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Abstract  

Kitchen sponges are essential cleaning tools used in almost every household; however, their porous structure and 

moisture-retaining ability make them an ideal environment for bacterial growth. This study aimed to evaluate the 

antibacterial efficacy of three commonly used household dishwashing detergents against Escherichia coli ATCC 8739, 

Salmonella Typhi ATCC 19430, and Staphylococcus ATCC 25923. The antibacterial activity was determined using the 

well diffusion method, while the Minimum Inhibitory Concentration (MIC) was evaluated using the broth macro-

dilution technique. The results demonstrated that all tested detergents showed antibacterial activity against 

Staphylococcus aureus (zones of inhibition up to 38.0 mm) but failed to inhibit the growth of Escherichia coli and 

Salmonella Typhi under the tested conditions. MIC analysis revealed that a detergent concentration of 10% was 

required to inhibit bacterial growth, which is approximately 66 times higher than the typical household concentration 

(0.15%). Agar well assay validates the effects of all three detergents against only one bacterial species under 

observation, S. aureus (38.0 ± 10.58 mm) but there was no significant activity against S. typhi or E.coli. Surprisingly, 

Minimum Inhibitory Concentration (MIC) testing revealed that inhibiting bacterial growth required a detergent 

concentration of at least 10%, which far exceeds the standard household dilution of 0.15%. This discrepancy proved 

statistically significant (        ) across both gram-positive and gram-negative bacteria, demonstrating that 

everyday dishwashing detergents fall short of effectively clearing pathogens from kitchen sponges. These findings 

further negate the antibacterial claims of commercially available detergents and suggest a strong need for subsequent 

disinfection methods such as increasing the concentration of active ingredients and to regularly  replace the sponges (2-

4 days).   

Keywords: Antibacterial activity, Escherichia coli, Household detergents, Kitchen sponge, Minimum inhibitory 

concentration, Salmonella typhi, Staphylococcus aureus 

INTRODUCTION  

 Food safety remains one of the major public health concerns worldwide, and the domestic kitchen 

plays an important role in preventing foodborne illnesses. Among all kitchen cleaning tools, kitchen sponges 

are considered one of the most heavily contaminated items because they continuously retain moisture, food 

particles, and organic matter that support bacterial survival and multiplication (1, 2). Due to their porous 

structure, microorganisms can easily colonize the sponge and survive for prolonged periods, increasing the 

possibility of cross-contamination between utensils, food, and kitchen surfaces. In context of Pakistani 

communities, the emergence of drug-resistant Salmonella typhi (XDR) has further complicated the treatment 

of typhoid fever with more than 10,000 per year cases registered across independent laboratories and 

hospitals and as the kitchen sponges have been studied to facilitates the growth of this specific bacterium, 

there is a dire need to evaluate the efficiency of common household detergents that are used for eliminating 

this bacterium from the utensils (3, 4).  
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Contaminated kitchen sponges are studied to provide a safe place for a lot of distinct pathogenic 

strains, to grow rapidly, and the most highlighted ones are Staphylococcus aureus, Escherichia coli and 

Salmonella typhi. These pathogenic microbes are associated with a lot of diseases ranging from mild 

gastroenteritis, food poisoning to acute typhoid fever (5). Problems arise when these sponges are used 

repeatedly without a sort of check and balance (adequate sanitation) as these serve as a primary vector for 

cross-contamination of bacterial species on utensil and kitchen surfaces. While households rely heavily on 

the commercially available dishwashing detergents for the removal of organic residue and grease, the 

efficacy of these detergents against foodborne microbial species is yet to be explored, despite the 

antibacterial claims of these detergents (6). In addition to this, the porous and complex sponge structure 

renders the bacterial species towards the standard chemical exposure by developing a protective matrix. 

Consequently, this hinders the routine dishwashing to achieve lethal concentration of detergent or the 

proper contact time required to disrupt the bacterial colonies on kitchen sponges (7).  

