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ABSTRACT
Objective: The present study aimed to check the efficiency of commercially available hand sanitisers against some identified bacterial pathogens.

Methods: An agar well diffusion experiment was used to assess the anti-bacterial effectiveness of five commercially available hand sanitisers.
Bacterial growth inhibition was evaluated, and the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of
each sanitiser were determined. The effects of the sanitisers on bacteria were visually examined using Scanning Electron Microscopy (SEM).

Results: The agar well diffusion assay demonstrated highest inhibition of the pathogenic bacterial strains Staphylococcus aureusM96, Escherichia
coliM730 and Bacillus subtilis M441 by sanitizer C1, whereas sanitizers C4, C2, and C5 showed no inhibition. Growth curve analysis of the test bacterial
strains showed minimum OD when present with C3 indicating its potent anti-bacterial activity. C3 had the lowest values at 2% v /v, according to the MIC
and MBC data, followed by C1, C4, and C2. Significant disruption and structural abnormalities were seen in SEM pictures of C3 and C1-treated bacterial
cells.

Conclusion: Not all sanitizers that are commercially available are effective against common disease-causing bacteria or pathogens. There is an urgent need
for establishment of stricter government regulations that ensures the availability of only effective sanitizers to curb the spread of communicable diseases.
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INTRODUCTION

Hand hygiene is a simple and effective measure to prevent infections
and reduce disease transmission [1]. Hands can easily be
contaminated through direct or indirect contact with pathogens and
can cause health issues hence hand washing with water and soap
has to be done in the proper way as described by the World Health
Organization (WHO) [2, 3] to effectively remove all pathogens and
other harmful substances. The outbreak of the recent Covid-19
pandemic and the increased demand for hand sanitizers have seen
an upsurge in the development of hand sanitizers formulations,
which validated the regulatory bodies such as Food and Drug
Administration(FDA), WHO, United States Pharmacopeia (UPS) and
Central Drugs Standard Control Organization (CDSCO), which have
standard guidelines for the formulation of sanitizers [4]. Various
studies have demonstrated the effectiveness of alcohol-based hand
sanitizers against a wide range of Gram-positive and Gram-negative
bacteria, fungi and viruses but they have also been reported to have
very poor activity against bacterial spores, protozoan oocysts and
certain non-enveloped (non-lipophilic) viruses [5]. Alcohol alters
protein function through direct protein interaction and lead to cell
desiccation [6]. Ethanol forms hydrogen bonds with the lipids in the
bilayer and these hydrogen bonds reduces the order parameter of
the lipid hydrocarbon chains, resulting in the easy penetration of
ethanol through the bilayer [7]. Absolute ethanol, a dehydrating
agent is less bactericidal than mixtures of alcohol and water because
proteins are denatured more quickly in presence of water [8].
However, higher concentrations of ethanol (e.g, 95%) generally
have been found to have better viricidal activity than lower
concentrations (60% to 80%), especially against naked viruses [9].
Gram-negative bacteria are more susceptible to alcohol as compared
to Gram-positive bacteria with thick wall of peptidoglycan [10].

Non-alcohol-based hand sanitizers such as Benzalkonium chloride, a
quaternary ammonium compound with a cationic head group is
absorbed by the negative charged phosphate heads of phospholipid
bilayers which disrupt the cell structural integrity [11]. The
antibacterial mode of action of various alcohol-based hand sanitizer

(ABHS) and non-alcohol-based hand sanitizer (NABHS) can be
evaluated using scanning electron microscopy (SEM), which
provides the visual characteristics of surfaces of various cells. SEM
able to monitor size, size distribution and morphology of cells with
high magnification [12]. The present study used SEM for comparing
the morphology of hand sanitizers treated and untreated cells and
analysed the micrograph to understand the effects of the sanitizers
on the bacterial cells apart from the observation made on the growth
of bacteria in presence of sanitizers in agar diffusion assay.

MATERIALS AND METHODS
Chemicals and reagents

Glutaraldehyde, sodium cacodylate, acetone, tetra-methyl silane,
Mueller-Hinton agar, etc.

Agar well diffusion assay

The susceptibility of the test bacterial pathogens, namely,
Staphylococcus aureus M96, Bacillus subtilis M441 and Escherichia
coli M730, which was procured from IMTECH Chandigarh was tested
against the five commercially available hand sanitizers and was
investigated using the well variant of the agar diffusion method [13,
14]. Distilled water was used as a negative control.

