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ABSTRACT

Several investigations contributed to developing the Electrical Resistivity Spectroscopy
equipment used to evaluate meat standards. In the prior research, a method for effectively
calculating the power resistance spectra of pork meat was devised. This method was
successfully implemented. Electrodes fabricated from medical knitting needles and the term
means syringes were used in this study to measure the energy-dispersive spectra of flesh.
These two different transducers were constructed for the investigation and employed in the
measurement process. In medicine, both types of electrodes are utilized; however, assessment
findings acquired using the same equipment reveal a distinct disparity between the outcomes
of the two measurements. This demonstrates that selecting an electrode for a specific
measurement requires careful consideration and consideration overall. In the coming years,
the investigation and advancement of weighing electrodes, which are utilized to assess the
electronic input resistance of pork meat and over which the research group is concentrating,
are further investigated to develop the measurement system electrodes the most appropriate
and essential. Using data from knowledge grows.

Keywords: Pork meat; KNOg; Bioelectrical impedance Spectroscopy.
1. INTRODUCTION

The peculiar bio-impedance wavelengths of a clinical specimen can provide crucial
knowledge about the structure of the sample's cells, as well as infer useful advice about the
model's conditions of exposure [1]. Elemental analysis spectroscopy is a powerful method that
investigates the resistivity properties of a cell by employing an alternating current (AC) signal of
low amplitude and variable frequency. To obtain an impedance spectrum for the electrochemical
cell that is being evaluated, the AC signal is swept over several different frequencies. EIS is
distinct from approaches involving direct current (DC) in that it makes it possible to investigate
capacitive, resistive, and diffusion phenomena that occur within an electrochemical cell. Because
the theory underpinning EIS is more complicated than that behind DC approaches, it is
recommended that one have at least a fundamental comprehension of the fundamental principles
before continuing. EIS can be utilized in a wide variety of fields, such as coverings, electrodes,
fuel cells, solar cells, radar systems, and biotechnology.

[2] One of the most effective approaches for huge meat quality assessment is called near-
infrared spectroscopy (NIRS), and it can forecast the drip leakage and pressure of pork
specimens. The use of optical dispersion in conjunction with hyperspectral imagery has shown
only a little effectiveness in determining the level of softness that currently exists in beef steak
[3]. Changes in electrical characteristics could be used to determine biophysical metrics of the
meat porous structure [4, 5]. These geophysical factors include the penetration of meat fiber
membranes as well as the flow of micro-and macro fluids.

Electrodes can interfere with the impedance meter readings by creating stray current flows,
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thus giving inaccurate values for samples. When conducting tests on the electrical properties of
biological materials, researchers sometimes add metal electrodes to tissues to induce currents
through tissue cells. These induced currents provide important evidence regarding cellular
physiology within cells under investigation.

Electrodes affect the electrical resistance of meat, and this affects the way we measure meat.
The goal of measuring impedance in pork meat cattle remains limited to determining carcass
composition, then the use of two electrodes placed parallel to the current path is recommended
for obtaining accurate results.

Energy dispersive evaluation in biological materials, also known as bioimpedance unit of
measure or high voltage impedance spectra, is a technique developed to research a range of
variables relating to living creatures, trees, and even other types of organisms. In recent times,
the assessment of electrodermal resistance has been applied to assessing various aspects of the
good of fruits and pork meat. Electrical impedance spectrometry is utilized to investigate the
association between shifts in the values of electrophysiological resistance and other parts of pork
meat, such as the length of time the flesh was aged, the volume of liquid it contained, and its
saltiness. To assess the quality of pork meat methods for the detection of bruising, a new
technique that uses visible (VIS) and near-infrared (NIR) light transmission has been developed.
It has been illustrated that by employing NIR light in transmission schemes, it is essential to
catch the saggy skin not only on the ground, as is the case with conventional methods, but also
underneath the surface [7]. To quantify the spectrum strength fluctuations of chicken muscles
brought on by either the preservation moment domain or the shear force values, a comprehensive
2 different (2D) coefficient of determination of visible/near-infrared (NIR) spectra was carried
out [8]. The application of spectrophotometric analysis to the perseverance of the reliability of
living creatures (such as milk, ground beef, tuna, and egg) and vegetable (such as olive oil,
frosted flakes, sugar, strawberries, and vegetable) goods and the proof of identity of pathogens of
agricultural production enthusiasm is the primary focus of fluorescence spectrophotometric
quantification.

