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Objective: Surgical face masks have been recommended by World Health Organization (WHO) during the
COVID-19 pandemic. Nowadays wearing masks have become a norm and lifestyle around the globe. The
present investigation was carried out to evaluate the feasibility of developing masks loaded with analyt-
ical grade sodium chloride (NaCl), Iodized salts (IS) and Omani sea salt (OSS) with or without sodium
bicarbonate (NaHCO3).
Methods: The saline loaded masks were prepared by soaking the middle layer of the mask in 30% (w/v)
saline solutions (NaCl, IS, OSS) with or without 10% NaHCO3 for 24 h followed by drying at room temper-
ature. The prepared saline solutions and its combinations were evaluated for antimicrobial efficacy
against the bacteria like Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, Salmonella typhi,
and Staphylococcus aureus, and antifungal activity against the Penicillium spp. and Rhizopus spp. by agar
diffusion. Optical microscopy was employed to observe the formation of salt crystal in the mask material.
Survivability of S. aureus and P. aeruginosa was tested on the mask material loaded with 30% OSS + 10%
NaHCO3 at particular time intervals.
Results: The results showed that a combination of 30% OSS + 10% NaHCO3 exhibited promising antimicro-
bial activity against all the bacteria as well as Rhizopus spp. compared to the 30% IS + 10% NaHCO3.
Moreover, the middle layer of the mask loaded with saline solutions of 30% OSS + 10% NaHCO3 or 30%
IS + 10% NaHCO3 have antibacterial activity, particularly for oral microbiome. On dehydration, the masks
materials showed the presence of a significant amount of salt crystals. Survivability tests showed that
both S. aureus and P. aeruginosa were killed within 3 h of contact with the salt crystals on the mask mate-
rials.
Conclusions: A combination of 30% OSS + 10% NaHCO3 possessed significant antimicrobial activities on
the tested microorganisms. Presence of a significant amount of salt crystals on dehydration of the saline
loaded masks can be used as an effective protective barrier to infectious respiratory agents.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The wearing of face mask has been recommended by the World
Health Organization (WHO, 2020) as protection strategy against
respiratory pathogens particularly during the pandemic. Various
reports suggested the use of face masks as an effective barrier to
curb the aerosol spread of respiratory infections including
COVID-19, influenza and other viruses (Occupational Safety and
Health Administration (OSHA), 2009; Long et al., 2020; Chermey
and Potter, 2020). However, these days the general public is fol-
lowing the usage of disposable surgical face masks as directed by
the authorities (Lipp and Edwards, 2005; Canadian Agency for
Drugs and Technologies in Health (CADTH), 2013; Vincent and
Edwards, 2016). Also, surgical face masks were originally devel-
oped to contain and filter droplets containing microorganisms
expelled from the mouth and nasopharynx during surgery, there-
fore the primary purpose of a surgical mask is to provide protection
for the patient from the surgical team. At the same time masks
have been advocated as a barrier to protect the surgical team from
the patient (Vincent et al., 2016).

Previous studies highlighted the efficacy of saline solutions in
direct and indirect medical application (Passanha et al., 2014).
They are used as intravenous solutions (Tonog and Lakhkar,
2019), and are found to be effective in nasal irrigation, cystic fibro-
sis and upper respiratory tract infections (URTIs). The practice of
gargling with salt water was found to either alleviate symptoms
or even help to prevent URTIs (King et al., 2015, Osborn, 2018,
Fletcher, 2019). In cells infected with reticuloendotheliosis virus
(REV), saline solution was shown to interfere with viral protein
synthesis and further release of virus from infected cells. Saline
solution inhibited the protein synthesis of Influenza B virus infect-
ing Madin-Darby Canine Kidney (MDCK) cells (Bishop et al., 1976;
Tsumrumi et al., 1983). In addition to this, it has also been found to
enhance viral adsorption to micro porous filters (Lukasik et al.,
2000). High salt concentration was found to promote the interferon
beta (IFNb) production and its signaling in both human and mouse
macrophages and consequentially increased antiviral resistance
(Goralski and Donaldson, 2014; Grandjean-Lapierre et al., 2017;
Zhang et al., 2017). All these facts underline the role of saline solu-
tions in the management and control of various infections.

