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SUMMARY
Mobile phones play an essential role in enhancing

personal, social, and professional life in many
ways, including to access to communication,
information, and entertainment. However, mobile

phones also come in contact with environments
containing high densities of microorganisms, such
as hospitals, schools, restrooms, and kitchens,
suggesting that mobile phones could also act as
carriers of disease. Commercial disinfectants are
highly effective against potential human pathogens
found on mobile phones, yet these disinfectants
also contain chemicals that are toxic to both human
health and the environment. In addition, there is
evidence that modern microorganisms are becoming
resistant to commercially available disinfectants. We
hypothesized that household spices and minerals,
such as garlic, mint, zinc, and iron, could act as
alternate solutions for disinfecting mobile phones
after daily use. Our results demonstrate that garlic,
iron, and zinc are just as effective at suppressing
microorganisms compared to commercially available
cleaners, Clorox and Pine-Sol. These results could
help guide further research aimed at producing more
environmentally friendly cleaners and reducing the
need for toxic chemicals in household disinfectants.

INTRODUCTION

Mobile phones play an essential role in personal, social,
and professional life, as there are currently over six billion
active cellular subscriptions worldwide (1). Advances in the
applications available on these devices enable them to be
used to enhance life in many different ways, for example:
better communication, easy access to information, and
entertainment. Due to their widespread use, mobile phones
are constantly touched by humans that have interacted with
environments containing high densities of microorganisms,
such as hospitals, schools, restrooms, and kitchens. This
suggests that despite the positive impacts of the technology,
mobile phones could also act as a carrier of disease
throughout the community (2, 3).

Although commercial household disinfectants are highly
effective against potential human pathogens found on mobile
phones, household cleaners can expose consumers to
complex mixtures of potentially toxic chemicals, including
quaternary ammonium compounds (QACs), alcohols, sodium
hypochlorite (bleach), hydrogen peroxide, acids, and phenolic

compounds (4). Exposure to such chemicals has been shown
to increase the risk of asthma, chronic obstructive pulmonary
disease, infertility, and inhibit cholesterol biosynthesis (5,
6). Due to the increased use of disinfectants worldwide in
response to the COVID-19 pandemic, studies have recently
focused on the impact of disinfectants on human health and
safety (7).

In addition to unfavorable impacts on human health, the
discharge of toxic chemicals found in household cleaners
into wastewater have adverse effects on aquatic and plant life
(8). The continuous exposure to common disinfectants may
also increase microbial resistance by cellular mutations or
acquisition genetic elements (9-11). Therefore, there is a need
for alternative disinfectants that minimize undesirable impacts
on human and environmental health while maintaining the
potency needed to kill unwanted pathogens.

Studies have investigated the possibility of using natural
products such as baking soda and vinegar as natural
alternatives to commercial disinfectants (12, 13). These
studies concluded that alternative baking soda and vinegar
solutions are generally not as effective at completely killing
microorganisms compared to other commercial disinfectants,
but rather that they could potentially be used in cases
where the user desires to clean surfaces in which complete
elimination of microorganisms is unnecessary. Alternatively,
it is well known that certain household spices and minerals
have antimicrobial properties — there is even evidence of
them targeting antibiotic-resistant bacteria (14-18). Here, we
hypothesized that the antimicrobial properties of spices and
minerals could be used as alternative disinfectants for mobile
phones. Pine-Sol, Clorox, mint, garlic, zinc, and iron were
tested based on previous reports of antimicrobial activity
(14-18). In our experiments, we determined that garlic, iron,
and zinc were just as effective at suppressing the growth of
microorganisms found on mobile phones compared to the
commercially available cleaners, Clorox and Pine-Sol. These
results could help guide further research aimed at producing
more environmentally friendly cleaners and reducing the
need for toxic chemicals in household disinfectants.

RESULTS

To compare the effectiveness of spices, minerals, and
commercial cleaners in killing microorganisms, we tested the
ability of our supplemented reagents to permit the growth of
mobile phone microbial subculture. Growth was observed on
the positive control plates and the plates supplemented with
mint (Figure 1). Additionally, we observed that the growth on
the positive control and mint plates did not look the same,
even though the same microbial subculture was applied to
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Figure 1: Representative images of subculture plates grown
with spices, minerals, and commercial cleaners. Pictures were
taken after one day of incubation at room temperature. Three
replicates were recorded for each plate. The red scale bar represents
alength of 1 cm.

both plates. The mint plate grew smaller colonies, which
eventually overlapped. In contrast, the positive control grew
larger colonies which were spread far apart. The average
diameter of colonies on the mint and positive control plates
were 0.3 +0.1 mmand 0.7 £ 0.2 mm, respectively (Figure 2A).
Although the positive control had colonies spread throughout
more of the plate, the densities of the colonies were similar on
the mint and positive control plates, with observed densities
of 11 = 5 colonies/cm? and 9 = 5 colonies/cm?, respectively
(Figure 2B).

