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Electrical properties of fish muscle post mortem
@rjan G. Martinsen

t,

Sverre Grimnes

t'2

andPeyman Mirtaheri

t

Dept. of Physics, Univ. of Oslo, P.O. Box 1048 Blindern, N-0316 Oslo, Norway
Dept. of Biomed. and Clin. Eng., Rikshospitalet, N-0027 Oslo, Norway

Abstract: The electrical properties of haddock muscle
were measured from I Hz to 100 kHz as a function of
time after the fish was sacrificed. Clear alpha and beta
dispersions were found. Most of the alpha dispersion
disappeared after a few hours. The low frequency resistance of the beta dispersion increased during the
first 5 hours as the fish went into rigor, and then decreased as cell destruction developed.

INTRODUCTION
The electrical properties of muscle change considerably post mortem. The tissue typically goes through a rigor
phase a few hours after having been sacrificed, and the
disintegration of the tissue then develops gradually.
Knowledge about

the electrical changes during

stages may prove useful

in different

these
areas such as fish and

meat freshness iusessment, basic research on physiological changes after excision and evaluation of the correlation between in vitro and in vivo properties of tissue.
Bozler and Cole measured the electrical impedance of
frog sartorius muscle from 1.1 kHz to 1.1 MHz [1]. Measurements were first done approx. 2 hours after dissection.
The tissue was then stimulated in order to induce contraction, and the tissue was measured again, approx. 3 hours
after dissection. They found a minor arc of a circle when
the data were plotted in the complex impedance plane.
Between the relaxed and contracted state, fu was found to
increase by 75Vo, while R* increased only 2Vo.Rs and Rdenote the resistances measured at very low and very high
frequency, respectively. The significant increase in fu was
interpreted as a reduced ionic conduction through the cell
membranes.

In this paper we report some preliminary measurements on muscle from haddock in the frequency range I
Hz to 100 kHz. Like Bozler and Cole we found a significant increase in Ro as the muscle goes into rigor the first
hours after the fish was sacrificed. fu reaches a maximum

value after about 5 hours, and then starts to decrease.
During this time course, the measured alpha dispersion
also gradually disappears.

MATERIALS AND METHODS

The measurements were conducted longitudinally
along the side of a haddock, using "Medtronic
FASTRACE 4" hydrogel electrodes applied on the fish
skin in a constant current, four electrode set-up [2]. The

ll x 23.3 mm voltage reading

electrodes were separated

by 8.4 mm. The fish was furthermore wrapped in plastic
foil in order to avoid dehydration. A Stanford Research
850 digital lock-in amplifier was used to supply the reference voltage in a transconductance circuit providing the
constant current, and furthermore to measure the differential voltage and phase angle. A constant current of 270
pA rms was applied, giving a maximum current density of
approx. 20 pNcm2 in the measured volume. The muscle
was measured in the frequency range from I Hz to 100
kHz in a 1,2,4, 7 sequence, and the measurements were
repeated l0 times during the first 13 hours post mortem.
The haddock was kept at 23'C between the measurements.
Similar measurements were also done with stainless steel
electrodes inserted into the muscle. The results from these
measurements were almost identical to the surface electrode results, and are hence left out in this paper.

RESULTS

The results from the measurements are

presented

graphically in fig.1 and frg.2, as Cole plots in the impedance plane [3]. Fig. I shows measurements at 70, 130,
195,245 and 305 min. after the fish was sacrificed. The
305 min. measurements is also shown in fig. 2, where also
measurements at 425, 490, 550, 610 and 790 min. are
presented. The first measurement in fig.l reveals a clear
alpha and beta dispersion. As R0 increases when the
muscle goes into rigor, the alpha dispersion gradually
becomes less significant. When R0 decreases in fig.2, i.e.
when the muscle goes from rigor into relaxation and
eventually cell destruction, the alpha dispersion disappears almost entirely, and only a small "tail" diverges

from the beta dispersion at low frequencies. The curve
representing measurements at 305 min. includes some
inexplicable deviations

at low

frequencies

that

most

probably are caused by errors in the measurements. From
fig.1, the largest changes in the electrical properties of the
muscle seem to take place after about three hours.
DISCUSSION

The increased low frequency resistance

in the rigor

phase could be due to reduced cell membrane conductivity, as proposed by Bozler and Cole [1].
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Fig.2: Results from measurements on haddock 305
Bozler and Cole did not measure the alpha dispersion

of the muscle, however, as their lowest measuring frequency was 1.1 kHz. Schwan [4] suggested that the cause
of the alpha dispersion in muscle is mainly counterion
polarization mechanisms at the cell surface. Fatt [5] on
the other hand, argued that the alpha dispersion arises
from polarization of the entrance of channel systems in
the muscle fibres. Foster and Schwan [6] concluded that
both of these mechanisms probably contribute to the low
frequency dispersion of muscle.
The beta dispersion arises mainly from capacitive
charging of cell membranes, and is described by the
Maxwell-Wagner theory for interfacial phenomena between materials with different electrical properties [6].
As shown by figs. I and 2, the alpha dispersion is affected at an earlier stage compared to the beta dispersion.
This could indicate that counterion polarization and polarization of the channel system of the muscle are more
sensitive to muscle contraction and incipient cell destruction than the Maxwell-Wagner effect. We will go thoroughly into this issue in the continued study. Further experiments will also be carried out with measurements
taken immediately after sacrificing the fish, in order to
further establish the time delay before significant changes
occur in the electrical properties of the muscle after exci-

-

790 min. post mortem.
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