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Design of Ultrasonic Generator for the Inactivation of
 Gram-positive and Gram-negative Bacteria
-------------------------------------------------------------------------------------------------

ABSTRAC

It has created an ultrasonic generator as a destroyer of E.Coli bacteria.The range of frequency that produced by this ultrasonic generator is around 40 kHz up to 50 kHz. From the observation of death of E.Coli bacteria which is impacted by the ultrasonic wave radiation to the frequency variant used at the closed rank of 10-8 cfu/ml ( coloni forming unit / ml ) has obtained that the percentage of E.Coli bacteria death everage is increasing as well as the increasing frequency had been used. At the frequency of 40 kHz able to destroy E.Coli bacteria at the amount of 9,3 %, at the frequency of 42 kHz able to destroy at the amount of 14,1 %, at the frequency of 45 kHz able to destroy at the amount of 26,1 %, at the frequency of 48 kHz able to destroy at the amount 29,7 % and at the frequency of 50 kHz able to destroy at the amount of 38,8 %.By checking the result ot colouring gram of bacteria, we found that the cell of E.Coli bacteria has changed after we doing a radiation to that bacteria by using ultrasonic wave , such as ; the shape of bacteria is getting smaller, partition of the cell is cracked and lysis is occured on it.
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INTRODUCTION
Ultrasonic waves can now be applied to control bacterial growth. Ultrasonic waves radiated onto bacteria can damage protein molecules and nucleic acids, leading to bacterial death.

Based on their cell wall structure, bacteria are classified into Gram-positive and Gram-negative bacteria. Staphylococcus aureus is a Gram-positive bacterium belonging to the Micrococcaceae family. This bacterium typically forms golden-yellow pigments, is spherical (coccus) with a diameter of 0.5–1.25 micrometers, and its cells appear in grape-like clusters. Meanwhile, Salmonella is a genus of the Enterobacteriaceae family that is Gram-negative. These bacteria are rod-shaped, facultative anaerobes, and are aerogenic. Salmonella grows at an optimum temperature of 35–37°C. In electronic systems, ultrasonic waves are typically generated by a device known as a transducer. These ultrasonic transducers are usually made of piezoelectric materials. A piezoelectric material functions as a capacitor with a specific dielectric; consequently, when an electric voltage is applied, pressure is generated across its walls. Conversely, when pressure is applied to the material, an electric charge is generated across the walls. The ultrasonic transducer functions as a transmitter when voltage is applied to the piezoelectric material, and conversely, it functions as a receiver when the piezoelectric material is subjected to pressure. this research are to design an ultrasonic generator capable of killing Gram-positive and Gram-negative bacteria, the mortality percentage of Gram-positive and Gram-negative bacteria with respect to the frequency variations used and to observe the cell shape of Gram-positive and Gram-negative bacteria after treatment with ultrasonic waves.


MATERIAL AND METHOD
Ultrasonic Generator Design

This circuit consists of an ultrasonic transducer driven by a square wave with a frequency range of 50–65 kHz. The square wave is generated by an astable multivibrator circuit using an IC 555. The design of the ultrasonic generator is based on the circuit schematic below.
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Figure 1. The design of the ultrasonic generator
When the power supply is activated, the astable multivibrator operates to generate a continuous train of square waves. Since the signal generated by the astable multivibrator is relatively weak, an operational amplifier is required to produce a high-amplitude output signal.

Sample Treatment Preparation

The preparation steps include the sterilization of instruments and materials, media preparation, bacterial subculturing, and the preparation of Gram-positive and Gram-negative bacterial suspensions.

Sterilization is performed using an autoclave at a temperature of 121°C and a pressure of 2 atm. This process aims to eliminate all microorganisms present on the materials and instruments to be used in the research, thereby preventing contamination by foreign microorganisms.
The data collection flowchart is illustrated in the following figure.
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Figure 2. The design of the preparation of Gram-positive and Gram-negative bacteria 
To determine the mortality percentage of gram-positive and gram-negative bacteria, the bacterial samples—both before and after irradiation—are treated using the pour plate method. Nutrient Agar media, at a temperature of approximately 50°C, is poured into the samples. Once the agar has solidified, the plates are incubated for 2 × 24 hours (48 hours) in an inverted position. Subsequently, the number of gram-positive and gram-negative bacterial colonies that grow is counted.

The mortality percentage for Gram-positive and Gram-negative bacteria is calculated using the following formula:
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                       dengan:


P = Persen kematian bakteri bakteri Gram positif dan Gram negatif

A = Selisih antara jumlah koloni sebelum dan sesudah radiasi.


Y = Jumlah koloni sebelum radiasi.

