sahlin et al., 1975).
%Ve 8 muscle the pH drops to
%@rcs beteen 6.4 and 6.8 during
Sahlilse (sahlin et al., 1975;
h&s N & Henriksson, 1984; Sahlin,
%hes' The results from some refer-
\ 3re summarised in Table 1.
|
lwna Normal carcass the pH in the
iﬁ angscle drops to values between
fq@rs 5.8 at 24 hours pm (Wismer-
Sdeyp Sn, 1959; Briskey & Wismer-
SN, 1961). The decrease is

Table 1. pH-values observed in pig
and human muscles at rest and after
exercise

PH-value

Rest Exercise Reference

Pig (M. longissimus dorsi)

6.91 6. 11 Lowe et al., 1977
7.2-7.3 Bendall, 1973
750 Tarrant et al., 1972

26.06-6.28 Lindberg et al.,1973
P 6.14-6.36 "

Human (M. quadriceps femoris)

7.09 6.56 Sahlin et al., 1975
6.96 Hermanssen & Osnes,
1972

6.4-6.6 Sahlin, 1986

©6.61 Sahlin & Henriksson,
16580 1984

2Untrained pigs PTrained pigs
¢Untrained humans 9Trained humans

caused by a breakdown of the glyco-
gen and ATP stored in the muscles.
As oxygen is not available, there is
an anaerobic glycolysis where lac-
tate is produced. The metabolic
activity in the muscles causes an
increased temperature in the carcass
within the first hour pm. (Briskey &
Wismer-Pedersen,1961). The environ-
mental temperature has also an
important influence on the rate of
the chemical processes in the mus-
cles after slaughter, and on the
rate of the fall in pH and tempera-
ture (Wismer-Pedersen & Briskey,
1961; Kim, 1984; Lundberg & Vogel
1987; Mgller et al., 1987).

When PSE develops in the carcass,
PH drops to values 1lower than 5.8
already 45 minutes pm (Wismer-Peder-
sen, 1959; Scheper, 1971). The low
PH in combination with a high car-




cass temperature causes the proteins
in the muscles to denature (Wismer-
Pedersen, 1959; Penny, 1967; Honikel
& Kim, 1986). This contributes to
the pale colour of PSE-meat (Wismer-
Pedersen & Briskey, 1961; Martin et
al., 1975; Honikel & Kim, 1986) and
also to the reduced waterholding
capacity (Wismer-Pedersen, 3989
Offer et al., 1988).

The purpose of this study was to
compare normal and PSE carcasses
concerning the muscle-pH at ex-
sanguination and the rate of de-
crease in pH and temperature.

MATERIALS AND METHODS

PH and temperature

PH (Knick Portamess pH-meter 651-2,

Berlin, BRD with Xerolyt® gele-
electrode; Dr W Ingold, Ziirich,
Schweiz) and temperature (Tastoterm
D 700 Impac, Transfer, Sundbyberg,

Sweden; electrode ET 1202) were con-
tinuously measured in the M. longis-
simus dorsi (LD), at the last rib,
in 73 pig carcasses during 90 min-
utes pm.

The carcasses were randomly chosen
from the normal slaughter at one
slaughter-house. The pigs were
electrically stunned (90 V, 0.8-
1.0 A, 15 s.) and shackled by one
hind foot at stunning. The carcasses
remained shackled during the bleed-
ing procedure. The scalding oc-
curred 10 minutes pm.

In 32 carcasses

measurements were
first 6 minutes
nation, and were continued after
scalding for every 5th minute.
Before the carcasses were split, a
cut was made with a scalpel through
the rind and the electrode was put
into the loin muscle. The carcasses
were split along the spine at 30
minutes pm, and after the splitting
measurements were made through the
split vertebral column. At 50 min-
utes pm, the carcasses were placed
in a chillingroom (-17 °C) for 60

(material 1) the
made within the
after exsangui-

2

°C

minutes, and after that at *4
(Fig. 1).

=41)
The carcasses in material 2 (P -

were monitored every minute durﬂf
one hour, starting at 30 minut;
pm. The measurements were mal
through the split vertebral cOlw?e
At 50 minutes pm the carcasses wew

placed in a chillingroom, +4%
(Fig. 1).

al
The carcasses were defined as nor:ﬂ
or PSE (PSE pHis<5.8; sScheP
1971).
Statistical analyses

the
The statistical analyses of

ti”
data was carried out with the Stai,

stical Analysis System (SAS Ina@ﬁ
tute Inc., 1985) wusing theé _;
procedure. The GLM models useder
comparing the slopes of the reg®
sion lines were as follows:

¢
(1) Comparing the slopes for:%
decrease in pH at the time pefor”
minutes pm and after 30 minuté?
within each quality class.

