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Abstract: The principle of ultrasonic waves in detecting materials is based on
their physical properties. The size of particles has an impact on various aspects
of their composition and function. The limited information that reports the
particle size of RH-contaminated RB samples tested using ultrasonic waves is
the basis for this study. This study aims to determine the optimal sample particle
size for testing RB contaminated with RHs in order to obtain the most accurate
and consistent results when reading with ultrasonic waves based on attenuation.
The research method used Completely Factorial Random Design (CFRD) with
factor levels of RH (0, 20, 40, 60, 80, and 100%) and different particle sizes (10,
20, 30, 40, and 50 mesh). The test principle is to transmit ultrasonic waves with
a frequency of 50 kHz through the sample. The results of statistical analysis
showed that the RH level was very real (p<0.01) affecting the damping and
speed. The higher the RH content, the higher the damping value. The particle
size of RB is very real (p<0.01) affects the attenuation and velocity, the smaller
the particle size, the higher the damping value. Conclusion of this study are the
level of RHs and the particle size of the sample affect the accuracy of ultrasonic
wave readings on RB contaminated with RHs. The optimal particle size for
testing RB contaminated with RHs using ultrasonic waves with attenuation
parameters is mesh 30, resulting in a linear regression pattern with a 91.30%
r-square value. More research needs to be done on these results to find out
what affects the transmission (amplitude) of ultrasonic waves when
measuring samples.
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nutritional availability. Examples: Particle size RB with a
range of 0.73-1.67 mm show significant inhibition
potential against the free radical DPPH at IC50 values of
6.63 pg/mL (Massarolo et al., 2017). Smaller particle

Introduction

The principle of ultrasonic waves in detecting
materials is based on their physical properties. One of the

physical properties is particle size. Different particle sizes
will give different results (Rosani et al., 2024). The
quality of Rice Bran (RB) varies greatly depending on the
type of machine, tuning, and destination. This will result
in varied, fine, medium, or coarse RB it will affect the
quality of RB. The Rice Husk (RH) content in RB results
in lower crude protein of RB and higher crude fiber and
lignin (Hernaman et al., 2024). In the practice of
counterfeiting RB with RHs, RHs are usually added and
finely ground. Based on the properties of ultrasonic waves
and the physical properties of RB, it is necessary to
establish a test standard for the sample size of RB
contaminated with RHs.

The size of the particle has an impact on various
aspects of its composition and function. Research has
found that smaller particle sizes can enhance certain
benefits of peppermint, such as antioxidant activity and
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sizes, such as about 38 pum, result in increases in moisture
content, protein percentage, soluble dietary fiber, water-
holding capacity, and development capacity when
compared to larger particle sizes, such as 150 pm
(Mukprasirt et al., 2023). Reducing the particle size from
150 to 38 pm also resulted in nearly double the surface
area, improved nutrient and phytochemical extraction
capabilities, and improved the nutrient properties and
overall function of RB (Mukprasirt et al., 2023).
Processing by reducing the particle size of RB will
produce greater benefits for health.

Reducing the size of RB is carried out by milling and
sieving methods. Sieving is carried out using a ball mill
vibrator using a sieve of various density levels (for example,
meshes 4, 8, 16, 30, 50, 100, and 400) (Bhatnagar et al.,
2014; Mukprasirt et al., 2023). Research was conducted on
different RB particle sizes between 0.18-0.39 mm and
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particle sizes of 53, 125, and 210 pm (Majzoobi et al.,
2013; Schmidt and Furlong, 2012). With this study,
researchers can find out the nature and distribution of RB
particles. So, it can help understand how this particle size
works to affect certain uses and purposes.

Ultrasonic particle sizing is a method used to test
the distribution of particles in samples. This technique
can test the distribution of particles in a certain area
with a particle size of 10 nm to 1 mm (Povey, 2013). In
liquid media, ultrasonic waves will interact with the
sample particles, so we will be able to know the particle
size distribution and be able to measure the speed, flow,
and layer limits.

