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ABSTRACT

The study aimed to determine the effect of the fabricated ultrasonic device
in sterilizing culture media and inactivating Escherichia coli. The study was
conducted using a randomized experimental design. Thioglycollate broth
applied with sonic frequencies at 50,80, and 126 kHz for 15 minutes shows the
variability of absorbance readings. The findings revealed that after 15 minutes of
treatment, Thioglycolate broth exposed at 80 and 126 kHz is viable to be used as
a culture medium to inoculate the organism for microbial analysis, as evidenced
by the comparable results of the autoclaved sample. The medium was treated
at 50 kHz, and those untreated samples had higher absorbance readings than
the autoclave. Sonolysis at 15 minutes of exposure impacts the inactivation of
Escherichia coli at 50 kHz, 80, and 126 kHz, as seen in the decrease of the colony
count at increasing sonic frequencies. The results revealed a higher mean on
unsterilized plates with 126 kHz treatment, with a lesser colony count. Colony
count reductions of 6%, 14%, and 29% were obtained at ultrasonic frequencies
of 50 kHz, 80 kHz, and 126 kHz, respectively. The majority of the inactivation
occurred at 126 kHz exposure.
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INTRODUCTION
Bacteria have to be cultured in the laboratory on artificial media, and culture
media are typically sterilized to destroy the viability of the indigenous microbial

population before inoculation with the desired organisms (Henry, 2001). The
sterilization method most employed is heating with pressurized steam or autoclave,
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which is necessary for the destruction or complete removal of all microorganisms,
including spore-forming and non-spore-forming bacteria, viruses, fungi, and
protozoans. With this, ultrasonic devices are used for microbial control and
treatment in aquaculture facilities, ornamental water bodies, recreational waters,
and drinking water reservoirs. However, scientific literature has limited data on
microbial inactivation on culture media treated with ultrasound.

Ultrasonic processing is still in its infancy and requires much future research
to develop the technology on an industrial scale. According to Piyasena et al.
(2003), ultrasound processing or sonication is one of the alternative technologies
that has shown promise in the food industry. Sonication alone is ineffective in
killing bacteria in food; however, using ultrasound coupled with pressure and
heat is promising. Thermosonic (heat plus sonication), manosonic (pressure
plus sonication), and manothermosonic (heat and pressure plus sonication)
treatments are likely the best methods to inactivate microbes, as they are more
energy-efficient and effective in killing microorganisms.

The ultrasound is generated from mechanical or electrical energy via an
ultrasonic transducer (Zheng et al., 2017). Frequencies above 18 KHz are usually
considered ultrasonic. The frequencies used for ultrasonic cleaning range from
20 kHz to over 100 kHz. The most commonly used frequencies for industrial
cleaning are those between 20 and 50 kHz (Suslick and Price, 1999, as cited by
Mahvi, 2009).

According to some studies, ultrasound-induced cavitation is a handy and
versatile tool to carry out chemical reactions. Leong et al. (2011) described power
ultrasound as the section of the sound spectrum from 20 kHz up to around 1
MHz.

The basis of many ultrasound applications in this frequency range is acoustic
cavitation, which is the formation, growth, and collapse of microbubbles within
an aqueous solution resulting from pressure fluctuations in the applied sound
field. The event of a collapsing bubble is a microscopic implosion that generates
high local turbulence and the release of heat energy.

Leong et al. (2011) referenced Matula (1999) and suggested that the
illumination during acoustic cavitation is attributed to gas bubbles. Inertial
cavitation leads to elevated temperatures and pressures, initiating chemical
reactions within and around the bubbles. Consequently, the use of power
ultrasound for microbial destruction has gained significant attention as an
alternative to traditional bactericidal methods. While heating damages bacteria,

ultrasonic treatment has a more pronounced impact, as Harvey & Loomis (1928)
and Mahvi (2009) noted.
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Suslick and Price (1999) emphasized the role of cavitation, shear disruption,
localized heating, and free radical formation in causing bacterial cell damage,
with mechanical fatigue occurring over a frequency-dependent duration (Mahvi,
2009). According to Mason & Joyce (2008), as cited by Mahvi et al. (2005),
microstreaming-induced shear forces within bacterial cells result in the formation
of radicals, attacking the chemical structure of the cell wall and eventually leading
to its disintegration.