Gram-negative bacteria such as Escherichia coli and Salmonella typhi possess an outer membrane 

that provides greater resistance to surfactants and detergents, whereas Gram-positive bacteria such as 

Staphylococcus aureus are generally more susceptible (6). Consequently, scientific assessment is crucial to 

verify the true antibacterial efficacy of household detergents under controlled conditions. Although recent 

literature extensively documents the microbial populations residing in kitchen sponges, surprisingly few 

studies have determined the active concentrations needed to kill or inhibit these specific pathogens. A lot of 

commercially available detergents claims the efficient antibacterial activity of their products, but still these 

claims are rarely tested in real world scenarios (the concentration that is required to inhibit or to kill these 

foodborne pathogens (8).  

The present study was conducted to evaluate the antibacterial efficacy of three commercially 

available household dishwashing detergents against Escherichia coli ATCC 8739, Salmonella typhi ATCC 

19430, and Staphylococcus aureus ATCC 25923. Antibacterial activity was assessed using the well diffusion 

method, while the Minimum Inhibitory Concentration (MIC) was determined using the broth macro-

dilution method. By quantifying the critical gap between consumer-dilution practices and actual bactericidal 

thresholds, the findings of this study will contribute to a better understanding of the effectiveness of 

household detergents and provide useful recommendations for improving kitchen hygiene practices and 

reducing bacterial contamination. 

MATERIALS AND METHODS 

STUDY DESIGN 

This experimental laboratory-based study was conducted to evaluate the antibacterial efficacy of 

commonly available household dishwashing detergents against foodborne bacterial pathogens associated 

with kitchen sponges. The study was carried out in the Microbiology Laboratory, Department of Medical 

Laboratory Technology, Iqra University, Islamabad. All the experimentation was conducted in the 

microbiology lab (BSL-2) in Department of Microbiology at Islamabad Diagnostic Centre, Islamabad (F-8 

branch). Guidelines for proper safety were strictly followed, and no ethical approval was deemed necessary 

as the study excludes any type of human or animal subjects.  

BACTERIAL STRAINS 

Three American Type Culture Collection (ATCC) reference strains were used in this study 

including, Escherichia coli ATCC 8739, Salmonella typhi ATCC 19430, and Staphylococcus aureus ATCC 25923. 

The bacterial cultures were maintained under appropriate laboratory conditions and standardized to 0.5 

McFarland turbidity standards before antimicrobial testing to ensure uniform inoculum concentration. 

HOUSEHOLD DETERGENTS 

Three commercially available household dishwashing detergents were selected based on their 

popularity in the local market. For research purposes, the detergents were coded as Detergent A, Detergent 

B, and Detergent C to avoid commercial bias and to maintain investigator blinding during data analysis. 
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Further confidentiality was maintained by keeping the researchers unaware of the products until the 

complete recording to all experimental data. Selection criteria for all three detergents prioritized formulation 

methods, price ranges, and claimed antibacterial activity. The selected detergents were purchased from the 

local superstore one week before the commencement of research. To replicate real-world consumer 

scenarios, the products were tested without any modifications. The desired concentrations of fresh working 

solutions were prepared daily by diluting the detergents into sterile distilled water and as these 

formulations are designed for direct use, their pH and concentration of active ingredients were not modified 

either.   

AGAR WELL DIFFUSION ASSAY 

The anti-bacterial activity of detergents was determined through the agar well diffusion method. 

Mueller-Hinton agar plates were prepared according to standard microbiological protocols. The bacterial 

suspensions were evenly distributed on the surface of the agar medium through sterile cotton swabs. The 6 

mm diameter wells were created with the help of sterile cork borer and 50 µL of each detergent was placed 

into respective wells. Sterile distilled water was used as a negative control along with an antibiotic disc 

(Ciprofloxacin, 5 µg) as a positive control to ensure the validity and efficacy of the assay under 

consideration. The tubes were incubated aerobically at 37°C for 24 hours after which the diameters 

(millimeter) of zones of inhibition were measured, showing no visible turbidity. All the experiments were 

conducted in triplicate to ensure precision and reliability (9).  