Ultrasonic vibrations are applied to the particle-
containing sample, causing the particles to interact.
Understanding how ultrasonic waves interact with
different particle sizes can assist in determining the size
of the particles in a sample. The velocity and attenuation
are found using the amplitude spectrum versus the
received signal's frequency and the particle size
distribution can be explained by the geometric mean and
standard deviation of the particle radius. Ultrasonic
particle meters can detect particles over a wide range,
from 10 nm to 1 mm, for opaque and optically undiluted
materials (McClements, 2000; Povey, 2013). There are no
reports on the application of ultrasonic waves for
evaluating various items and mediums, or for testing
solid, liquid, gas, or powder media. Research indicates
that in husk-adulterated RB, there is a strong association
between the content of the husk and the acoustic attenuation
of propagating ultrasonic waves (Bhagaspati et al., 2021).
Ultrasonic waves propagating through a powder medium
are unique (Al-Lashi et al., 2018).

Previous research showing ultrasonic  waves
(attenuation) are accurately used to detect the physical
properties of materials has been informed (Rosani et al.,
2024). There is no information that has reported the
particle size of RB samples contaminated with RHs tested
using ultrasonic waves. This study aims to determine the
best particle size of RB samples contaminated with RHs
in order to obtain the most accurate and consistent results
when tested using ultrasonic waves. The benefit of this
study is to produce a consistent and accurate RB testing
method for RH contamination. We believe that particle
size determination for testing RB contaminated with husk
has never been studied. We hope to produce accurate and
consistent testing procedures in the future.

Materials and Methods
Experimental Design

The Completely Factorial Random Design (CFRD)
was used in this study. The first factor (RB) was the level
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of RB and RH (6 levels) and the second factor (M) was
the particle size based on the mesh (5 sizes), with repeated
readings of 3 times. The research design is as follows:
RB1 = 100% RB + 0% RH, RB2 = 80% RB + 20% RH,
RB3 = 60% RB + 40% RH, RB4 = 40% RB + 60% RH,
RB5 = 20% RB + 80% RH, RB6 = 0% RB + 100% RH
and paticle size M1 = 10 mesh, M2 = 20 mesh, M3 = 30
mesh, M4 = 40 mesh, M5 = 50 mesh.

Sample Preparation

RB comes from a local rice mill in sindangsari village,
Sumedang. Sample preparation follows the procedures
carried out in previous studies (Rosani et al., 2024).

Ultrasonic Measurement

The parameters measured were the attenuation
coefficient and velocity following the procedure carried
out in the previous study (Rosani et al., 2024).

Statistical Analysis

The General Linear Model (ANOVA) was used to
analyze the research data if there were any significant
differences. Duncan's test and Pearson correlation
analysis were used to determine the differences and
relationships between factors.

Results and Discussion

This research begins by testing the ability of
ultrasonic waves on RB mixed with RHs based on
treatment, then on various particle sizes based on mesh,
then on the combination of percentage with particle
size, and finally determining the best particle size for
testing RB using ultrasonic waves based on regression
coefficients.

This research is not directly related to research
ethics that use living objects. This study uses inanimate
objects as samples such as RB and RHs. The special
treatment applied is caution so that the sample does not
mix with the contaminants. However, we obtained
research ethics approval from Padjadjaran University
for the overall research with number 572/UNG.
KEP/EC/2024.

Ultrasonic Wave Response to RH Level

The results of statistical analysis of RH level are
very real (p<0.01) affect attenuation and velocity.
Table (1) shows that the higher the RH content, the
higher the attenuation value. The attenuation value
(dB) in RB1 is 0.09589, RB2 is 0.10832, RB3 is
0.11620, RB4 is 0.12287, RB5 is 0.12650 and RB6 is
0.13109. This means RHs cause a decrease in
ultrasonic waves when passed.
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Table 1: Attenuation (dB) and velocity (m/s) of RB contaminated with RHs at various percentages

Treatment
Parameters

RB1 RB2 RB3 RB4 RB5 RB6
Attenuation, o, (dB) 0.095892 0.10832P 0.11620°¢ 0.12287¢ 0.12650¢ 0.13109¢
Velocity (m/s) 0.27837° 0.267692 0.266562 0.265762 0.265582 0.263412

Significancy (p<0.01) is indicated by different superscripts on the line. RB1 = 100% RB + 0% RH, RB2 = 80% RB + 20% RH, RB3 = 60%
RB + 40% RH, RB4 = 40% RB + 60% RH, RB5 = 20% RB + 80% RH, RB6 = 0% RB + 100% RH

In contrast to attenuation, the velocity value tends not
to differ with the higher the RH content. The velocity
value (m/s) in RB1 is 0.27837, RB2 is 0.26769, RB3 is
0.26656, RB4 is 0.26576, RB5 is 0.26558 and RB6 is
0.26341. This means that the resistance of ultrasonic
waves is low when passing through the material. These
results support previous research, which stated that the
attenuation coefficient occurs due to the presence of
ultrasonic wave energy absorbed when passing through
the medium; the absorption strength is influenced by the
density of the medium particles. The energy absorbed and
dissipated will get smaller as the density gets smaller
(Bhagaspati et al., 2021).