On an MHA plate, 100 ul of each bacterial microbiological culture
was swabbed separately. A sterile borer was used to create wells
that were 5 mm in diameter. Each well was filled with 80 ul of the
control, 25%, 50%, 75% and 100% concentration of hand sanitizers
[14]. For twenty-four hours, the plates were incubated at 37+2 °C.
The zone formation surrounding the wells was detected on the
plates. The diameter of the inhibition zone surrounding the well (in
millimetres), including the well diameter, was used to compute the
zone of inhibition [15].

Measurement of bacterial growth

Assessment of the chosen bacterial growth in presence of the
sanitizers in broth culture was done by measuring the optical
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density at 600 nm following standard protocols of Oke et al, 2013
[5] and Aburayan et al,, 2020 [16]. 100 pl of 0.5 McFarland solution
of bacterial inoculum was added to the broth, and the inoculated
flasks were incubated at 37 °C at 120 rpm. Absorbance (Eppendorf
BioPhotometer® D30) was recorded every 30 min for 5 h to obtain a
microbial growth curve.

Assessment of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

The minimum inhibitory concentration (MIC) approach and zone
of inhibition calculation, the antibacterial activity of sanitisers
against both Gram-positive and Gram-negative bacteria was
determined as described by Gupta, 2021 [17]. The MBC of the
selected hand sanitizers were determined against the three
bacterial strains, namely, S. aureus M96, B. subtilis M441 and E. coli
M730 following the method of Aodah et al. 2021 [11] with minor
modifications. Different dilutions of the sanitizers were prepared
in Mueller-Hinton broth according to their inhibitory effects
observed in the test. 100ul of 0.5 McFarland bacterial inoculum
was added to each tube and the culture tubes along with the
control (bacteria without sanitizer) were incubated overnight at
37 °C in a shaker incubator at 120 rpm for 24 h [18]. Absorbance
was taken at 600 nm (Eppendorf BioPhotometer® D30).

Scanning electron microscopy (SEM) analysis of treated cells

Scanning electron microscopy was performed following the protocol
of Yong et al., 2014 [19] and Dey,1993 [20]. The common pathogens
S. aureus, B. subtilis and E. coli were grown overnight in Mueller
Hinton Broth. Agar well diffusion assay was performed overnight by
incubating the treated cultures at 37 °C. The cells from the periphery
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of the zone of inhibition were collected in centrifuge tubes along
with the colonies from the control. The samples were then
centrifuged at 12000 rpm for 15 min and the pellet was further
processed for SEM analysis. All of the eight samples were fixed with
2.5% w/v aqueous glutaraldehyde overnight at 4 °C. The samples
were then washed in 0.1M sodium cacodylate buffer for three
changes with 15 min each at 4 °C with the centrifugation of the
sample. The fixed samples were then dehydrated by rinsing with
increasing concentration of acetone from 30, 50, 70, 80, 90, 95 and
100% for 15 min twice for each concentration. The dehydrated
samples were then immersed in Tetra Methyl Silane for 10 min for
two changes at 4 °C and brought to room temperature (25-26 °C) for
drying. After keeping the samples at room temperature overnight,
the samples were crushed gently and powdered and kept in the dry
bath at 50 °C for proper drying. Then the dried sample materials
were mounted onto stubs and coated by a sputter Coater (lon
Sputter JFC-1100) with gold. The samples were then examined in
Scanning Electron Microscope (JEOL JSM-6360) at 5000x and
10000x magnification each.

RESULTS
Agar-well diffusion assay

The diameters of well-defined zones of inhibition i. e., areas of no
bacterial growth increased with increasing concentration of the
hand sanitizers (table 1, 2 and 3).50% concentration of sanitizer C1
inhibited the growth of Escherichia coli and at 100% concentration,
it showed a uniform trend of inhibition zones (around 11 mm in
diameter) (table 1). Similarly, sanitizers C3 and C4 also
demonstrated highest inhibitions at 100% concentration (tables 2
and 3).

