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Investigation of Animal Fats Using Microwave Non-
Destructive Testing at X-Band

M. F. Ikhwan, W. Mansor *, Z. Ismail Khan, M. K. Adzhar Mahmood and A. Bujang

Abstract— The ability to differentiate and identify different
sources of oils and fats is vital, especially in specialized food
products. Adulteration of vegetable oils with the lower cost animal
fats in halal foods has become a major concern to consumers. This
paper describes the application of the Microwave Nondestructive
Testing (MNDT) method in the range of frequency from 8 GHz to
12 GHz. The MNDT is used to investigate the S-parameters for
three types of animal fats which are chicken, beef, and goat.
MNDT method is used due to its non-intrusive ability toward
material under testing (MUT), and high-resolution characteristic.
The  experimental findings demonstrate  S-parameter
measurements of samples represented as complex reflection
coefficient and complex transmission coefficient. The finding
shows that animal fat had varying reaction toward microwave
frequency for the X-band range based on its fluctuation in
amplitude and phase of the frequency domain response. The
results indicate that X-band microwave frequencies can be used to
differentiate the different type and form of animal fats which are
raw, baked, and oil.

Index Terms—MNDT, Microwave, Waveguided, Animal fat
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CHOCOLATE is a practically unique food in that it is solid at
room temperature yet melts quickly on the tongue. This is
because the major fat in it, cocoa butter, solidifies at
temperatures below 25 degrees Celsius, holding all the solid
sugar and cocoa particles together. The EU legislation
(Directive 2000/36/EC) allows the substitution of cocoa butter
with a maximum of 5% vegetable fats in chocolate products
such as chocolate, milk chocolate, family milk chocolate, white
chocolate, filled chocolate etc. (EU Monitor, 2000). Different
countries have varying legislation regarding the amount of
cocoa butter substitution in chocolate products but only
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vegetable fats are permitted to be used. Lard is one of the
cheapest and most widely accessible fat in the food industry.In
several countries, adulteration of lard with vegetable fats in
food products such as chocolate still occurs because it is easily
obtainable, and lower in price thus minimizing production costs
[1].

Obtaining halal food is an obligation for Muslims. Halal food
refers to food that is permissible according to Islamic law. Pork
is prohibited for Muslims [2]-[4] and some non-Muslims prefer
pork-free food due to health reasons. As the world's population
rises, so does the Muslim community, therefore increasing the
demand for halal products. In the case of non-intentional cross-
contamination or intentional adulteration of fats, Muslims were
enraged when the Malaysian Health Ministry announced that
pig DNA had been found in Cadbury's products[5]. The
Malaysian Scholars Association's secretary-general has called
for a nationwide boycott of Cadbury products until the company
can guarantee that not only one, but all of its products are free
of pork DNA [6].

There are various modern approaches for halal detection
[11, [7]-[11], but the methods involve mixing the sample with
a chemical solution to modify the sample's state which is a
destructive technique. There was a nondestructive way, but the
identifying element was left up to the human, which is shown
in many experiments. In another studies, artificial intelligence
has shown its capability to outperforme humans [12] when on
best condition [13].

Microwave Nondestructive Testing (MNDT) is another
technique that has been studied to characterize food. It is a
technique for determining the S-parameter of a sample. MNDT
is an excellent approach since it is a non-intrusive method that
does not modify the sample or measure the sample in a non-
direct manner. For material testing, MNDT is a critical science
that comprises the development of sensors and probes and
processes and calibration methodologies for detecting faults,
fractures, and moisture content using microwaves [14]. The
method has been extensively researched in other disciplines,
such as civil engineering, where most of the study has focused
on concrete [15], [16]. In food technology, researchers have
utilized MNDT to characterize fruit states to evaluate their
ripeness [17]. The MNDT characterization approach has also
been used to examine liquids like oil [18] and animal fats [19].
Analysis of animal fats using MNDT was previously conducted
using a portable probe with a high-frequency band however,
they did not investigate the effect of various heating times on
the S-parameters of the fats [19].

This paper aimed to investigate three sources of animal fats



(chicken, beef, and goat) in the form of raw, baked and oil using
MNDT at X-band. The step-by-step process of measuring and
analyzing the S-parameters of samples was described in detail.
The effects of different heating times on the animal fat
characteristics were measured and discussed .

