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Abstract: Healthcare-associated infections also known as nosocomial infections, are a leading global health 

concern, compromising patient safety in hospitals and healthcare facilities. These infections can occur during 

medical care and even after discharge, impacting both patients and medical staff. Candida albicans is a common 

cause of responses. Fluconazole is effective against Candida infections, but alternative treatments are needed due 

to rising antibiotic resistance. This study aims to investigate the impact of Baroque music on nosocomial 

pathogens, with objectives including collecting pathogens from hospitals, optimizing growth parameters, 

performing sound wave treatment and assessing growth and susceptibility. The study found that music stimulation 

reduced cell viability and impacted antibiotic susceptibility in test organisms. Sound waves were shown to 

influence microbial growth and metabolism, offering a potential alternative to traditional antibiotic treatments. 

The findings suggest that audible sound, such as music, has the potential to disrupt microbial growth and reduce 

the spread of nosocomial infections, providing a novel approach to infection control. 
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1. Introduction 

Healthcare associated infection, also known as nosocomial infection occurs in hospitals (1). According to the 

Centre for Disease Control's (CDC), Nosocomial Infections Surveillance (NIS) study, Candida albicans and its 

related species are the 6th most common cause of nosocomial infections (2). Candida infections are generated by 

the patient's own microflora, whereas Aspergillus infections are caused by inhaling fungal spores from 

contaminated air during hospital construction or remodeling (3). 

Fluconazole has excellent antifungal activity against Candida albicans in vitro. Fluconazole is additionally 

effective against non-albicans fungus species like fungus parapsilosis, and fungus glabrata. Sound waves are 

classified into three types: infrasound (104 20 Hz),audible sound ( 20 10-4 Hz) and ultrasound ( 2 104 1012 

Hz).(7). Human ears receive various sound waves and integrate them into a reaction, which is then delivered to 

the brain, which perceives stimuli such as music, sound, and noise. As a result, taking into that consideration that, 

Sound is a mechanical wave that causes a disturbance in the medium, Water is an excellent sound conductor. Cells 

and bodily fluids are primarily made up of water. The sum of pure sound frequencies can be described as music. 

The influence of audible sound (whether in the form of music or elsewhere) on microbes has received little 

attention. music has a positive impact on emotions, stress, and the immune system. Neurotransmitters, hormones, 

cytokines, and peptides are biochemical molecules that operate as a link between music and its effects [4]. Music 

also influences the production of metabolites, antibiotic sensitivity in organisms. The present research examines the 

influence of Baroque music on particular aspect. The effect of audible sound in the form of music can stimulate 

the acoustic stress that can disturb growth of microorganisms. To reduce the use of antibiotics and to control the 

side effects which caused by long term usage of such medication. Hence the aim of this study is to reduce the 

effect of nosocomial infection with the help of music using the following objectives: To collect the nosocomial 

pathogens from hospitals, to optimize the microbial growth and to degrade the pathogens using sound wave 

treatment and to estimate the growth and antimicrobial susceptibility of music treated and untreated pathogens. 
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2. Objective 

The objective of this study is to investigate the influence of Baroque music on nosocomial pathogens, specifically 

targeting Candida albicans, a primary contributor to healthcare-associated  infections (HAIs). These infections, 

which are often acquired in hospitals and healthcare settings present significant risks to both patients and healthcare 

workers. Although treatments such as Fluconazole are commonly utilized to address Candida infections, the 

growing resistance to antibiotics necessitates the exploration of alternative approaches. This study seeks to evaluate 

whether sound wave stimulation particularly through music can affect microbial growth and antibiotic 

susceptibility, offering a novel method for infection control. The research will involve the collection of nosocomial 

pathogens from hospitals followed by the optimization of their growth conditions in a controlled laboratory 

environment. 