Sodium bicarbonate (NaHCO3) or baking soda finds applications
in dentistry due to its bactericidal property (Myneni, 2017;
Madeswaran and Jayachandran, 2018). Its low cost, easy availabil-
ity, low abrasion property, as well as antibacterial and highly bio-
compatible natures (Myneni, 2017) that made it a chemical of
suitable choice for the current investigation.

The current pandemic situation combined with the unavailabil-
ity of sufficient units of personal protective equipment (PPE) as
surgical masks, calls the attention of the scientific community to
explore the development of cost effective and efficacious PPE. Cur-
rently available PPE pose a potential risk of primary or secondary
infection and transmission. Herein, the development and antimi-
crobial efficacy of a potential reusable surgical mask loaded with
saline (NaCl, IS, OSS) solutions and NaHCO3 were explored based
on the work by Quan et al. (2017).
2. Materials and Methods

2.1. Materials

Commercially available (CA) surgical masks, iodized salt (IS)
and Omani sea salt (OSS) were purchased from the local market.
Some of the masks were also procured from the Ministry of Health
(MOH), Sultanate of Oman. Sodium chloride (NaCl), NaHCO3,
polysorbates (Tween 20) were of analytical grade. Nutrient agar
2

(NA), potato dextrose agar (PDA), and nutrient broth were used
as the culture media, and 0.5 McFarland was used to standardize
the survivability of bacteria.

2.2. Methods

2.2.1. Loading of CA and MOH masks with different saline solutions
A 30% (w/v) NaCl stock solution containing 1% (v/v) Tween 20

was prepared using deionized water and stirred well to dissolve
the contents. A 10 % (w/v) NaHCO3 solution was prepared individ-
ually and in combination with the prepared saline stock. A 30% OSS
(w/v) solution and 30% IS (w/v) solution was prepared along with a
combo of 10% NaHCO3 solution. The prepared solutions were
stored in separate glass containers. The mask material (whole
mask and the middle layer of the mask) was soaked in these solu-
tions for 24 h. These mask materials were flipped at regular inter-
vals using sterile forceps to ensure proper loading of the
components. After 24 h, the soaked mask materials were air dried
at room temperature. All the experiments were carried out under
strict aseptic conditions.

2.2.2. Evaluation of the antimicrobial activity
2.2.2.1. Agar well diffusion method. Agar well diffusion method was
used to evaluate the antimicrobial efficacy of the salt powders as
well as the saline solutions and their combinations. Bacteria used
in this study included E. coli, P. aeruginosa, P. vulgaris, S. typhi,
and S. aureus and fungi included Penicillium spp. and Rhizopus
spp. Wells of standard size (6 mm) were incised at specified dis-
tances in the agar plate using a sterile cork borer. Overnight broth
cultures of the bacterial isolates were swabbed on separate nutri-
ent agar plates. In addition to this, one of the plates were also
swabbed with oral microbiome from a healthy individual using a
sterile cotton swab. In separate wells, 100 ll of the three stock
solutions, as well as their combo with 10% NaHCO3 were added.
Similarly, a 10% NaHCO3 solution was also added to a separate
well. To study the efficacy of the powder materials, 10 mg of each
of the salts was added into a separate well in the plate. All the
plates were incubated at 37 �C overnight. After incubation, the
zones of inhibition (mm) were measured and recorded. Antifungal
activity was carried out in PDA. The fungal plates were incubated
for 72–120 h at room temperature and the zone of inhibition
was measured and recorded. All the experiments were carried
out in triplicates.

2.2.2.2. Evaluation of the antimicrobial activity of mask materials by
agar disc diffusion. The plain three-layered mask material, middle
layer (control) as well as the whole material and the middle layer
was loaded individually with 30% NaCl, 30% IS, 30% OSS and 10%
NaHCO3. Simultaneously, 30% NaCl + 10% NaHCO3, 30%
OSS + 10% NaHCO3 and 30% IS + 10% NaHCO3 were also used for
loading separate mask material and middle layer material. These
materials were cut into discs of standard diameter (5 mm) using
a sterile cork borer. These discs were placed on separate NA plates
swabbed with the bacteria, oral microbiome and fungi in PDA
plates. The discs were placed on the agar surface at a specified dis-
tance using sterile forceps. The conditions of incubation were
maintained as in the previous experiment for bacteria and fungi.
After incubation, the zone of inhibition around the wells were
measured and recorded. All the experiments were carried out in
triplicates.