II. METtHODOLOGY

Figure 1 shows the process of analyzing the animal fats
characteristics measured using MNDT. The MNDT equipment
used in this experiment was calibrated first to ensure the data
collected was up to standard and within the theoretical
calculation. The data from the MNDT equipment was then
collected and transferred to a personal computer for analysis.
For clean and easy-to-take data for downstream data analyses,
the raw data was converted to a spreadsheet using Microsoft

Excel software.

Sample Preparation

}

Calibration

I

Data Acquisition

}

Data Analyses

Figure 1: The step by step process of the experiment

A. Sample preparation

The chicken, beef, and goat raw fats were cut into 5 cm long,
5 cm wide, and 0.5 cm high slices to ensure that each sample
had the same exposure surface area and depth. The samples
were separated into three groups: raw sample (see Figure 2),
baked sample (see Figure 3) and oil.

The baked samples were heated for 10 minutes and 15
minutes at 225°C to create 10-minute and 15-minute baked fats
and oils. These time variations were selected to investigate the
effect of various heating times on the S parameters of the
samples. The 225°C temperature was chosen as this temperature
lies within the standard heating temperature range of goat and
cow fat with a shorter heating time [20].

The arrangement of the MNDT equipment used in this study
is shown in Figure 4. Two spot-focusing horn antennas were
connected to a vector network analyzer (VNA). The equipment
was calibrated before each measurement was taken to ensure
that the S-parameters are within theoretical limits. The S-
parameters are the data to be collected, which consists of
complex reflection coefficient (Si1) and complex transmission
coefficient (Sz1).
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Figure 2 : Samples of raw chicken

Figure 3 : Samples of baked chicken

B. Calibration

The procedure described in [20] was implemented in the
calibration process. Using three standards which are a through
connection, a short circuit connected to each port (Reflect) and
a transmission line connected between test ports, the Si; and Sy,
parameters were measured. The observed amplitude and phase
of the complex transmission coefficient (S»1) for the through
connection are 0.05 dB and 0.2° respectively which meet the
standard requirements. The frequency measurements of the
samples were in the range of 8 GHz to 12 GHz. A Teflon metal
plate (15.4 cm x 15.4 cm X 0.2 mm) was then placed on a
sample holder at the reference plane to perform the reflect
calibration technique. It was observed that the amplitude and
phase of the complex reflection coefficient (Si1) are 0.2 dB and
1 degree which are within the standard value (Reflect).
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Vector Network Machine

Sample Holder

Figure 4: The arrangement of the MNDT system for the S-parameters
measurement.

C. Data acquisition

The data acquisition was carried out using an open-end coaxial
cable sensor and the vector network analyzer as the device that
converts the analogue signal to a digital signal before the signal
is transferred to file to the computer with data acquisition
software for signal analysis. The raw and baked animal fats;
chicken, beef and goat and their oils were first placed in the
sample holder (see Figure 5). Then the S-parameters; Si; and
Sy for each sample were measured over a frequency range of
8-12 GHz (X-band).

Figure 5: Diagram showing the sample holder (red box) used in
the measurement.

D. Data analysis
In the analysis stage, the S-parameter data from each animal
fat were divided into four types; raw fat, 10-minute baked fat,
15-minute baked fat and oil. A program written in MATLAB
was developed to produce S;; and S, plots of each animal fat
type. The changes of the S;; and S;; of each animal fat type with
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the frequency were then examined and analyzed through
observation [21], [22].

III. RESULTS AND DISCUSSION

Figure 6 depicts a graph of the reflection coefficient (Si1)
from raw chicken, raw goat, and raw beef. The amplitude of S;
demonstrates the comparison of animal fats. Uncooked chicken
has the highest S;; amplitude. The goat and beef S;; exhibit a
significant frequency variation from 8.5 GHz to 10.5 GHz
before settling at 11 GHz. The amplitude of both goat and beef
Si1 drops at 8.6 Hz due to the frequency transmitted from S1
reaching the sample's resonance frequency. The S;; of the raw
chicken fat shows practically no abrupt changes to the
transmitted power from source 1, and the reflection coefficient
can be said to remain constant over the entire X band.