%L
Yijk=pu +ti + aj +taij + bix *+ €

where

yiix =the ijkth observation

)74 =general mean o

1 =the effect of the ith ti”
(i=1,2) Ty

aj =the effect of the jth 2% 5)
(3=1,2...,26 or j=1,2.-""
Nn(0,02%a) cti"ﬂ

taij =the effect of the inter?
between the ith time aP
the jth animal N~(O:02")Pﬂ

bix =the linear regression ©
on time

€ijk =residual random term,
NN(O,O’2 e)

4

e
ed*
The effect of time and the ¥ edag
sion of pH on time was regar
fixed and animal as random.
£
: s fOf 10
(2) Comparing the slope e tu
decrease in pH and temP
between normal and PSE quality




o R A S e

Measuring
point +++

(pH)

Measuring
point +++
§§§

B P —

(pH, temp.)

kx
“Xs -
q“,s.““glll—
Lo, : 5 :
0 : Scalding Splitting

10 20 30 40

+4 °C

v

60 0 80 90
L

¥ t T t
M

Weans
Bescrial 1 =444

%tion .
‘ :

Reristration every

M
Atep:
fal 2 =55 §8§: Registration

every 1

Sth n
Sth 1

sy + ' — »
Time

(minutes pm

iinute |
} |

ninute

b

?,
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'8l
k=
5 H + ci

€ijk

+ aij + bi1ix + baix? +
Wh
Sr, .
g e Yijix, p and eijkx is
Ove and in addition:

the same

N
=the effect of the ith quality
, class (i=1,2)
=the effect of the jth animal
within the ith quality class
(=028, 26 0 J=1,2;5)

by Nry(0,0%a)
Sthe linear regression of pH

Qix! and temperature on time
Sthe quadratic regression of
temperature on time

T

N
Vg, rfect of quality class and the
Nmeession of pH and temperature on

%Qm Was regarded as fixed and
2l ag random.
SULTS
Senig
T,
Q
%sa f®lationship between the de-

S ie in PH and time was found to
Sog phasic, and for normal carcas-
€ rate was significantly
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faster the first 6 minutes than
after scalding (Table 2).
Table 2. The rate of decrease in pH

in normal and PSE carcasses before
6 minutes and after 30 minutes pm in
material 1

b-value
Sign.
Quality n <6 min 230 min level
Normal 26 -0.0585 -0.00259 * %
PSE 5 -0.0632 -0.00421 n.s.
Levels of significance: n.s. = not
sigificant (p>0.05); ** = (p<0.01).

The non-significant difference for
PSE carcasses, despite a large
difference in b-values, is probably
explained by the few carcasses in
this group (n=5). Fig. 2 shows the
regression lines between pH and time
and the observations in both normal
and PSE carcasses. In PSE carcasses
the average pH at exsanguination and
at 30 minutes pm was significantly
lower than in normal carcasses.
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Figure 4. pH-observations in LD in carcasses with normal (n=32) and
PSE (n=7) quality in material 2. The linear regression of pH on time
is shown for both quality classes.
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k.
qure 3.
8eg
®8 in material 1.
%
tm
t%mal quality. The regression of
%E Sfature on time for normal and
tog 3rCasses is shown in Fig. 5
berehEr with observations from 6
mgl.sentative carcasses within each
*ty class.
|
ISQUSSION
Uy
Ty
°fp29 Stunning and exsanguination
Wy, S+ large changes occur in the
Yge °S+  Tarrant et al. (1972)

the rvéd a change in pH from 7.0 in
m*e llving muscle to 6.3 at 5 mi-
W ~ PM. Accordingly, it is import-
%gn © make the registrations as
M%Veas Possible after bleeding to
Q%bay the post mortem reactions in
W “SSes. The conception "initial
th 'S often used to describe the
qﬁm Tegistered pH value, indepen-
f“ﬁﬂ °f time. This is quite con-
&Wtsg When trying to compare re-
Yom different investigations.

