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Abstract | This study was designed to determine the ability of ultrasonic waves to detect rice husks added to rice bran
based on physical properties associated with nutrient content. This research utilizes low-intensity ultrasonic waves of
50 kHz transmitted on rice bran mixed with rice husks with particle sizes passing 30 mesh (<0.595 mm). The purpose
of this study was to determine the correlation between ultrasonic parameters (attenuation and velocity) and the nutri-
ent content (crude fiber and lignin) of rice bran containing different rice husks. Based on the results of research, there
is a strong relationship between ultrasonic parameters and the nutrient content of rice bran containing various rice
husks. The positive correlation between attenuation with crude fibre is 0.975, and attenuation with lignin is 0.965. The
attenuation coeflicient can be used as a parameter for estimating the content of lignin and crude fibre in rice bran. This
research proves the high nutritional value of rice bran can be detected with ultrasonic waves. These results still need
further research to measure the factors that affect ultrasonic wave transmission (amplitude) when measuring samples,
as well as the manufacture of a series of compact ultrasonic test systems so that they can be applied in industry or
practically in the field.
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INTRODUCTION

Rice bran is a feed ingredient that has been generally used
as a constituent of livestock rations in Indonesia for a long
time. Rice bran is obtained from the by-products of mill-

he nutrient content of ingredients can be estimated
ing rice grains. Rice grains consist of endosperm, husks,

using their physical properties. Physical parameters

that are often used are density and phloroglucinol tests. In
addition to these two methods, estimation is also carried
out using ultrasonic waves. This method was developed to
speed up the testing of adulteration of rice bran with rice
husks quickly and accurately, and it can also estimate nu-
trient content based on lignin content. In detecting con-
tamination in materials, the advantage of ultrasonic waves
is that they are nondestructive to the material (nondestruc-
tive test).

bran, and contaminants, of which endosperm accounts for
70%, rice husks 20—21% each, rice bran 6—8%, and rice con-
tamination 1% of the total weight of the seed. During the
production of milled rice, a large amount of rice husks is
produced as a by-product (Zou & Yang, 2019). Rice bran is
rich in vitamins, minerals, essential fatty acids, dietary fiber,
and other sterols (Gul ez a/., 2015). Rice bran is not only
a widely produced resource but also has high nutritional
value. The nutrient content of rice bran is 12-16% protein,
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12-23% fat, and 23-30% dietary fiber. In addition, it is rich
in vitamins, minerals, and other nutritional factors such as
phenantren, inositol, phytic acid, and glutamate (Sohail ez
al., 2017), crude protein 12.57%, crude fat 16.58%, crude
fiber 7.57%, Ca 0.07% and 1.43% (Zhang ez a/.,2021), cru-
de protein 13.52% (Najamuddin ez a/., 2021), oil 12-22%,
protein 11-17%, fiber 6—14%, moisture 10-15%, and ash
8—17% as well as substantial amount of minerals like K, Ca,

Mg and Fe (Sharif ¢z al., 2014).

Rice husks are an important byproduct of the rice mill-
ing process, with very large quantities produced worldwide
each year. During the production of milled rice, a large
amount of 20-21% rice husks is produced as a by-prod-
uct (Zou & Yang, 2019). Rice husks contain 24% cellulose,
12% hemicellulose, and 4.5% lignin components, so they
can be recommended to be given to ruminants who are
more able to utilize insoluble carbohydrate components.
In addition, rice husks contain 14.4-23.4% glucose and
12-28.6% silos, which are the largest components in rice
husks. Rice husks are agricultural by-products that can still
be used as feed and are even categorized as an alternative
energy source for livestock (Piliang, 1997). Although it has
compounds that can be used as nutrients for ruminants,
rice husks, in addition to containing lignin, also contain

silica (Zou & Yang, 2019).

Rice husks are lignocellulose biomass waste rice milling
products. The use of rice husks in rations is very limited
due to the presence of lignin compounds. The molecular
structure of lignin complexes in lignocellulose materi-
al will prevent degradation by rumen microbial enzymes
(Khatoon ez al., 2022). These compounds are difficult to
degrade by rumen microbes, so rice husks are difficult to
digest by the digestive tract. When the lignin content is
low, the rate of degradation increases, but when the lignin
content increases, the rate of degradation decreases. This
suggests that lignin content is the limiting factor in deter-
mining the degree of degradation of the lignin-hemicellu-
lose complex (Brice & Morrison, 1982).

Several works reported the method for the detection of rice
husk-adulterated rice bran, and the quality of rice bran.
They include the applications of image processing method
based on convolutional neural network (CNN) (Albarki ez
al., 2023), liquid chromatography (Sabir ez a/., 2017), and
image processing techniques (Uyeh ez a/., 2021). However,
these methods have limitation in their applications, such
as: time consuming, costly, and non-portable, and hence it
is impractical for the usage in the field.