Ultrasonic Wave Response to Particle Size

The results of the statistical analysis of RB particle
size are very real (p<0.01) and affect attenuation and
velocity. Table (2) shows that the smaller the particle size,
the higher the attenuation value. The attenuation value
(dB) in mesh 10 particle size is 0.05991, mesh 20 is
0.07968, mesh 30 is 0.12515, mesh 40 is 0.13367, and
mesh 50 is 0.18565. This means that the greater the energy
loss of ultrasonic waves as they pass through the material.

In contrast to attenuation, the velocity value decreases
with the smaller the particle size of RB. The velocity value
(m/s) in mesh 10 particle size is 0.29607, mesh 20 is
0.28176, mesh 30 is 0.27052, mesh 40 is 0.25757, and
mesh 50 is 0.23356. This means that the ultrasonic waves
have greater resistance when passing through the smaller
particle size of the material.

This is due to the smaller RB particles, the higher the
density; in other words, the density increases. The high
density of the material will inhibit the propagation of
ultrasonic waves, so the time needed is higher. The
particle size causes a pattern of relationships between the
particle size and the attenuation of the waves that pass
through it. Attenuation parameters in sample
measurements using ultrasonic waves can determine the
particle size distribution of the sample (Alarab et al.,
2020; Falola et al., 2021; Jia et al., 2019). The study
measured the particle size of concrete aggregates using
ultrasonic waves, showing that amplitude attenuation,
energy density, and frequency are positively correlated
with particle size (Wu et al., 2021). Particle size and
concentration greatly affect the velocity propagation and
attenuation coefficient of ultrasonic waves.
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Table 2: Attenuation (dB) and velocity (m/s) of RB with different
levels of RH at various particle sizes based on the mesh

Treatment
M2

Parameters
M3 M5

0.05991% 0.07968° 0.12515° 0.13367¢ 0.18565°

M4

Attenuation
, 0. (dB)

Velocity

(mfs) 0.29607¢ 0.28176 0.27052° 0.25757° 0.23356°

Significancy (p<0.01) is indicated by different superscripts on the
line. M1 = 10 mesh, M2 = 20 mesh, M3 = 30 mesh, M4 = 40 mesh,
M5 =50 mesh

This is seen when measuring particle size and dispersion
phase concentration in samples in suspensions and
emulsions (McClements, 2000).

There is a not always linear relationship between
particle size and ultrasonic waves. For instance, in the
synthesis of metal nanoparticles, Ultrasonic power up to
0.395 power is proportional to particle size. This means
that the particle size decreases with increasing ultrasonic
power, but the rate of decrease slows down as the
ultrasonic power increases and a further increase in power
can lead to an increase in particle size (Yang et al., 2021).

Ultrasonic spectrometry can measure particle sizes
between approx. 10 nm (nanometers) and 1000 pm
(micrometers) (McClements, 2000; Povey, 2013).
Ultrasonic  particle measuring  devices  perform
measurements in the range of 1 to 200 MHz, which can
analyze particle sizes of 10 nm and 1000 pm
(McClements, 2000). This range can be expanded by
using tailor-made techniques to take measurements at
higher or lower frequencies (McClements, 2000).