$11 Magnitude Raw Fat

g L&‘T ‘{', 1‘« i R
{7l
g L
g a0 | Ql\ w‘u il
&i | ‘\Pi ”
N i

—&— Raw Chicken
o Rawbeef

-40

Raw Goat

45

I I I I I L L
8 85 9 9.5 10 10.5 1 11.5

Frequency (GHz)

Figure 4: The reflection coefficient (S11) of raw animal fats.

Figure 7 shows the complex transmission coefficient (S,1) of
raw animals’ fat. The plot showed the descending trend of Sy;
amplitude for all raw fat samples when the frequency is
increased. This indicates that the S, amplitude of raw fat is
indirectly proportional to frequency. Raw goat exhibits the
greatest variation in S;; amplitude among the three fats,
whereas raw chicken and raw beef fats have a similar trend of
So1 changes. This result shows that the loss of energy being
transferred increases for all samples as the frequency increases.
As the frequency increases, the level of energy being absorbed
increases, which reduces the energy being received at port 1
from port 2. The S,; values of the three raw animal fats are
distinct from 8 GHz to 12 GHz, therefore the identification can
be made throughout the X-band.

Figure 8 shows the complex reflection coefficient (S;;), of
samples that were baked for 10 minutes in the oven. The Sy,
amplitude of 10-minute chicken and goat fats were inversely
proportional to the frequency, The 10-minute baked chicken
and goat fat show similar inclination in S;; amplitude changes
throughout the entire X-band spectrum. The changes in Sy
amplitude are in a downward trend between 8.2 GHz and 9.7
GHz and remain stable from 10.25 GHz to 15 GHz for all three
samples. The Si; values of the 10-minute baked chicken and



goat fats can be easily identified throughout the X-band, except
from 9 GHz to 10.25 GHz where the S;; values have a narrow
gap.
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Figure 5: The transmission coefficient (S,;) of raw animal fat.
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Figure 6: The reflection coefficient (Si1) of 10-minute baked animal
fats.

Figure 9 shows the comparison of the complex transmission
coefficient (Sz;) of the 10-minute baked animal fats, with the
S»1 values of 10-minute baked beef fat having the lowest energy
absorption compared to those of 10-minute baked chicken and
goat fats. The Sy values of 10-minute baked chicken and goat
fats have significantly greater energy absorption, with both
having equal amplitude differences between 8 GHz and 12
GHz. The amplitude decreases as the frequency increases, but
the amplitude does not fluctuate significantly, indicating that
the sample had an insignificant reaction throughout the X-band
frequency range.

Figure 10 depicts the complex reflection coefficient (Si1)
plots of the 15-minute baked animal fats. The S;; amplitude of
the chicken decreases as the frequency increases. The changes
in the S;; amplitude of the 15-minute baked goat fat show that
the sample has lower reflection with a large reaction toward the
frequency being transmitted. This is because the 15-minute
baked goat fat absorbs more energy compared to beef and
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chicken fat. The 15 minute baked beef fat has greater energy
absorption at the early X-band frequency and the absorption
decreases starting from 8.5 GHz, which implies that the energy
at the higher frequency being reflected towards the antenna port
increases.
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Fig:ure 7: The transmission coefficient (S,;) of 10 minutes of baked animal fat.
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Figure 8: The reflection coefficient(S11) of 15-minute baked animal

fats.

Figure 11 shows the transmission coefficient (S,;) plots of the
animal oils. The beef oil has the lowest energy absorption,
followed by the goat and chicken oils. Both samples of the goat
and chicken oils have similar S, readings from 8§ GHz to 9.1
GHz. The absorption was similar at this frequency before the
large differences showed after 9.1 GHz. All the samples show
no drastic changes in the Sy, amplitude as the frequency being
transmitted through them increases. It shows that the beef oil
has large differences in S,; amplitude compared to those of the
chicken and goat oils, while the chicken and goat oils have
almost similar Sy; values in early X-band frequency and get
further apart as frequency increases.
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Figure 9: The transmission coefficient (Sy;) of the animal oils

Figure 12 shows the reflection coefficient (Si;) waveforms
of the beef fat in the form of raw, baked fat and oil. The S,
waveform of the beef oil has the resonance frequency at 10.06
GHz, at which the beef sample absorbs the highest energy of
transmitted signal as a result, the reflected coefficient decreases
as the frequency approached the resonance frequency and then
increases when the frequency is higher than the resonance
frequency. The S;; waveform of the beef raw fat has fluctuation
before the frequency reaches 9.88 GHz. The Si; waveforms of
the baked beef fat had the same patterns with fluctuation at 8.25
GHz which is the resonance frequency. The Si; amplitude of all
beef samples increases after its resonance frequency until it
reaches a point where there is no further reaction from the
samples.
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Figure 10: The reflection coefficient(S,,) of beef fat: Raw, baked, and Oil state.

