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  ABSTRACT  
Bacillus subitilis, Subtilosin, 40kHz 
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 Bacillus spp. has a diverse set of properties that allow them to thrive in a 

variety of natural settings. Ultrasound illustrated a significant effect on 

the viability of bacterial form wounds swabs. One hundred soil samples 

were collected from Baghdad in order to isolate B. subtitles.  Also, forty 

clinical samples were collected from wounds swabs collected from 

different hospitals in Baghdad, Bacterial isolates were identified used 

standard techniques and diagnosed using VITEK® 2 system. 

Ammonium sulfate salt method were employed to extracted the crude 

Subtilosin in a saturation rate ranging from 40-80 %, then the mixture 

concentrated using cooled centrifugation at speed of 6000 rpm for 30 

minutes at a temperature 4°C and the sediment was collected. Gel 

electrophoresis using Sephadex G-150 was prepared/ Sample obtained 

from the previous step was applied onto the column. Elution was 

achieved at a flow rate of 30 mL/hr and the same buffer was used for 

equilibration. Absorbance of each fraction was measured at 280 nm. 

Enzyme activity was also determined in each fraction and protein 

concentration was determined according to standard techniques. Congo 

red and micro-titter method employed to detect the bacterial ability to 

produce the biofilm. Assessment of the effect of subtilosin A on the 

biofilm activity was detected via one ml of synthesized subtilosin of 

different concentration (100, 50, 25 and 12.5 mg  ̸ml) was added to 9 ml 

of Congo agar medium then left to dry at room temperature, plates were 

inoculated with pathogenic isolates and incubated at 37°C for 24 to 48 h. 

The micro-titer plate anti-biofilm assay estimates the percentage of 

bacterial biofilm reduction in relation to the control wells, which were 

set at 100% to indicate the absence of subtilosin. Bacterial suspensions 

(200 ml) were placed in a reaction vessel (250ml beaker) and sonicated 

by placing the reaction vessel containing the bacterial suspension 

(beaker) into the water of a 40 kHz ultrasonic cleaning bath (Langford 

Sonomatic 3757T Sonomatic Ltd. Birmingham, England). The 

temperature was maintained at 25 oC by employing ice bags. Sonication 

was performed at Power setting 100% intensity). Initial experiments 

analyzed using colony forming units (CFU/ ml) and colormtic effect. 

Enumeration of bacteria following experiments analyzed using Serial 

dilution and standard plate counts Results were converted into CFU/ml. 

Combined effect of ultrasound (40kHz, intensity 100%) and subtilosin 

(100, 50, 25 and 12.5%) together on the biofilm of different bacterial 

isolates. Samples of 200ml of Bacterial suspensions treated with 
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ultrasound (40kHz, intensity 100%) for 30 minutes. Samples were taken 

after 0,5,10,15 and 30 minutes, then treated bacterial samples incubated 

with subtilosin (100, 50, 25 and 12.5%) incubated at 37°C for 24 to 48 h, 

Samples were analysed using spectrophotometry to measure the OD. 

Forty swab were collected from wounds taken from different Baghdad's 

hospitals, bacterial isolates showed that highest incidence of bacteria 

were Pseudomonas (35%) followed by 17.5% K. pneumoniae, 15 % E. 

coli, 10 % each of S. aureus and A. baumannii, Proteus 7.5 % and 

Morganella 5%. Effect of subtilosin 100% on the biofilm production 

alone were detected using well diffusion methods to measure the 

Inhibition zone (IZ) for the subtilosin on bacterial isolates, result 

revealed that Acinetobacter baumannii significant inhibition 6 mm, 

followed by E.coli with 5mm, then Pseudomonas aeruginosa with only 

3 mm I.Z. On the other hand, Staph. auras demonstrated a highly 

resistance for subtilosin with only 2 mm of I.Z.  combined treatment of 

ultrasound 40 KHz bath and subtilosin (100%) causing a notably 

increase in the efficiency of Subtilosin while exposing the bacterial 

isolates to an ultrasound bath for 30 minutes only. The aims of current 

research is isolation and purification of subtilosin from B. subtilis 

bacteria and evaluation of subtilosin anti biofilm activities separately, as 

well as, assessment the effect of sonication (40 kHz) bath as 

combination treatment to identify a synergistic effect on the biofilm. 
   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Bacillus spp. have a diverse set of properties that allow them to thrive in a variety of natural settings. 