Because the need for rice bran as a feed ingredient is very
high, it is often mixed with milled rice husks. This process
will affect the quality of rice bran because there is a de-

crease in its nutrient content. Ultrasonic clusters are known
to detect rice bran mix with rice husks because they have
advantages. Ultrasonic waves are longitudinal mechanical
waves whose frequency exceeds the hearing limit of the
human ear (above 20 kHz). Ultrasonic waves are includ-
ed in the category of sound waves, which means that they
have the same properties as the sound waves themselves.
'This wave is a mechanical wave that requires a medium for
its propagation (Dharmendra & Pandey, 2010). The inter-
mediate medium of ultrasonic waves can be solid, liquid,
gas, or liquid semi-solid. Ultrasonic wave propagation is
easier to occur in a solid medium. While the gas or air
medium is a bad medium for ultrasonic wave propagation

(Gooberman & Mayer, 1970).

'The working principle of ultrasonic waves from the trans-
ducer is passed to the material under test. Ultrasonic
waves penetrate the material while the receiver records
the reflected waves (pulse-echo mode) or the transmitted
(through-transmission mode) sound waves. The screen on
the diagnostic machine will show these results in the form
of amplitude and pulse readings (Kaufmann, 2009). The
speed of propagation of these ultrasonic waves is influ-
enced by the physical properties of an object being passed
through, including distance, porosity, cracks, and others
(Suwandi ez al., 2015). Materials with high porosity pro-
duce ultrasonic waves that will be passed on more than
those absorbed. The smaller the particle density, the less
energy is absorbed and dissipated. Therefore, it can also
be concluded that the increase in rice husk content in rice
bran makes the media density smaller, so that the value of
the ultrasonic wave attenuation coefficient is also smaller

(Bhagaspati ez al., 2021).

In general, the acoustic properties of ultrasonic waves are
transmission, attenuation, and speed. Acoustic properties
that can determine the physico-chemical properties of a
material are speed and attenuation, because these two pa-
rameters depend on the nature or state of the medium
through which it passes. The ultrasonic waves used should
be ultrasonic waves with low intensity so as not to damage
the material or medium through which they pass (Rejo,
2002).

Ultrasonic waves propagate at different velocities in differ-
ent materials. This is because the mass of the atomic parti-
cles and the spring constants are different for different ma-
terials. The mass of the particles is related to the density of
the material, and the spring constant is related to the elas-
tic constants of the material. The longitudinal ultrasonic
wave speed in a solid material can be found in Equation 1.
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Where, ¥, is the sound velocity (m/s), £ medium Young’s
Modulus (N/m2), v is Poisson’s ratio, and p is medium

density (kg/m3).

When an ultrasonic wave propagates through a medium,
its intensity diminishes with distance. The sound pressure
(signal amplitude) is reduced due to wave scattering. The
ultrasonic wave amplitude is further weakened due to scat-
tering and absorption. Scattering is the reflection of the
ultrasonic wave in directions other than its original propa-
gation direction. Absorption is the conversion of the wave
energy to other forms of energy. The combined effect of
scattering and absorption is called attenuation (symbol a).

Hence, when an ultrasonic wave propagates through the
husk-adulterated rice bran powder, its attenuation differs
as the husk concentration varies. This became the basic
principle of this method to evaluate the husk concentra-
tion in the adulterated rice bran.

Ultrasonic waves can be used to detect parts of objects
in detail because they have short wavelengths and great
penetrating power (Omar, 2012; Whangchai ez a/., 2015).
In addition, ultrasonic waves travel quite slowly, which is
about 100,000 times slower than electromagnetic waves,
allowing timely information, creating variable delays, and
so on (Omar, 2012). The ultrasonic wave transmission
technique is also commonly referred to as the Non-De-
structive Testing (NDT) technique (Alonso ez al., 2017
Pierre et al., 2013). In this technique, the parameters of
velocity (velocity propagation) and attenuation form the
basis of measurements to investigate information such as
physical and chemical properties (Hidayat ez o/, 2010),
structural changes, phase changes, charge transfers, and
microstructural changes (Fakhlaei ez /., 2020).

'The applications of ultrasonic waves in the evaluation of
testing various mediums and objects have not been re-
ported, nor in solid, liquid, gas, or powder mediums. It has
been reported that the acoustic attenuation of propagat-
ed ultrasonic waves in the husk-adulterated rice bran is
strongly correlated with husk concentration (Bhagaspati ez
al., 2021). The propagating ability of ultrasonic waves in
powder medium constitutes a special feature compared to

other methods (Al-Lashi ez a/., 2018).

