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(Background and objectives)

Meat is eaten all over the world and is a very
important part of the diet. Therefore, determining the
evaluation system for meat processing is a very important
task. Usually, destructive methods as biochemical
analysis or inspection by naked eye is used for evaluation
of meat, but these methods are time-consuming and need
skilled workers. Hence, there are many studies that focus
on non-destructive evaluation methods for aging meat.
Especially, Electrical Impedance Spectroscopy (EIS) has
been reported as an effective non-destructive evaluation
method because of its low cost and simplicity compared
with the other non-destructive methods like fluorescence
and near-infrared spectroscopy. However, although most
of studies related to EIS focused on electrical impedance
values using just several frequencies, the relationship
between meat quality and combined electrical impedance
on lower frequencies known as the o and [-dispersion
area is not clear. In the present study, EIS data on the a
and B-dispersion area was analyzed to obtain new indexes
that correlate with physical properties of meat. The
methods developed in this study could be used for quality
inspection in the meat slaughterhouse.

(Materials and methods)

Beef loin (longissimus dorsi of Bos taurus)
slaughtered after two days was used as materials, and was
wet aged at 4°C for 0, 2, 7, 21 days. After each aging
period, physical properties such as drip loss, cooking loss,
water holding capacity, and shear force, and EIS data
were measured. Two types of electrodes, plate and needle
were used for EIS. The following electrical parameters
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were determined from the EIS data, Integrated Impedance
Ratio (IIR), Normalized Impedance Ratio (NIR), and
Modified A" (Mod AlY). IR and NIR were derived by
integrating or averaging the Impedance Ratio (IR) from
42 Hz to 10.79 kHz, where IR is the ratio between
electrical impedance measured parallel or perpendicular
to the muscle fibers. Mod AIY was derived by the
difference between EIS data of low (96 Hz) and high
(3.12 MHz) frequency domains. The relationship
between the physical properties and the three electrical
parameters were analyzed. Moreover, muscle fibers were
observed by optical microscope to unveil the effect of
degradation of muscle fibers on changes in the electrical
parameter and physical properties.

(Results)

The investigated electrical parameters had higher
correlations with shear force (0.52 = R? = 0.58)
compared to correlations with aging days (0.34 = R? =
0.39) as shown in Fig. 1 and 2. Changes in physical
properties depended much on measuring position despite
using the same animal and same muscle, which suggested
that aging treatment may not contribute uniformly to
changes in physical properties. Moreover, the type of
electrode had a large influence on the relationship
between electrical parameters and physical properties.
Although the observations by the optical microscope
suggested that degradation of muscle fiber may contribute
to changes in electrical properties and textual properties,
it was difficult to make relationships between the images
and the electrical parameters or physical properties due to
the difficulty of quantification of degraded muscle fibers.
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Fig. 1 (Left) Variation of IR measured by plate type electrode with shear force during aging.
Fig. 2 (Right) Variation of IR measured by plate type electrode with aging days.

Each different color (-, »,

, ®) indicates aging days (0, 2, 7, 21) respectively.