Invented a new antimicrobial agent is considering a crucial element in research field since decades. 

Subtilosin is a biosynthesis protein (Bacterocins) which has a restricted antimicrobial activity in 

contradiction many organisms. Subtilosin A is a bacteriocin produced by B.subtilis that has showed a 

powerful action against Listeria monocytogenes, simply it is a  protein that composed of 35 amino acids 

which are linked together to form a 3D protein .in general mechanism of action for subtilosin is unclear yet, 

however it has been reported that different cationic minerals is required to attract the anionic charge of the 

microbial cell wall. 

 

Ultrasound can produce cavitation bubbles within a liquid medium, which on collapse create extreme 

conditions (high temperatures - 5000ºC, pressures - 1000 atmospheres and free radicals H● and OH●). The 

radicals undergo subsequently reactions forming hydrogen peroxide (H2O2) in water. Recently many studies 

have emphasized the use of ultrasound for the disinfection of microorganisms such as bacteria, algae and 

protozoa. 

 

main effect of cavitation bubbles collapse on bacteria is to thin cell walls via thermal, mechanical and 

chemical effects (Mason and Lorimer 2001). Stable cavitation bubbles result in oscillation for longer times 

than transient cavitation bubbles, generating micro-streaming pressures within the surrounding cell 

membrane producing shear forces and damage to microbial cells (Mason and Lorimer 2001). 

 

Little is known about the antimicrobial activity of subtilosin A on the different bacterial spp., however it 
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consistently reported the antimicrobial effect of subtilosin A on certain species, here we describe and 

expanded evaluation of the effect of subtilosin A alone and in combination to ultrasound on the anti-biofilm 

productions. 

 

2. Material and Methods 

 

2.1 Collection of Soil Samples 

One hundred soil samples were collected from Baghdad in order to isolate Subitilis Ref One gram of the 

soil sample was mixed with 9 ml of distilled water to make 10-1 soil dilution, and then serial dilutions were 

made till 10-6 dilution. Subsequently, a loop full was taken from 10-3, 10-4, 10-6 and 10-5 dilutions, and 

streaked on Nutrient agar for 24 h in 35ºC.isolation of pathogenic bacteria from Wounds. Forty samples 

were collected from wounds taken from separate hospitals in Baghdad, including Educational Laboratories / 

Medical City, Baghdad Teaching Hospital and Shahid Ghazi Hospital for the period extend from 1-11-

2020-1-3-2021. Bacterial isolates diagnosed according to standard methods and VITEK System 

 

Bacterial isolates were identified at species level using VITEK® 2 system 

 

2.2 Subtilosin Production 

Single colonies were activated using tryptic soy broth and were incubated at 37 °C for42 hrs., then were 

taken and cultured on a skim milk agar medium plate and incubated at 37°C for 24 hrs (Sneath, 1986). 

 

2.3 Ammonium Sulfate Precipitation 

Twenty grams of ammonium sulfate salt were gradually added to the crude Subtilosin extract with 

continuous stirring to obtain a saturation rate ranging from 40-80 %, then the mixture concentrated using 

cooled centrifugation at speed of 6000 rpm for 30 minutes at a temperature 4°C and the sediment was 

collected. Then the obtained sediments were collected with saturation rates 40-80%, and it gave the highest 

specific effectiveness. The membrane osmosis process was performed against the potassium phosphate 

buffer for 24 hrs., during which the buffer solution was replaced several times to get rid of the ammonium 

sulfate salts, after which the crude extract was concentrated using the substance (PEG - 10000) (Poly 

ethylene glycol) to reach the appropriate size using dialysis tubes (Wingfield, 2005). 