To apply sound wave treatment using Baroque music to these pathogens and assess their growth and antimicrobial 

susceptibility in comparison to untreated controls. Sound waves being mechanical disturbances can propagate 

through mediums like water which constitutes a significant portion of cells and bodily fluids, potentially impacting 

cellular metabolism and microbial growth. This study is based on the hypothesis that sound, particularly in the form 

of music, can induce acoustic stress in microorganisms, thereby disrupting their growth patterns and potentially 

diminishing their resistance to antibiotics. By exploring the effects of music on microbial susceptibility, the 

research aims to identify a complementary, non-invasive method for reducing nosocomial infections without 

depending only on antibiotics. 

3. Materials And Methods 

3.1 SAMPLE COLLECTION 

The test organism (Candida albicans) was collected from Madras   medical college, Rajiv  Gandhi  Government 

general hospital, Chennai 600003. 

3.2 Optimization of effect of music treatment on the growth of microorganism 

Using Design-Expert software (Version 13, Stat-Ease Inc., MN), a Box-Behnken design was employed to 

optimize the growth of microorganisms. The design consisted of 13 experimental runs in two blocks, with five 

replicates at the midpoint. The variables optimized were pH (A), temperature (B), and incubation time (C). A 

second-order polynomial model was generated to analyze the quadratic response surface, estimating main effects, 

interaction effects, and quadratic effects (9). 

3.3 Determination of Microbial cell count 

The haemocytometer and glass cover slip were cleaned with approximately 70% ethanol. The counting chambers 

were then covered with a glass cover slip. A volume of 10 µl of the sample was pipetted into the haemocytometer 

using a micropipette. The slide was left undisturbed for 60 seconds to allow the cells to settle. Subsequently, the 

haemocytometer was examined under a microscope at 100x magnification, focusing on the grid pattern and cell 

particles. The total number of cells in the four large corner squares was counted, with live yeast cells counted 

without methylene blue and dead yeast cells counted with it. 

3.4 Assessment of minimum inhibitory concentration of treated and untreated microbial culture 

The effect of music on antibiotic sensitivity was assessed by inoculating test organisms in fluconazole-containing 

media at sub-MIC concentrations, with and without music exposure(5). 

4. RESULT: 

4.1 Optimization of effect of microbial growth on music treatment 

The microbial growth was optimized using box-behnken method and the results were showed in 3D interaction 

plot (Fig 1- Fig 6) and (Table 1) . 
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Response surface approach was an empirical modelling tool for assessing the link between a set of controlled 

experimental parameters and observed findings. The empirical model which fits the verified data there by closer 

the value of R2 to unity. The ANOVA table and regression coefficient analysis for second order polynomial 

equations for quadratic term.(Table 2) and (Table 3). 

 

Fig 1: Effect of temperature on music treated sample 

 

Fig 2: Effect of temperature on music untreated sample 

 

Fig 3: Effect of pH on music treated sample 
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Fig 4: Effect of pH on music untreated sample 

 

Fig 5: Effect of incubation time on music treated sample 
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Fig 6: Effect of incubation time on music untreated sample 

 

 

 

 

 

Table 1: Optimization of effect of microbial growth 

 

S.NO pH(A) Incubation Time 

(B) hrs 

Temperature (C) Response 1 Treated 

Sample 

OD (540nm) 

Response 2 

Untreated Sample 

OD (540nm) 

1 6 5 32 1.98 5.6 

2 6 3 37 1.8 3.91 

3 6.5 1 37 1.2 3.19 

4 7 1 32 1.23 3.29 

5 6.5 5 37 1.88 5.75 

6 6.5 1 27 1.23 3.18 

7 6 1 32 1.21 3.14 

8 7 3 37 1.7 3.71 

9 6.5 3 32 1.76 3.41 

10 6.5 5 27 1.84 5.64 

11 6 3 27 1.92 3.81 

12 7 3 27 1.86 3.7 

13 4 13 7 5 32 

 

Table: 2 ANOVA of the first order regression model of treated sample 

 



1533 

Tuijin Jishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 45 No. 4 (2024) 

__________________________________________________________________________________ 

 