MINIMAL INHIBITORY CONCENTRATION (MIC) 

The minimal inhibitory concentration (MIC) of the detergents was determined through broth macro-

dilution technique. Two-fold serial dilution of the detergents was done in Mueller-Hinton broth and to 

efficiently validate the findings, the concentration of detergents during dishwashing was calculated based as 

per the standard practices in households. A  typical concentration of 5-10mL detergent was diluted in 5 liters 

of distilled water to achieve the estimated concentration of (0.2% v/v).The standardized bacterial inoculum 

was added in each test tube after which the tubes were incubated at 37°C for 24 hours (10). After the 

preparation of standard, a working solution of 10% (v/v) was utilized to look for the bacterial inhibition, 

given that lower concentrations of detergents are likely to contribute towards effective results as per the 

previous studies.  

DATA ANALYSIS 

All the experimental assays including agar well diffusion and minimum inhibitory concentration 

(MIC) were performed in triplicates. Quantitative data for the zones of inhibition are expressed as mean ± 

standard deviation, while MIC values were recorded as the lowest inhibitory concentration. Statistically 

significant differences between the antibacterial activities of the detergents (individual and combined) were 

assessed using analysis of variance (ANOVA), followed by Tukey’s post-hoc test for pairwise comparisons. 

Prior to this parametric analysis, Shapiro-Wilk test was used for assessing the normality of distribution in 

data points of zone of inhibition. Meanwhile, the association between susceptibility profiles (bacterial 

sensitivity vs resistant) and cell wall characteristics of all the three strains (gram-negative vs gram-positive) 

was evaluated by Pearson’s Chi Square (x2) categorical analysis. All the tests were conducted using the latest 

version of IBM SPSS version 26.0 and Microsoft excel. For the tests to be statistically significant, p value less 

than 0.05 was set as a threshold.  

RESULTS 

 The antibacterial activity of the three selected household dishwashing detergents was evaluated 

against Escherichia coli ATCC 8739, Salmonella typhi ATCC 19430, and Staphylococcus aureus ATCC 25923 

using well diffusion and broth macro-dilution methods. The results demonstrated clear differences in 

susceptibility between the tested strains. In the agar well diffusion assay, all three detergents produced clear 

zones of inhibition exclusively against Staphylococcus aureus (Table I), with the largest zone observed for 
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detergent B (           ), followed by detergent A (           ) and detergent C (           ). In 

contrast, no inhibition zones were observed against Escherichia coli and Salmonella typhi, suggesting 

resistance to the tested detergents under laboratory conditions.  

Table I. Antibacterial activity of individual household detergents against selected bacterial strains 

 

Bacterial strain 

 

Gram 

reaction 

Zone of inhibition (mm, Mean ± SD) 

Detergent A Detergent B Detergent C Result  

Staphylococcus aureus  

(ATCC 25923) 

Gram-

positive 

32.5 ± 2.1 38.0 ± 3.5 30.0 ± 2.8 Sensitive 

Escherichia coli 

 (ATCC 8739) 

Gram-

negative 

0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 Resistant 

Salmonella typhi  

(ATCC 19430) 

Gram-

negative 

0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 Resistant 

A one-way ANOVA was conducted, and it revealed no significant difference among all the three 

detergents, when tested against S. aureus (p = 0.423), highlighting the comparable anti-microbial activity 

across the commercial brands. Conversely, all the individual detergents evaluated failed to produce any 

inhibition zones against S. Typhi and E. coli, further confirming the resistance shown by gram-negative 

bacteria. As schematically represented (Fig. 1), when agar plates inoculated with the respective bacterial 

strains were loaded with detergents A, B, and C, clear zones of inhibition appeared exclusively on plates 

containing S. aureus. In contrast, the only agar plate with clear zone of inhibition (sensitivity) was the one 

containing Staphylococcus aureus while the agar plates containing E. coli and S. typhi do not show any 

subsequent zone of inhibitions. Overall, all three individual detergents were effective in inhibiting the 

growth of S. aureus under evaluated test conditions (10% v/v detergent concentration, 370C). 

 
Fig. 1. Agar plates showing the inhibitory zones of the evaluated detergents against all three bacterial strains. Each Agar 

plate contains 3 wells with subsequent concentration of individual detergents (A, B, C). Wells having (6 mm diameter) 

containing 50 µL of each detergent were analyzed for zone of inhibitions (As an indication of bacterial growth). The 

plate containing S. aureus (middle) does show clear zone of inhibitions 

Given the resistance of individual detergents against both gram-negative bacterial strains, we 

further investigated whether there are synergistic inhibitory effects when these detergents are used in 

combinations of two or more. The following combinations of detergents were utilized to assess the 

antimicrobial effects on gram-negative and gram-positive bacterial strains alike including A+B, B+C, A+C 

and A+B+C using the same methodology as was utilized in agar well diffusion assay for single detergents. 