Figure 13 shows the S»; waveforms of the raw beef fat, baked
fat and oil. It demonstrates that oil has the lowest energy
absorption than raw and baked fats, and raw fat absorbs the
most energy than other fats and oil. The S; of the beef baked
fats shows that the solid-state changes of the fat cause less
energy to be absorbed by the samples. The 15-minute beef
baked fat absorbs less energy than that of 10-minute beef baked
fat.
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Figure 11: The transmission coefficient (S,;) of beef fat: Raw, baked, and Oil
state.

For chicken fat samples, its oil absorbs a lot of energy
compared to raw and baked fats as shown in Figure 14. The
chicken oil resonance frequency is at 9.5 GHz. The Si;
waveforms of the raw, 10 minute and 15-minute chicken fats
are close to each other starting from 8 GHz to 10 GHz before
separating, indicating that the three samples do not react very
much with the transmitted signal at the beginning but react well
only after 10 GHz.
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Figure 12: The reflection coefficient (S;;) of chicken fat: Raw, baked, and Oil
state.

Figure 15 shows the transmission coefficient (Sy)
waveforms of the chicken raw fat. baked fat and oil. the chicken
oil Sy; waveform is almost a straight line compared to those of
dried and raw fats indicating that it does not react as the
frequency increases. The three samples (raw fat, 10-minute, and
15-minute baked fats) had an increase in energy absorption
when the frequency is increased. The fluctuation in the S
waveforms of the chicken raw and baked fats can be seen at the
same frequencies.
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Figure 13: The transmission coefficient (S,;) of chicken fat: Raw, baked, and
Oil state.

Figure 16 shows the reflection coefficient (Si1) waveforms of
the raw goat fat, baked and oil forms. The S;; amplitude of the
goat oil decreases and increases rapidly compared to those of
other goat fats. The minimum value of the S;; amplitude of the
goat oil can be observed at the resonance frequency of 9.6 GHz.
The magnitude of the 10 minute and 15-minute decreases in
amplitude indicated the energy being transmitted to the receiver
port of 2 being lower as the frequency increased as clearly seen
from 8 GHz to 12 GHz in Figure 15.
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Figure 14: The reflection coefficient (S;,) of goat fat: Raw, baked, and Oil state.

Similar to other animal oils, the transmission coefficient (S))
waveforms of the goat oil are almost a straight line compared
to those of its raw and baked fats which indicates that it does
not have a significant reaction as the frequency increases. The
S, of the 10-minute and 15-minute baked fat show a consistent
change in the amplitude from 8 GHz to 12 GHz. The raw fat
sample has the lowest S;; among all samples. The fluctuation
can be seen in the Sy; of the 10-minute and 15-minute baked fats
at the same frequency.
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Figure 15: The transmission coefficient (S,;) of goat fat: Raw, baked, and Oil
state.

Results from this experiment demonstrate the differences in
Figure 7 for raw fat, Figure 11 for baked fat, and Figure 14 for
baked fat show that the S»; can be recognized easily. Even
though the S, of chicken fat and baked fat is more like the goat
in the same category, but they may still be distinguished. All
raw fats absorb a lot of energy, which leads to a big drop in Sy;
values as the frequency rises, and the amount of energy
absorbed decreases in baked form and even lower in oil form,
which is due to higher raw fat in the baked fat sample dissolving
into the oil.

IV. ConcrusioN

This study uses a microwave nondestructive testing approach
to investigate the feasibility of utilizing the MNDT technique
to provide clear and distinct features of chicken, beef and goat
in the form of raw , baked , and oils. The S parameters of
chicken, beef and goat fat samples were measured at an X-band
microwave frequency. The analysis of the S parameters
behaviour of the animal fats demonstrates that the S;; and S,
provide significant features of the animal fats, thus MNDT can
be used to distinguish the fat types and states. However, other
parameters such as dielectric properties must be considered in
differentiating the animal fats that have close values of S-
parameters.
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