Distance, porosity, fractures, and other physical character-
istics of the item being passed are all correlated with the
propagation velocity of ultrasonic waves (Suwandi ez /.,
2015). The user’s wording is insufficient and does not give
enough details to be rewritten clearly and concisely. How-
ever, the use of velocity propagation may include an unclear
association, which calls for the inclusion of the concept of
the attenuation coeflicient. The energy loss that happens

during the propagation of ultrasonic waves through a par-
ticular medium is measured by the attenuation coefhicient.
'The particular properties of a media determine how energy

is transferred through it (Alawsi, 2015; Pandin, 2021).

Previous research has shown that ultrasonic wave param-
eters (attenuation) can accurately be used to detect the
physical properties of materials. Measuring turbine steam
exhaust wetness (Zhu ez al., 2023), particle size distribu-
tion of carbonyl iron powder (Wei ez a/., 2023), determine
the material level, thickness, and temperature of carbon
steel materials (Tai ez @/, 2023), measuring the surface
roughness of materials (H. Liu ez 2/.,2023), material meas-
urement aluminum alloy 2219-O (S. Li ¢z a/., 2023), cav-
ity content and density of polyester filaments (K. Liu ez
al., 2017), testing the porosity of composite laminates (Z.
Li et al., 2014), detect Escherichia coli bacteria (Ravinder
Reddy ez al., 2001), metal-polymer composites (Hidayat ez
al., 2020) and detect contamination in the material (Bha-
gaspati ez al., 2021; Khairurrahman ez a/., 2021; Salsabila
etal.,2021).

Previous research measured the content of rice husks in
rice bran according to the results of the rice milling mill.
'The result of the study is that rice husks can be detected by
ultrasonic waves based on their acoustic properties, namely
attenuation. However, previous studies have not provided
information on the relationship between acoustic parame-
ters and the chemical content of materials, especially crude
fibers and lignin, only linking the physical properties of

materials based on density.

'This study was designed to determine the ability of ultra-
sonic waves to detect rice husks added to rice bran based
on physical properties associated with nutrient content.
'This research utilizes low-intensity ultrasonic waves of 50
kHz transmitted on rice bran mixed with rice husks with
particle sizes passing 30 mesh (<0.595 mm). The purpose
of this study was to determine the correlation between ul-
trasonic parameters (attenuation and velocity) and the nu-
trient content (crude fiber and lignin) of rice bran contain-
ing different rice husks. We believe that ultrasonic waves
can be used to determine the quality of rice bran without
chemical analysis.

MATERIAL AND METHODS

MATERIAL CHARACTERIZATION

The rice bran used is Banowati’s superior local strain of
rice from the Sindanglaya regional rice factory, Sindangsa-
ri Village, Sukasari District, Sumedang Regency. The grain
milling process goes through two stages: the first is break-
ing rice husks using Yanmar ECH60AN machines, and
the second is sowing using Ichi N70 750 machines. Char-
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acterization of rice bran using the sieve shaker filtering
method with meshes 10, 20, 30, 40, and 50. On the mesh
40 and 50, it looks not like rice husks and groats but flour-
like. This mesh is thought to consist of pericarp, tegmen,
and aeluron layers, as well as fine fragments of endosperm
(rice seeds) and as much as 48.1% of rice bran (Figure 1).
'The mesh of 10, 20, and 30 consists of husks and groats, as

well as 51.9% of rice bran.
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Figure 1: Rice bran particles based on mesh using digital
microscope (500x)

TREATMENT

'This study detected the content of rice husks in rice bran.
'The sample is carefully designed with the proportions of
rice husk and rice bran as follows:

R1 = rice bran 0% + rice husks 100%

R2 = rice bran 25% + rice husks 75%

R3 = rice bran 50% + rice husks 50%

R4 = rice bran 75% + rice husks 25%

R5 = rice bran 100% + rice husks 0%

In cases found in the field with dairy cows in the working
area of the Bayongbong KUD, the use of rice bran mixed
with high-milled rice husks (above 50%) in dairy cows
causes milk production, health, and reproductive systems
to be disrupted. 100% rice bran is a positive control, and
100% rice husk is a negative control.

Rice bran and rice husks are milled using a disk mill until
they all pass through a 30 mesh (0.58 mm). The sample
is then filtered using a sieve shaker for 10 minutes, then
filtered using a 30 mesh. Rice bran and rice husks are put
in the oven for 24 hours at 60°C. Then it is weighed based

on the proportion of treatment.

The treatment sample is made of 50 grams of rice bran
and rice husk, which are weighed according to the treat-
ment. Homogenization using the stirring technique (La-
corte e al., 2012). The sample is placed into a clean glass
or stainless steel bowl, and the homogenization process
is stirred using a stainless steel spatula or spoon until ho-
mogeneity of texture and color is achieved. All impurities
in non-representative materials (stones, wood chips, plant
material) must be removed. After homogenization, the
sample is stored in an airtight jar.