Because the problem has distinct electrical behavior like resistance and conductance, which
fluctuate according to thread time, the assessment of material electrochemical characteristics can
indicate the quality of the meat due to this new problem'’s particular electrical parameters. The
preliminary results show that the impedance of pork is reduced by time and increased by
measurement frequency [10]. On the other hand, the old method is still restricted in that it can
only gather information with correctness that has not yet been validated and can only be carried
out on a specific subset at a moment [11]. Investigations for electrically electrochemical
impedance were carried out in this investigation with the assistance of bipolar efficiency. The
acupressure piercing conductor and the general medical syringe sensor were used to analyze the
equivalent resistance spectra in the same testing instruments provided in the earlier findings.
This was done to ensure that the measurements were accurate. The significance of the sensor
recruitment process in determining equivalent resistance can be deduced from an investigation
into the effects of the particular conductors used in the analysis. Applying alternating high
slightest approaches with a modest change to simultaneously fit naturalistic and fictitious forms
with much the same set of uncertain variables to complicated data is presented in depth [12].

For the sake of gaining an understanding of how we may represent an electrochemical
process, let us suppose a three-electrode arrangement in which a conducting energy
transformation is immersed in an electrolyte solution, and an oxidative molecule serves as the
analyte (Fig 1). Although not explicitly depicted in figure 1, the device is presumed to include
both a reverse (auxiliary) electrode to preserve electro neutrality and a positive terminal to serve
as a constant point of comparison. All three of the electrodes - the working, the monitor, and the
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Figure 1. Shows modeling of the working electrode in an aqueous system with multiple
conductors. The galvanic double surface is formed when the reference electrode, which is gray
and offers promising aspects, draws anions, which are poorly absorbed and attracted to the
interface.

The EIS is a straightforward way of transforming intricate chemical responses into an
electrical version that can be evaluated and applied to forthcoming research endeavors. These
reactions can be reproduced more accurately by an analogous electrical circuit that takes into
consideration inductance and capacitance, as demonstrated by the Randles Cell [13]. Because of
this, we will need to use an analogous electrical current, such as the Randles transmission line
[14], to describe the remedy, the electrodes, and the contact between the two stages based on the
circuit boards of the solvent and the electric current. As a result, the resistance that was formed
during an electrolytic investigation can be assessed using one or more courses that are
comparable to it. Developing an appropriate prediction can lead to the confirmation of
physiological modes that occur in a given unit, even though defining analogous circuits might be
challenging. These methods have many promising utilities and can be utilized in a wide variety
of study fields.

2. METHODS

2.1. Bioelectrical Impedance Measurement Probe
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Figure 2. Electrical Impedance Spectroscopy (EIS) measurement.

For Electrical conduction Spectral Analysis To have a better tradeoff between the
effectiveness of the official outcome and the quality of healthcare services, the investigation
assessment needs to have the layout of a wattage power supply. A wattage input current ought to
have both a substantial emission electrodermal resistance and a broad bandwidth concurrently.
One of the most important concerns of modern medicine is finding ways to gather knowledge
about a person’s health without resorting to invasive methods. Bioimpedance has been
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demonstrated to be an effective, risk-free, and non-invasive diagnostic method to quantify
bioimpedance, an externally known electrical charge must be injected, and the value that is
produced must then be recorded at a specific frequency [3]. Trying to inject and monitoring are
the two primary components that make up bioelectrical impedance sensors in their normal
configuration. (Fig. 2).