The combination assays revealed that these mixtures produced varying zones of inhibition not only against 

Staphylococcus aureus, but also against Salmonella typhi. The zones produced against S. typhi were in fact 

lesser than S. aureus but still large enough to be seen than the individual detergents (where there were no 

zones of inhibition whatsoever). On contrary to this, still there were no zones of inhibition against the E. coli 
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even when the all the three detergents were used simultaneously. The quantitative results of combination 

assays are further demonstrated in the table below (Table II).  

Table II. Antibacterial activity of combination assays against all the three strains under observation 

Bacterial  strains  Detergent combination  Results Zone of inhibition (mm) 

Staphylococcus aureus A+B Sensitive 50 

Staphylococcus aureus B+C Sensitive 30 

Staphylococcus aureus A+C Sensitive 34 

Staphylococcus aureus A+B+C Sensitive 30 

Salmonella Typhi A+B Light Zone 15 

Salmonella Typhi B+C Clear Zone 20 

Salmonella Typhi A+C Light Zone 15 

Salmonella Typhi A+B+C Light Zone 17 

Escherichia coli A+B Resistant 0 

Escherichia coli B+C Resistant 0 

Escherichia coli A+C Resistant 0 

Escherichia coli A+B+C Resistant 0 

To further investigate the comparative efficacy of the combination assays, a detailed and concise 

quantitative assessment was conducted across the pathogenic strains of gram-positive and negative bacterial 

strains. The combination assays also showed variable antimicrobial activity against S. aureus (Fig. 2a) and a 

moderate susceptibility towards S. typhi (Fig. 2c) with the mean zone of inhibition of 36.0 ± 9.52 mm and 

16.75 ± 2.36 mm respectively. But still, no antibacterial activity was observed against the gram-negative 

bacterium E. coli across all the observed replicates (Fig. 2b). The results clearly demonstrated that the 

combination of tested detergents was able to effectively inhibit the growth of gram-positive bacterium S. 

aureus, but their efficacy against the gram-negative bacterial strains was remarkably constrained. This 

differential antimicrobial profile is most likely to be attributed to the outer barrier of lipopolysaccharides 

that provides an additional layer of protection against the active chemical ingredients of detergent rendering 

the cell resistance against surfactant driven lysis. Descriptive statistics of zone of inhibition, including mean 

zone of inhibition, ranges, median values and standard deviations are presented in (Table III).   

Table III. Quantitative summary of zone of inhibition (Mean ± Standard deviation (mm)) for detergent combinations  

Organism Zone of inhibition Range (mm) Median (mm) 

S. aureus 36.0 ± 9.52 mm 30–50 34 

S. Typhi 16.75 ± 2.36 15–20 16 

E. coli 0.0 0 0 

The minimum inhibitory concentration (MIC) of all the three tested detergents was determined 

using the method of broth macro-dilution due to its ability to determine the quantitative baseline (minimum 

concentration) for detergents potency against bacterial strains, across a range of 10% to 0.078%. At 10% 

concentration, all detergents showed same MIC value with no significant differences and surprisingly, when 

the concentrations were reduced to 5%, 2.5%, 1.25% till 0.078, the bacterial strains showed visible growth. 

This further points out that this lower concentration failed to meet the minimum threshold for bacterial 

inhibition. To further contextualize these findings, the MIC values were comparatively analyzed against the 

detergent concentration, used in routine dishwashing in households. 

These findings highlight the substantial discrepancy that the household concentrations during 

dishwashing are much lower than the actual concentrations required inhibit/kill the foodborne microbial 

strains. Apart from this, these findings challenge the manufacturers claim (kills 99.9% microbes) and urge 

the use of more active ingredients in the commercialized detergents. Based on the standard household 

practices 5-10 mL detergent in 5 L of tap water, the approximate used concentration is 0.15%-0.25% (v/v) 

which is roughly 40- to 66-fold lower than the MIC (10%) determined in this study (Table 4). 