Source Sum of 

Squares 

df Mean 

Square 

F-value P-value  

Model 1.19 9 0.1325 17.89 0.0185 Significant 

A- Ph 0.0021 1 0.0021 0.2852 0.6304  

B- Incubation Time 0.9940 1 0.9940 134018 0.0014  

C- Temperature 0.0091 1 0.0091 1.23 0.3483  

AB 0.0000 1 0.0000 0 .0034 0.9573  

AC 0.0004 1 0.0004 0.0540 0.8312  

BC 0.0012 1 0.0012 0.1654 0.7115  

A² 0.0089 1 0.0089 1.21 0.3525  

B² 0.1106 1 0.1106 14.93 0.0306  

C² 0.0000 1 0.0000 0.0019 0.9677  

Residual 0.0222 3 0.0074    

Cor Total 1.21 12     
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Table: 3 ANOVA of the first order regression model of untreated sample 

Source Sum of 

Square 

Df Mean Square F- value P- value  

Model 14.29 9 1.59 86.94 0.0018 Significant 

A-Ph 0.0002 1 0.0002 0.0110 0.9232  

B-Incubation Time 12.48 1 12.48 683.25 0.0001  

C- Temperature 0.0066 1 0.0066 0.3622 0.5897  

AB 0.0006 1 0.0006 0.0342 0.8650  

AC 0.0020 1 0.0020 0.1109 0.7610  

BC 0.0025 1 0.0025 0.1369 0.7359  

A² 0.0869 1 0.0869 4.76 0.1172  

B² 1.66 1 1.66 90.98 0.0024  

C² 0.0720 1 0.0720 3.94 0.1412  

Residual 0.0548 3 0.0183    

Cor total 14.34 12     

The Model F-value of 86.94 necessitate the model is significant. 

The P-values shows less than 0.0500 indicate model terms are significant. The Model F-value of 17.89 necessitate 

the model is significant. 

"Adeq Precision" i.e., signal to noise ratio was 1.85 which indicated an adequate signal. The predicted mean value 

of 

1.76 which represented that the p values <0.05 showed the model is perfectly fit. Consequently, this model 

can facilitate design space exploration and negotiation. 

The optimum level of 1.76 and 3.14 OD reached at the pH 6.5, 32° C at 3 hr. Optimization of microbial growth 

by Box- Behnken design showed that the temperature and incubation time played an important role in the growth 

of Candida albicans whereas pH did not showed any noise in the particular optimization.(Table4 and Table 5). 

Table 4: Point Prediction of optimization of microbial growth 

Two-sided Confidence = 95% Population = 99% 

Analysis Predicted 

Mean 

Predicted 

Median 

Observed Std Dev SE 

Mean 

95% CI 

low for 

Mean 

95% CI 

high for 

Mean 

95% TI low 

for 99% 

Pop 

95% TI 

high for 

99% Pop 

OD- With 

Music 

1.76 1.76 1.76 0.0860 

717 

0.074540 

3 

1.52278 1.99722 0.937196 2.5828 

OD- 

Without 

Music 

3.79375 3.79375 3.79375 0.1351 

23 

0.11702 3.42134 4.16616 2.50204 5.08546 
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Table 5: Coefficient table of optimization of microbial growth 

 

 Intercept A B C AB AC BC A² B² 

OD- With 

Music 

1.76 -0.01625 0.3525 -0.03375 -0.0025 -0.01 0.0175 0.0625 -0.22 

p-values  0.6304 0.0014 0.3483 0.9573 0.8312 0.7115 0.3525 0.0306 

OD-Without 

music 

3.41 0.005 1.24875 0.02875 0.0125 -0.0225 0.025 0.195 0.8525 

p-values  0.9232 0.0001 0.5897 0.8650 0.7610 0.7359 0.1172 0.0024 

 

4.2 Determination of Microbial cell count 

The microbial load in the treated and untreated sample was determined using haemocytometer. The methylene 

dye was used to differentiate the presence of live cells. The microbial cells were counted using light microscope. 