We found that microbial growth was not observed on the
negative control plates, in addition to plates supplemented
with Clorox, Pine-Sol, iron, zinc, and garlic (Figure 1). We
observed that the texture of each plate looks different due
to the different additives. We concluded that Clorox, Pine-
Sol, iron, zinc, and garlic can inhibit microbial growth of
microorganisms found on mobile phones.

DISCUSSION
We hypothesized that all our tested spices, minerals, and

commercial cleaners would mitigate growth of microorganisms
cultured from mobile phones. Clorox, Pine-Sol, garlic,
zinc, and iron were all effective at suppressing microbial
growth. To contrast, microbial growth was observed on the
plate containing mint. This was a surprising observation,
as antimicrobial properties of mint have been reported
previously (18). The mint used in this study was freshly picked
and washed using sterile water, but it is possible that there
were still naturally occurring microorganisms remaining on
the mint before it was added to the agar. This explanation
is supported by the observation that the microbial colonies
looked visibly different on the positive control and mint
plates. This suggests that the colonies grown on the plates
were of different origins, which was not expected as a single
colony was subcultured before being applied to the plates.
In the future, the experiment should be repeated using dried
mint (the same condition as the garlic used here) or using
autoclaved mint, or we could confirm that the colonies were
from different origins. Techniques such as Gram staining or
by growing the cultures in differential media (e.g. blood agar)
could be used to determine whether or not similar colonies
are being compared across conditions.

Overall, these results demonstrate that garlic, zinc, and
iron could potentially be used as alternatives to commercial
cleaners when disinfecting mobile phones. We would like to
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Figure 2: Microbial growth of mobile phone subcultures. A)
Average diameter of colonies observed on each plate (n = 3). B)
Average density of colonies observed on each plate (n = 3). Plates
were allowed to incubate at room temperature for 1 day. Error bars
represent the standard deviation of measurements made on three
replicate plates.

Journal of Emerging Investigators - www.emerginginvestigators.org

11 APRIL 2023 | VOL6 | 2



EMERGING INVESTIGATORS

further this research by investigating the minimum amount of
each additive that is needed to kill the microorganisms found
on mobile phones. Additionally, we would like to explore the
application of solutions containing garlic, zinc, or iron directly
to a phone, as this is how disinfection takes place in real-
life applications. One obvious limitation to this idea is that
garlic, zinc, and iron could all leave unwanted residue on the
surface of the phone. Although it is possible that the lowest
concentration needed to stop growth would not cause this,
an alternative approach would be making disinfectants from
essential oils, extracts, or metal salts containing the active
ingredients of interest rather than a solution of the raw spice
or mineral. We are also interested in investigating a greater
number of spices and minerals to see if any are more effective
at lower concentrations than those studied here.

To conclude, we demonstrate that garlic, zinc, and iron are
just as effective at suppressing the growth of microorganisms
found on mobile phones when compared to the commercially
available cleaners, Clorox, and Pine-Sol. We envision that
disinfectants containing these additives could be formulated
to be used as alternatives to commercially available
cleaners. If realized, this would help minimize the health
and environmental impacts of commercial cleaners and
help combat microorganisms that are resistant to currently
available cleaners.

MATERIALS AND METHODS
Preparation of spices, minerals, and cleaners

Freshly grown mint was picked, washed using sterile
water, and sliced and crushed as finely as possible. Garlic
came prepackaged and dried, but was further crushed
into powder before use. Iron and zinc supplements were
obtained in 50 mg pills, which were crushed into a fine
powder. Clorox and Pine-Sol were obtained in liquid form
and were not modified prior to use.