This is why brief exposure to ultrasound reduces cell wall thickness, attributed
to the release of the cytoplasm membrane. The deactivation of fecal coliforms is
likely due to a combination of physical and chemical processes occurring during
acoustic cavitation. Sound wave-induced vibrations cause gas vesicles within
cells to resonate, leading to bubbles’” formation, expansion, and contraction in
a phenomenon known as cavitation. Ultimately, the ultrasound disrupts these
bubbles, causing damage to the cells. The extent of cavitation and its impact on
the cells is regulated by the sound waves™ frequency, intensity, and duration, as
noted by Rajasekhar et al. (2012), as cited by Laliberte & Haber (2014).

Sterilizing culture media is a growing concern in hospitals, especially in the
Microbiology laboratory. Autoclave treatment is widely used for this purpose.
However, the rising daily volume of media to be sterilized and the limited
availability of autoclave machines in some hospitals have increased the importance
of ultrasonic devices. This shift is driven by the growing demand for alternative
methods in culture media processing.

FRAMEWORK

The study utilized the fabricated ultrasonic device and evaluated the effect
of sonication in sterilizing Thioglycollate broth before and after the inoculation
of the organism. Thioglycollate broth was sterilized at 50, 80, and 126 kHz,
and the absorbance readings were determined after 15 minutes of sonication
and 24 to 48 hours of incubation. The growth in the Nutrient agar was also
evaluated. Thioglycollate broth with Escherichia coli was subjected to autoclave
and ultrasonic treatment at 50,80, and 126 kHz for 15 minutes. The colony
count was determined using the pour plate method. Another set of Thioglycollate
medium inoculated with the bacterial suspension was treated at 126 kHz at
different time intervals, and the colony count was evaluated after 24 hours of
incubation (Cao et al., 2018). The constructed ultrasonic wave emitter was first
introduced in the study of Butao et al. (2013) and was proven effective as a
non-chemical approach for water decontamination. The results revealed that
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ultrasonic waves can deactivate microbes significantly in wastewater systems as a
function of frequency and time.

The study uses microbiological culture media, a solid, liquid, or semi-solid
composite designed to support the growth of microorganisms. It is represented
as the commonly seen solid agar in a dish (the Petri dish) or liquid broth in
a bottle (Sandle, 2023). The bacterium inoculated and used in the study is
Escherichia coli because it can be grown and cultured efficiently and expensively.
According to the World Health Organization (WHO) report (2018, February
17), most Escherichia coli strains are harmless, but some can cause severe food
poisoning, a foodborne disease. This is transmitted to humans primarily through
the consumption of contaminated foods.

The thermal effect of ultrasound has also been studied extensively (Suslick
& Nyborg, 1990). The study found that this thermal effect is primarily due to
cavitation, or the heat accumulation generated by high ultrasonic power and
signal duty ratio (Shi & Wang, 2012). However, the thermal effect may also
bring some security concerns. However, the thermal effect may also bring some
security concerns.

As is commonly understood, culture media are typically sterilized to eliminate
the existing microbial population before introducing the desired culture (Boeck
et al., 1989). The prevalent method for sterilization involves heating with
pressurized steam or using an autoclave. There is a smooth transition in elastic
mediums like air and most solids as sound waves propagate (Chen, et al., 2017).
The transition remains continuous in non-elastic mediums such as water and most
liquids, provided the sound’s amplitude or loudness is relatively low. However,
as the amplitude increases, the negative pressure in rarefaction areas eventually
reaches a point where it causes the liquid to fracture due to this negative pressure,
resulting in a phenomenon known as cavitation.