 

2.4 Purification of subtilosin A by gel filtration chromatography 

Sephadex G-150 was prepared as recommended by Pharmacia Fine Chemicals Company. A quantity of 

Sephadex G-150 was suspended in 0.05 M phosphate buffer pH7, subjected to heating at 90C for 5 hrs to 

ensure the swelling of the beads, degassed, and packed in a glass column (2×40 cm), then equilibrated with 

the same buffer. Concentrated sample obtained from the previous step was applied onto the column. Elution 

was achieved at a flow rate of 30 mL/hr and the same buffer was used for equilibration. Absorbance of each 

fraction was measured at 280 nm. Enzyme activity was also determined in each fraction and protein 

concentration was determined using Bradford (1979). 

 

2.5 Antibacterial Effect of Subtilosin 

By well diffusion method, antibacterial effect of subtilosin was performed against the pathogenic bacteria 

after preparing of Muller Hinton agar plates take 100 miro litter from bacterial suspension and sepred the 

suspension over the agar by using a sterilized spreader and make pores in the agar to add different 

concentration of subtilosin to measure the inhibition zone after 24 h at 37degree in the incubator [12]. 

 

2.6 Detection of biofilm production 
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2.6.1 Congo red agar method 

After leaving the Congo agar medium to dry at room temperature, one milliliter of synthesized subtilosin of 

varying concentration (100, 50, 25, and 12.5 mg ml) was added to nine milliliters of the medium. The plates 

were then inoculated with pathogenic isolates and incubated at 37 degrees Celsius for 24 to 48 hours. 

(Hasan, 2016)  

 

2.6.2 Microtiter plate method 

To investigate whether or not bacteria are biofilm-forming, the microtiter plate method was utilized. First, a 

96-well microtiter plate with a flat bottom was filled with 180 microliter of brain heart infusion broth that 

had been sublimated with 2% sucrose. Next, the plate was inoculated with 20 iriterolcm of the bacteria 

culture that had been incubated for 24 hours (CFU of bacteria equivalent to 0.5 McFarland standard 

checked by Dens check). The control wells each received an additional 200 microliter of the brain heart 

infusion broth. Incubation was place overnight at 37 degrees Celsius with the microtiter plate covered (this 

process is repeated three times for each sample). After washing the wells with phosphate buffer saline with 

a pH of 7.2 to remove any cells that were not adhered to the well, the cells that were attached to the well 

were allowed to dry at room temperature. The wells each received around 200 microliters (0.1%) of crystal 

violets, and each received 20 mints. Before reading the wells with an ELISA reader, the crystal violet was 

removed, and the wells were washed three times with PBS (pH 7.2) to remove any unbound dye. The wells 

were then allowed to dry at room temperature. After reading the wells, the ELISA reader filled the wells 

with 95% ethanol and measured the absorbance of each well at 630 nm. (Bose et al, 2009ꓼ Khwen 2021). 

O.D values were classified into the following to determine the biofilm formation. 

OD ≤ ODC (NONE)  

ODC < OD ≤ 2ODC (Weak)  

2ODC < OD ≤ 4ODC (Moderate)  

4ODC < OD (High) according to (Babapour 2016). 

 

2.6.3 Subtilosin Antibiofilm activity on Microtiter plate method 

The antibiofilm activity of biosynthesized synthesized subtilosin by non-pathogenic B. subitilis against 

pathogenic bacterial isolates from clinical wounds samples were determined by co-incubation experiments 

dependently on the procedure described by AL−Sudani (2018) with modification. 