%

Q

by, ¥

QN@ :sUlts from this study indi-
w“ﬂat.at the muscle-pH at exsan-
m@ on g lower in carcasses

wily develop PSE than in those

194415

Observations of temperature in LD in normal and PSE car-

Table 4. pH at 30 min pm (pHso) and
the rate of fall in pH in LD for PSE
and normal quality in material 2

Quality
Sign.
Normal PSE level
n 32 7
PHs 0 6.51 5.83 *kx
b-value -0.0561 -0.00342 n.s.
Levels of significance: n.s. = not

sigificant (p>0.05); ***=(p<0.001).

with normal quality. Lundstrdm et
al. (1989) found higher lactate
levels in the loin muscle im-
mediately after exsanguination in
pigs with nn and Nn halothane geno-
types than those with NN. From
these results it is possible to
calculate the initial pH in the
muscles as 6.92, 6.74 and 6.67 for
animals with NN, Nn and nn genotype,
respectively, using the formula




There was no difference in the rate
of the decreace in pH between PSE
and normal carcasses during the
first 6 minutes, but between 30 and
90 minutes the PSE carcasses fell
faster (Table 3). The temperature
obgervations are shown in Fig. 3.

Material 2

pPH

The pH at 30 minutes pm was signi-
ficantly lower in PSE carcasses than
in normal, but the difference in
fall of pH was not significant
(Table 4). Fig. 4 shows the obser-
vations from carcasses with normal
and PSE quality. The linear regres-
gsion line for pH on time is also
drawn.

Temperature

The temperature at 30 minutes pm was
higher in PSE carcasses than in
normal (p<0.05; 41.1 vs 40.2). The

change in temperature pm was best
described with a second order equa-

7.07

45 *
6.5% & . e . %

(pi)

Table 3. pH at exsanguination I
and 30 min pm (pHso) and the I-‘at‘eeﬂt
fall in pH in LD during differ g
time periods in normal and
carcasses in material 1
ualit
e sig”
e
Normal Psg €'
n 26 5
*
pHo 6.71 6.38
x*¥
PHao 6.41 5.99
b-value g
O<t<6 min -0.0585 -0.0632 ™
*
t£230 min -0.00259 -0.00421
t
= no
Levels of significance: n.s- 05)7
sigificant (p>0.05); * (p=0-
***% = (p<0.001).
. gicant
tion, and there was a signlflcby
(p<0.001) difference in slopP®

tween loin muscles with PSE and

PSE
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Figure 2. The decrease

in pH in LD in normal(n=26) and PSE(n=5)

carcasses in material 1 during 0-6 min pm and after 30 min pm.
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Bendall et
(1963) found significantly lower
N PSE carcasses than in normal
66 vs 6.78) 10 minutes pm. As the

Carcasses had a higher rate of
SCrease in pH between 10 and 200
lnuteg pm, they concluded that
Sre could not have been any dif-
Stence in the pH between normal and

ziven by Bendall (1973).

by ;
(6

SE when extrapolating to the time
€xsanguination. The pH could,
weVer, have been lower in the PSE

Cy
fCcasses already at exsanguination.

I
% our study, there

Xy was
te in the fall

a higher
A of the pH in PSE
.-Casses in material 1, but the
Ofference between the slopes for
ftmal and PSE was significant only
PEEr 30 minutes pm. Although the
t Carcasses in material 2 tender

have g slightly slower rate, no
ognlflcant difference in the rate
) decrease in PH between normal and
Dobcarcasses was observed. That was
Why ably due to the low level of pH
Ch was reached already when the
Qasurements begun. The lower pH was

ined with a significantly higher

A "Perature at 30 min pm in the PSE
fCasses,

Ry,

bphaslc pattern of fall in pH has
(19; reported by Tarrant et al.
of 2), who observed a higher rate
Ulnfall in pH the first hour pm
day, between 1 and 4 hours pm. Ben-
Crg - et al. (1963) found an in-
Qarcsed rate when pH reached 6.5 in
dop Asses with normal quality, but
“‘n Carcasses did not have this
the 9@ in rate. It thus seems that
mthraté of the fall of pH changes
Moy l time and actual pH-level. It
“Xag 9 be desirable to determine the
Qh time/pH-level when the rate
“‘iger' if any. The present study
Whyy ates that there is a change
the in the first 30 minutes pm. As
th Carcasses usually are scalded at
Qka time, investigations of the
abra Pﬁ—decrease are difficult from

Ctical point of view.

W

fii? calculatlng the rate of the
tha in  pH, one should have in mind
%Wc the unavoidable damage of the

€ tissue caused by the in-
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sertion of the electrode can in-
fluence the post mortem glycolysis
and the fall of pH (Hofmann, 1987).
The rate of the decrease in pH in
this study agrees quite well with
results from others (Bendall et al.,
1963; Hallund & Bendall, 1965;
Tarrant et al., 1972). The rate is
probably somewhat faster in PSE
carcasses, but it may be the combin-
ation with a lower pH at exsangui-
nation that initiates the develop-
ment of meat with PSE caracte-
ristics. The difference in pH level

at the start of the slaughtering
procedure seems very interesting
and ought to be further in-
vestigated.
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