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ElektriSChe Leitfihigkeit; ein Fleischqualitatskriterium?

P
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Durch die Messung der elektrischen Leitfahigkeit in Fleisch bei zwei Frequenzen (5 KHz und 100 KHz)

kam ein Impedanz-Verhdltnis(Z-Wert) berechnet worden. Dieser Z-Wert ist sowohl in Schweinefleisch

#ls auch in Rindfleisch kurz nach der Totung der Tiere hoch ( > 1,10). Dieser Wert sinkt darauf bis unter

> 10, Die Senkung steht im Zusammenhang mit der Liange des Zeitraumes zwischen der S¢hlachtung und des
Mome“tes der Impedanz-Messung. Der Prozess verlauft schmeller in Schweinefleisch als in Rindfleisch.
FleiSCb mit einem hohen Z-Wert gibt nach Einfrieren und darauffolgendem Auftauen Z-Werte, die kleiner

*id ale 1,10. Die Bestimmung des Z-Wertes konnte eine Anweisung uber das Mirbewerden des Fleisches geben.
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SCtrical conductivity; a meat quality criterion?

P
*C. VAN DER WAL, TH.P. DEKKER, H.L. VAN BOXTEL and G. VAN ESSEN

€Searcp Institute for Animal Husbandry "Schoonoord", Zeist, The Netherlands

i imDEdance ratio(Z-value) in meat can be calculated by measuring the electrical conductivity at two
requencies (5 KHz and 100 KHz). This Z-value is high ( > 1.10) shortly after slaughter in both pork

4 beet, This is followed by a decrease in the Z-value to below 1.10. The decrease is related to the time
.apse between slaughter and the moment that the impedance measurement is made. The decrease in Z-value

** more rapid in pork than in beef. Freezing and thawing results in a Z-value below 1.10 in meat‘th?t ;
= 8 Z-value greater than 1.10 initially. The estimation of the Z-value in meat may provide an indication

of
the meat'g maturity.
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La conductance électrique; un critére de la qualité de la viande?
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En mesurant la conductance &lectrique de la viande 3 deux fréquences (5 KHz et 100 KHz) on peut
calculer le rapport des imp&dances (valeur-Z). Pendant un temps bref aprés 1'abattage la valeur-Z est
élevée (> 1,10) dans les viandes porcines et bovines. La valeur-Z diminue ensuite au-dessous de 1,10,
Cette diminution est relat@e avec la période qui s'@coule entre 1'abattage et la mesurage de
1'impédance. Ce processus se développe plus rapidement en viande de porc qu'en viande de boeuf. De la
viande avec une valeur-Z Elevée présente des valeurs-Z au-dessous de 1,10 aprés congélation suivi de

décongélation. La détermination de la valeur-Z peut &tre une indication de la maturation de la viande.

SJIeKTpUYecKas NPOBOOMMOCTE; KPUTEpHUN KadecTBa Mmsaca?

N.I'.pan nep Banb, T.I.Jdekkep, X.Jl.pan BoxkcTens u I'.daH OcceH.
HUM XuBoTHOBOJICTBa "CxooHoopn", r.3emict, ToyulaHpud.

{
[Ipy NOMOmMY H3MEepeHHs B MACe 3JIEKTPUYECKON NPOBOOMMOCTH B Ie3yMe AByxX 4YacToT (5 xru u 100 e
MOXHO MOOCYUTATE MNPOINOPUUK MMNemaHca (3HaveHwe Z ).Kak y CBHHMHH, TaK W y TOBAOUHH 3TO
3HAYeHUEe BCKOpe Mocjie y60s XMUBOTHHX fABJgeTCsa BHCOKHM (> 1,10). 3areM sHaveHue nagaer unke
1,10. IaneHue uMeeT CBA3bL C IUIMHOM OTpe3Ka BPEMEHH MeXOy y60eM XKHUBOTHOTO M MOMEHTOM
H3MEpeHUa UMIEeNaHUMH. DTOT MNpPOLEeCcC NPOMCXOONUT B CBHHHHE OHCTpDee, 4YeM B TrOBsnuHe . MAco,
3HaYeHHe Z KOTOPOI'O SABJAETCH BHICOKHMM, IaeT INOCJie 3aMOPaXWBaHHUA W TNOCJEAyomero OTTagHUS

3HaAYeHusa Z , HaxojsAmuecsa HHUXe YeMm 1,10.0OmnpepgenieHHe 3HAYEHUHA Z MOXET HABIAATHCH yKazareneM