2.3. Microscopic observation

The plain and saline (30% OSS + 10% NaHCO3) loaded surgical
masks materials that have been soaked for 24 h were observed
under an optical microscope (40X, 100X) to study the presence/ab-
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sence of loaded salt crystals as well the general structure of the
mask material.
2.4. Survivability of bacteria on saline loaded mask material

Tests for the bacterial survivability on the MOH and CA mask
material of both middle layer and whole mask loaded with 30%
OSS + 10% NaHCO3 and controls were carried out using 2 cm2 cut
pieces of the mask material. These pieces were placed in glass bot-
tles and sterilized by autoclaving and later these sterile pieces
were soaked in sterile 30% OSS + 10% NaHCO3 solution and kept
at room temperature for 24 h. After 24 h, the pieces were carefully
transferred to a sterile container and dried overnight in a sterile
cabinet. To standardize the number of bacteria in the culture, 0.5
McFarland, spectrophotometrically equated S. aureus (SA) and P.
aeruginosa (PA) nutrient broth tubes were used. From the 0.5
McFarland equated culture broth, 50 ll was placed on each of
the four sets (1 control + 4 saline loaded pieces in each set) of ster-
ile mask pieces (labelled as 0 h, 0.5 h, 3 h and 24 h) of saline loaded
middle layer, whole mask material (both MOH and CA) as well as
the control placed in separate sterile petri plates. Simultaneously,
the same amount of broth culture of both the bacteria were loaded
on separate mask materials (4 sets viz., 1 control + 4 saline loaded
pieces in each set). Immediately after loading the mask materials
with bacteria, the loaded area of the first set of mask materials
was gently touched using sterile cotton swab moistened with ster-
ile water and this was inoculated on to sterile nutrient agar in a
quadrant swabbing pattern. These plates were labeled as 0 h and
kept for incubation at 37 �C overnight. Simultaneously another
set of sterile mask materials (saline loaded and control) were
loaded with bacteria as mentioned above and these mask pieces
were placed on nutrient agar using a sterile forceps by keeping
the bacteria loaded side in contact with the surface of the agar. This
was considered as 0 h sample and these plates were incubated at
37 �C overnight. The mask pieces loaded with bacteria were kept
in room temperature (37 �C) for 0.5 h (2nd set) for 3 h (3rd set)
and 24 h (4th set) and they were yielded to swabbing technique
as well as direct placement on nutrient agar as mentioned earlier.
On incubation particular intervals, presence of bacterial colonies in
the plates yielded to swabbing techniques were observed. After
incubation, in case of the plates yielded to direct placement of
mask pieces, presence of bacterial growth was confirmed by gently
removing the mask materials from the agar surface using a sterile
forceps and observing bacterial growth both on the surface of the
mask pieces those had contact with the agar surface as well as
on the agar surface itself. To confirm the absence of any growth
(bacteria/fungi) in the powdery material from the agar surface
was sub-cultured on to nutrient agar and potato dextrose agar
incubated at 37 �C overnight and 4 days at 28 �C respectively. To
make the study tangible 50 ll of 0.5 McFarland equated culture
broth of each bacteria was separately swabbed on the nutrient agar
in a quadrant pattern. In the swabbing technique as well as direct
placement technique of the mask material, growth was considered
in a scale of no growth = 0, slight = +, moderate = ++, abundant = ++
+ (Mapetla, 2019) both cases.
2.5. Statistical analysis

The data from the study were analyzed using IBM SPSS Statisti-
cal Package for Social Science for Windows Version 20.0. Armonk,
NY: IBM Corp. The analysis of variance (ANOVA) and the general
linear model were used to determine the significance among the
parameters. Any means with significant differences were subjected
to Tukey’s (HSD) at 5% level. However, t-test was used to test fur-
ther with the parameter of two treatments means.
3