OBJECTIVES OF THE STUDY

The study aimed to determine the effect of the fabricated ultrasonic device
in sterilizing the culture media and inactivating Escherichia coli. Specifically, the
study attempted to address the following inquiries to determine: (1) the shelf life
of the Thioglycollate broth after the 15-minute application of sterilization and
after the 24 to 48 hours incubation of the following treatments: a) ultrasound at
50, 80, and 126 kHz for 15 minutes, b) unsterilized and ¢) autoclaving; (2) the
mean colony count of the nutrient agar inoculated with bacterial suspension of
Escherichia coli of the following treatments: a) ultrasound at 50, 80 and 126 kHz,
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and b) unsterilized and ¢) autoclaving; (3) the mean colony count of the Nutrient
agar after ultrasonic treatment (4) the percentage decreased of colony count on
Nutrient agar treated with ultrasonic exposures at 126kHz and different time
intervals, and (5) Is there a significant difference in the colony count of Escherichia
coli on Nutrient agar between untreated and the ultrasonically treated groups.

Hypothesis

H,; There is no significant difference in the colony count of Escherichia coli on
the nutrient agar between untreated and the ultrasonically treated groups.

RESULTS AND DISCUSSION

This portion presents and analyzes the data gathered throughout the entire
course of the experiment. The findings of the study were presented, analyzed,
and interpreted in five sections, namely, the Shelf life of the Thioglycollate broth
as reflected by its optical density, Growth on the Nutrient Agar after 24 and 48
hours of incubation, mean colony count of the Nutrient agar after ultrasonic
treatment, Significant difference of the colony count at different treatment
conditions. The percentage of the decrease in colony count treated at 126 kHz at
different time intervals of ultrasonic exposures.

The Shelf Life of the Sterilized Thioglycollate Culture Medium

Ultrasound at 50, 80, and 126 kHz for 15 minutes. Table 1 illustrates the
shelf life of the sterilized thioglycollate culture medium treated with sonication at
50, 80, and 126 kHz for 15 minutes with the untreated and autoclaved samples.
After 15 minutes and 24 to 48 hours of incubation, the optical density was
determined using the spectrophotometer read at 610 nm.
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Table 1

Absorbance Reading at Different Treatment Conditions on the Shelf Life with
Ultrasound at 50, 80, and 126 kHz for 15 minutes

Sonication Frequencies Absorbance Reading
(kHz)

after 15 minutes after 24 hours  after 48 hours of
of incubation  incubation

50 0.083 0.672 0.974
80 0.051 0.356 0.655
126 0.049 0.070 0.169
Control (unsterilized) 0.091 0.701 0.998
Control (Autoclaving) 0.048 0.059 0.089

Results in Table 1 reveal an absorbance of 0.083 at 50 kHz, 0.051 at 80 kHz,
0.049 at 126 kHz, 0.048 when autoclave, and 0.091 for untreated samples. After
24 hours of incubation, absorbance readings at 50 kHz increased to 0.672, 0.356
at 80 kHz, 0.070 at 126 kHz, 0.059 for autoclave, and 0.701 for untreated
samples. Absorbance reading further increased after 48 hours of incubation. At
50 kHz, the absorbance reading was 0.974, 0.655 at 80 kHz, and 0.169 at 126
KHz. The untreated sample has a 0.998 absorbance reading, while 0.089 for the
autoclave.

The findings reveal that after 15 minutes of treatment, Thioglycollate broth
exposed at 80 and 126 kHz (a difference of 0.001 to 0.003) had a comparable
result with the autoclaved sample. Organisms can be inoculated for growth
because sterility is ensured. The medium treated at 50 kHz and those untreated
samples have higher absorbance readings with a difference of 0.035 and 0.043,
respectively, compared to the autoclave. Shareef, Hamasaeed, & Ismaeil (2019)
upheld that a few minutes of heating by microwave oven irradiation is a practical,
accessible, rapid, and economical (energy-saving) way to sterilize different sizes
of different types of culture media with no effects on the quality of culture media
and microbial growth after incubation.