2.2. AC Circuit Theory and Representation of Complex Impedance Values

The idea of electrical resistance is familiar to a relatively high percentage of the population.
One of the characteristics of a circuit element is its ability to oppose the electromotive force.
According to Ohm's rule, resistivity is defined as the proportion of voltage to current. Both
alternating current (AC) and voltage impulses, when sent through a resistor, remain in phase with
one another. Due to the presence of several components, we need to relinquish the
straightforward idea of resistance and replace it with impedance. Impedance is an indicator of the
capacity of a connection to oppose the electromotive force and is analogous to resistance in this
regard. Despite this, the simplification qualities stated above do not place any restrictions on
resistance. Imagine that we are using an oscillatory potential to excite the system. The output of
this potential is an alternating current signal. Standard procedures involve measuring electron
microscopy using a small excitation signal. This is done to ensure that the reaction of the unit is
pseudo-linear. The initial approach to a sinusoidal perspective will be a sine wave at the same
frequencies but displaced in a phase when the machine in question is straight or pseudo-linear
(Fig. 3). The concept of linearity is broken down into its component in the subsequent sections.
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Figure 3. Present Sine wave Reaction in a Linear Model.
The structure of the energizing represented a function of the period.

E, =E, sin(at) (1)

Where Et represents the prospective at period t, EO represents the strength of the signal and
represents the circumferential rate. The correlation between zonal frequency (measured in
degrees per second) and bandwidth f (measured in hertz) is as follows:

w=2xf 2

The reply output, in a step input, is phase-shifted and has an allusion to 10.
I, =1, sin (@t + ¢) ()

We can determine the resistance of the device by using a formula that is similar to Ohm's
Law, which is as follows:
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Therefore, the resistance is described using a magnitude, which is denoted by Zo, and a phase
margin, which is denoted by.

2.3. EIS Equivalent Circuit Models

The purpose of the experiment was to test the difference between clean meat and meat after
being treated with KNOs. After being purchased at the supermarket, the meat was treated as in
experiment 1, and the meat was measured using a measuring system. After measuring once, the
piece of meat is soaked in 1.5M KNOj solution; after soaking for an hour, remove the amount of
meat, wash the meat thoroughly, and continue to put it in the mold again. Preservation of the
meat continued for 24 hours, then rechecked with the same system and assessed the quality of the
meat after storage.

In equivalent circuit models during the assessment, supermarket-bought flesh specimens were
used as reference points. The piece of meat provided is of the sort known as tenderloin, which
does not include any fatty. A portion of the meat will be divided into two smaller samples of
comparable size (5 cm long, 3 cm wide, and 2.5 cm high). The transverse crack of the flesh will
be on the two minor edges (width and height) of the rectangular if two specimens of newly sliced
meat are judged to be a rectangle. A set of professional knitting needles was repurposed as a
sensor for the assessment. -stainless steel (type 4B-3, size 0.9x36 mm, Czech standard CSN 85
59 36). They are originally bent and then stretched, but only if the turning operation causes no
blemishes. As can be seen in figure 4, two simultaneous syringes were mounted to a clear quartz
sheet to serve as the electrical base. The needles' lengths were 2.3 centimeters and placed at a
length of 2 centimeters from one another.

After the specimen of flesh has been prepared, it will be placed in a transparent box (shown in
figure 5) with the following parameters: 50 millimeters long, 30 millimeters wide, and 25
millimeters high (length x width x height). It is softly squeezed on the four edges of the pork
meat specimen to ensure that the meat sample is distributed uniformly throughout the bottom
four edges of the box. Connect the electrodes to the TV, and then secure it to the inside wall of
the box using two pieces of tape. At last, two jars containing samples were wrapped in Clingfilm
and placed inside two more plastic tubs. To protect the reliability of the prediction from the
potential impact of germs and parasites.

Figure 4. Electrodes are used to measure the impedance of pork meat.