NUTRIENT QUALITY MEASUREMENT

'The nutrient content of the sample is analyzed using prox-
imate analysis and lignin content using van soest analysis
in the laboratory of ruminant animal nutrition and animal
feed chemistry, Faculty of Animal Husbandry, Padjadjaran
University.

Crude Fiber Content Analysis (Sudarmadji ez a/., 1997).
The sample is mashed so that it can go through a sieve
with a diameter of 1 mm and mix thoroughly. Next, ex-
tract 2 grams of fat using Soxhlet. The sample is transferred
into an Erlenmeyer of 600 ml. added 200 ml of boiling
H,SO, solution. closed with reverse cooling. Simmer for
30 minutes with an occasional wiggle. Filtered suspension
through filter paper. The residue left in the Erlenmeyer is
washed with boiling water. Wash the residue in filter paper
until the washing water is no longer acidic. Quantitatively
transferred residue from filter paper into an Erlenmeyer
back with a spatula. The rest is washed again with 200 ml
of boiling NaOH solution until all residues get into the Er-
lenmeyer. Bring to a boil with a reverse cooler while some-
times shaking for 30 minutes. It is filtered again through
filter paper of known weight while being washed with a
10% solution of K,SO , Wash off the residue again with
boiling water. Then, with 95% alcohol, about 15 ml. Dried
filter paper with contents at 110°C to a constant weight
(1-2 hours), cool in a desiccator, and weigh. The crude fiber
can be calculated as follows Equation 2:

Residual Weight = Crude Fiber Weight
2)

Lignin Content Analysis (Sudarmadji ez a/., 1997). Weigh
0.5 grams of sample and put it into an Erlenmeyer. Add-
ed 100 ml of ADF solution. Simmer on an upright cooler
for 60 minutes. Filtered the mixture with filter paper and
washed the precipitate with hot water. Take the precipitate
and transfer it to another Erlenmeyer. Added 2.5 ml of
72% H,SO,. Shake the mixture for 2 to 3 hours at 20°C.
Diluted concentration with aqueous to a mixture concen-
tration of 3%. Heated the mixture in a water bath at 100°C
for 2—4 hours. Filtered the mixture with a glass filter (2-
G-4) and washed the precipitate with hot aquadest sever-
al times. Rinse the precipitate with acetone several times.
Drain, filter, and precipitate in a 100°C oven until a fixed
weight is obtained. Spray filters and deposits in furnaces
at 400°-450°C until a fixed weight is obtained. The lignin

percent can be calculated as follows Equation 3:

Lignin Content (%) =" x 100
)

a = Filter weight and precipitate after drying (grams)
b = Filter weight and precipitate after grinding (grams)
W = Initial weight of the sample (grams).
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ULTRASONIC MEASUREMENT

Ultrasonic parameter measurement using a self-assem-
bled device by the Laboratory of Electrical Engineering,
Department of Electrical Engineering, Faculty of Math-
ematics and Natural Sciences, Padjadjaran University. The
devices used consist of a power supply, an ultrasonic pulse
generator, a signal amplifier connected to an ultrasonic re-
ceiver, a 50 kHz ultrasonic transducer (Table 1), an oscillo-
scope, and a sample holder. The ultrasonic wave signal is set
using waveform pulser ultrasound software. The distance
between the transmitter transducer and the receiver trans-
ducer is 1 cm (Figure 1).

Table 1: Transducer specifications used
Transducer Model
50K-P28F SDE323

Diameter
3.5 (cm)

Frequency

50 kHz

'The wave is sent to the test material by the transmitter and
received by the receiver. The power amplifier then first am-
plifies the signal before sending it to the oscilloscope. Ul-
trasonic waves experience a decrease in power as they pass
through the sample. Signal amplification is carried out
when a power drop occurs. The oscilloscope then displays
the information provided by the transducer and analyzes
the data obtained. Readings were taken on each mixture
five times. The block diagram of the system is presented
in Figure 2. The parameters measured are attenuation and
velocity.

Referring to Figure 2, the transmitter transducer generates
the ultrasonic wave by stimulating the transmitter with an
electrical pulse. The generated ultrasonic wave propagated
through the husk-adulterated sample and was received by
the receiver transducer. The received signal was amplified,
displayed, and recorded by a digital storage oscillator. The
wave velocity was calculated by measuring the distance
(L) and the time of flight (ToF) of the propagating sig-
nal. The ToF was determined by measuring the initial time
(the excitation pulse) and the received time. In addition,
the attenuation was calculated by measuring the initial
signal amplitude generated by the transmitter transduc-

er (Ai) and the signal amplitude received by the receiver
transducer (Ax).