3. Results

The present study was carried out to enhance the efficiency of
the mask materials with different saline solutions (30% NaCl, 30%
IS, 30% OSS) as well as their combo with 10% NaHCO3 and evaluate
the antimicrobial efficacy of the saline loaded mask materials.
3.1. Antimicrobial activity of the powdered salts and saline solutions

The antimicrobial activity extended by (a) powdered salts
(NaCl, IS and OSS) and (b) saline solutions (30% NaCl, 30% IS and
30% OSS) is shown in Fig. 1. The zone of inhibition highlighted
the following trend in the sensitivity of bacteria to all the salt pow-
ders viz., oral microbiome > E. coli > P. aeruginosa > S. typhi > P. vul-
garis. Iodized salt showed comparatively better zone of inhibition
activity against P. vulgaris. In case of all the bacteria the OSS
showed comparable efficacy. There existed a significant
(P < 0.05) difference between antimicrobial efficacy extended by
all the salt powders to the oral microbiome compared to the rest
of the bacteria except P. vulgaris. However, both the fungi showed
resistance to all the salt powders. In addition to this, none of the
saline solutions (30% NaCl, 30% IS and 30% OSS) studied showed
any inhibitory effect on bacteria, oral microbiome and fungi.
3.2. Antimicrobial activity of NaHCO3 powder and its solutions

Sodium bicarbonate in powder form extended better antibacte-
rial efficacy than its solutions (Fig. 2). The zone of inhibition high-
lighted the following trend in the sensitivity of bacteria to NaHCO3

powder as S. typhi > E. coli > oral microbiome > S. aureus > P. aerug-
inosa > P. vulgaris. It was noted that 5% NaHCO3 solution did not
have any inhibitory effect on any bacteria other than the oral
microbiome. In case of 10% NaHCO3 solution the zone of inhibition
exhibited a trend in the following manner, oral microbiome > E. c
oli > S. typhi > P. aeruginosa. Neither S. aureus nor P. vulgaris were
sensitive to 10% NaHCO3 solution. However, the NaHCO3 powder,
5% and 10% NaHCO3 solutions had almost similar inhibitory effects
on the oral microbiome. Both 5% and 10% NaHCO3 solutions
showed almost similar activity against Penicillium spp. Rhizopus
spp was more sensitive (40 mm) to the NaHCO3 powder compared
to the Penicillium spp (24.7 mm). There was a significant difference
(P < 0.05) between the efficacy of the NaHCO3 powder and both the
NaHCO3 (5% and 10%) solutions in case of Rhizopus spp.
3.3. Antimicrobial activity of saline solutions with 10% NaHCO3

Fig. 1(b) showed that none of the saline solutions (30%) NaCl or
IS or OSS had any inhibitory effect by itself on all the microbes
under this study. However, when 10% NaHCO3 was added in 30%
saline solutions (OSS and IS), remarkable antimicrobial activities
were observed, except in the case of Penicillium spp. It is evident
from Fig. 3, that 30% OSS + 10% NaHCO3 saline solution exhibited
better antibacterial activity than the 30% IS + 10% NaHCO3 saline
solution.
3.4. Antimicrobial efficacy of CA surgical mask material (wet and
dried) loaded with different salts at varying soaking time intervals

Both the whole and the middle layer of the CA surgical mask in
wet and dried form soaked with saline solutions (30%) NaCl or IS or
OSS at varying time intervals did not exhibit any antimicrobial
activity against bacteria and fungi (Fig. 4).



Fig. 1. Antimicrobial activity extended by (a) salt powders (NaCl, IS and OSS) and (b) saline solutions (30%) NaCl or IS or OSS.
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3.5. Antimicrobial efficacy of the dried CA surgical mask material
(whole and middle layer) loaded with various saline solutions with
10% NaHCO3 for a soaking time of 24 h

The whole and the middle layer of the CA surgical mask mate-
rials loaded with 30% NaCl or 30% IS or 30% OSS in combination
with 10% NaHCO3 saline solution soaked for 24 h showed a zone
of inhibition in oral microbiome only but did not show any zone
of inhibition in either bacteria or fungi (Fig. 5). However, the mid-
dle layer of the CA surgical mask loaded with the 30% OSS + 10%
NaHCO3 saline solution showed a significant difference (P < 0.05)
in the zone of inhibition in oral microbiome compared to the CA
surgical whole mask.
4