The microbial cells were counted and its viability was assessed using standard procedure. The treated sample 

showed 38.1% of viable cells whereas the untreated samples showed 56.4% of viable cells. Hence it demonstrated 

that the music treatment which acts on the cell wall of the microbes and it thereby loses its viability.(Table 6). 

Table 6: Viability percentage of treated and untreated sample 

S.No Sample treatment Candida albicans Viability % 

Live cells Dead cells 

1 Treated 42 68 38.181% 

2 Untreated 61 47 56.481% 

 

*Untreated – with music treatment , *Treated – without music treatment 

4.3 Assessment of Antibiotic susceptibility test 

The MIC ranges were observed for different concentration of antibiotics from 10μl to 100 μl. The microbial 

inhibition was calculated for both treated and untreated sample. The results showed that the 50μg/ml of antibiotic 

concentration observed with the OD of 2.8 and 0.8 for untreated sample and treated sample respectively. The 

concentration of antibiotic increases thereby it decreases the microbial growth which observed in the UV-Visible 

spectrophotometer. The results of sub-MIC revealed that the 50 μg/ml concentration of antibiotics showed 

breakpoint for the treated sample.(Fig 7). 
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Fig 7: Optical Density for Antibiotic Concentration 

 

 

 
DISCUSSION: 

Extensive research has focused on understanding the protective mechanisms of auditory cells against harmful 

sound vibrations. Music has long recognized for its ability to relieve tension, anxiety, and even pain. More recently, 

Shaobin et al [6] incontestable that Escherichia coli bacteria full-grown beneath traditional conditions have their 

rate of proliferation exaggerated once exposure to frequencies of one, five and ten kHz. E. Ackerman et al., as a 

mechanical wave, audible sound would cause Escherichia coli cells to undergo mechanical stress.(13). Using 

statistics Niral Sarvaiya and Vijay Gothari discovered that music treatment increased the growth of all test 

organisms except S. marcescens. Under the impact of music, individual cells produced and/or secreted more of 

the test metabolite [10].Zhao and his colleagues studied the impact of sound stimulation on Chrysanthemum callus 

growth and observed that it can increase the amount of soluble protein and sugar in the plant callus. As a result, 

Zhao concluded that sound stimulation at a specific frequency and intensity could increase soluble protein and 

sugar content, laying the groundwork for cell proliferation and growth [8]. The Heavy Metal (Metallica) genre 

boosted the spread of Escherichia coli and Staphylococcus aureus the highest when compared to other music 

genres. According to Matsuhashi et al., sound waves between 6 kHz and 40 kHz can stimulate colony formation 

in Bacillus carboniphilus [11]. Lactobacillus spp. and Klebsiella spp. were discovered as sludge-degrading 

microbes in a previous investigation [12]. Mundus, a German firm, created a low-cost sound system that played 

Mozart's "The Magic Flute" to biomass- eating bacteria. The sludge was reduced by 1000 cubic metres once a year 

as a result of the microorganism performed higher with the music. The wastewater treatment plant saved an 

estimated 10,000 Euros on the cost of transporting the sludge [12]. 

5. CONCLUSION: 

This study successfully shown that audible sound in the form of music can stimulate the acoustic stress that can 

disturb growth of microorganisms there by changes its cell wall and it metabolism. To reduce the use of antibiotics 

and to control the side effects which caused by long term usage of such medication. An alternative method can be 

followed to make an advanced level of killing or inactivating the nosocomial pathogens. Candida albicans was 

acquired from the microbiology department of Madras Medical College, Chennai. Using Design-Expert software, 

an experimental design was conducted to optimize the effect of music treatment on the growth of microorganisms 

by analyzing factors like pH, temperature, and incubation time. Microbial cell count was determined by loading a 

sample onto the haemocytometer, allowing cells to settle, and then examining under a microscope to count live 

and dead yeast cells. The minimum inhibitory concentration of antibiotic-treated and untreated microbial cultures 

was assessed, with sub-MIC fluconazole concentrations used to test antibiotic sensitivity in the presence and 

absence of music treatment. 
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