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Routine detection of PSE-muscle by dielectric measurement
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Introduction

For the objective detection of porcine PSE-muscles several methods are known. HOY
ever, none of them is fast enough to enable investigations of all animals on N in
slaughter line. Measurements of pH value, though being rapid are not exact, nov
the least due to maintenance intensive electrodes. Furthermore, for reliable i
classifications the post mortem pH value as a function of time should be measureds
a way, which is too complicated for routine examinations. The use of a single
PH value is questionable for classifications /1/. Therefore, additional measure
of other parameters are needed, e.g.,the determination of the "unbound" water
content using the method of Grau and Hamm /2/ which, however, is too time cons
Even the determination of adenine nucleotides by means of UV- absorption-measure?
/3/ needs several minutes for procedure, thus being too time consuming for routlt
detections on slaughter lines.

Different authors tried to use the electric conductivity 7 for characterizing the
structure of tissue (e.g.,/4/,/5/). However, too weak correlations between PSE- Sl
characteristics and y have been found. Moreover, the geometry of the examined BU° z
influences the results of conductivity measurements. Thus either the preparatiol _
a defined sample of tissue (being too time consuming) or the evaluation of two
surements taken at different frequencies is necessary.

Examinations of the dielectric properties of muscle tissue according to a methoi.
cribed in /6/ have shown, that PSE-muscles are characterized by increased elecvl
conductivity 7 as well as by a decreased dielectric constant e at frequencies C-
to 15 kHz. Thus, the so-called dielectric loss factor d~v/ZE is increased by a 1
of about 10. Finally, the phase angle p = acot d is changed by approximately O
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power of ten, thus being significantly decreased. The ecreat advantage of measurl
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the phase angle ¢y is, that the geometry of the muscle is almost without relevanc

Moreover, the determination of the phase angle p does not cause any difficulties*

-1 U
Several effects, depending on each other are responsible for the changed dielfcugaf
properties. Partly they can be explained by the increased content of "unbound'
and by increased interstitial spaces respectively (a histological examination
be published later). Furthermore, it is supposed, that changed ionic condition®
the cell membranes are detected, due to a premature post mortem metabolism. ThiS
indicated by the finding, that the dielectric characteristics measured on PSE-IY°
lmmediately post mortem correspond well with those measured on normal muscles
a few days' storage at 4°C /7/.
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Instrumental
ing

The measuring device for determination of the phase angle ¢ impresses a meﬂSur,
current to the examined muscle by means of two nonerosive steel scalpels. They  .e
be inserted into a plastic handle keeping them parallel to each other in a dist® s
of 25 mm. The relatively large electrode distance ensures an average measuremel’ ~nt
a considerably high number of fascicles. Thus a representative result of measuriwed
1s obtained. Furthermore, the large distance has the (physical) advantage of r?d in”
polarization effects, thus decreasing errors of measurement /6/. The scalpels & “ipe
serted about 25 mm (the exact depth being meaningless) into the examined muscl€:
planes of knives being substantially parallel to the muscle fibres. s i e
The phase angle yp between measuring current and voltage is evaluated electr@ﬁlc?

the result being displayed within a second. Since no mathematical corrections ©
evaluations are needed, several muscles can be examined within a few seconds. mgﬂgf
As an alternative a microcomputer controlled apparatus developed for routine €*%
tions can be used, which can print out the measuring result and - if desired — . rd
interprete automatically. Furthermore, important data can be entered via a keyoﬂl
If the device is connected to a central computer, current records containing oo
desired information could be listed. 10?”
Atportable battery-supplied measuring device including a digital display is deve

at present.

Material and methods

di”
675 muscles of 429 divided carcasses have been examined. Measurements were takeg,
rectly on the slaughter lines of different slaughterhouses during routine slaug
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8 Th:
ihﬁglgs’ age, sex and breed were randomly sampled. A first measurement of the
- Sy ¥ was taken about 30 minutes post mortem for almost all animals. Further
WIS gp Were taken for a part of the animals at different points of time up to
F&%ntser Slaughtering.
maﬁﬁctpo t PH were taken partly by means of indicator strips and partly by means
{bt:an E}C PH-meter. If possible, a first measurement of pH was taken not
%%Pical Dlnutes post mortem. Measurements of pH could not be executed for

in Ly €xamined muscles, since the carcasses were available only for a
Tent Ofmﬁny cases.
i. o unbound" water was determined according to the method of Grau and
S &nueg‘??OUt 15% of the muscles electrically examined - preferably muscles
s takemthe PSE-characteristics and/or low pH - were checked. Measurements
Mopg fo later than 4 hours after slaughtering.
=06 Qja‘yplcal PSE-characteristics concerning colour, consistence and eventual
Leg :Slfl@d subjectively.
i ,-niSQPe Measured electrically (328 m. gracilis, 122 m. glutaeus medius,
*L@FSS Silus dorsi and 103 m. semimembranosus). All measurements were taken

d medially as usual on slaughter lines. The electrodes were inser—
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» PH value and water content W as comparison parameters could be
Oof the electrically examined muscles. In many cases, measurements
Tent moments. Thus, a final evaluation of all parameters is

OT 52 muscles. For these 52 muscles measurements of pH value and W

:id ?5 minutes post mortem. It is meaningless, that the electric
‘umo % dei taken at much earlier points of time (about 50 minutes post
bsta > 8lled measurements showed, that the measured phase angle y does not

rfimengéally within a wide range of time. Thus, ¢ can be measured at any
$90qy ,ivW§enrslaughterlng and 2 hours post mortem. Changes of the electro-
“@tly dilyy due tp changes of temperature are meaningless with respect to
{ }ﬁeasur {erlng phase angles of abnormal muscles (as described below).