 

The control wells contained 180 microliter of brain heart infusion broth with 2% sucrose and 20 microliter 

of bacterial suspension. During the incubation that took place at 37 degrees Celsius for (24 and 48) hours, 

the microtiter plate that was covered was hermetically sealed with parafilm. In order to get rid of any 

bacterium cells that were floating free in the wells, a PBS solution was used three times (PH 7.2). 

 

Following drying at room temperature, 200 microliter of crystal violet solution containing 0.1 percent was 

applied to each well for a period of twenty minutes. After rinsing the dyed adherent bacterial cells three 

times with PBS (pH 7.2), letting them dry at room temperature, and then extracting them twice with 200 

microliter of 95% ethanol, the absorbance of each well was measured using an ELISA Reader at 630 nm. 

The inhibition of biofilm formation of each pathogenic bacterium was calculated as equation described by 

Namasivayam (2013). 

 

% Inhibition of biofilm formation = 
OD Control-OD Treatment

OD Control
 ×100 

 

The microtiter plate antibiofilm assay calculates the proportion of bacterial biofilm that was reduced in 
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comparison to the control wells, which had their concentrations of subtilosin adjusted to 100%. In contrast, 

data with a negative percentage show that subtilosin does not have any activity that inhibits the formation of 

biofilm. 

 

2.7 Effect of Sonication on bacterial isolates 

For low frequency ultrasound 40 kHz), bacterial suspensions (200 ml) were placed in a reaction vessel 

(250ml beaker) and sonicated by placing the reaction vessel containing the bacterial suspension (beaker) 

into the water of a 40 kHz ultrasonic cleaning bath (Langford Sonomatic 3757T Sonomatic Ltd. 

Birmingham, England). The temperature was maintained at 25 oC by employing ice bags. Sonication was 

performed at two power setting 100% intensity). Initial experiments analyzed using colony forming units 

(CFU/ ml). 

 

2.8 Enumeration of bacteria following experiments 

2.8.1 Serial dilution and standard plate counts 

The number of bacteria in suspensions was analysed using serial dilution and standard plate counts. This 

was achieved by adding 1 ml bacterial suspension using a micropipette to 9 mls of saline solution in a 

universal bottle and mixing using a whirly mix, to give a 1:10 dilution (1x101). The process is continued 

until 1:1000000 (1x105 cell/ml), which gave in a countable number of colonies of between 30 – 300 colony 

formation units (CFU) per agar plate. 0.1 ml serial dilution was placed on nutrient agar plates (28g of 

agar/1L distilled water) approximately 20 ml per plate and spread using a glass spreader, which was 

sterilised using 70% IMS and a Bunsen burner flame. Agar plates were incubated at 37˚C for 24 hours and 

the number of colonies was counted. Theoretically, CFU represents either a single bacterium or a colony.  

Results were converted into CFU/ml. 

 

CFU/ml = No. of colonies * volume of cultured sample * dilution of sample 

 

2.9 Combined effect of subtilosin protein with 40 KHz ultrasonic bath  

Preparing the bacterial suspension by adding a loop full to 250 ml brain heart infusion broth , incubate them 

for 48 h then centrifuge the samples for 15min on power 1000 rpm take the precipitate adding to 250ml of 

sterilized water and put in the  sonication bath 40khz take samples by 1ml micropipette at different times 

(zero time ,5,10,15 and 30mintes)  Testing the Combined effect of subtilosin protein by spreading a 

bacterial suspension on muller hinton agar plates and and making four pores in the agar the first pore left as 

control the with 100 microliter of protein  at different  concentration and the final with 50microliter 

antibiotic and 50microliter protein incubate the cultured media for 24h , then measured the inhibition zone  

 

3. Results 

Forty isolates were collected from wounds taken from different Baghdad's hospitals, including (Educational 

Laboratories / Medical City, Baghdad Teaching Hospital and Shahid Ghazi Hospital from period (15/ 11/ 

2021 to 1/ 03/ 2021), all sample were collected under collection and condition. Table 3-1 illustrates the 

distribution of these bacterial isolates and showed that highest incidence of bacteria were  

Ps. aeruginosa (35%) followed by 17.5% K. pneumoniae, 15 % E. coli, 10 % each of S.aureus and A. 

baumannii, Proteus spp. 7.5 % and  Morganella 5%. 

