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Abstract

Kojic acid is commonly used in cosmetic products to lighten the skin. Bacterial contamination is one of the
serious problems in cosmetics because they contain ingredients that support the growth of microorganisms.
Pseudomonas aeruginosa is not only the most frequently found in contaminated cosmetic products but also the
major cause of skin infections. The aim of this study was to assess the effectiveness and the mechanism of kojic
acid in inhibiting growth of P. aeruginosa. By swab paper disc method, it was found that kojic acid clearly inhibited
P. aeruginosa. The broth dilution method revealed that the minimum inhibitory concentration (MIC) of kojic acid
against P. aeruginosa was 1%. Kojic acid at the MIC level exhibited bactericidal effect on P. aeruginosa causing
cell deformation examined by scanning electron microscopy and leakage of nucleic acids and proteins from
P. aeruginosa cells evaluated by spectrophotometry at the wavelengths of 260 and 280 nm, respectively. The
results may be useful as a guideline for determining the proper amount of kojic acid to be used in cosmetics for

inhibition of bacteria.
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1. Introduction
Kojic acid (C4HgO,) or 5 -hydroxy-2 -(hydroxy
methyl-pyrone) is a substance produced by
fermentation of some fungi such as Aspersillus
flavus, Aspersillus oryzae and Penicillium citrinum
[1]. Many fungal-fermented food products are found
to contain kojic acid including miso, shoyu and sake.
Kojic acid has been used for a variety of purposes,
especially in food and cosmetic industries. In food
industry, it is used as a food preservative [2] and as
a substance to reduce the color change of food
caused by enzymatic browning [3]. Kojic acid has
recently gained widespread popularity in the
cosmetic industry. It is commonly used as a skin
whitening agent or skin-lightening agent due to its
antimelanogenic activity [4]. Other advantages of
kojic acid when used as an ingredient in cosmetic
products include slowing aging (anti-aging effects) by
reducing wrinkles, preventing melasma and freckle
and decreasing the appearance of scars [5]. Moreover,
kojic acid is beneficial in medicine because it has
been reported to have antimicrobial activity [6],
antiviral activity [7] and anticancer activity [8].
Cosmetics are products favoring the growth
of microorganisms because they contain many
components supporting microbial growth, including
water, lipids, polysaccharides, proteins, amino acids,
glycosides, peptides and vitamins [9]. Contamination
with pathogenic microorganisms in cosmetics is one
of the risk factors for infection in product users. The
production of cosmetics usually passes processes to
ensure their safety before being sold in the market
such as preservatives addition and compliance with
good manufacturing practices (GMP) regulations.
However, a wide variety of cosmetic microorganisms
have also been reported [10]. The most common
cosmetic microorganisms include Escherichia coli,
Pseudomonas Klebsiella

aeruginosa, oxytoca,
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Burkholderia  cepacia, Staphylococcus  aureus,
Enterobacter gergoviae, Serratia marcescens and
some molds and yeasts [11]. Although the skin has
immune mechanisms that protect against infection
to some degree, it can allow those microbes
contaminated in cosmetics to invade the body and
cause infection if it is torn or has minor cuts (such as
abrasions, bruises, cracked skin).

Pseudomonas aeruginosa is a gram-negative
bacillus that is commonly found in the environment,
like in soil and in water. It is considered to be the
most common cause of infections in humans
compared to other Pseudomonas species. It is an
important opportunistic pathogen that causes a
variety of infection in immunocompromised patients
[12]. It can cause infections in the blood, lungs
(pneumonia), or other parts of the body. Patients
can experience a range of clinical manifestations,
from mild symptoms to critical illness depending on
the location of infection, number of pathogens
received and appropriateness of treatment. Since
P. aeruginosa is found in humid environments, some
cosmetic products with high water content are
susceptible to be contaminated with this bacterium.
This is a serious issue because it represents significant
health risks to consumers who use the products. [10].

The objectives of this study were to
investigate kojic acid’s antimicrobial activity against
P. aeruginosa, its mode of action and its effect on

P. aeruginosa cells.

2. Materials and methods
2.1. Bacterium used in this study
in  this

The bacterium used study was

Pseudomonas aeruginosa ATCC 27853. It was
cultured in Brain Heart Infusion (BHI) medium and
incubated at 37°C. The bacterial stock was prepared

as a 20% (v/v) stock in glycerol and stored at -20°C.



a

NITIMEIeansuarmalulad unnIneduguasnsntl U0 25 atuil 1 ReuunIIAN-wwIeY 2566

2.2. Kojic acid

Kojic acid used in this study is the product of
Dimollaure sold as 99% kojic acid powder. The stock
solution of kojic acid was prepared as a 40% (w/v)
solution in sterile distilled water and stored in a

dark-colored bottle at 4°C.