After 24 hours of incubation, there was evidence of turbidity on solutions
treated with 50 kHz sonication and the unsterilized medium with a cloudy
appearance at 80 kHz. There is a more significant increase in the absorbance
reading for solutions treated at 50 kHz and those untreated. At 80 kHz and
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126 kHz, there was a 0.297 and 0.011 difference from the autoclave sample.
Thioglycollate broth remains clear at 126 kHz, comparable with the autoclave
treatment. When culture specimens are taken, swabs should be moistened (with
saline solution), and the sample should be plated onto blood agar or into nutrient
and Thioglycollate broth as soon as possible (Maggs et al., 2008).

Incubating the medium for 48 hours increased the absorbance reading of
those treated at 50 and 80 kHz, as reflected by its turbid and cloudy appearance.
There is an increase of absorbance on samples treated at 126 kHz and autoclave
with a difference of 0.08. At 48 hours of incubation, Thioglycollate medium
showed a slightly cloudy appearance.

The absorbance reading or optical density indirectly reflects the number
of bacteria in a solution. This determines the number of bacteria growing in
a culture at certain times based on the absorbance of the suspension. Using a
spectrophotometer increases the amount of absorbed light as the cell population
increases. Optical density (OD) as an indication of biomass density is readily
applicable to microalgae cultivation and has been used on a laboratory scale
to significant levels of success. Biomass can be measured online using OD
measurements at various wavelengths calibrated by offline dry weight and cell
counts (Chuka-Ogwude et al., 2020; Havlik, 2013). OD measurements can be
based on absorption, transmission, reflection, and scattering properties of the
culture broth, and several inline optic fiber probes have been designed based on
these and are commercially available.

In the laboratory, it is essential to sterilize culture media before inoculating
bacteria and incubating at 37 degrees Celsius. Research indicates that exposing
Thioglycolate medium to 126 kHz for 15 minutes results in a clear solution
comparable to autoclaving, with viability lasting up to 24 hours. The solution
remains clear, showing a slight absorbance difference of 0.011. Mahvi (2009)
notes that ultrasonic cleaning frequencies typically range from 20 to over 100
kHz.

In non-elastic media like water and most liquids, increasing the amplitude
causes negative pressure in rarefaction areas, leading to liquid fracture—a
phenomenon known as cavitation (Zupanc et al. (2019). According to Erriu et
al. (2014) and Baker et al., (2001) that the effects of cavitation on bacteria can
be divided into several stages: (a) Under the action of ultrasound, the micro-
bubbles will periodically expand and contract and the nearby bacteria and
bacterial film will also scale accordingly; (b) If the ultrasonic intensity is high
enough, the generated pressure gradient will burst the bubbles instantancously,
and the resulting instantancous shearing force may have a shearing effect on the
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bacterial membrane, thereby destroying the original structure of the bacterial
membrane (Guzman et al., 2003; Suslick & Nyborg, 1990); (c) Cavitation may
cause the degradation of local water, thereby deriving the antibacterial ammonia
peroxide (Fedorov et al., 2022). At present, the cavitation effect of ultrasound has
been extensively studied. Regarding bacterial inhibition, newer studies have paid
more attention to the effects generated after the bubble burst, such as microjets.
Cavitation bubbles form at these sites, oscillating under positive pressure influence
and growing to an unstable size. The violent collapse of these bubbles results in
implosions, emitting shock waves from the collapse sites (Mahvi, 2009).

Bacterial Growth on the Nutrient Agar After Sonication and Autoclaving

Observation of Colonies in Incubated Plates after 24 to 48 hours. After
the application of the different treatment conditions for 15 minutes, 1 ml. of
Thioglycollate broth was poured into the empty Petri Dishes together with the
melted Nutrient agar in replicates. Plates were incubated for 24 to 48 hours, and
the growth of colonies were observed. Table 2 shows the growth of organisms
after each treatment together with the unsterilized sample.