 

Table 1: Distribution of Burn and Wound Isolated Bacterial Species. 

Bacterial spp. N % χ2 df. P-value 

A. baumannii 12 10 % 51.15 df.= n-1 < 0.0001 ** 
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Bacterial spp. N % χ2 df. P-value 

E. coli 18 15 % 7-1=6 

K. pneumonia 21 17.5 % 

Morganella 6 5 % 

Proteus 9 7.5 % 

Ps. aeruginosa 42 35 % 

Staph 12 10 % 

Total 120 100% 

 

Recently by [1] has reported that Gram negative bacteria consider almost half of wound isolates, on the 

other hand gram positive isolates represent less than third of sum of isolates. Data revealed that Escherichia 

coli and P. aeruginosa represent major pathogenic gram negative bacteria what is compatible with the 

current finding. 

 

A study by [16] determined the most common pathogenic isolates from wounds and its susceptibility 

outline. 

 

[6], [8]. Bacterial colonization like P. aeruginosa and A. baumannii reach to blood stream and lymph nodes 

casing a colonization in the wound, Consciousness has been raised in last 20 years when isolated a highly 

resistant bacterial isolated from wound can shade a light development of microbial biofilm [11]. It’s became 

familiar, that microorganisms, turn to formation of biofilm under stressful conditions during this stage 

communicate with each other, passing chemical signals, assuring their mutual survival [4], [15]. The EPS 

biofilm matrix protects microorganisms from the action of antimicrobial drugs, as well as the host immune 

system [7]. 

 

3.1 Subtilosin Production 

Subtilosin production was performed on skim milk agar medium figure 1shows the Subtilosin-produced-

colonies, Agar well diffusion method was used to detect on Subtilosin production, all B subitilis isolates 

were able to produce Subtilosin. 
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Figure 1: Well-Diffusion Method for Subtilosin production. 

 

3.2 Characterization of Subtilosin 

3.2.1 Determination of Molecular Weight 

Molecular weight of the protein was determined by gel filtration chromatography. Sephadex G-150 column 

(1.5x80 cm) equilibrated with 0.2M phosphate buffer (pH 7.5) was used, and elution was performed with 

the same buffer. The following crystalline proteins served as molecular weight markers. The molecular 

weight of purified Subtilosin of Bacillus subitilis has a molecular weight of approximately (60mg/ml) by a 

comparison of the standard marker proteins. Purification of subtilosin by gel filtration chromatography 

 

Sephadex G-150 Subtilosin was purified, figure 2 shows purification of subtilosin by gel filtration 

chromatography. 
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Figure 2: Purification of subtilosin by gel filtration chromatography. 

 

3.3 Applications of Subtilosin 

3.3.1 Antibacterial effect of Subtilosin isolated form B. subtilis 

Antibacterial activity of Subtilosin against pathogenic bacteria E.coli, S.aureus, A. baumannii, K. 

pneumoniae, Morganella, Proteus , Ps. aeruginosa was determined the results were analyzed  using well 

diffusion method, inhibition zone was E. coli 5, S.aureus  3 mm, A. baumannii 4mm, K. pneumoniae 5mm, 

Morganella 0 mm, Proteus 3 mm. 

 

The ongoing development of resistant pathogens has sparkled an awareness in seeking alternative natural 

choice.  Combined therapy is a compromised means. A number of studies have been conducted, involving 

combinations of bacteriocins with other antimicrobials, to circumvent the development of antimicrobial 

resistance to enhance antimicrobial influence (Mathur 2017). While, bacteriocins with other existing green 

technology such as ultrasound. It is likely that role of synergistically with bacteriocins may expedite each 

other’s killing effects, thereby possibly reducing the likelihood of resistance development to either the 

bacteriocin or the antimicrobial stressor. Also, combinations of bacteriocins with sonication double the 

inhibition rate to remove a certain microorganism, (Mendes et al., 2009; Abdelraouf et al., 2012). 