'The amplitude and travel time values are recorded as con-
trol or calibration. The values of amplitude and travel time
can be observed through an oscilloscope. The amplitude
value measures the distance between the upper peak of the
wave and the lower peak of the wave during the trans-
mission process to the sample object. The initial value of
amplitude (Ai), amplitude of each sample (Ax), and travel
time are recorded. Samples with different concentrations
will produce different Ax values. This difference in Ax val-

ues will also result in different attenuation coefficient val-

ues in each sample.

Fe——————
| Pube Generator |
1
: High Voltage 1 Qscilloscope
! C I § cn2
| | g cat
: I
[ I ,
| i 1 Transducer Object Transducer
| STHVT48 ; (Transmitter) Sample (Receiver)
! I
| I
: I
- Amplifier I
| I
! I

Figure 2: Block diagram Series of rice bran measuring
devices using ultrasonic

'The way ultrasonic parameter measurement works is that
ultrasonic waves are passed on the sample, and the initial
amplitude before passing through the sample and after
passing through the sample is measured. The amplitude
will experience a reduction in energy as it passes through

the sample (Figure 3).

Attenuating wave

Attenuated wave

Exciting wave propagating distance,d

Figure 3: Signal attenuation on a medium (Olisa e al.,

2021).

'The stages of ultrasonic parameter measurement are as fol-
lows: First, the wave standard is set in amplitude, as seen
from the waveform. To get the wave, the position of the
two transducers is set so that the distance and position are
completely parallel and produce the desired wave. Then the
position of the transducer is locked and set as the ampli-
tude and start of calibration. The second stage is sample
measurement; the sample is inserted in a container be-
tween two transducers, and then the amplitude value and
travel time are recorded. After sample measurement, the
sample is removed from the container and then viewed for
amplitude and travel time. The amplitude and unsampled
velocity after measurement should be the same if unsam-
pled. If there is a difference in amplitude and travel time,
calibration is carried out to match the initial amplitude.

Testing rice bran using ultrasonic waves is currently a high
investment due to the high price of equipment and limited
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availability. It is a challenge to innovate in the manufacture
of spare parts to make portable rice bran testing equipment.
In addition, the measurement of rice bran using ultrasonic
waves is influenced by the environment, especially temper-
ature and the structure that supports and connects the two
transducers. Previous research reported that testing using
ultrasonic waves is strongly influenced by ambient temper-
ature. Signal response amplitude increases at 2090 °C but
decreases at 90-150 °C. (Raghavan & Cesnik, 2007). The
structure of the tool should be made of a material that does
not conduct ultrasonic waves to reduce the propagation
of waves that would otherwise pass through the material
(Gooberman & Mayer, 1970). The measurement obstacle
is to ensure the voltage that enters the power supply, be-
cause there are often changes that will cause the circuit to
burn. Next, make sure the sample site is made of material
that does not conduct waves. This will affect the reading
because the waves are supposed to propagate through the
material instead of through the sample container.

VELOCITY

The ultrasonic velocity calculation is obtained from the
distance traveled by the wave or the thickness of the me-
dium (L) divided by the time traveled by the wave during
transmission (t). The propagation speed is the distance that
the wave travels from the transmitter to the receiver Equa-
tion 4.

Velacity (C) = *

(4)

ATTENUATION

The calculation of the attenuation coefficient (a) is ob-
tained from one divided by the distance traveled (L) of
the wave during transmission, then multiplied by the nat-
ural logarithm (In), the ratio of the amplitude of the wave
before transmission (Ai) versus the amplitude of the wave
after transmission (Ax) Equation 5.

)

Attenuation () =

(5)

ANALYSIS STATISTICS

'The data were analyzed using a one-way ANOVA if there
was a noticeable difference, followed by the Duncan test.
Pearson correlation analysis was performed to determine
the effect of husks on attenuation and velocity, the effect of
husks on crude fiber and lignin content, and the relation-
ship between ultrasonic parameters and nutrient content.

RESULTS AND DISCUSSION

THE EFFECT OF RICE HUSKS ON ATTENUATION AND
VELOCITY

'The physical properties of materials affect the parameter
values of ultrasonic waves. The effect of rice husks on ve-
locity and attenuation is presented in Table 2.

Table 2: The effect of rice husks in rice bran on attenuation
and velocity

Parameters Treatment

R1 R2 R3 R4 R5
Attenuation, o 0.275¢ 0.247¢ 0.230> 0.200* 0.195*
(dB)
Velocity (m/s) 0.138* 0.156> 0.158> 0.164° 0.167¢

Description: R1 = 0% rice bran + 100% rice husk, R2 = 25% rice
bran + 75% rice husk, R3 = 50% rice bran + 50% rice husk, R4
= 75% rice bran + 25% rice husk, R5 = 100% rice bran + 0% rice
husk. Different superscripts show noticeable differences (0.05).