Preparation of agar plates

Three replicate plates were prepared for each spice, min-
eral, commercial cleaner, negative control, and positive con-
trol. 1 mL of commercial cleaner (Clorox and Pine-Sol), 1 g of
each spice (mint and garlic), and 50 mg of each mineral (iron
and zinc) were added to separate, sterile Falcon tubes. Solid,
sterile tryptic soy agar (TSA) was melted as recommended
by the manufacturer and transferred to each falcon tube for
a final volume of 15 mL. Each solution was mixed well using
a sterile wooden dowel. The contents of each tube were then
poured into sterile agar plates, which were then covered and
left to solidify. For the negative and positive control, 15 mL
of unmodified TSA were added the plates and left to cool in
a similar manner. All plates were then stored at 4 °C prior to
use.

Sample collection and inoculation of TSB liquid cultures

To prepare the liquid cultures for application onto the agar
plates, they were first collected and incubated. Microorgan-
isms were collected by swabbing the screen of a mobile
phone back and forth five times using a sterile cotton swab.
The entire swab was then deposited into a test tube contain-
ing 4 mL of sterile tryptic soy broth (TSB), which was sealed
and lightly shaken for 5 seconds to mix. An uncontaminated
sterile swab was placed in a test tube with TSB and shaken
in a similar manner for the negative control. Both test tubes

were incubated at room temperature for 3 days.

Microbial subculturing

One drop (~50 pL) of positive TSB culture was placed onto
an agar plate and evenly spread using a sterile spreader. The
same was done for the negative control. The plates incubat-
ed for 1 day at room temperature. After incubation, a single
colony was isolated from the plate and placed into a new test
tube containing 4 mL of TSB using a sterile wooden dowel.
The tube was sealed and shaken. In a similar manner, a new
sterile wooden dowel was placed in a test tube with TSB for
the negative control. Both cultures were left to incubate at
room temperature for 3 days.

Supplemented growth experiments with subcultured mi-
croorganisms

Positive and negative TSB subcultures were diluted
1:100,000 in TSB. One drop (~50 L) of diluted subculture
was placed on the garlic, mint, iron, zinc, Clorox, Pine-Sol,
positive control, and negative control plates. The plates were
incubated at room temperature for 1 day.

Data collection and analysis

Pictures of each plate were taken using a cell phone cam-
era. The pictures were imported into Microsoft PowerPoint
and normalized according to their actual dimensions. The di-
ameter of each colony was measured using the ruler function
in PowerPoint. The area which colonies occupied on each
plate was also estimated using the ruler in PowerPoint. All
data was analyzed and plotted using Microsoft Excel.

ACKNOWLEDGEMENTS

We would like to thank the Journal of Emerging
Investigators Mini PhD Program for funding this work. Michael
Mazzola and Choah Kim are thanked for their guidance
throughout the project.

Received: August 17, 2022
Accepted: January 10, 2023
Published: April 11, 2023

REFERENCES

1. “Smartphone Users 2021.” Statista, www.statista.com/
statistics/330695/number-of-smartphone-users-world-
wide/. Accessed 17 August 2022.

2. Olsen, Matthew, et al. “Mobile Phones Represent a
Pathway for Microbial Transmission: A Scoping Review.”
Travel Medicine and Infectious Disease, vol. 35, May
2020, p. 101704. doi: 10.1016/j.tmaid.2020.101704.

3. Bhoonderowa, A., et al. “The Importance of Mobile
Phones in the Possible Transmission of Bacterial Infec-
tions in the Community.” Journal of Community Health,
vol. 39, no. 5, Oct. 2014, pp. 965-67. doi: 10.1007/
$10900-014-9838-6.

4. Clausen, Per A., et al. “Chemicals Inhaled from Spray
Cleaning and Disinfection Products and Their Respira-
tory Effects. A Comprehensive Review.” International
Journal of Hygiene and Environmental Health, vol. 229,
Aug. 2020, p. 113592. doi: 10.1016/j.ijheh.2020.113592.

5. Jing, Jane Lee Jia, et al. “Hand Sanitizers: A Review on
Formulation Aspects, Adverse Effects, and Regulations.”
International Journal of Environmental Research and

Journal of Emerging Investigators « www.emerginginvestigators.org

11 APRIL 2023 | VOL®6 | 3



EMERGING INVESTIGATORS

10.

1.

12.

13.

14.

15.

16.

17.

18.

Public Health, vol. 17, no. 9, 9, Jan. 2020, p. 3326. doi:
10.3390/ijerph17093326.