3.6. Antimicrobial efficacy of the dried MOH surgical mask material
(whole and middle layer) loaded with the OSS solution itself and in
combination with 10% NaHCO3

As mentioned in Fig. 1(b), none of the 30% saline solutions had
any antimicrobial activity against microorganisms under this
study. However, 30% OSS + 10% NaHCO3 saline solution showed
antimicrobial activity as reflected in Fig. 3. In addition to this,
Fig. 6 revealed the antimicrobial effect of dried MOH surgical
masks soaked for 24 h with 30% OSS with and without 10%
NaHCO3. It was noted that, the whole and middle layer of the dried
MOH surgical mask loaded with OSS solution alone, did not extend
any antimicrobial activity except to the oral microbiome. This



Fig. 2. Antimicrobial activities using NaHCO3 powder and its solutions.

Fig. 3. Antimicrobial activities of saline solutions (30% IS + 10% NaHCO3 and 30% OSS + 10% NaHCO3).
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underlined the combinatorial effect of 30% OSS + 10% NaHCO3 sal-
ine solution on the oral microbiome.

3.7. Microscopic observation

Results of the optical microscopy (40X, 100X) of the plain surgi-
cal mask materials and the saline solutions (30% OSS + 10%
NaHCO3) loaded surgical mask materials (dried middle layer) after
24 h is shown in the Fig. 7. The presence of salts crystals was found
5

in the saline loaded middle layer surgical masks, but not in the
plain layer surgical masks materials.
3.8. Survivability of bacteria on saline loaded mask material

The results obtained for the bacterial survivability on the saline
solution (30% OSS + 10% NaHCO3) loaded MOH and commercially
available mask materials (middle layer and whole) either by swab-



Fig. 4. Antimicrobial efficacy of CA surgical mask material (wet and dried) loaded with saline solutions (30% NaCl, 30% IS, 30% OSS) at varying soaking time intervals.

Fig. 5. Antimicrobial efficacy of the dried whole and middle layer of the CA surgical mask materials with various saline solutions (30%) NaCl or IS or OSS + 10% NaHCO3) at
24 h soaking time.

Julnar Evangelista Pepito, Jayachandran Vavolil Prabhakaran, Dinesh Kada Peela Bheeman et al. Journal of King Saud University – Science 34 (2022) 102125

6



Fig. 6. Antimicrobial efficacy of dried MOH surgical mask material (whole and middle layer) loaded with the saline solutions (30% OSS or 30% OSS + 10% NaHCO3) at 24 h
soaking time.

Fig. 7. Optical microscopy (40X, 100X) of the plain middle layer surgical mask materials and the saline (30% OSS + 10% NaHCO3) loaded surgical mask materials (dried middle
layer) after 24 h.
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Table 1
Survivability of bacteria on saline loaded mask materials either by swabbing or direct placement of mask material on nutrient agar.

Samples Contact Time (h)

0 0.5 3 24

A B A B A B A B

MOH Middle Control - PA +++ +++ ++ ++ + ++ + +
MOH Middle Saline loaded - PA + ++ + 0 0 0 0 0
MOH Whole Control - PA +++ +++ ++ ++ + ++ + +
MOH Whole Saline loaded - PA ++ ++ + 0 0 0 0 0
MOH Middle Control -SA ++ ++ ++ + + + + +
MOH Middle Saline loaded - SA + + + 0 0 0 0 0
MOH Whole Control -SA ++ ++ ++ + + + + +
MOH Whole Saline loaded -SA + + + 0 0 0 0 0
CA Middle Control -PA +++ +++ ++ ++ + ++ + +
CA Middle Saline loaded - PA ++ ++ + 0 0 0 0 0
CA Whole Control -PA +++ +++ ++ ++ + ++ + +
CA Whole Saline loaded -PA ++ ++ + 0 0 0 0 0
CA Middle Control -SA ++ ++ + + + + + +
CA Middle Saline loaded - SA + + + 0 0 0 0 0
CA Whole Control - SA ++ ++ + + + + + +
CA Whole Saline loaded - SA ++ + + 0 0 0 0 0
0.5McFarland PA +++ +++ +++ +++ +++ +++ +++ +++
0.5McFarland SA ++ ++ ++ ++ ++ ++ +++ ++

A = Swabbing, B = direct placement of mask material on nutrient agar.
No growth = 0, slight = +, moderate = ++, abundant/luxuriant = +++.