The comparative analysis among antibacterial activity of all the three detergents against S. aureus 

was assessed using ANOVA. The results revealed no statistical difference among the tested detergents (F = 

1.02, p = 0.423), highlighting the comparable antibacterial activities across all the brands. Furthermore, this 

comparable finding reveals that when detergents are used individually, their antibacterial efficacy was 
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independent of the brand at tested concentrations. In addition to this, antibacterial activities of the 

combination assays (A+B, B+C, A+C, and A+B+C) against S. aureus were also evaluated by one-way ANOVA 

and same results were observed as there was no significant difference (F = 2.14, p = 0.178) between these 

combinations as well. However, descriptive statistics highlighted the highest zone of inhibition (50 mm) 

produced by the detergent combination A + B suggesting an additive antimicrobial effect suggesting an 

additive antimicrobial effect that warrants further study with a larger sample size.  

 

 

 
Fig. 1. Zone of inhibition assay showing the effect of detergent combinations on three bacterial strains. Wells contained 

A+B, B+C, A+C, and A+B+C mixtures. Staphylococcus aureus (2a) exhibited the largest zones of inhibition, indicating 

highest sensitivity. Salmonella typhi (2c) showed small but clear zones with mixed detergents, suggesting enhanced 

activity compared to single detergents. Escherichia coli (2b) showed no bacterial inhibition (clear zones), indicating 

resistance 

To further validate the association between susceptibility to detergent treatments and cell wall 

characteristics, a Chi-square (χ²) analysis was perfor ed. The analysis revealed that gra -positive bacteria 

(S. aureus) were relatively more susceptible to household detergents than gram-negative bacterium (E. coli 

and S. typhi), individual as well as co bination assays, with an association of χ² = 9.00 (df =1, p = 0.0027). 

This means that the observed difference in effectiveness between the gram-positive and gram-negative 

bacteria is very unlikely to be due to chance and strongly suggests that the cell wall structure is a key factor 

in a detergent's effectiveness. Moreover, one-way ANOVA was subsequently performed to compare the 

mean zone of inhibition against the tested bacterial strains. The analysis revealed a statistically significant 

outcome with an F value of 98.45 and p < 0.001 and to further validate the F statistics, a post-hoc analysis 
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(HSD) was conducted to check the susceptibility profile. The analysis confirmed that S. aureus exhibited a 

significantly higher susceptibility (mean zone of             ) than S. typhi (16.75 ± 2.36 mm) and E. coli 

(0.0 ± 0.0 mm) with a p value of 0.0031 and 0.0025, respectively. Furthermore, this statistically significant 

difference also confirms that the detergent combinations were far more effective against the gram-positive S. 

aureus than against the gram-negative S. Typhi (Table V).  

Table IV. Comparison of the minimum inhibitory concentration (MIC) of tested detergents against bacterial strains versus 

routine household usage concentrations. MIC was determined by macro-dilution methods, and the subsequent 
concentration was set within the range of 10% to 0.078%. Growth was observed at concentrations below 10% and all the 
detergents revealed identical antimicrobial activity. Household concentrations were studied to be 66.7 times lower than 
MIC 

Bacterial 

strain 

Detergent 
MIC (% 

v/v) 

Growth at 5% 

and below? 

Household use 

concentration 
Fold-difference 

Efficacy in 

household 

concentration 

Staphylococcus 

aureus 

A 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC 

Ineffective 

Staphylococcus 

aureus 

B 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC 

Ineffective 

Staphylococcus 

aureus 

C 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC 

Ineffective 

Salmonella 

Typhi 

A 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC 

Ineffective 

Salmonella 

Typhi 

B 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC 

Ineffective 

Salmonella 

Typhi 

C 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC 

Ineffective 

Escherichia 

coli 

A 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC 

Ineffective 

Escherichia 

coli 

B 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC 

Ineffective 

Escherichia 

coli 

C 10 Yes 0.15%–0.25% 66.7-fold lower than 

MIC  

Ineffective 

Table V. Statistical analysis comparing antimicrobial activity against detergent types, treatment conditions and three 

bacterial strains. A one-way analysis of variance was conducted to evaluate the significance in zone of inhibition along 

with Tukey’ post-hoc test (pairwise comparison). The association between bacterial type and susceptibility profiles was 

analyzed using Chi-square analysis with significance set at p < 0.005 (triplicate experiment)  

