Asian Journal of Medicine and Health Sciences Vol 7 Issue 2, November 2024

ORIGINAL ARTICLE

Formulation of Bergamot Essential Oil-Loaded Emulsion for
Hyperhidrosis and Bromodosis: Stability and Antibacterial Assay

Siti Hajar Musa®, Nurul Izzah Ismail, Faizan Naeem Razali.

Faculty of Pharmacy and Health Sciences, Royal College of Medicine Perak, Universiti Kuala
Lumpur, 30450 Ipoh, Perak, Malaysia

Corresponding Author

Siti Hajar Musa

Pharmaceutical Technology

Royal College of Medicine Perak, Universiti Kuala Lumpur, Ipoh, Malaysia.
Email: sitihajar.musa@unikl.edu.my

Submitted: 25/08/2024. Revised edition: 18/10/2024. Accepted: 20/10/2024. Published online:
01/11/2024.

Abstract

The current marketed product of antiperspirant could temporarily block the production of
excessive sweat in hyperhidrosis patients. The sweat leads to the growth of bacteria, especially in
the foot area. Therefore, the chemical compound in bergamot essential oil which is linalool, able
to provide antibacterial properties to the emulsion. In this study, the formulation of antiperspirant
lotion containing bergamot essential oil as an antibacterial agent has been formulated and
optimized at different content of oil, surfactant and aluminium chloride. The formulated emulsion
has then been evaluated based on its stability and antibacterial activity. The formulation consisting
of 25% aluminium chloride, 3% bergamot essential oil, 6% Tween 80, and 0.5% Phenonip (F1)
was selected as the most optimum formulation. It demonstrated good stability in the overtime
stability analysis, with no phase separation, no precipitation, no colour changes, and only an
insignificant decrease in pH at various storage temperatures (4, 25 and 34°C). In contrast, the other
formulated emulsions (F2 to F8), were found to be unstable at high-temperature storage (34°C).
The stability of the emulsions was further confirmed by the positive results obtained from the
accelerated and freeze-thaw stability analyses. Disk diffusion analysis indicated that the
formulated emulsion with a high content of bergamot essential oil highly inhibits the growth of
Gram-positive bacteria. However, the use of bergamot essential alone failed to inhibit the growth
of Gram-negative bacteria due to the presence of lipopolysaccharide in the bacteria cell wall, which
blocks the permeation of antibacterial agents. The newly optimized antiperspirant emulsion could
overcome the problem of excessive production of sweat as well as inhibit the growth of bacteria
that cause foot odour.
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Introduction

The skin is the largest human organ, composed of
three layers, the epidermis, dermis, and
hypodermis (or subcutaneous layer) which serves
different functions and has distinct structures [1].
The skin’s surface is a waterproof, semi-
permeable membrane that acts as a skin barrier
from foreign substances and pathogens.
Moreover, it protects the internal organ from
trauma such as chemical, thermal, and ultraviolet
radiation. Skin is a natural sensor detecting the
surroundings through a host of nerve endings,
stabilizing body temperature, increasing
metabolic function, and synthesizing vitamin D
[2]. The dermis has multiple layers of connective
cells located between the epidermis and the
subcutaneous layer. The layer is composed of
elastic tissue, collagen, vasculature, nerves, hair
follicles, and sweat glands. It aids the
thermoregulation of the body by secreting sweat
and assists in external sensation due to the
presence of the nerves ending [3].

A chronic sweating disorder called hyperhidrosis
is a clinical condition where the patient secretes
an excessive volume of sweat [4]. It is a
dysfunction  of the  sympathetic  and
parasympathetic nervous system that seriously
affects the patients’ social life. Most of them
experience shaking hands and unwanted sweat
patches. General hyperhidrosis affects the whole
body and is caused by infections, endocrine
disturbances, neurological disorders, medications,
intoxication, or withdrawal of alcohol or other
substances. Whereas focal hyperhidrosis is
the excessive production of sweat in specific
areas, such as the feet, hands, armpits, and face.
Primary focal hyperhidrosis can develop in
healthy persons since it was suggested to have a
genetic predisposition. Between 30% and 65% of
patients have a positive family history. Secondary
focal hyperhidrosis, on the other hand, is caused
by defects in the central or peripheral nervous
system [5]. The presence of carbonic anhydrase 11
(CAIIl) in the pyramidal-shaped secretory coil
clear cells of the glands act as hyperhidrosis
glands. It is considered a specific marker for the

sweating disorder, as this enzyme is absent in
apocrine glands [4]. Topical therapy is considered
the first-line treatment for focal hyperhidrosis. It
contains aluminium chloride as a therapeutic
agent, which block the sweat output [6]. The salt
precipitates with mucopolysaccharides, resulting
in damage to the luminal epithelial cells. Hence,
the precipitation forms a plug that blocks the
eccrine duct from secreting sweat onto the skin
surface. Long-term blockage may lead to the
functional degeneration of the eccrine glands with
loss of secretory function [7].