Fig. 8. Survivability of bacteria on saline loaded mask materials either by swabbing or direct placement of mask material on nutrient agar.
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bing or direct placement of mask material on nutrient agar is
arranged in Table 1 and Fig. 8.

The Table 1 pertaining to the survivability test based on the
swabbing inoculation on nutrient agar shows that all the control
mask pieces (without saline solutions) loaded with S. aureus and
P. aeruginosa resulted in growth of bacteria irrespective of the time
gap from 0 h to 24 h, whereas the 30% OSS + 10% NaHCO3 loaded
samples labelled 0 h and 0.5 h resulted in the presence of bacterial
colonies and comparatively lesser in numbers than the controls,
but no presence of colonies were observed at 3 h or 24 h. In case
of all the control mask pieces (0 h; 0.5 h, 3 h and 24 h) loaded with
bacteria placed on the nutrient agar showed mat like growth of
bacteria (Fig. 8) once it was removed using forceps. But in case of
all the 30% OSS + 10% NaHCO3 treated mask pieces loaded with
both PA and SA showed only bacterial growth in the case of the
0 h sample whereas 0.5 h, 3 h and 24 h did not show any presence
8

of colonies on the agar surface. A white deposit was noted on the
surface of the agar once the mask piece was removed and that
could be the powdery material associated with the mask. Absence
of bacterial and fungal growth was confirmed in the powdery
material from the agar surface as there was not any growth either
on the nutrient agar or the potato dextrose agar in which the pow-
dery residue was sub-cultured.
4. Discussion

The present study was conducted to investigate the possibility
of developing reusable masks loaded with analytical grade NaCl,
IS and OSS with or without NaHCO3. In this in vitro study, it was
noted that salt powders (NaCl, IS and OSS) showed significant inhi-
bitory effect on bacteria as compared to 30% saline solutions (NaCl,
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IS and OSS) which did not show any antibacterial and antifungal
activities. Absence of activity with 30% solution (w/v) may be
due to the decreased diffusion of salt particles through the agar.
However, Parfentjev and Catelli (1964) reported that 0.85% NaCl
containing broth culture could significantly inhibit S. aureus.
Hajmeer et al., (2006) mentioned that S. aureus maintained its cel-
lular structure and no severe cell wall or plasma membrane dam-
age and/or shrinkage was observed with 10% NaCl, whereas 10%
NaCl could cause extensive cellular damage to E. coli O157:H7.
The lowest sensitivity exhibited by P. vulgaris to all the salts (NaCl,
IS and OSS) under study could be suggestive of a comparatively
more salt tolerance in this bacterial species (Mansouri and
Pahlavanzadeh, 2009). The antibacterial effect showed by OSS
powder can be considered for future applications as it is cheaper
and is naturally available resource considering that Oman has a
vast coastline stretch of 3,165 km (MOECA, 2014). The significant
efficacy extended by the OSS may be contributed to the presence
of other minerals in the sea salt as it may not be stringently pro-
cessed as in the case of the iodized salt (Zeratsky, 2019). Sea salt
can be help tackle problems related to diseases such as cardiovas-
cular disease, diabetes, cancer, and skin problems (Nani et al.,
2016).