COCTOAHHA MAI'KOCTH Msca.
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Troduction
RN Preliminary report (Van der Wal et al., 1977) we mentioned that impedance measurements on muscles.at dif-
rerent frequencies may produce patterns that differ considerably from each other. A suggesti?n‘that this was a
€8ult of the meat's moisture content could not be confirmed, because the electrical conductivity patterns of
= pale, soft, exudative), normal and DFD- (= dark, firm, dry) pork are identical. Other experiments on
Tical conductivity of meat have been made by Salé (1969, 1972) and_Charpentier et al. (1?72). Their aim was
mentlscriminate between fresh, matured and frozen-thawed meat by comparison of‘two—frequency.lmpedance measure=
< S. The authors expressed their conductivity measurements in terms of a ratio, and named it Z-value. Their
atvilue represents the impedance of a meat sample measured at 1 kgz divided by the impgdauce of the same sample
mat 00 kigz, Charpentier et al. (1972) found rather high 7z-values in fresh beef, but which decrea§eq dur%ng
Uration and were very low in frozen—thawed beef. Our results (Van der Wal et al., 1977) are similar in gener—
» but the Z-values found in matured and frozen—-thawed meat are nearly equal. Remarkably, however, the shape of
wie Curve of the impedance values at different frequencies changes from an TS-type" in fresh beef to a curve
2 hyperbolic shape in frozen-thawed beef. To get an explanation for this phenomenon, meat samples have been
ed at different times post mortem and also after freezing and thawing.

elect

Studi

M, .
avz es of three different bovine muscles have been studied at varying times post mortem. Thes?.beef samples7
Youn been collected from the longissimus dorsi, the pectoralis Profundus and the'trlceps brachii muscles of 79
de 8 bulls. The samples were measured for their impedance at dlfﬁerent frequgngles 2 to 6 days post.slaughter,
atpendently from the time of sampling. The quotient of the electrical conductivity, as a measure of impedance,
n kHz and 100 kHz we call Z-value. Similar experiments were conducted with porcxnellong1§51mus dorsi muscles.
COrgork’ however, we began our measurements a few hours post wortem. In a few cases, if a high Z-value‘was re-
gtOred’ half of the meat sample (beef or pork) was frozen, wh1¥e thg other half was stored at 4 C. During
ay 48e the sample was wrapped in a plastic bag to prevent desiccation. The frozen sample was Fhawed the nzxt
tilland measured just as a cold-stored sample. The measurements on the latter sample were continued ev;i agh
eleCtthe Z-value had reached a value below 1.10. All measuFements were tagen aF a meat tem?erature of C. e
act roqes were inserted into the sample's surface perpendicular to the direction of the fibres. An important
OT is that the sample not be to dry. . y g

two € equipment used for the electrical conductivity measurements consisted of a measuring electrode containing
The mm stainless steel needles (@ 2 mm) fitted at a 30 mm distance from eéch other in a glass needle holder.

coe €ctrodes, in serial with a 82.5 k) resistor, were connected to an oscillator (Solértron; type CO 546) by

eQ:X}al cable and a vacuum tube voltmeter (Hewlett Packa?d; Model 400 H). The latter instrument gave the

esi Tlcal conductivity readings. The whole system was callbratedt by measuring the tension over a 100

e Stor connected between the electrodes. Calibration of the oscillator tension was such (ébout 8.25.V) that

e Voltmeter gave 10 mV at a frequency of 1000 Hz. For every frequency the oscillator ten51oq was adjustgd to
re Valu? mentioned above. For each Z-value calculated, the tension measured, was plotted against the various

Qencies (50 Hz to 100 kiz) used.

polults

e
Z\:zurements on beef ‘
ayg Ues were determined on meat samples from 79 young bulls. Because the anl@a¥s were slaughtergd at different
# 8roy, and the lapse of time between slaughter and sampling was not equal, we divided our results into several
Fiv Ps: Each group represented the Z-values of the samples which had bgen'measured’w1th th§ same tlme'¥3pse-

€ time groups were made for each of the three muscles (i.e. M. longissimus dorsi, M. triceps brachii and M.

Pect )
2 Oralis profundus) as indicated in table I.
table I
\v . .
3lues measured in three different bovine muscles at different times post slaughter.
d 3
S;Zs Post M. long. dorsi M. pect. prof. M. triceps brachii
Ughter n X Sx n X Sx n X Sx
% 19 1.43 0.53 19 1.42 0.45 19 1519 0.12
4 7 v 37 0.38 7 0.21 7 1.04 0.01
5 13 116 0,21 13 1,18 . 0.18 i3 1.08 0.14
6 33 1.08 0.06 33 1.14 0512 32 1.06 0.06
7 ¢} 0.09 7 1.22 0.21 7 1.06 0.04
It . » » .
mquEcame clear from these results that the Z-values are still rather high two days after slaughter in longissi-

OTsi and pectoralis profundus muscles, but they decrease with time post slaughter. » .
exPeg-another experiment we studied the relation between the lapse of time and the decre351ng Z—valug. In this
Droce:ment the same beef samples were measured for several days, and followed by a freezing and thawing