Based on the statistical analysis of attenuation content and
velocity of experimental rations in Table 2, the addition
of rice husks to rice bran significantly reduces attenuation
and increases velocity. Attenuation is highest at R1 0.275
and lowest at R5 0.195; velocity is highest at R5 0.167 and
lowest at R1 0.138. The magnitude of ultrasonic velocity
at the microscopic level is regulated by the molecular mass
and local stiffness, which in turn depend on the strength
of the interaction between molecules and their separation
(Guillermic e# al., 2023). Therefore, velocity depends on
the density and elasticity of the material, which is a good
check of the material properties.

'The attenuation value in this study was lower than the pre-
vious study. In testing rice bran samples mixed with rice
husks using a transducer for liquids with a frequency of
185 kHz, attenuation values range from 1.15 to 1.35 dB
(Bhagaspati e a/., 2021). Ethanol mixed with water using
a transducer for liquids with a frequency of 15 MHz has
an attenuation value ranging from 0.9 to 1.4 dB (Figueire-
do ez al.,2011,2012). This is due to the difference in the

transducer used as well as the sample used.

The speed of propagation of these ultrasonic waves is in-
fluenced by the physical amount of an object being passed
through, including distance, porosity, cracks, and others
(Suwandi ez al., 2015). Materials with high porosity pro-
duce ultrasonic waves that will be passed on more than
those absorbed. The smaller the particle density, the less
energy is absorbed and dissipated. Rice husks have a high
density because they contain semicrystalline silica and
cellulose nanofiber structures, and silica nanoparticles are
amorphous and have a larger specific surface area of 37.5

m (Shahi ef al., 2021).
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Among the components of lignocellulose, cellulose is an
important part of plant biomass, and homogeneous poly-
mers consist of glucose monomers. Cellulose can be con-
verted into cellulose nanofibers and cellulose nanocrystals.
In general, these two forms are demanding on nanocellu-
lose due to their unique properties such as nanodimen-
sional size, large surface area, low density, high strength,
high temperature resistance, and biocompatibility (Salas ez

al., 2014).

Individual lignocellulose and silica components from plant
biomass can be assembled into functional composite mem-
branes for the filtration of solute and gaseous particles.
For example, Kauldhar e# a/. developed flexible composite
membranes from cellulose, nano-sized silica, and lignin
nanofibers isolated from bagasse for water purification

(Kauldhar ez al., 2021).
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Figure 4: The effect of rice husks in rice bran on velocity
and attenuation

In Figure 4, this ultrasonic wave measurement shows that
the velocity increases along with the decrease in the rice
husk content in rice bran. In other words, the increase in
rice bran content is equal to the decrease in rice husk con-
centration or more rice bran in the sample. The ultrasonic
speeds of pure rice husk (at rice bran content of 0%) and
pure rice bran (at rice bran content of 100%) are 0.137
and 0.167 m/s, respectively. The ultrasonic wave propagates
faster at higher rice bran concentrations.

Attenuation decreased along with the decrease in rice husk
content in rice bran. This can be understood because the
increase in rice bran contains more rice bran in the sample.
'This results in more interfacial contacts between rice bran
grains and, hence, more wave absorption in the sample,
which in turn increases the attenuation value. The response
trend of crude fiber and lignin content in rations contain-
ing rice husks is very markedly linear, with a coefficient of
determination of 94.87% for attenuation and 82.55% for
velocity. This shows that the addition of rice husks to rice
bran has a very real effect on attenuation and velocity. The

linear regression equation model of increasing the addition
of rice husk (x) in rice bran to attenuation (y) is -0.0008x +

0.2704, and velocity (y) is 0.0003x + 0.1437.

Influence of rice husk on Crude Fiber Content and Lignin
In the preparation of rations, it is important to ensure that
the nutrients in the ration can be digested by livestock.
This digestibility is greatly influenced by the content of
crude fiber and lignin in the ration. The effect of rice husks
on crude fiber and lignin content is presented in Table 3

and Figure 5.

Table 3: The Effect of the Percentage of Rice Husks in
Rice Bran on the Content of Crude Fiber and Lignin

Parameters Treatment

R1 R2 R3 R4 R5
Crude Fiber (%) 41.82¢ 34.75¢ 28.74c 21.61> 14.25°
Lignin (%) 19,60 15.33¢ 11.44c 7.83° 3.85:

Description: R1 = 0% rice bran + 100% rice husk, R2 = 25% rice
bran + 75% rice husk, R3 = 50% rice bran + 50% rice husk, R4
= 75% rice bran + 25% rice husk, R5 = 100% rice bran + 0% rice

husk. Different superscripts show noticeable differences (0.05).