Data Analysis
Based on the data obtained, the following will be determined:

a. The average value of bacteria. Gram-positive and Gram-negative bacteria affected for each frequency are:
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Where: 
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=  Average observation value.
    Xi  =   Observation result.



     n =   Number of samples.
b.  Determining the standard deviation using the formula:
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Where:
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 = Standard deviation.
RESULTS AND DISCUSSION
The results of this research are presented in the graphs below, covering various variations in distance and frequency. The graph illustrating the relationship between the average mortality of Gram-positive bacteria at a distance of 5 cm and the frequency variations used is shown in the following figure.
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Figure 3. Graph of Avarage Percentage of Gram + Bacteria Death with 5 cm Radiation Distance
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Figure 4. Graph of Avarage Percentage of Gram+ Bacteria Mortality with 10 cm Radiation    
                Distance
From the observation results of Gram-positive bacterial mortality due to ultrasonic wave radiation at a distance of 10 cm with frequency variations at a density of 10⁻⁸ cfu/ml, the percentage of Gram-positive bacterial mortality at a frequency of 50 kHz is 34.3%, at 55 kHz is 37.5%, at 60 kHz is 40.2%, and at 65 kHz is 43.5%. The table also shows the average Gram-positive bacterial mortality at 50 kHz is 42.6 cfu/ml, at 55 kHz is 46.3 cfu/ml, at 60 kHz is 52.6 cfu/ml, and at 65 kHz is 65 cfu/ml.

From the observation results of Gram-negative bacterial mortality due to ultrasonic wave radiation at a distance of 5 cm with frequency variations at a density of 10⁻⁸ cfu/ml, the percentage of Gram-negative bacterial mortality at a frequency of 50 kHz is 50.3%, at 55 kHz is 54.2%, at 60 kHz is 59.1%, and at 65 kHz is 63.6%. The table also shows the average Gram-negative bacterial mortality at 50 kHz is 49.3 cfu/ml, at 55 kHz is 62.3 cfu/ml, at 60 kHz is 87.6 cfu/ml, and at 65 kHz is 96.3 cfu/ml.

The graph of the relationship between the average Gram-negative bacterial mortality at a distance of 5 cm and the frequency variations used can be shown in the figure below.
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Figure 5. Graph of Average Gram- Bacteria Mortality radiation distance 5 cm.
From the observation results of Gram-negative bacterial mortality due to ultrasonic wave radiation at a distance of 10 cm with frequency variations at a density of 10⁻⁸ cfu/ml, the percentage of Gram-negative bacterial mortality at a frequency of 50 kHz is 47.7%, at 55 kHz is 50.5%, at 60 kHz is 54.1%, and at 65 kHz is 57.9%. The table also shows the average Gram-negative bacterial mortality at 50 kHz is 47.6 cfu/ml, at 55 kHz is 61 cfu/ml, at 60 kHz is 80.3 cfu/ml, and at 65 kHz is 90.6 cfu/ml.
rom the figure above, it can be seen that the average percentage mortality of both Gram-positive and Gram-negative bacteria increases in proportion to the increase in frequency. Similarly, for the average mortality of Gram-positive bacteria, the higher the frequency used, the greater the average bacterial mortality caused. The influence of the distance of ultrasonic wave radiation to the sample shows that the closer the radiation distance, the higher the percentage of bacterial mortality. This is because the intensity received by the sample is sufficiently high. The sound intensity received by the sample is proportional to the sound energy received by the sample, so the higher the sound frequency used, the higher the sound energy received by the sample.

With higher sound energy, the percentage mortality of both Gram-positive and Gram-negative bacteria also increases. This causes the effect of the ultrasonic wave energy on the bacteria to become stronger. This energy effect likely manifests as vibration or strong mechanical stress on the cells of both Gram-positive and Gram-negative bacteria, leading to coagulation (clumping) of proteins and damage to the bacterial nucleic acids. Damage to the bacterial cells will result in bacterial death. From the observation of the number of bacterial colonies grown on the media and the results of Gram staining, it is evident that there is a significant difference between bacteria treated with ultrasonic wave radiation and those not treated. Based on Gram staining results, Gram-positive and Gram-negative bacteria irradiated with ultrasonic waves show abnormalities in cell shape, including cell shrinkage, ruptured cell walls, and lysis (loss of intracellular fluid).
CONCLUSION
From the research and observations conducted, several conclusions can be drawn:

1. Ultrasonic generator has been designed that can be used to kill Gram-positive and Gram-negative bacteria, with a frequency range of approximately 50 kHz to 65 kHz.

2. Based on observations of Gram-positive bacterial mortality caused by ultrasonic wave radiation with variations in distance and frequency over a period of 10 minutes at a density of 10⁻⁸ cfu/ml, it was found that the average percentage of Gram-positive bacterial mortality increases in proportion to the increase in the frequency used.
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