R . ~

Figure 5. Meat sample and covered for the experiment.
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To verify the presence of KNO3, samples taken after 24 hours of assessment were subjected
to the second round of testing with diphenylamine ((C¢Hs).NH) in a cold and solid H,SO,
solution. Nitrobenzene ((C¢Hs)NO), a dark blue molecule in its high performance and bright
yellow when it is in light conditions, was produced as a byproduct of the reaction. The
expression for the process is:

2(C4Hs),NH + 2KNO3 + H,S0, — K,S0, + 2H,0 + 4(C4Hs)NO (5)
We can determine whether or not the flesh contains KNO3 by observing the change in color

that occurs during the process. The research has been done with three steps of the experiment
such as:

1. Evaluate the complicated resistance of the platform by employing absolute values of inductors
and capacitors according to the theory of Fricke and Cole-Cole, described in the research article
[15], to validate the program's degree of detail.

2. Take readings of the resistivity of the fresh meat specimen each hour for twenty-four hours
and compare those readings to the results of the test for the presence of KNO3z; mentioned earlier.
3. Remove the meat that has been weighed, treat it with KNOs, and then measure it when the
treatment has been completed.
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Figure 6. a) Amplitude-frequency spectrum of fresh meat and meat treated
with KNO3; measured in 24 hours.b) Phase-frequency spectrum of fresh meat and meat treated
with KNO3; measured for 24 hours.

After the collection of numerical data is complete, the obtained unprocessed information will
be evaluated using MATLAB software. The resistance analysis and phasing computation will
both be carried out by this application. Experiments have been done over 100 meat samples, and
some of the data are shown (Fig. 6).

According to the findings presented in Fig. 6, the resistance magnitude of pork meat both
during treatment with KNO; reduced with increasing velocity. The resistivity variation of the test
sample is approximately 500 to 1200, but after being treated with KNO3, the number is mainly in
the range of 200 to 300.

This is a significant decrease from the initial value. At 1 MHz, the resistivity magnitude of the
pork samples is in the field of 50 to 150, and the divergence between the tests in between
cleaning in KNO3 is not statistically significant.

The sequence continuum of the pork samples before they were handled with KNO3 has two
critical examples: the lowest value is in the wide bandwidth 20 KHz - 60 KHz and has a ratio of
approximately -0.8 rad to -0.6 rad, and the highest peak is now in the operating frequency band
100 Hz - 700 Hz and also has a value of approximately of -0.2 rad to -0.4 rad. Both of these
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points are located in the bandwidth. The sequence continuum, just from being dealt with by
KNOg, is remarkably separate in both the worth at the wavelengths and the structure of the plot,
particularly in the resonant frequencies of 100 Hz to 1 kHz and 10 kHz to 100 kHz. This is
particularly true in the frequency of 100 Hz to 1 kHz. Based on the form of the graph, we can
differentiate between pork prepared following the initial application of the KNO3; mixture.

3. EXPERIMENTAL RESULTS

3.1. The meat sample is cut from the tenderloin bought at the market

The model is measured from frequency 100 Hz => 1 MHz; after measuring, wash the piece
with KNO; and continue to count. The meat was then preserved with KNOj3, cleaned, and
measured again after 24 h. Samples measured before and after treatment with KNO; were also
checked for -NOj radicals with Diphenylamine solution in concentrated H,SO,.
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Figure 7. a) The meat sample's impedance vs. frequency comparison is cut from the tenderloin
bought at the market. b) Phase vs. frequency comparison of the meat sample is cut from the
tenderloin bought at the market.

3.2. The meat sample was cut from the tenderloin bought at the supermarket

The model is measured from frequency 100 Hz => 1 MHz; after measuring, wash the piece
with KNO; and continue to count. The meat was then preserved with KNOjs, cleaned, and
measured again after 24 h.
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Figure 8. a) The meat sample's impedance vs. frequency comparison is cut from the tenderloin
bought at the supermarket. b) Phase vs. frequency comparison of the meat sample is cut from the
tenderloin bought at the supermarket.
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Samples measured before and after treatment with KNO3; were also checked for -NO; radicals
with Diphenylamine solution in concentrated H,SO,.