Comparison Test Used Test Statistic p-

value 

Significance 

Individual detergents (A, B, C) vs. S. aureus One-way ANOVA F = 1.02 0.423 Non-

Significant 

Detergent combinations vs. S. aureus One-way ANOVA F = 2.14 0.178 Non-

Significant 

Gram-type vs. Susceptibility Pearson's Chi-

square 

χ² = 9.00, df = 1 0.0027 Significant 

Bacterial strain comparison (combined 

treatments) 

One-way ANOVA F = 98.45 <0.001 Significant 

S. aureus vs. S. Typhi Tukey's HSD Mean diff = 19.25 

mm 

0.0031 Significant 

S. aureus vs. E. coli Tukey's HSD Mean diff = 36.0 

mm 

0.0025 Significant 

S. Typhi vs. E. coli Tukey's HSD Mean diff = 16.75 

mm 

0.0043 Significant 
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DISCUSSION 
 The current study points out crucial insights into the antimicrobial effects of three distinct 

dishwashing detergents on dishwashing sponges, commonly used across various cities in Pakistan. The 

results revealed a complex disparity between the antimicrobial efficacies under standard concentrated 

laboratory conditions highlighting important implications for improving kitchen hygiene practices.  

One of the most critical findings of this study is the significant difference between the gram-negative 

and gram- positive bacterium towards tested household detergents. Staphylococcus aureus (gram-positive 

bacterium, strain ATCC 25923) showed excellent susceptibility towards the tested with varying zone of 

inhibitions against individual detergents (30.0–38.0 mm) and the combination assays (30–50 mm).  On the 

contrary, gram- negative bacterial strains of Escherichia. coli (strain ATCC 8739) and Salmonella typhi (strain 

ATCC 19430) exhibited complete resistance against the individual detergents at varying concentrations and 

only a moderate susceptibility profile against certain detergent combinations was observed in S. typhi with 

zone ranging from 15-20 mm but still the E. coli showed complete resistance. This distinct susceptibility 

profile of E. coli is best described by the presence of an outer membrane of lipopolysaccharides (LPS) (11, 12) 

and phospholipids conjugates, absent in gram positive bacterial strains like that of S. aureus (porous 

peptidoglycan layer allows easier penetration of detergents) (13). But despite the gram-negative profile of E. 

coli and S. typhi, the observed differential susceptibility may be because of variations in the composition of 

lipopolysaccharides and structural protein. Compared to E. coli, S. typhi possesses a complex and larger O-

polysaccharide chain (antigenic chain on cell membrane) that renders it vulnerable to surfactant-induced 

disruption.  These membrane integrated molecules act as barrier against surfactants; hydrophobic 

compounds (lipid A acylation) and several distinct antimicrobial compounds present in detergents.  

This association of antimicrobial susceptibility between gram-positive and gram-negative bacterial 

strains was further validated by Pearson’s Chi-square test (p = 0.0027). Moreover, the resistance profile of E. 

coli against all the tested detergent combinations suggests the prevailing robust resistance mechanism, 

including, but not limited to alteration in membrane permeability (expression of porin proteins) , formation 

of bacterial biofilms and upregulation of efflux pumps that actively expels the antibacterial moieties out of 

the cell (14, 15).  

Furthermore, a synergistic antibacterial effect was observed against S. aureus after treating the strain 

with detergents combination. While there was no zone of inhibition observed with individual detergents, 

the combination of detergents B+C revealed a clear and distinct zone of 20 mm. These interesting findings 

suggest that different detergents do contain active complementary agents that may further increase the 

susceptibility profile of microbial strains towards the tested detergent. This integrated effect is highly 

attributed to the presence of chelating agents, types of surfactant or other active ingredients in commercial 

formulations (6). The combination B+C subsequently outperformed other detergent combinations (A+C, 

A+B, A+B+C) against S. typhi, indicating that these two combinations contain active complementary 

ingredients surpassing other combinations utilized in this study. Nonetheless, the lack of antimicrobial 

activity against E. coli underscores the remarkable resistance profile of this species and the limitations of 

detergent-based phenomenons for inhibiting this foodborne pathogen in household.  