Table 2

Incubation Periods in 24 and 48 Hours on the Shelf-Life Bacterial Growth on the
Nutrient Agar After Sonication and Autoclaving

SONICATION INCUBATION PERIODS (Hrs.)
FREQUENCIES (kHz)
24 48
50 3 plates with growth 3 plates with growth
80 2 plates with growth, 3 plates with growth

1 plate without growth

126 3 plates without growth 2 plates with growth,
1 plate without growth

Control (Unsterilized) 3 plates with growth 3 plates with growth
Control (Autoclave) 3 plates without growth 3 plates without growth

As seen in Table 2, colonial growth was observed at 50 and 80 kHz in the
unsterilized samples after 24 and 48 hours of incubation. Considerable colonial
growth was observed at 50 kHz, while a combination of small and medium-sized
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colonies was observed at 80 kHz. Petri plates exposed to autoclave and 126 kHz
treatment showed no growth in all the replicates after 24 hours of incubation.
However, after 48 hours, two of the three plates showed growth for plates with
126 kHz sonication, while no growth was observed in the autoclaved plates. This
indicates that the culture media was sterilized at 126 kHz and is viable until 24
hours of incubation. It is further observed that ultrasound treatment at 126 kHz
is more effective than at 50 and 80 kHz. Stable and inertial cavitation thresholds
for combinations are reported here for 120-kHz ultrasound. The mass loss was
also measured for exposure to 120 kHz, 80% duty cycle ultrasound without any
cavitation present, with stable cavitation alone, or with both stable and inertial
cavitation (Dartta et al., 2006).

It is often necessary to determine how many live bacteria are seen in a sample,
especially when measuring growth rates or determining disinfectant effectiveness.
This involves plating them on suitable growth media, particularly the Nutrient
Agar. The plates are incubated until visible colonies are seen, usually 24 to 48
hours. The colonies growing on the plate are considered to have started from one
viable bacterial unit. As in the case of this experiment, ultrasound creates large
cavitation bubbles at 126 kHz, which collapse upon and initiate powerful jet
streams exerting shear solid forces in the liquid medium. However, the formation
of a colony observed after 48 hours of incubation may be prevented by increasing
the time of sonication application.

The growth of colonies on the agar plates (Cooper et al., 1968) after 48 hours
of incubation could be attributed to the spore-forming ability of the Gram-
positive rod bacteria. Spores could be resistant to ultrasound waves at these
frequencies. After the ultrasonic treatment, the non-spore-forming bacteria could
have been killed, and what remains are those that were spore-forming rods, which
were temporarily inactivated and started to germinate during the 48 hours of
incubation.

The findings also reveal that saturated steam under pressure is the most
practical and dependable agent for sterilization. The autoclave sterilizes anything
that is not injured by steam and high temperature. This includes most solid and
liquid media types, solutions, rubber tubing and stoppers, discarded cultures,
and contaminated media before washing. This finding supports the works of
Rutala & Weber (2015), who claimed that medical devices that have contact
with sterile body tissues or fluids are considered critical items. When used, these
items should be sterile because any microbial contamination could result in
disease transmission. Such items include surgical instruments, biopsy forceps,
and implanted medical devices.
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Mean Colony Count of Escherichia coli on Nutrient Agar Treated at Various
Ultrasonic Frequencies

Inoculation of Escherichia coli and Exposure to Different Ultrasonic
Treatments for 15 minutes. Escherichia coli was inoculated on nutrient agar and
exposed to ultrasonic treatment for 15 minutes to detect the bacterial content of
the specimens adequately. Table 3 reveals the mean colony count of the culture
medium at different treatment conditions.

Table 3

Mean Colony Count of the Nutrient Agar Inoculated with Escherichia coli at
Different Treatment Conditions for 15 minutes

SONICATION FREQUENCIES MEAN COLONY COUNT (CFU/ml)

(kHz)
Unsterilized 360,000
50 338,750
80 312,500
126 255,833

Results reveal a mean of 360,000 CFU/ml on unsterilized plates. At 50
kHz, the mean colony count was 338,750, while 312,500 CFU/ml was at 80
kHz. Plates with 126 kHz treatment have a mean colony count of 255,833
CFU/ml. Comparing the results with the unsterilized, it is evident that colony
count decreased when ultrasonic treatment was applied to the culture medium
inoculated with E. coli. Colony count reductions of 6%, 14%, and 29% were
obtained at ultrasonic frequencies of 50 kHz, 80 kHz, and 126 kHz, respectively.
The majority of the inactivation occurred at 126 kHz exposure.