When the concentration of KNO; was increased, the meat sample after washing was more
similar in color to the model before starting the measurement. At the same time, the stench was
eliminated. The characteristic values of phase or impedance amplitude do not change
significantly when increasing the concentration of KNOjz; From the amplitude and phase
impedance results, we can see the shape of the impedance amplitude graph according to The
time, and the phase-time chart for the meat samples before using KNOs is the same, similar to
the models after KNO; washing. However, the difference between the experiments is
unavoidable. Specifically, at times of experiment, the pieces may not be uniform in size (vertical
chamfering, horizontal chamfering compared to the set size), and the slaughter time of pogs is
not in the control or the time to start the measurement. What is different, at the same time, is the
change in ambient temperature. In addition, the error of the electrode and the error of the system
during the measurement will be presented in detail in the following sections. For a more in-depth
look, let's explore the variation of pork over time in the following area.

Experiment 1 gives the characteristic impedance and phase spectra of a sample of meat
considered clean as measured by the system. Experiment 2 offers a new method of testing meat
quality through systematic measurement. The purchased piece of meat has a larger impedance
amplitude than the heart washed with KNOj3. The phase-amplitude between the time of purchase
and washing of KNOj3 in some samples did not show any difference, but compared with the meat
preserved with KNO3 after 24 hours, there was a significant difference. After preservation with
KNOg, the piece of meat found that its ability to decompose was reduced, there was no smell,
and rotten meat became fresh, even redder when bought at the supermarket. Although washed
with water, meat samples preserved with KNO; still had residues because the meat samples
reacted with the Diphenylamine indicator after washing with water.

4. CONCLUSIONS

The results of the study confirm that the modified model can meet the analysis of the
parameters of the biological impedance model and, through the system, can evaluate the system's
effectiveness in distinguishing harmful compounds in food today, namely KNOs.

To summarize, using the resistivity selection of fresh pork at a short wavelength (100 Hz), it
is simple to differentiate between raw meat and pork meat that has been cured with KNOs. Still,
this distinction is not possible using greater incidence (1 MHz). However, the best electrode for
this measurement is from professional knitting needles. Data from that measurement’s electrodes
have no noise when comparison with the other one. In addition to this, the form of the plot for
the mode band demonstrates that it is considerably simpler to differentiate between untreated raw
meat and meat that has been cured with KNOs. In the not-too-distant future, the framework will
be improved by the construction of a server that is capable of storing a large number of
measurements made and applying new tech known as synthetic intelligence (Al) to keep locating
essential keys that are used to evaluate the quality of the meat.
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TOM TAT

Nghién ciru 4nh hwéng cia dién cuc
t&i viéc do tré khang dién ctia mieng thit

Mot s6 nghién ciku phat trién hé thong do phé tré khang dién di dwoc sir dung d@é danh
gid cdc tiéu chudn chat heong thit. Trong nghién citu trude day, mot phiong phdp tinh
todn phé tro khang dién cua thit da dwoc xdy dung va da thuc hién thanh cong. Dién ciyc
ché tao tir kim khdu y té hay kim tiém y té da dwoc sir dung trong nghién ciru ndy dé do
phé phadn tan nang lwong cua thit. Hai dau do khdc nhau ndy dwoc ché tao dé phuc vu
cong tac diéu tra va dwoc sir dung trong qud trinh do luong. Trong y hoc, ca hai logi dién
cuwe déu dwoe sir dung; Tuy nhién, cdc phat hién danh gid thu dwoc khi sir dung cing mét
thiét bi cho thdy sw chénh léch ré rét giita cdc két qua ciia hai phép do. Piéu nay chimg t6
rdng, viéc lwa chon mot dién cuc cho mot phép do cu thé doi héi su can nhdc ky luong va
cdan nhdc tong thé. Trong nhitng ndm t6i, viéc nghién ciru va phat trién cdc dién cue, dwoc
st dung dé danh gid tré khdng dién cua thit lon ma nhém nghién ciru dang tdp trung
nghién cuu sé duoc tié;l) tuc thuce hién déphdt trién hé théng dién cuc do luong phu hop va
can thiét nhat.

Tir khod: Thit lon; KNOj; Phé trd khang dién sinh hoc.
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