 

3.4 Anti-biofilm effect of Subtilosin 

The antibiofilm activity of subtilosin isolated from non-pathogenic B.subtilis against pathogenic bacterial 

isolates from clinical wounds samples were determined by co-incubation experiment  and microliter  plate 

methods dependently on the procedure described by AL−Sudani (2018) with modification(figure 3) and( 

figure 4 ). 

 

 
Figure 3: Biofilm Formation by K. pneumoniae peumoniea using Congo Red Method. 
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Figure 4: Anti-biofilm effect of subtilosin A by microliter plate method. 

 

Table 2 below illustrates the values ant biofilm effect of subtilosin, in mm was 32.000, 32.500, 30.765 and 

1.900 respectively (figure 5). 

 

Table 2: Values of ant biofilm effect of subtilosin A against bacteria 

Descriptive Statistics  

Inhibition (mm)   Mean 
Std. 

Deviation 

 
 

A.bummanii 
 
24.842 

 
12.203 

 
 

 
E.coli 

 
24.286 

 
14.568 

 
 

 
K.pneumoniae 

 
25.400 

 
14.849 

 
 

 
Morginell 

 
23.500 

 
14.541 

 
 

 
Proteus 

 
24.889 

 
16.443 

 
 

 
Ps.auroginosa 

 
20.227 

 
13.399 

 
 

 
S.aureus 

 
24.750 

 
14.149 

 
 
ANOVA - Inhibition(mm)  

 

Sum of 

Squares 
df 

Mean 

Square 
F P 

Bacterial 

Spp  
647.663 

 
6 

 
107.944 

 
0.548 

 
0.771 

 

Residuals 
 
26582.428 

 
135 

 
196.907 

     
 Note.  Type III Sum of Squares 
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Figure 5: Boxplots of ant biofilm effect of subtilosin 

 

3.5 Effect of sonication on n bacterial (OD 0.017, 2×106 cell/ml) using a 40 kHz ultrasonic bath 

(Sonomatic 3757T Langford, Birmingham, England) for 30 minutes 

Sonication of 200ml Escherichia coli (OD 0.017, 106 cell/ml) with a 40 kHz bath (intensity 0.013 W cm3) 

resulted in a significant reduction in the number of live cells within the first 5 minutes treatment. Viable 

plate count reductions in the number of live cells continued over 30 minutes sonication By colony forming 

unit method (CFU) as shown in figure 6 the effect of subtilosin A was performed against growth of Ps, K. 

pneumoniae, E. coli, Staphylococcus, Morganella, Proteus and A. baumannii. 
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Figure 6: Sonication results of CFU in zero time and after 15, 30 min. 

 

3.6 Descriptive Statistics Sonication Effect According to Subtilosin Concentration 

Table 3 below illustrates the values of inhibition zones (around pathogenic-bacterial colonies) in millimeter 

(mm) of sonication effect according to subtilosin concentration, and shows that inhibition zone under 

sonication effect increased with increased subtilosin concentration, mean of inhibition zone in 4, 2, 1 and 

0.5 mg. was 2.033, 1.167, 0.600 and 0.400 respectively (figure 7). 

 

Table 3: Descriptive values of inhibition zones in millimeter (mm) of Sonication According to Subtilosin 

Concentration. 