The findings show that ultrasonic treatment can reduce colony count when
sonication is applied at different frequencies within 15 minutes of exposure. It
indicates that as the sonic frequencies increased, the bacterial counts decreased,
which is supported by the works of Dodge and Ludington (2023), who drew a
boundary box of the area for which counting is to be done. Adjust the size and
proportion undl all the spots are within their sonication of cells.

Cavitation, induced by ultrasound at low frequencies, is an effective means
for the disintegration of bacterial cells. According to Neis and Blume (2003),
at low ultrasound doses bacteria, and flocs can be decamped by mechanical
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shear stresses, and at increased doses ultrasound cavitation has an impact on the
cell walls such that they are broken. These findings align with the study made
by Dehgahani (2019) on the inactivation of Clostridium perfringes causing
sonolysis as a result of acoustic cavitation on the bacterial cells. Accordingly, the
cells are rendered inviable during ultrasound waves due to free-radical actacks,
including hydroxyl radical attack and physical disruption of the cell membranes.
The findings made by Allison et al (2007) show that cell viability on Escherichia
coli decreased exponentially with time at different intensities of ultrasound due
more to mechanical effects.

Colony Count at 126 kHz Ultrasonic Treatment at Different Time Exposures

Ultrasonic Treatment at Different Time Exposures. Table 4 presents the mean
and the percentage decrease of colony count sonicated at 126 kHz exposed at
different intervals of time exposure.

Table 4

Colony Count at 126 kHz at Different Time Intervals

Treatment Time Colony Count Percentage Decreased
Interval (CFU/ml) Against Unsterilized Sample
Control (Unsterilized) 360,000

15 minutes 255,833 28.94%
45 minutes 212,500 40.98%
60 minutes 160,416 55.44%
90 minutes 107,916 70.03%
105 minutes 4,200 99.61%
120 minutes 0 0%

The findings in Table 4 show the decreasing effect of ultrasonic treatment
at 126 kHz on colony count. From a mean count of 360,000 CFU/ml for the
unsterilized samples, there was evidence of a 28.94 % decrease at 15 minutes
of exposure, 40.98 % at 45 minutes, 55.44% at 60 minutes, 70.03% decrease
at 90 minutes and 99.61% at 105 minutes exposure. Escherichia coli was
deactivated at 120 minutes of exposure, as evidenced by the 0% growth in the
Nutrient Agar. The results affirmed the study of Meena, Byresh, Sunil, Rawson,
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and Venkatachalapathy (2023) that treatment significantly enhanced microbial
growth and reduced the fermentation time. Sonication increased the total phenol
content, total flavonoid content, antioxidant activity, and reduced sugar content.
The particle size was significantly reduced for sonicated samples, which could
also be responsible for the enhancement of microbial growth.

Additionally, the results show that increasing sonication time significantly
affects bacterial kill. It is anticipated that ultrasonic waves hit the microbial cell
walls. Bacteria are susceptible to low-frequency and low-intensity ultrasound.
Part of them are neutralized, which has been proved by a lower number of CFUs
in sonication groups than in the control group (Dudek et al., 2020). The more
giant bubbles upon implosion give a high mechanical effect, leading to microbial
cell disintegration. The temperature rises in each sample with the increase in
treatment time. At low treatment time, less ultrasonic energy is supplied to the
culture medium, resulting in bacteria deagglomeration but without bacterial
cells” disintegration. Thus, to damage the organism’s higher ultrasound energy
input, it is necessary.

Significant Difference in the Colony Count Inoculated with Escherichia coli.

Colony Count Inoculated with Escherichia coli. Table 5 shows the significant
Difference test in the mean colony count between the unsterilized and the
ultrasonic-treated groups.