Ure (table II).
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table II
Z-values measured in the M. longissimus dorsi at different days and after freezing and thawing.

days post slaughter Z-value
3 161
6 1.16
9 1.09
after freezing and
thawing (Z-value: 1.61) 1.02

The results of this experiment, as indicated in the table, were similar to comparable experiments. The initiﬁ
Z-values were always higher than that of the following measurements. In all cases, however, Z-values determi®
in meat after freezing and thawing were below 1.10. This strengthened the opinion that there is a relation

between Z-value and the lapse of time between killing the animal and determining the electrical conductivity’

Measurements on pork

As maturation of beef is rather slow in comparison with pork, we started a series of experiments on porcine
longissimus dorsi muscles. Therefore 25 longissimus dorsi samples were collected about 24 to 30 hours after
slaughter. The Z-values, measured in these pork samples, are given in table III.

table III
Z-values of porcine longissimus dorsi muscles, determined 24 to 30 hours post slaughter and after freeze-tha"

fresh frozen-thawed
n X Sx n X Sx
20 Y37 0.65 - - -
5 1.11 0.02 5 1.02 0.01

Table III shows that average Z-values of fresh pork are rather low, when measured 24 to 30 hours post slaughq
(i.e. 14 of 20 pork samples had Z-values below 1.10, while only 4 samples were higher). The group with the 10¢
Z-values included both normal as well as PSE pork. Samples that were determined after a freezing and thawing
procedure produced values significantly below 1.10. The differences between the average Z-values of fresh a0
frozen-thawed pork, however, are minimal. The question is then, are Z-values in pork generally low, or have
already reached a low value prior to the time of the measurements? To study this question M. longissimus dof®
samples from pigs were taken immediately after slaughter, and measurements began immediately. The results of
of these experiments are shown in fig. 1.

s
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fig. 1. Z-values from a porcine M. longissimus dorsi sample measured during a period of 48 hours post slaugh®
and after freezing and thawing.

The initial Z-values are very high and remain at that level about 4 to 5 hours. Thereafter a decrease start5é
which proceeds to 30 to 33 hours post slaughter. At this moment the Z-values have gone below 1.10. The resb‘%n
is that the "S-shaped" curve, we found initially, has become a hyperbolic curve. The same result was found *

other comparable experiments.

Discussion . . ‘tyw@
It was found, as indicated in a previous report (Van der Wal et al., 1977), that the electrical conductivity

different among individual bovine muscles. This could be shown by Qrawing the electrical conductivity cgrvejmw
frequencies in the range from 50 Hz to 100 kHz. Electrical cenductivity (mV) was used as a measure for impe o
Two types of curves were found. These were an "S-shaped" curve and a hyperbolic curve. Similar to the resed’

of Charpentier et al. (1972) we expressed our conductivity measurements in a Z-value us%ng, however, the o
quotient of the conductivities at 5 kHz and 100 kHz. These two frequencies were more satisfactory than the
and 100 kHz used by Charpentier et al. (1972). X e

It was found that the "S-shaped" curve corresponded with Z-values higher than 1.10, while the hyperbolic cufhﬂ
always were characterized by Z-values less than 1.10. Therefore it is reliable to use only Z-values rather
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t?king measurements over the whole frequency range. A high Z-value is the result of a great?r impedance.of the
issue at lower frequencies (5 kHz) than at 100 kHz. During maturation and also aftef free21§g and thaw1ng.the
*lectrical conductivity of the tissue increases, especially at lower frequencies, while at higher ftequen01es
(100 kHz) the tissue's electrical characteristics do not change very much, as also reported by Salé (1972).
aturation as well as freezing procedures result in low Z-values, which approach 1.00. It can be stated that
Oth, maturation and freezing, of beef and pork decrease 7Z-values. Salé (1972) and Charpentier et al. (1972),
o described comparable developments, related their findings to changes of the cellular membranes. Our study
dgrees with them, especially when we take into consideration the very rapid decreases that can be provoked by
Teezing procedure. With such a method we can artificially accelerate Fhe whole waturat1on process by causing
cevere damage to the membranes. A process that develops more moderately in maturation. ! x
. '€ determination of Z-values shows that important differences exist between beef and poFk: Matur§t19n in pork
- ore rapid than in beef according to the Z-value measurements. Pork maturation has finished within about 33
tzurs Post slaughter, while in beef this may take several days (tables I and II). Tbls corre§ponds to the fgct
At beef is sold in retail after a longer period post slaughter than pork. A practice that is consistent with
€ meat's maturation process.

Helusions :
] Measuri“g the electrical conductivity at two frequencies (5 kHz and 100 kHz) may give information about the
= neat's maturity. b o
turation can be expressed by the Z-value, which is the quotient of the electrical conductivity at two
- Irequencies (5 kHz and 100 kHz).
Aturation in pork is more rapid than in beef.
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