2.3. Antimicrobial activity of kojic acid against
P. aeruginosa

The ability of kojic acid to inhibit P. aeruginosa
was studied by swab paper disc method. The
bacterium was cultured in BHI broth for 24 h and
then smeared by a sterile cotton swab throughout a
BHI agar dish. A paper disc (6 mm in diameter)
(Schleicher & Schuell, New Hampshire, USA) was
placed in the center of the cultured dish. Ten pL of
kojic acid stock solution were dropped onto the
paper disc. The agar dish was incubated at 37°C for
24 h before observing an inhibition zone around the
paper disc. This experiment was performed 3 times
and the control experiment was performed using

sterile distilled water instead of kojic acid solution.

2.4. Determination of MIC of kojic acid against
P. aeruginosa

The determination of MIC of kojic acid
against P. aeruginosa was performed by broth
dilution assay, which was performed as follows.
P. aeruginosa was cultured in 2 mL of BHI broth
containing kojic acid at final concentrations of 2%,
1%, 0.5%, 0.25%, 0.125%, 0.063%, 0.031% and
0.016%. All culture tubes were incubated at 37°C for
24 h before visual observation of turbid growth. This
experiment was performed 3 times and the control

experiment was performed using sterile distilled

water instead of kojic acid solution.

83

2.5. Inhibitory mechanism of kojic acid against
P. aeruginosa

Inhibitory mechanism of kojic acid against
P. aeruginosa was studied using a method adapted
from the method reported previously [13]. P. aeruginosa
was cultured in 2 mL of BHI broth containing kojic
acid at the final concentration equal to the MIC
value. The tube was incubated at 37°C for 24 h. An
aliquote (100 pL) of each culture was inoculated in
a 2 mL BHI broth tube without kojic acid and spread
on a BHI agar dish without kojic acid. After
incubation at 37°C for 24 h, bacterial growth was
observed in the BHI broth and on the BHI agar. This
experiment was performed 3 times and the control
experiment was performed using sterile distilled

water instead of kojic acid solution.

2.6. Effect of kojic acid on P. aeruginosa cells

The effect of kojic acid on P. aeruginosa cells
was studied by observation on cell morphology
change using scanning electron microscopy (SEM)
and on leakage of nucleic acids and proteins from
the cells.

For cell morphology study by SEM, overnight
cultures of P. geruginosa grown at 37°C in BHI broth
without (control) and with kojic acid at the final
concentration equal to the MIC value were
centrifuged at 5,000 xg for 5 min. The P. ageruginosa
cells were fixed with 2% glutaraldehyde for 2 h at
4°C, stained with 1% osmium tetroxide solution for
30 min and washed twice with phosphate buffered
saline. The cells were then dried at a critical point in
liquid CO,, gold covered by cathodic spraying and
examined by a scanning electron microscope (JEOL

JSM-6010LV, Tokyo, Japan), provided by the Scientific
Equipment Center, Ubon Ratchathani University.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3804174/#b3-bjm-44-029
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Leakage of nucleic acids and proteins from

P. aeruginosa cells was performed as follows.
P. aeruginosa was cultured in 5 mL BHI broth and
incubated at 37°C for 24 h. After centrifuge at 5,000 xg
for 5 min, P. aeruginosa cell pellet was collected
and washed with 0.1 M phosphate buffer solution
(PBS) and then resuspended in 5 mL of 0.1 M PBS
solution. Kojic acid was added to the cell
suspension at the final concentration equal to the
MIC value. For the control experiment, sterile
distilled water was used instead of kojic acid. After
incubation at 37°C for 4 h, supernatants of both
treatment and control sets were obtained by
centrifugation the corresponding cells suspensions
at 5,000 x¢ for 5 min. The supernatants were
subjected to the optical density (OD) measurement
at wavelengths of 260 (OD,4,) and 280 (OD,g,) Nm to
determine the leakage nucleic acids and proteins,
respectively. This experiment was performed 3
times. The data (means + SD) were analyzed by the
independent t-test to compare the means of both

groups. Significance level was taken as p<0.05 level.

3. Results and discussion

3.1. Antimicrobial activity of kojic acid against
P. aeruginosa

An investigation of the antimicrobial activity
of kojic acid against P. aeruginosa on BHI agar by
swab paper disc method showed that kojic acid was
able to inhibit the growth of the bacterium
indicated by an inhibition zone surrounding the
paper disc treated with kojic acid. On the other
hand, no inhibition zone was found in the control
using sterile distilled water (Figure 1). Previous
research has found that kojic acid and its derivatives
have biological activity against bacteria. It has
antibacterial activity against a wide variety of gram-

positive and gram-negative bacteria such as Listeria

monocytogenes, Bacillus subtilis, Staphylococcus
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aureus, Salmonella typhimurium and Escherichia
coli [5], [14], [15]. Kojic acid has also been reported
to be active against certain yeast and fungi, such as

Saccharomyces cerevisiae and Aspergillus niger [15].