Bromodosis or commonly known as foot odour is
a disturbing and embarrassing condition caused
by odour-forming bacteria [8]. The smell is
produced by the bacteria from the breakdown of
carbohydrates, peptides and fatty acids into
smaller molecules. The sweat secreted by the
eccrine gland does not produce odour, but the
moisture environment favours the growth of the
bacteria that produce odorous metabolites. In
addition, the presence of exo-enzymes (lipase,
protease) has aconnection to the foot odour
problem. Feet with strong odours have
significantly more population of bacteria
produced than feet with weaker odours [9].
Essential oils are an alternative and affordable
antibacterial treatment for bromodosis [8].
Bergamot essential oil is widely used as
antibacterial agent in pharmaceutical products
[10]. The oil is extracted from the Citrus bergamia
Risso’s peel that contains highly therapeutic
action compounds such as linalyl acetate, linalool
and geraniol which effectively inhibit the growth
of bacteria [11].

Currently, the main option for primary focal
hyperhidrosis is a topical antiperspirant
containing aluminium chloride [12]. The
mechanism of action of the aluminium salt is to
block the eccrine sweat gland and precipitate with
mucopolysaccharides. The precipitation raises the
pH value from neutral to basic which results in the
damaging of epithelial cells along the duct then
forming a plug that blocks the sweat output [13].
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However, the current treatment only blocks the
activation of the eccrine gland without addressing
the issue of bacteria growth is caused by
excessive sweat produced. The secretion of sweat
enhances the growth of microbial flora, especially
in closed areas such as the feet and armpits.
Therefore, the formulation of an antiperspirant
cream combining bergamot essential oil is
believed to address both hyperhidrosis and
bacterial overgrowth, thereby boosting patients’
confidence in their daily social life.
Materials and methods

Formulation of  antiperspirant lotion
containing antibacterial agent

Emulsions of different compositions (F1 to F8)
were prepared by using aluminium chloride (20 to
30%), bergamot essential oil (3 to 9%) and Tween
80 (3 to 9%). Oil and aqueous phases were
prepared separately. The aqueous phase contains
stock solution of aluminium chloride and water,
while the oil phase contains bergamot essential
oil and Tween 80. Phenonip was utilized as
preservative. The stock solution of aluminium
chloride and distilled water was prepared by the
ratio of 1:1 (w/w). The aqueous phase and the oil
phase were prepared separately in a water bath at
50°Cand stirred on a hot plate. The oil phase was
gradually added into the aqueous phase while
strirring with an overhead stirrer (HS-100D,
Daihan Laboratory) and continuously stirred for 3
hrs at 500 rpm speed. The sample was then further
mixed with a high-shear homogenizer (Ultra-
Turrax T25, IKA) at 11,000 rpm for 15 mins. The
composition for each formulation (F1 to F8) is
shown in Table 1.

pH stability test

All emulsions were assessed using a digital pH
meter (pH 2700, EUTECH). The pH of the
emulsion was adjusted to a range of 4.0 to 5.5 was
using 0.2M sodium hydroxide. The analysis of pH
was carried out weekly for a month at different
storage temperatures (4, 25 and 34°C). The

measurements for each sample were done in
triplicate [14].

Accelerated stability test

The centrifugation process was conducted using
a centrifuge (Model 4000, KUBOTA). Each
emulsion (F1 to F8) was placed in a test tube and
centrifuged at 2,300 rpm speed for 15 mins. The
stability of the emulsion was evaluated based on
its phase appearance [14].

Overtime stability test

All the formulated emulsion (F1 to F8) were
placed and kept at different storage temperatures
(4, 25 and 34°C) for 4 weeks. Physical
observations and pH measurements were carried
out weekly, with each measurement taken in
triplicate [14].

Freeze-thaw stability test

The formulated emulsion (F1) was incubated at
different temperature cycles; (i) 4 and 25°C (ii) 25
and 35°C and (iii) 4 and 35°C for 24 hrs each. The
study was carried out for 6 cycles. Physical
observation and pH evaluation were recorded
after the cycles finished [14].