Table 1: Zone of inhibition observed for commercially available hand sanitizer C1

Bacterial strain Zone of inhibition diameter (mm)

Control 25% concentration 50% concentration 75% concentration 100% concentration
Staphylococcus aureus 0 0 0 8.10+0.021 11.30+£0.058
Escherichia coli 0 0 8.54+0.033 9.05+0.025 11.00+0.023
Bacillus subtilis 0 0 0 10.15+0.045 11.20+0.033

Each value is represented as mean+standard error of mean (n=3)

(ii)

(iii)

Fig. 1: MHA plates showing zones of inhibition caused by sanitizer C1 against (i) Staphylococcus aureus (ii) Escherichia coli (iii) Bacillus subtilis

(ii)

(iii)

Fig. 2: MHA plates showing zones of inhibition caused by sanitizer C2 against (i) Staphylococcus aureus (ii) Escherichia coli (iii) Bacillus

subtilis
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Table 2: Zones of inhibitions observed for the commercially available hand sanitizer C3

Bacterial strain Zone of inhibition (mm)

Control 25% concentration 50% concentration 75% concentration 100% concentration
Staphylococcus aureus 0 0 0 0 11.22+0.022
Escherichia coli 0 15.10+£0.034 19.25+0.054 21.89+0.031 23.42+0.023
Bacillus subtilis 0 0 8.33+011 9.21+0.011 10.11+0.042

Each value is mean#standard error of mean (n=3)

(ii) (iif)

Fig. 3: MHA plates showing zones of inhibition caused by sanitizer C3 against (i) Staphylococcus aureus (ii) Escherichia coli (iii) Bacillus subtilis

Table 3: Zones of inhibition observed for commercially available hand sanitizer C4

Bacterial strain Zone of inhibition diameter (mm)

Control 25% concentration 50% concentration 75% concentration 100% concentration
Staphylococcus aureus 0 0 0 0 10.11+£0.013
Escherichia coli 0 0 0 0 9.78+0.030
Bacillus subtilis 0 0 0 9.76+0.022 10.24+0.024

Each value is mean#standard error of mean (n=3)

(i) (i) (iii)

Fig. 4: MHA plates showing zones of inhibition caused by sanitizer C4 against (i) Staphylococcus aureus (ii) Escherichia coli (iii) Bacillus subtilis

(i)

Fig. 5: MHA plates showing zones of inhibition caused by sanitizer C5 against (i) Staphylococcus aureus (ii) Escherichia coli (iii) Bacillus
subtilis
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Growth measurement of the bacteria under treatment the sanitizers against inhibiting the growth of the test pathogens. It

can be observed that with increasing concentrations of the sanitizer,
Absorbance readings for detection of growth in the various there is a proportionate decrease in the growth of the pathogens
concentrations of the sanitizers were taken at every 30 min for (fig. thereby reaffirming the bactericidal activity of these selected
7-11). The recorded growth curves further validate the efficacy of sanitizers.
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Minimum inhibitory concentration (MIC) and minimum

bactericidal concentration (MBC) study

The MIC and MBC of the 5 sanitizers varied for different bacteria
(table 4 and 5). The lowest MIC recorded was 2% v/v for sanitizer
C3 against all the 3 bacterial strains, followed by C1, C4 and C2 while

the highest was for C5 with MIC values of 15% v/v for S. aureus and

E. coli and 25% v /v for B. subtilis (table 4).

The lowest MBC recorded was 8% v/v, where there was no growth
on the agar plate for C1 and C3 against E. coli. Highest MBC recorded
was 30% for C5 (table 5).

Table 4: Minimum inhibitory concentration (MIC) of the 5 commercially available hand sanitizers (C1, C2, C3, C4 and C5) against S. aureus,

E. coli and B. subtilis

Bacterial strain Commercially available hand sanitizers and concentration used (%)

C1 Cc2 C3 C4 C5
Staphylococcus aureus 6.21+0.021 15.28+0.023 2.45+0.011 6.71+0.043 15.77+0.021
Escherichia coli 2.33+0.014 10.15+0.022 2.49+0.04 4.76+0.033 15.00+0.6
Bacillus subtilis 4.17+0.16 20.23+0.3 2.21+0.01 6.34+0.2 25.20+0.9

Each value is mean#standard error of mean (n=3)

Table 5: MBC of the 5 commercially available hand sanitizers (C1, C2, C3, C4 and C5) against S. aureus, E. coli and B. subtilis

Bacterial strain Commercially available hand sanitizers and concentration used

C1 C2 C3 Cc4 C5
Staphylococcus aureus 10.12+0.014 25.26+0.038 10.29+0.2 10.81£0.046 30.91+0.4
Escherichia coli 8.73+0.023 30.60+0.6 8.61+0.04 10.58+0.1 30.46+0.6
Bacillus subtilis 10.72+0.16 20.62+0.3 10.52+0.2 15.82+0.012 30.38+0.9

Each value is mean#standard error of mean (n=3)



M. Thangkhiew et al.

Scanning electron microscopy study

Significant changes were observed in the cell membrane of the treated
cells when compared with the control (fig. 12, 13, 14 and 15). There
were changes associated with the cell size along with cell membrane
rupture.