45

y=-0,2732x +41,891
R?=0,9974

y =-0,156x + 19,405
R?>=0,9981

0 25 50 75 100
Rice Bran (%)

% Crude Fiber (%) o Lignin (%)

Figure 5: The effect of rice husks in rice bran on the
content of crude fiber and lignin

Based on statistical analysis of crude fiber content and
lignin in experimental rations In Table 3, the addition of
rice husks to rice bran significantly reduces the content
of crude fiber and lignin. Crude fiber was highest at R1
41.82% and lowest at R5 14.25%; lignin was highest at R1
19.60% and lowest at R5 3.85%. With the decrease in rice
husk content in rice bran, it is very noticeable to decrease
also crude fiber and lignin. This is because rice husks are
lignocellulose biomass composed of 15-28% silica (Chiew
& Cheong, 2011; Ma ez al., 2011), 72-85% lignocellulose
(Kumar ez al., 2009; Lim ef al., 2012), 35-40% cellulose,
15-20% hemicellulose, and 20-25% lignin (Kumar ez a/.,
2009; Yu ez al., 2009). The results of crude fiber and lignin
analysis may differ due to variety, age, and analysis method.
So to get consistent results, you must know the variety and
age of rice and use standard analytical methods.
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Efforts to utilize rice husks are limited due to their hard,
woody, and abrasive nature; have low nutrients; resistance
to degradation; in large quantities; and high ash content
(Sun & Gong, 2001). Despite being high in lignocellulose,
rice husks have a complete nutrient content, such as small
amounts of other substances such as metal ions, chlorides,
phosphates, etc. (Chen e7 a/., 2013; Sun & Gong, 2001),
glucose 35.1%, xylan 9.2%, galactan 3.3%, arabinan 2.3%,
manan 3.1%, (Shahi ez a/., 2021).

Other researchers report that, in particular, rice husks con-
tain lignin, carbohydrates, nitrogenous substances, vita-
mins, organic acids, and mineral components, the content
of which depends on the rice variety and is influenced by
the geographical location and agronomic way of rice cul-
tivation. The carbohydrate components of rice husks in-
clude cellulose (the main component) and hemicellulose
(contained in slightly smaller amounts), which are dom-
inated by pentosan. Depending on the technique applied,
raw or pure lignin can be recovered from rice husks. Raw
lignin contains cellulose and ash. Nitrogenous substances
are mainly represented by proteins, and a small amount of
nitrogen consists of vitamins contained in rice husks. Or-
ganic acids contained in rice husks include acetic, citric,
fumaric, oxalic, and succinic acids, as well as some aromat-
ic acids. The main mineral component of rice husks that
causes the high ash content is silica. Ash also contains po-
tassium, sodium, magnesium, calcium, iron, and phospho-
rus, as well as small amounts of copper, iron, manganese,

and others (Efremova, 2012).

Proximate analysis showed the presence of carbohy-
drates (37.04%), crude protein (1.85%), water content
(7.93%), crude fat (3.76%), fiber (25.74%), and ash con-
tent (23.39%). Phytochemical screening of high amounts
of flavonoids, carotenoids, and glycosides in RH samples.
Vitamins such as A, C, D, E, K, and B complex (B1, B2,
B3, B5,B6,B7,B9, and B12) as well as minerals (calcium,
magnesium, potassium, sodium, zinc, iron, selenium, cobalt,
manganese, copper, and phosphorus) were also identified
in the samples. The GC-MS test on the samples found cy-
narin, demecolcine, penta-triacontene, hyoscyamine, khel-
tin, acetyldigoxin, quinoline-3-methyl, coumaric acid, co-
paene, benzyl benzoate, caryophyllene, danthron, lupenon,
beta-amyrin, ephedrine, alpha-ergosterol, galanthamine,
kawain, eugenol, anabasine, benzylisoquinoline, carpaine,
phytol, phytic acid, myrcene, lobeline, beta-caryophyllene,
sparteine, and emetine (Nnadiukwu ez a/., 2023).

The results of this study prove that the high nutritional
value and bioactive composition of rice husks indicate
that rice milling by-products have enormous potential to
be developed into feed ingredients with many benefits for
livestock. So that future research examines methods of op-
timizing the use of rice husks that have complete nutrient

content to improve livestock health and productivity.

In Figure 4, the response trend of crude fiber and lignin
content in rations containing rice husks is very linear, with
a coeflicient of determination of 99.74% for crude fiber
and 99.81% for lignin. This shows that the addition of
rice husks to rice bran significantly reduces the content of
crude fiber and lignin. The linear regression equation mod-
el increases the addition of rice husks (x) in rice bran to the
crude fiber content (y), which is -0.2732x + 41.891, and
the lignin content (y), which is -0.156x + 19.405.