In the current study, we have also investigated NaHCO3 alone
and in combination with other salts. The NaHCO3 alone showed
comparable results in powder form except for S. aureus. Inclusion
of only 10% NaHCO3 solutions in this study is justified by its solu-
bility property (7.8 to 10%). Even though other bacteria and fungi
under study responded differently to NaHCO3 powder and its solu-
tions, nevertheless Penicillium spp and the oral microbiome indi-
vidually responded to these treatments in a similar manner.
Previous studies have suggested the broad-spectrum antimicrobial
effect of NaHCO3 on bacteria including the potent respiratory
pathogen, Mycobacterium tuberculosis (El Badrawy et al., 2018).
The bicarbonate ion was identified as the probable cause of
NaHCO3 mediated inhibition Dobay, et al., (2018). Gutiérrez-
Huante et al., (2019) revealed that iron deficiency may also be
involved in the inhibition of bacterial growth by NaHCO3

(Gutiérrez-Huante et al., 2019). However, in some cases, pH eleva-
tion also played a significant role (Corral et al., 1988). Scientists
have found that the virucidal efficacy of NaHCO3 was also
enhanced when it was used in combination with aldehydes or
hydrogen peroxide (Malik and Goyal, 2005). In addition, oral
administration and wash with NaHCO3, significantly decreased
the morbidity and mortality of the cattle inflicted with foot and
mouth disease (FMD) virus underlining its role as prophylactic
and therapeutic agents (Hossain, et al., 2015).

Dobay et al., (2018) reported that NaHCO3 (100 mmol/l) signif-
icantly inhibited the growth of planktonic bacteria whereas NaCl
(100 mmol/l) did not have any influence on the bacterial growth.
Furthermore, the HCO3 � not only impeded the planktonic growth
of different bacteria but also impeded biofilm formation by P.
aeruginosa. All these make NaHCO3 an interesting component for
its application on masks.

The inclusion of 10% NaHCO3 with the saline solution was to
investigate the synergistic effect of NaHCO3 with other salt solu-
tions. This study highlighted 30% OSS + 10% NaHCO3 saline solution
is an effective combination from the antibacterial perspective as
well as its effect on Rhizopus spp, compared to the 30% IS + 10%
NaHCO3 saline solution. However, both these combinations did
not affect Penicillium spp.

When the presence of bacteria in droplets from nose and mouth
was discovered along with their role in disease transmission,
masks have been used as a protective barrier to respiratory dis-
eases (Borkow et al., 2010). The middle layer of CA surgical mask
material soaked for 24 h with individual saline solutions (30%)
NaCl or IS or OSS could not inhibit microbial growth, whereas,
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the middle layer CA surgical mask material soaked with individual
saline solution (30%) NaCl or IS or OSS with 10% NaHCO3 could
inhibit the oral microbiome. Since the results did not show any sig-
nificant difference with the antimicrobial efficacy of (30%) NaCl or
IS or OSS with 10% NaHCO3, further investigations were concen-
trated only on the 30% OSS with 10% NaHCO3, combo loaded whole
and middle layer of the mask in both CA and MOH surgical masks
which antimicrobial activity against oral microbiome only. The sig-
nificant activity extended by the functionalized middle layer mate-
rial to the oral microbiome could be related to the nature of this
material, as reflected in terms of the abundance of impregnated
salt crystals in the middle layer material seen under the optical
microscope. This could be due to the absorption of salt crystals
occurs in materials soaked after dehydration (Xie et al., 2007). Con-
sequently, the microbes could be killed when they encounter the
dry salt crystals on polypropylene that derived from saline combo
(30% OSS + 10% NaHCO3). The report by Quan et al. (2017) con-
firmed that salt treated masks showed the presence of crystals
on the mask surface that can be served as a blocker or trap for
whatever aerosol or moisture from the environment, thereby pre-
venting the entry of pathogens to mouth and nose. Polypropylene
possesses bacterial resistance and is highly impermeable to water.
Hence, Tween 20 was used to enhance the adsorption of salt solu-
tion on the hydrophobic surface of the face mask as the mask sur-
face is hydrophobic (Xie et al., 2007).