Descriptive Statistics  

 
Inhibition (mm) 

  4 mg 2 mg 1 mg 0,5 mg 

Mean 
 
2.033 

 
1.167 

 
0.600 

 
0.400 

 
Std. Deviation 

 
0.765 

 
0.592 

 
0.563 

 
0.621 

 
Minimum 

 
1.000 

 
0.000 

 
0.000 

 
0.000 

 
Maximum 

 
4.000 

 
3.000 

 
2.000 

 
2.000 

 

 
ANOVA - inhibition (mm)  

Cases Sum of Squares df Mean Square F P 

subtilosin concentration 
 
146.319 

 
3 

 
48.773 

 
33.239 

 
1.402e-15 

 

Residuals 
 
170.211 

 
116 

 
1.467 

     

 
Note.  Type III Sum of Squares 
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Figure 7: Boxplots of inhibition zones in millimeter (mm) of Sonication According to Subtilosin 

Concentration. 

 

There are strong significant statistically significant differences at the level of significance (0.05) because the 

value of (P<0.05) and the calculated F value is greater than the tabulated F value at the same degree of 

freedom. 

 

This means that there is an effect on inhibiting the bacteria under study by increasing the concentration of 

antibiotics, taking into account the increase in time. (Table 4). 

 

3.7 Descriptive Statistics of Sonication According to B. subitilis Subtilosin and B. subitilis py 79 

Subtilosin 

Table 4 below illustrates the values of inhibition zones (around pathogenic-bacterial colonies) in millimeter 

(mm) of sonication effect according to B. subitilis subtilosin and B. subitilis py 79 subtilosin, and shows 

that inhibition zone under sonification effect that caused by Bacillus subitilis subtilosin was near to B. 

subtilis by 79 subtilosin effect, mean of inhibition zone was 1.083 and 1.017 mm respectively (figure 8). 

 

Table 4: Values of inhibition zones in millimeter (mm) of sonication effect according to Bacillus subitilis 

subtilosin and Bacillus subitilis py 79 subtilosin. 

Descriptive Statistics  

 
Inhibition (mm) 

  subtilosin  Bacillus subitilis py 79 

Mean 
 
1.083 

 
1.017 

 
Std. Deviation 

 
0.926 

 
0.873 

 
Minimum 

 
0.000 

 
0.000 

 
Maximum 

 
4.000 

 
4.000 
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Figure 8: Boxplots of inhibition zones in millimeter (mm) of Sonication According to Bacillus subitilis 

subtilosin and Bacillus subitilis py 79 subtilosin. 

 

3.8 D- Descriptive Statistics Sonication Effect against Pathogenic Bacteria 

Table 5 below illustrates the values of inhibition zones in millimeter (mm) of sonication against A. 

baumannii, K. pneumoniae and S. aureus shows that inhibition zone under sonication effect was higher in 

A. baumannii and S. aureus than K. pneumoniae, mean of inhibition zone was 1.025 and 1.375 mm vs. 

0.750 respectively, figure 3-18 shows boxplots of inhibition zones in millimeter (mm) of sonication against 

A. baumannii, K. pneumoniae and Staph.aureus (figure 9) and (figure 10). 

 

Table 5: Values of inhibition zones in millimeter (mm) of sonication effect against A. baumannii, K. 

pneumoniae and Staph. aureus. 

Descriptive Statistics  

 
inhibition (mm) 

  A. baumannii K. pneumonia Staphylococcus 

Mean 
 
1.025 

 
0.750 

 
1.375 

 

Std. Deviation 
 
0.832 

 
0.707 

 
1.030 

 
Minimum 

 
0.000 

 
0.000 

 
0.000 

 

Maximum 
 
3.000 

 
2.000 

 
4.000 
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Figure 9: Boxplots of inhibition zones in millimeter (mm) of Sonication against A. baumannii, K. 

pneumoniae and Staphylococcus. 

 

 
Figure (10) Viable plate counts for 200ml Escherichia coli (OD 0.017, 106 cell/ml) sonicated with 40 kHz 

ultrasonic bath (Sonomatic 3757T Langford, Birmingham, England) (intensity 0.013 W/cm3) for 30 minutes 

 

By using laboratory scale 40 kHz ultrasounic path, effect of sonication on wound isolated bacterial cells 

was performed. Table (5) below shows the effect of sonication according to time and shows that the colony 

count was decreased with increased time. 