3.2. Determination of MIC of kojic acid against
P. aeruginosa

In this experiment, P. aeruginosa was cultured
in BHI broth containing different concentrations of
kojic acid varying from 0.016% to 2% at 37°C for 24 h.
Turbidity of the bacterial cultures was observed to
determine bacterial growth. Bacterial growth was
observed in the control culture (with no kojic acid)
and in the cultures with kojic acid ranging from
0.016% to 0.5% (Figure 2). However, no bacterial
growth was noticed in the cultures with 1% and 2%
of kojic acid indicated by transparent cultures
(Figure 2). Therefore, the MIC of kojic acid against
P. aeruginosa was 1%.

The MIC values of kojic acid for different
bacteria vary depending on the type of bacteria.
These values indicate bacterial susceptibility to kojic
acid and can be sguidelines for determining the
amount of kojic acid to be used for inhibition or
control of certain bacteria [16]. Gram-negative
bacteria were also reported to be more sensitive to
kojic acid than gram-positive bacteria due to the
difference between cell wall structures of both
bacteria [14]. Therefore, less amount of kojic acid is
required to inhibit gram-negative bacteria than to
inhibit gram-positive bacteria. Antimicrobial activity
of kojic acid broadens its benefits in cosmetic
products. Addition of 1% of kojic acid in cosmetic
products not only helps reducing melanin
production and making the skin whitened [4], [17]
but also preventing users from bacterial infection
[12]. Moreover, it can act as a preservative to
contamination in  cosmetic

prevent  bacterial

products.
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Figure 1 Antimicrobial activity (zone of inhibition) of kojic acid against P. aeruginosa by swab paper disc method

(a) an inhibition zone around a paper disc treated with kojic acid;

(b) no inhibition zone around a paper disc treated with sterile distilled water
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Figure 2 Growth of P. geruginosa in the cultures containing different concentrations of kojic acid

3.3. Inhibitory mechanism of kojic acid against
P. aeruginosa

Antimicrobial — agents can use either
bactericidal or bacteriostatic mode of action to
inhibit the bacterial growth. Antimicrobial agents
with bactericidal mode of action completely Kkill
target bacteria, thereby preventing them to regrow
after removal of the antagonists whereas ones with
bacteriostatic mode of action just suppress but not
kill the target bacteria, thereby allowing them to

regenerate after removal of the antagonists [18]. In

85

this experiment, no bacterial regeneration was

observed after transferring kojic acid treated
P. aeruginosa cells to fresh BHI broth without kojic
acid. This result indicated that kojic acid exerted
bactericidal mode of action against P. aeruginosa.
Since the minimal concentration of kojic acid to
inhibit and kill P. aeruginosa was 1%, MIC and
minimal bactericidal concentration (MBC) of the
substance against P. aeruginosa were the same
which were 1%. There has been no report on MBC

of kojic acid against P. aeruginosa. However, Wu et al.
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[14] reported that MBC of kojic acid against E. coli, a
gram-negative bacterium, was 4 times higher than
MIC. The inconsistency in findings might be in part
due to the difference in species used in the
experiments. In the latter case, kojic acid exerted
both bacteriostatic and bactericidal modes of action

depending on its concentration.

3.4. Effect of kojic acid on P. aeruginosa cells
Antimicrobial substances with bactericidal
action against bacteria have been reported not only
to deform bacterial cell morphology but also to
membrane to release

[19].

dismantle bacterial cell

subcellular contents [4], In  this study,
morphology study by SEM on kojic acid treated and
untreated (control) P. aeruginosa cells revealed that
untreated P. aeruginosa cells had rod shape with
smooth surface whereas kojic acid treated P. aeruginosa
cells had irregular shape with rough surface (Figure
3). The size of kojic acid treated P. aeruginosa cells
was much larger than that of normal P. aeruginosa
cells. This might be due to cell fusion or cell
swelling from water influx. Further investigation is
required to clarify this phenomenon. The cell
deformation in kojic acid treated P. aeruginosa was
in agreement with the finding obtained from the
observation on leakage of nucleic acids and proteins
from kojic acid treated and untreated P. aeruginosa
cells. The absorbance at 260 and 280 nm of the
supernatant prepared from kojic acid treated
P. aeruginosa culture was significantly higher than
those of the supernatant prepared from untreated
P. aeruginosa culture (Table 1), indicating the
leakage of nucleic acids and proteins from kojic acid
treated P. aeruginosa cells, respectively. This finding
supports previous research reporting that kojic acid
had detrimental effects on bacterial membrane
integrity and permeability leading to leakage of

subcellular constituents such as potassium ions,

nucleic acids and proteins [14].
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4. Conclusion

The present study revealed that kojic acid
was able to inhibit the growth of P. ageruginosa with
a MIC value of 1% and had bactericidal inhibitory
mechanism against the target bacterium. It deformed
P. aeruginosa cell morphology and caused the
leakage of nucleic acid and proteins from the cells.
How these phenomena happen is still unclear but

has been further investigated in our laboratory.
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