Zhang, Chang, et al. “Quaternary Ammonium Com-
pounds (QACs): A Review on Occurrence, Fate and
Toxicity in the Environment.” Science of The Total En-
vironment, vol. 518-519, June 2015, pp. 352-62. doi:
10.1016/j.scitotenv.2015.03.007.

Dewey, Hannah M., et al. “Increased Use of Disinfec-
tants During the COVID-19 Pandemic and lts Potential
Impacts on Health and Safety.” ACS Chemical Health &
Safety, vol. 29, no. 1, Jan. 2022, pp. 27-38. doi: 10.1021/
acs.chas.1c00026.

Hora, Priya |., et al. “Increased Use of Quaternary Am-
monium Compounds during the SARS-CoV-2 Pandemic
and Beyond: Consideration of Environmental Implica-
tions.” Environmental Science & Technology Letters,
vol. 7, no. 9, Sept. 2020, pp. 622-31. doi: 10.1021/acs.
estlett.0c00437.

Abreu, A. C., et al. “Current and Emergent Strategies for
Disinfection of Hospital Environments.” Journal of Anti-
microbial Chemotherapy, vol. 68, no. 12, Dec. 2013, pp.
2718-32. doi: 10.1093/jac/dkt281.

Buffet-Bataillon, Sylvie, et al. “Emergence of Resistance
to Antibacterial Agents: The Role of Quaternary Am-
monium Compounds—a Critical Review.” International
Journal of Antimicrobial Agents, vol. 39, no. 5, May 2012,
pp. 381-89. doi: 10.1016/j.ijantimicag.2012.01.011.
Bridier, A., et al. “Comparative Biocidal Activity of Per-
acetic Acid, Benzalkonium Chloride and Ortho-Phthal-
aldehyde on 77 Bacterial Strains.” Journal of Hospi-
tal Infection, vol. 78, no. 3, July 2011, pp. 208-13. doi:
10.1016/j.jhin.2011.03.014.

Goodyear, N., et al. “The Effectiveness of Three Home
Products in Cleaning and Disinfection of Staphylococcus
Aureus and Escherichia Coli on Home Environmental
Surfaces.” Journal of Applied Microbiology, vol. 119, no.
5, 2015, pp. 1245-52. doi: 10.1111/jam.12935.

Rutala, William A., et al. “Antimicrobial Activity of Home
Disinfectants and Natural Products Against Potential
Human Pathogens.” Infection Control & Hospital Epi-
demiology, vol. 21, no. 1, Jan. 2000, pp. 33-38. doi:
10.1086/501694.

Liu, Qing, et al. “Antibacterial and Antifungal Activities of
Spices.” International Journal of Molecular Sciences, vol.
18, no. 6, June 2017, p. 1283. doi: 10.3390/ijms18061283.
Zhang, Dan, et al. “Discovery of Antibacterial Dietary
Spices That Target Antibiotic-Resistant Bacteria.” Mi-
croorganisms, vol. 7, no. 6, 6, June 2019, p. 157. doi:
10.3390/microorganisms7060157.

Almoudi, Manal Mohamed, et al. “A Systematic Review
on Antibacterial Activity of Zinc against Streptococcus
Mutans.” The Saudi Dental Journal, vol. 30, no. 4, Oct.
2018, pp. 283-91. doi: 10.1016/j.sdentj.2018.06.003.
Arakha, Manoranjan, et al. “Antimicrobial Activity of Iron
Oxide Nanoparticle upon Modulation of Nanoparticle-
Bacteria Interface.” Scientific Reports, vol. 5, no. 1, Dec.
2015, p. 14813. doi: 10.1038/srep14813.

Unalan, Irem, et al. “Physical and Antibacterial Properties
of Peppermint Essential Oil Loaded Poly (¢-Caprolactone)
(PCL) Electrospun Fiber Mats for Wound Healing.” Fron-
tiers in Bioengineering and Biotechnology, vol. 7, Nov.
2019, p. 346. doi: 10.3389/fbioe.2019.00346.

Copyright: © 2023 Mirza, Wright, and Makey. All JEI articles
are distributed under the attribution non-commercial, no
derivative license  (http://creativecommons.org/licenses/
by-nc-nd/3.0/). This means that anyone is free to share,
copy and distribute an unaltered article for non-commercial
purposes provided the original author and source is credited.

Journal of Emerging Investigators - www.emerginginvestigators.org 11 APRIL 2023 | VOL6 | 4