Decrease in crude fiber and lignin content with reduced
rice husk content because rice husk is a material rich in
crude fiber. Crude fibers consist of cellulose, hemicellulose
and lignin (Zou & Yang, 2019). rice husk with lignin and
crude fiber, 25.74% (Nnadiukwu ez a/., 2023), Based on the
results of the analysis (Table 2), crude fiber was 41.82%
and lignin was 19.60%. Until then, the addition of rice
husk will increase crude fiber and lignin.

Lignin is a component of plant cell walls that cannot be
digested by livestock. Lignin in plants always binds to cel-
lulose and hemicellulose. The higher the lignin content in
the ration, the lower the digestibility of the ration, because
lignin is a compound that is resistant to chemical and en-
zymatic degradation (Lestari & Nuswantara, 2012). The
total lignin content (Klason lignin plus acid-soluble lignin)
increased during growth (from 16% in the 1-month-old
sample to 25% in the 9-year-old wood), whereas the con-
tent of other constituents (namely acetone extractives,
water-soluble material, and ash) decreased with maturity
(Rencoret ez al., 2011).

Although there is a linear relationship between the addi-
tion of rice husks and the content of crude fiber and lignin,
there may be other factors that influence nonlinear results.
'The presence of contaminants will affect the measurement
results. So it must be ensured that there are no other in-
gredients that are sources of contaminants in rice bran and
husks. Contaminants are usually dust, sand, rice parts, and
grain jams (leaves and stems) (Lacorte ¢z a/., 2012).

THE  ReraTioNsHip  BETWEEN  ULTRASONIC
PARAMETERS AND NUTRIENT CONTENT

After describing the effect of treatment on ultrasonic pa-
rameters and nutrient content, then we will discuss the
pattern of relationship between ultrasonic parameters and
nutrient content. The results of the correlation test of the
relationship between ultrasonic parameters and nutrient
content are presented in Table 4.
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Table 4: Correlation of the Effect of the Percentage of Rice Husks in Rice Bran on the Content of Crude Fiber and

Lignin

Parameters Rice Bran Attenuation  Velocity Crude Fiber  Lignin
Rice Bran 1 -.974" .909" -.999" -.999"
Attenuation -.9747 1 -.919” 975" .965”
Velocity 909" -.919" 1 -.896" -.912"
Crude Fiber -.999" 975" -.896" 1 997"
Lignin -.999" 965" -.9127 997" 1

**. Correlation is significant at the 0.01 level.

There was a strong link (P<0.01) between the acoustic
properties of attenuation and velocity and the nutritional
content of crude fiber and Lignin rice bran, as shown by
the correlation test. The positive correlation between at-
tenuation with crude fiber is 0.975, and attenuation with
lignin is 0.965. This means that the higher the attenuation,
the higher the crude fiber and lignin. The negative corre-
lation between velocity with crude fiber (-0.896) and ve-
locity with lignin (-0.912) This means that the higher the
velocity, the lower the coarse fiber and lignin.

50
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Figure 6: The relationship of attenuation with crude fiber
and lignin content on measuring the effect of rice husks in
rice bran

In Figure 6, based on regression analysis between atten-
uation with crude husky content and lignin, it was found
that in the experimental ration measurement of the effect
of adding rice husks in rice bran, there was a very real re-
lationship: the higher the attenuation of food, the higher
the content of crude fiber and lignin. The regression equa-
tion of the attenuation relationship pattern (y) and crude
fiber (x) is linear: y = 310.17x - 43.305, with a coeflicient
of determination of 95%, which means the relationship is
very strong. The regression equation of the attenuation (y)
and lignin (x) relationship pattern is linear: y = 175.36x
- 28.84, with a coeflicient of determination of 93.17%,
which means the relationship is very strong.

These results show that the quality of rice bran based on
the crude fiber and lignin content can be estimated using

ultrasonic parameters, i.e., attenuation. Future research will
focus on the use of low-frequency ultrasonic waves and
accommodate factors that affect measurements so that ac-
curate results are obtained.

CONCLUSION

Based on the results of research, there is a strong relation-
ship between ultrasonic parameters and the nutrient con-
tent of rice bran containing various rice husks. The positive
correlation between attenuation with crude fibre is 0.975,
and attenuation with lignin is 0.965. The attenuation coef-
ficient can be used as a parameter for estimating the con-
tent of lignin and crude fibre in rice bran. This research
proves the high nutritional value of rice bran can be de-
tected with ultrasonic waves. These results still need fur-
ther research to measure the factors that affect ultrasonic
wave transmission (amplitude) when measuring samples ,
as well as the manufacture of a series of compact ultrasonic

test systems so that they can be applied in industry or prac-
tically in the field.
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