Ultrasonic particle size analysis is particularly useful for
materials with high concentrations, such as mineral slurries,
pitch-black crude oil suspensions, viscous pastes, and crystal
slurries, where other methods may not be effective.
Measurements using ultrasonic waves have many
advantages, but there are technical obstacles that need to be
noted and overcome before the technique finds more
widespread use. For example, in colloid sample
measurements, air bubbles will scatter waves, so the
measurement results are not accurate (McClements, 2000),
frequency of waves used, dimensions and configuration of
particles in the sample, presence of air bubbles or
contaminants in the sample (Hornowski et al., 2008;
Riebel and Lo6ffler, 1989) and temperature (Chanamai et al.,
1998; Cherepanov et al., 2015; Xu et al., 2019).


https://www.sciencedirect.com/science/article/pii/S1350417721000389
https://www.sciencedirect.com/science/article/pii/S1350417721000389
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Table 3: Attenuation (dB) of RB with RH level at various particle sizes based on mesh and percentage of RH

RB (%)
Mesh RB1 RB2 RB3 RB4 RB5 RB6
M10 0.04217 0.05763" 0.06044 0.06154 P 0.06847¢ 0.06920°
M20 0.064532 0.07155" 0.08135¢ 0.08135¢ 0.08719¢ 0.08809¢
M 30 0.100122 0.11130 0.12001 0.13410° 0.14101% 0.14434¢
M 40 0.11198¢ 0.12641 0.12922 0.13573¢ 0.14423¢ 0.15447¢
M 50 0.160652 0.17471° 0.18999¢ 0.19344¢ 0.19487¢ 0.20023¢

Significancy (p<0.01) is indicated by different superscripts on the line. RB1 = 100% RB + 0% RH, RB2 =80% RB + 20% RH, RB3
=60% RB +40% RH |, RB4 = 40% RB + 60% RH, RB5 = 20% RB + 80% RH, RB6 = 0% RB + 100% RH. M1 = 10 mesh, M2 = 20

mesh, M3 = 30 mesh, M4 = 40 mesh, M5 =50 mesh
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Fig. 1: R-squared value of RB attenuation with different RH
levels at various particle sizes based on the mesh

After knowing the response of RB levels and the
overall particle size of the research data, we want to know
how the attenuation response in various meshes with
different RB levels is described next.

Ultrasonic Wave Response to RH Level and
Particle Size

The results of the statistical analysis of RB level and
very real particle size (p<0.01) affect attenuation, as
presented in Table (3). Based on Table (3), the attenuation
response at different RB levels based on particle size has
different responses.

The smaller the particle size of the sample, the greater
the attenuation, and the higher the level of RH, the greater
the attenuation value. This is due to the higher density of
the sample. RHs have a low density when the particle size
is normal from the rice milling process, but when the
particle size is reduced (up to 50 mesh), the density will
increase because RHs consist of lignin and silica, which
are high, so they become heavy. To determine the
regression pattern of the influence of RH levels in RB
based on particle size, regression analysis was then carried
out, which is presented in Fig. (1).

Based on the figure, the regression pattern of the
influence of RH level in RB based on particle size is linear
with variations in r-square values. At mesh 10 r-square
80.42%, mesh 20 r-square 77.96%, mesh 30 r-square
91.30%, mesh 40 r-square 91.15% and mesh 50 r-square
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78.56%. Mesh 30 has the highest r-square of 91.30%,
meaning that the measurement results have very high
accuracy. In contrast to previous studies that produced
exponential regression with an r-square of 88.27%
(Bhagaspati et al., 2021). This is due to the difference
between the transducer and the sample preparation
technique at the time of measurement. Ultrasonic waves
are very sensitive to differences in the physical properties
of materials. So, it can be concluded that the measurement
of RB polluted with RHs is based on the best attenuation
at particle size based on mesh 30.

In measuring ultrasonic waves, RB has problems,
namely the propagation of waves through the medium
where the sample is, the tool structure, room temperature,
changes in electric current voltage, contaminants, and the
certainty that the sample has been mixed evenly. The
challenge in the future is to standardize this ultrasonic tool
by minimizing these factors so that measurements are
more accurate and consistent.

Conclusion

The level of RHs and the particle size of the sample
affect the accuracy of ultrasonic wave readings on RB
contaminated with RHs. The optimal particle size for
testing RB contaminated with RHs using ultrasonic waves
with attenuation parameters is mesh 30, resulting in a
linear regression pattern with a 91.30% r-square value.
More research needs to be done on these results to find
out what affects the transmission (amplitude) of ultrasonic
waves when measuring samples. Also, a set of small
ultrasonic test systems needs to be made so that they can
be used in industry or in the field.

Novelty Statement

Effective particle size information in testing the
counterfeiting of RB with RHs, namely on mesh 30 with
a particle size of 0.595 mm. These results are a reference
for testing the contamination of RB with RHSs.
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