Table 5

Test of Significance Using One-Way ANOVA

Computed - Analysis at ..
Variables dh ANOVAp F-value V:lue 0.3({)5 Ticaision
Colony Count 11 138.638 0.000  Significant  Reject Hp
Untreated
50 kHz
80 kHz
126 kHz

Colony count significantly differs at a 0.05 significance level, with a p-value of
0.000 and an F value of 138.638. This proves that ultrasonic treatment on culture
media can decrease colony-forming units per milliliter of the sample. Ultrasonic
treatment increasing the magnitude of sonic frequency leads to an improvement
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of microbial inactivation on culture media inoculated with Escherichia coli.
(Nunes, da Silva, Bastos, & de Souza, 2022). Based on the results of Table 4,
the null hypothesis is rejected. The improvement of mechanical properties for
the ultrasonic melt-treated alloy is attributed to grain refinement and texture
evolution. Choosing the appropriate input acoustic pressure ratio is essential to
optimize the grain refinement of DUF melt treatment. Under the premise of
relevant symmetrical distribution of the cavitation area, increasing the acoustic
pressure input for 15 kHz ultrasonic is beneficial to improve the grain refinement
efficiency. (Chen, Jia, Le, Ning, Yin, Hu, & Yu, 2021).

Significant Difference Using Multiple Comparisons
Multdiple Comparisons of Three Treatment Groups. Table 6 presents the

significant differences in the colony count among the three treatment groups at
a 0.05 significance level.

Table 6

P-values Using Multiple Comparisons

Groups p-values  Analysis at 0.05 Decision
A. Unsterilized against
50 kHz 0.004 Significant Reject Hy
80 kHz 0.000 Significant Reject Hy
126 kHz 0.000 Significant Reject Hy

B. 50 kHz against
80 kHz 0.001 Significant Reject Hp

C. 80 kHz against
126 kHz 0.000 Significant Reject Hy

Comparing the results with the unsterilized group, ultrasonic treatment at
50,80 and 126 kHz frequencies significantly reduced the colony count, having a
p-value of 0.004 and 0.000, respectively. Ultrasonic treatment at 50 kHz against
80 kHz revealed a significant difference in the colony count with a p-value of
0.001. However, ultrasonic treatment at 80 kHz against 126 kHz depicted a
significant difference in the colony count with a p-value of 0.000. As reflected
in the results, the null hypothesis is rejected. The findings validate the study
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of Butao et al. (2013) that ultrasonic application can have a viable effect on
decreasing bacterial growth. In connection with microbial deactivation, the large,
suspended matter hindered the direct contact of the sound waves with the target
organisms. As matter may absorb, reflect, or scatter some of these waves and
change their basic properties (such as wavelength, speed, and amplitude) before
hitting the target, it may act as a shield against the biocide effects of the waves.

However, with increasing frequency and exposure time, more suspended
solids will be deagglomerated to finer particles. Hence, microbes will be in direct
contact with ultrasonic waves and are effectively deactivated. The high-intensity
ultrasound is a versatile technology with different applications in food safety and
product development. However, the effects of this technology are still varied and
very dependent on the processing parameters, which affect the acoustic intensity
or the total acoustic energy received by the food. Due to other factors, there
is no ideal ultrasonic power or treatment time for each ultrasound application
(Guimaraes et al., 2021).

CONCLUSIONS

Based on the findings, the fabricated ultrasonic treatment can be used as a
sterilization medium for culture media. Ultrasonic waves ranging from 50 to
126 kHz significantly decrease bacterial growth in the culture media. However,
complete inactivation of Escherichia coli should be done at a sonic frequency
of 126 kHz for 120 minutes of exposure. The results showed that the colony
count decreased as exposure time was increased. Therefore, a recommendation
was formulated for future studies to optimize the use of higher frequencies and
add exposure time to attain maximum deactivation performance of the ultrasonic
treatment, utilize other bacterial pathogens with clinical importance, and utilize
other culture media to evaluate the ultrasonic effect and examine its viability.
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