Disk diffusion assay

The disk diffusion analysis was carried out using
Staphylococcus epidermidis  (Gram  positive
bacteria) and Escherichia coli (Gram negative
bacteria). Each bacteria colony was cultured from
a bacteria stock for three days. The colonies were
transferred into Mueller Hinton broth solution
and incubated for 2 hrs at 37°C. The bacteria broth
undergoes a turbidity test using
spectrophotometer at a wavelength of 600 nm
within 0.08 to 0.13 mg/L. The inoculation of plate
was carried out by streaking the agar with the
swab containing the inoculum. The surface was
allowed to dry for 5 mins. Three disks with a
diameter of 6 mm filled with 20 pL of test
compound were place on each plate; (i) pure
bergamot oil (positive control) (ii) antiperspirant
emulsion without bergamot oil (negative control)
and (iii) formulated emulsions (samples). The
plates were then incubated for 24 hrs at 37°C. The
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inhibition zone was observed and measured using
a ruler graduated to 0.5 mm [15].

Statistical analysis

All analyses were carried out in triplicate and all
data are shown as mean * standard deviation
(n=3).

Results and discussion

Accelerated stability analysis

All formulated emulsions (F1 to F8) were found
to be stable due to the absence of physical
changes, phase separation and precipitation
(Figure 1). Emulsion stability was determined
based on the ratio of the total liquid phase volume
that separated after a specified time of
the centrifugation process to the volume of the
sample [16]. The higher centrifugation speed and
longer centrifugation time were able to accelerate
the separation process. According to Kusumastuti
et al. [17], the emulsification efficiency for
centrifugation process increased to 97% at 3500
rpm speed for 15 mins.

The stability was achieved due to a proper method
had been used during the emulsification process.
The mixing process of the aqueous and oil phases
was conducted using low and high-speed energy
emulsification techniques to form a stable
emulsion. Particle size, distribution of particle
size, density between the dispersed and
continuous phases, and chemical integrity of the
dispersed phase are the factors that influence
emulsion stability [18]. A fine emulsion can be
produced from large particles that are broken
down into smaller droplets by the application of
mechanical energy [18]. In this study, high shear
homogenizer was used to apply a high mechanical
impact towards the mixture of both phases during
the homogenization process. Therefore, a stable
emulsion was proven to be achieved by this
combination of emulsification methods.

pH stability analysis
The emulsions withstanding both different
conditions with a slight insignificant decrease

(p<0.05) of pH. The results proved the ability of
the emulsions to retain a stable system by
maintaining its pH values (Figure 2). In addition,
any topical application should not compromise
the acidic pH of the natural human skin (pH 4.0
to 5.5) [19]. The acid surface of the skin is
important for controlling the growth of skin
microflora, maintaining a good skin condition,
and forming an optimal structure of lipid barrier
and stratum corneum homeostasis [20]. Hence,
the slight change of the emulsion pH within the
ideal range for skin is acceptable.

Emulsion physical analysis

Table 2 shows the physical and chemical stability
of the emulsions were examined through a long-
term stability study for four weeks. The study has
been carried out to determine the recommended
storage condition and the shelf-life of the
emulsions to ensure its safety and effectiveness.
Stability testing aims to provide information on
the changes of the emulsion’s quality over a
longer period under the influence of certain
environmental factors such as temperature,
humidity, and light. The test period is related to
the stability of the product which should be long
enough to prove no degradation has occurred [21].

Effect of bergamot essential oil content

F1, F2 and F3 were varied in terms of the
bergamot essential oil content (3, 6 and 9%
respectively) with constant amount of tween 80
(6%) and aluminium chloride (25%). F1 was
stable at all storage temperatures with no sign of
phase separation. However, at 34°C storage
temperature, layer separation was observed in F2
and F3. In this study, increased bergamot
essential oil content directly decreased the
amount of water per formulation. The water
content and the temperature could affect the
stability of the emulsion [22]. A study discovered
by Raya et al. [23] proved that the decrease in
water content decreases the rate of emulsification.
Therefore, this explains the instability of F2 and
F3 compared to the stable F1 that has the highest
water content compared to F2 and F3. The
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stability of the emulsion is depending on the
densities between oil phase and aqueous phase, as
well as the unfavourable contact between
molecules in both phases [8].