This study included the evaluation of survivability on two
important bacteria viz., S. aureus and P. aeruginosa on the saline
loaded as well as control mask materials by swabbing inoculation
as well as by direct placement of the bacterial loaded mask mate-
rials with and without saline on nutrient agar. It was understood
that there existed a significant difference in the survivability of
both the bacteria at 0 h and 0.5 h with respect to 3 h and 24 h while
in contact with 30% OSS + 10% NaHCO3 as evident from the Table 1
and Fig. 8. These results are significant from the view point that S.
aureus is a ubiquitous pathogen associated with a wide range of
infections affecting the respiratory tract that range from asymp-
tomatic colonization to fulminant necrotizing pneumonia (Parker
and Prince, 2012) whereas P aeruginosa is a formidable opportunis-
tic pathogen that can cause invasive and fulminant infections, such
as acute pneumonia (Faure et al., 2018). Even though surgical
masks are used to reduce bacterial shedding from the mouth, nose
and face these masks could be the source of bacterial shedding
with extended wearing time. Therefore, controlling airborne con-
tamination and reducing microbial shed from personnel may help
to decrease the incidence of surgical site infections (SSIs) (Zhiqing
et al., 2018) transmitted especially via medical personnel in hospi-
tal settings. In this juncture the killing effect of 30% OSS + 10%
NaHCO3 crystals present on the mask material is noteworthy and
gives scope for detailed studies in this direction. The differences
in the presence or absence of bacterial colonies in the nutrient agar
inoculation following 0.5 h by swabbing or direct placement of the
mask material treated with 30% OSS + 10% NaHCO3 and bacteria
could be due to the inhibition of bacterial growth by the combined
effect of direct contact and slow diffusion of salt from the mask
material while in contact with the agar. A microbial growth quali-
tative test was followed instead of counting the colonies, as the
usage of sterile water containing swab in the transference of bac-
teria to the agar would have contributed to the reduction in the
number of bacterial cells in every subsequent steps viz., at 0 h,
0.5 h, 3 h and 24 h).

Drying is the major stress for airborne bacteria and may
strongly diminish their survival probability during aerosolization
(transport) (Potts, 1994). Microbial cells encountering the salt crys-
tals may be killed or damaged due to the high salt concentration
present on the surface. Water diffuses out of the cell leading to
dehydration or loss of the structural integrity or enzyme and pro-
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tein malfunction, resulting in bacterial cell death (Walsh, 2019).
The beneficial properties of NaCl and NaHCO3 (Myneni, 2017;
Fletcher, 2019) very well justify the incorporation of these chemi-
cals for developing effective reusable antimicrobial face masks. In
this context, the loaded salt particles may be considered as a bio-
cidal agent and the use of biocidal masks may significantly reduce
the risk due to hand or environmental contamination and the sub-
sequent infection (Borkow et al., 2010).

The killing of the influenza virus in droplets on evaporation on
contact with salt crystals in the mask material was established by
Quan et al. (2017). To underline the findings of this study from the
perspective of the efficacy of saline (30% OSS + 10% NaHCO3)
loaded mask, the salt recrystallization virus negating system
results of Quan et al. (2017) would be apt to emphasize in this
juncture.

The present study combines the idea of the virucidal properties
of NaCl solution as per Quan et al. (2017) and the bactericidal prop-
erties of NaHCO3, Dobay et al. (2018). Thus, making the saline
coated surgical mask as a reusable, efficient antimicrobial, and
cost-effective protective barrier against infectious agents. This
study emphasized the value addition of masks by functionalizing
its materials with 30% OSS + 10% NaHCO3 combination. Further
studies may be carried out by modifying the composition of the
saline solution to be loaded in the mask material.

The varying nature of microbes can influence their potential
ability to penetrate the face mask. Material properties including
shape, size, and their surface characteristics should be considered
while designing chemical compound loaded mask materials.

5. Conclusion

Wearing masks is a proven effective barrier for protection from
airborne illnesses. The recent Covid-19 pandemic showed an
increased demand for PPE. Therefore, the present work was carried
out to develop safe, economically feasible and reusable masks. This
investigation confirmed that salt powders (NaCl, IS and OSS)
extended significant antibacterial activity but not any antifungal
effect. A combo of saline solutions (30% OSS + 10% NaHCO3)
impregnated in the middle layer surgical masks materials after
24 h soaking possessed significant antimicrobial activities particu-
larly against the oral microbiome as exhibited by the presence of
salt crystals that would lead to the practical application as a reusa-
ble PPE. Moreover, killing of the pathogens like S. aureus and P.
aeruginosawithin 3 h of contact with the saline loaded mask mate-
rials underscored bactericidal effect of the salt functionalized
mask.
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