21 OWeyq Smentg proved to be relevant even if taken after 24 hours cold

'S the’ closer investigations are required.

Q.W'Gssafi Phase angle ¢ versus pH. In literature pH = 5.8 often can be found
Dhage _OUt not sufficient - chargcteristic for PSE-anomaly /1/. As shown

algle ¢ was higher than 20~ in all cases (with one exception D) of
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pH = 5.8, whereas for pH = 5.8 phase angles lower than 2ol (also with one excep-—
tion B) were measured. I.e., a correlation between ¢ and pH.exists, which, howeveT?
is meaningless in practice.

Regarding the pH range of 5.0 to 5.8 it becomes obvious,othat a_number of musqles 7
show very low phase angles. In 15 cases values between 1~ and 5 were measured.
examinations indicate, that in these cases (classified "positive" according tO, 1y
Fig. 1) of extremely low phase angles a muscle anomaly was detected, which obVl?u 1bw
is. identical with the PSE-anomaly: all "positive" muscles show in addition to T2
pH also further PSE-characteristics, i.e., high water content W = 24 and/or eXteé:~
subjective PSE-characteristics. One of the muscles (A) which was classified "POSLHQD
tive" neither showed high W nor any subjective PSE-characteristics. Yet its extre
low pH of 5.0 indicates an anomaly also in this case. =
On the other hand muscles with pH in the boundary region close to 5.8 and a secor
PSE-characteristic were classified either '"negative" or "positive". Moreover, Oﬂeds
muscle (C) with high water content and pH = 5.5 was classified "negative". It nfewi
further investigations to clarify, if such cases of questionable classification®
due to errors in the determination of one or more parameters. However, investi8%
tions showed strongly diverging behaviour of the individual muscles of one and ?nﬁ
same carcass. In some cases even one and the same muscle showed strongly differillo
behaviour at different points, especially the m. longissimus dorsi. Generally, ouF
measurements showed, that among the investigated muscles the m. semimembrago?uf 118"
showed the highest values of ¢ , corresponding with fewest "positive" classificalt
Most "positive" results concern the m., glutaeus medius, the m. gracilis and the

m. longissimus dorsi. )
For routine detections it is suggested to examine the m. glutaeus medius. ThilS
can be identified easily. Moreover its fibres are perpendicular to the cut surl
thus electrodes can be inserted in any direction, provided, that applied almost
perpendicularly into the cut surface. "
If a phase angle exceeding 10°is measured on the m. glutaeus medius it can be 40
assumed, that the other muscles also show "negative" behaviour. For angles beloW
we recommend control measurements on other muscles (preferably m. longissimus 18
dorsi). Of course, this is applicable also for positive results of the m. glutfiwe
medius if further information about the quota of affected muscles is desired. ?lnes
the procedure time is within a few seconds, even a high number of individual mus®
can be examined without delay of routine slaughter line work. 4.9
According to closer discussion in /8/ the dielectric behaviour indicates rathel o1y
tinct differences between structure characteristics of "positively" and ”negatfvﬁ
classified muscles. This can be supported by the extreme differences of phase 4

oy . g ng 1B
and moreover, by the fact, tgat only a small quota of muscles show phase anglé® *
the medium range close to 10~ .
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Fig,2 Frequency n of examined muscle versus phase angle y (675 values)




53

Qis e
mu&;é: demonstrated by Fig. 2 which shows the frequency of all electrically examined
e Versus v . The majority of mgscles - being also of unobjectionable appear-
“molehshow phase angles clgse to 25°; on the other hand, distinctly abnormal
8 ﬁj?°es??w values below 5 . However, the frequency of ¢ - instead ofoorming

?@mﬁm cidUSSlan d%strlbutlon curve - snows.two Gaussian curvesg separ%ued by a
ligh ».C10Se to 10 . Only few muscles fall into the range of 5  to 10, a fact,

acilitates classification to a high extent.

The phase angle @ enables rapid and sim le detection of a muscle anomaly
be assumed to be identical with the PSE-anomaly. Contrary to other ob-
neters values of phase angle corresponding to "positive" or "negative"

i ars differ respectively from each other by about one power of ten. Thus,

; Ieme{wto other methods, errors of measurement are most without aning. Due to

\ILQCSQ{ short procedure time a high number of individual muscles n be examined
SS {:,I.y 4
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