A remarkably interesting observation was the discrepancy between determination of MIC and agar 

well diffusion methods. While S. aureus shows excellent zone of inhibitions in agar assays with sizes ranging 

from 30-50 mm, its minimum inhibitory concentration profile was the same as that of gram-negative 

bacterial strains (E. coli and S. typhi). This finding highlights a critical  shortcoming of agar well diffusion 

assay as it only provides semi-quantitative information about antimicrobial activity rather than prediction of 

the exact concentration required for bacterial inhibition in a liquid medium (16). The MIC assay gave us a 

clearer insight into the antibacterial potency as it demonstrates the concentration required for inhibition of 

bacterial growth. Apparently, it is clearer to state that while agar assays showed excellent activity, the high 

MIC (   ) reveals that effective inhibition requires concentrations far exceeding standard domestic use (17).  

Another significant finding of this study is the discrepancy between the concentration of detergent 

used in households (0.15%-0.25%) and the observed MIC value (10%), highlighting the fact that the 
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household concentration of detergents is subsequently lower than the required concentration for bacterial 

inhibition (18). This finding correlates with public health and critical kitchen hygiene practices as, despite 

the antibacterial claims (kills 99.9% microbes) of these commercial brands, our results severely contradict 

these claims as there was no elimination of gram-negative strains. These results are of great concern in local 

communities where extensively drug-resistant strains of Salmonella typhi pose severe health-related 

challenges (4). Kitchen sponges are known for providing a favorable niche for bacterial growth and if left 

untreated, can act as an active reservoir for resistant microorganisms (8, 19). Furthermore, our findings not 

only challenge the antimicrobial claims of these tested commercial brands but also support previously 

reported studies questioning the antibacterial efficacy of common household detergents (20, 21).  

The laboratory conditions in the current study reflect only a simplified model, not a clear picture of 

complex household environment. Typical household dishwashing occurs within the temperature of 40-500C 

along with food debris and mechanical agitation, which could influence the antibacterial efficacy of 

detergents. Therefore, these findings can only be considered as a conservative estimate of antibacterial 

profiles of detergents under laboratory-based settings (370C). The inconsistency between the household 

concentrations (0.15-0.25%) and observed MIC (10%) suggests that routine dishwashing may not be able to 

effectively inhibit bacterial growth in the absence of elevated temperatures and gentle mechanical agitation.  

CONCLUSION 

 This study demonstrates that commercial dishwashing detergents show differential antibacterial 

activity, with gram-positive S. aureus being more susceptible than gram-negative E. coli and S. typhi. No 

formulation was effective against E. coli, indicating a resistance profile in this foodborne pathogen. The 

minimum inhibitory concentration required (10%) was far higher than routine household concentrations 

(0.15%–0.25%), challenging the claimed 99.9% antibacterial efficacy of these products under standard 

laboratory conditions. These findings are significant for Pakistani communities facing drug-resistant 

Salmonella outbreaks, where kitchen sponges may harbor such pathogens. Overall, household detergents 

alone cannot guarantee microbiological safety, highlighting the need for additional disinfection strategies 

and regular sponge replacement to reduce foodborne illness risks. 

Limitations & prospects:  

Despite the positive outcomes, several limitations of the current study should be acknowledged. First, the 

evaluation was solely conducted under standard laboratory conditions using planktonic culture of bacterial 

strains; real world efficacy of detergents may show variations due to hardness of water, temperature 

fluctuations, formation of bacterial biofilms and food residues. Second, only three bacterial strains and three 

detergent formulations were used which further limits the generalizability of our findings to other wild-type 

bacterial isolates or other commercially available products. Finally, MIC was conducted for the 

determination of bacterial growth rather than assessing the mortality profile, skipping bactericidal against 

bacteriostatic characteristics. Future studies should evaluate a larger range of commercially available 

detergent products under household scenarios rather than laboratory conditions by utilizing time-kill assays 

combined with Minimum bactericidal concentration assay (MBC). 
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