 

Table 5: effect of sonication using 40 KHz ultrasonic bath on the viability of pathogenic bacteria analysed 

using colony forming unit. 

Descriptive Statistics  

 
Colony count. 

  Zero min 5 min 10 min 15 min 30 min 
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Descriptive Statistics  

 
Colony count. 

  Zero min 5 min 10 min 15 min 30 min 

Mean 
 

252.500 
 
251.750 

 
236.500 

 
198.750 

 
153.250 

 

Std. Deviation 
 

38.232 
 
38.939 

 
43.470 

 
26.247 

 
26.663 

 

Minimum 
 

198.000 
 
196.000 

 
177.000 

 
162.000 

 
129.000 

 

Maximum 
 

281.000 
 
280.000 

 
274.000 

 
220.000 

 
184.000 

 

 
ANOVA - Colony count.  

Cases 
Sum of 

Squares 
df Mean Square F p 

Time 
 
28932.700 

 
4 

 
7233.175 

 
5.770 

 
0.005 

 

Residuals 
 
18802.250 

 
15 

 
1253.483 

     

 
Note.  Type III Sum of Squares 

 

results reveled a significant reduction in the number of viable cells after sonication for 30 min, bacterial 

isolates diversely response for the sonication treatment as shown in table 6 below illustrates the values of 

colony count of S.aureus A. baumannii, K. pneumoniae and Pseudomonas, mean of count was 236.400, 

172.400, 236.600 and 228.800 respectively. Figure 6 shows Boxplots of the treatments (figure 10) and 

(Figure 11). 

 

Table 6: Values of colony count of sonication effect against according to type of bacteria 

Descriptive Statistics 

 Colony count. 

Staph A. baumannii K. pneumonia Pseudomonas  

Mean 236.400 172.400  236.600 228.800  

Std. 
Deviation 

50.733 28.395 
 

64.135 29.003 
  

Minimum 167.000 129.000  133.000 184.000  

Maximum 277.000 198.000  281.000 254.000  

ANOVA - Colony count. 

Cases Sum of Squares df Mean Square F p 

Bacterial 

Spp 
33563.383 

 
3 11187.794 

 
1.660 0.215 

Residuals 107838.800  16 6739.925    
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Note. Type III Sum of Squares 

 

 
Figure10: Boxplots of colony count under sonication effect according to type of bacteria. 

 

 
Figure11: Colony count of Bacteria after exposure to Sonication in different times. 

 

A study by [3] presented the sonication can enhance remove biofilm bacteria on the implant surface using 

ultrasonic energy (above 20 kHz). Before their study, [10] find out sonication for 1-5 minutes prior to 

starting the biofilm treatment ultimate for detach biofilm bacteria [18], [14], [2]. Reporting that low 

frequency ultrasound (20-40 KHz) is ideal to disrupt the biofilm [13]. 

 

A study by [9] concluded that sonication is as excellent to remove biofilm dislodgement than chelating 

agent (EDTA) and the reducing agent for of S. epidermidis, S. aureus, E. coli and P. aeruginosa biofilms. 

Future studies may evaluate potential additive effect of chemical dislodgement to sonication. 

 

4. Conclusion 

Highest incidence of bacteria in wounds was Pseudomonas (35 %) and lowest was Morganella (5%).The 
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molecular weight of purified Subtilosin of Bacillus subtitles has a molecular weight of approximately 4 

kDa. Antibacterial activity of Subtilosin against pathogenic bacteria was highest in A. baumannii (6mm) 

while no effect was noticed on Morganella (0 mm). Sonication effect was showed that the sonication results 

showed that there was a very clear efficacy on pathogenic bacterial isolates, which led to an increase in the 

effectiveness of Subtilosin despite exposing the pathological isolates to an ultrasound device for only 30 

minutes 
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