S. aureus treated with 75% of C1, when compared to the control (B)
showed increased size of some cells and a few ruptured cells (F).
There are cells with cleavage on the surface (F) (fig. 12).
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E. coli treated with 75% of C1 developed elongated rod-shaped cells
(D) when compared to the control (B) there are a few cells that
developed rupture after sanitizer treatment (fig. 13)

E. coli treated with 25% of sanitizer C3, showed elongation of the cells and
rupture in the cell membrane (F) as compared to the control (B) (fig. 14)

B. subtilis treated with 75% of sanitizer C3 has a large number of
ruptured cells. The cell membrane is punctured and the cell
components look degraded (F) as compared to the control (B) (fig. 15).

Fig. 12: Electron micrographs of untreated Staphylococcus aureus (B), Treated with 75% sanitizer C1 (F). White arrow indicates cell
increased in size, red arrow indicates ruptured cell and blue arrow indicates cells with cleavage on the surface

Fig. 13: Electron micrographs of untreated Escherichia coli (B) Treated with 75% sanitizer C1 (D). White arrow indicates cell increased in
size and red arrow indicates ruptured cell

‘ s N
28kU - X180888 5, Trm NEHU-SHL _

Fig. 14: Electron micrographs of untreated Escherichia coli (B) Treated with 25% sanitizer C3 (F). White arrow indicates cell increased in
size and red arrow indicates ruptured cell

Zaky

ZBkU 18, M NEHU-SHL

Fig. 15: Electron micrographs of untreated Bacillus subtilis (B), Treated with 75% sanitizer C3 (F). White arrow indicates cell increased in
size and red arrow indicates ruptured cell

22



M. Thangkhiew et al.

DISCUSSION

The necessity for efficient antimicrobial formulations has been
highlighted by the growing usage of hand sanitisers, especially
during the COVID-19 epidemic. Alcohol-based hand sanitisers are
well known for their quick bactericidal action, which is mostly
achieved via lipid breakdown, membrane disruption, and protein
denaturation [21]. However, it seems that they are not very effective
against viruses that are not enclosed [22]. Alcohol also evaporates
quickly, which lessens its potency over time.

Hand hygiene is critical in reducing healthcare-associated infections,
which cause an estimated 90,000 fatalities in the United States each
year [23]. Pathogen cross-transmission, particularly between g-
negative bacteria like E. coli and Pseudomonas and g-positive
bacteria like S. aureus, is a major cause of nosocomial infections [23].
The abundance of germs on human skin (10% to 10° CFU/cm?)
emphasises the need for appropriate hand sanitisation treatments.

On evaluation of the efficacy of the commercially available sanitizers
(Name withhold for business ethics), Sanitiser C3 (non-alcohol-
based) was found to be the most efficient against a variety of
pathogens, outperforming alcohol-based choices such as Sanitiser
C1. This finding shows that the active compounds in C3, which could
include antibacterial agents such as benzalkonium chloride or
chlorhexidine [11], provide a stronger, long-lasting antimicrobial
action than alcohol, which evaporates fast and loses effectiveness
when dried [5]. While alcohol-based hand sanitisers are efficient for
immediate pathogen control, non-alcohol alternatives such as
Sanitiser C3 may provide greater overall efficacy, particularly in
environments with specific microbiological difficulties or where
long-term protection is needed. The other sanitizers, namely, C4, C2
and C5 did not show zones of inhibition in the agar well diffusion
assay and were not able to show inhibition at lower concentrations,
even in broth, when tested against all the bacterial strains.

These findings underline the importance of strict quality assurance
in the sanitiser sector, as well as the potential for long-term
microbial suppression with non-alcohol-based formulations. While
alcohol-based sanitisers are still efficient at eradicating pathogens
quickly, non-alcohol alternatives may be better suited for places that
require long-term antimicrobial protection, such as healthcare
facilities. Additional research is needed to assess the long-term
efficacy and safety of these formulations in real-world settings.

CONCLUSION

Compared to alcohol-based Sanitiser C1, non-alcohol-based Sanitiser
C3 was more effective against a variety of infections and provided
longer-lasting protection. The lack of antibacterial activity displayed
by the other sanitisers (C2, C4, and C5) suggests that many
commercially available solutions might not be very helpful at
preventing diseases.
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