According to Goodarzi and Zendehboudi [22], the
phase ratio can alter the viscosity of the emulsion
and thus, the coalescence rate rapidly occurs due
to the increase of flow resistance between the
particles in the emulsions. Concerning the storage
temperature, high temperature increases the
demulsification process by increasing the water
particle collisions. The viscosity was observed to
be decreased by the increasing temperature
(34°C). Hence, the stability of the F2 and F3 were
reduced due to the high ratio of oil/water phase
and high storage temperature. Moreover, the
observation of physical appearance for F1, F2 and
F3 shows that there was no growth of mould was
observed in this stability analysis. This proved the
emulsions were formulated with a sufficient
amount of preservative and successfully inhibits
the growth of mould.

At high temperature (34°C), F2 to F8 turned into
a light-yellow colour from the initial bright
yellow colour, except for F1 that remained its
initial phase colour. Exposure to high
temperatures has a crucial impact on the essential
oil integrity [24]. Chang et al. [25] mentioned that
linalool, a thermal sensitive compound presents in
bergamot essential oil, undergoes decomposition
of  chemical structure through the
dehydroxylation process. Alteration of chemical
stability can cause instability of the emulsion
causing destabilization processes such as physical
changes, colour changes, and oil and aqueous
phase separation [26]. Hence, the physical
instability of the emulsions is also being affected
by the degradation of the chemical structure of
bergamot essential oil causes by high temperature
storage.

Effect of Tween 80 content
F4, F2 and F5 were formulated with various
content of tween 80 (3, 6, and 9%, respectively)

with a constant amount of bergamot essential oil
(6%) and aluminium chloride (25%). These three
emulsions were found to be stable at 4 and 25°C
storage temperatures, but not stable at higher
temperatures. Theoretically, as the content of the
surfactant increased, the stability of the emulsion
increased too. Henriquez stated that the high
concentration of surfactant in the aqueous phase
allows the saturation of surfactant molecules on
the interface and then accumulates on the particle
in the emulsion [27].

At some point, the surfactant molecules start
forming micelles where the hydrophobic side is
removed from the aqueous environment.
However, the high temperature allows the process
of reverse micelles where it increases the
disproportionation process of the surfactant
molecules which increases the particle screening
and decreases the maximum particle mobility
[28]. The emulsion instability forms a floating
droplet on the surface, cohesion between droplets,
and finally leads to creaming and separation [29].
Even though the emulsion was formulated with a
high concentration of surfactant, the high
temperature can alter the process of forming a
micelle which results in instability of the
formulations.

Effect of aluminium chloride content

F6, F7, and F8 were formulated with various
contents of aluminium chloride (20, 25, 30%,
respectively) with constants amount of bergamot
essential oil (10%) and tween 80 (6%). Best
formulation was possessed by F7 and F8 where
the emulsions were stable at both 4 and 25°C. In
contrast with F6, the emulsion was not stable even
at 25°C. This finding could be explained by the
effect of aluminium chloride presented in each
emulsion.

According to Clark [30], a solution of aluminium
chloride (1 mol/dm?) has a pH reading of 2 to 3.
Emulsion droplets were reported to be more
stable under more acidic and saline conditions.
Due to the increases of the emulsifier ability to
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absorb on the oil/water interface and produce
smaller emulsion droplets during the preparation
process of the emulsions [31]. In this study, F6
contain the least amount of aluminium chloride
than F7 and F8 which directly caused its less
acidic system. Therefore, it was proven that
higher physical stability can be achieved by
formulating an acidic emulsion system.

Freeze-thaw stability analysis

From the stability evaluation studies, F1 was
selected to be the optimum composition with
the greatest stability among the formulated
emulsions. F1 was stored in two-cycle of freeze
and thaw analysis under different investigation
conditions: (i) 4 and 25°C (i) 25 and 34°C (iii) 4
and 34°C. The emulsion was examined for a week
under extreme temperature changes and were
proven to own a good stability system against
deterioration due to the absence of physical
changes (Figure 3). In addition, the stability of
emulsion has also been supported by insignificant
small changes (p<0.05) of pH within the
acceptance range of skin use (4.0 to 5.5).

The freeze-thaw stability test is used to analyse
the stability of emulsion under various conditions.
The cyclic temperature stress was designed to
provide a knowledge of the product to mimic
likely with the conditions in marketplace storage
[21]. Magnusson et al. mentioned that the freeze-
thaw stability is mainly collated with the
composition and crystallization behaviour of oils
and the freezing conditions of the emulsion [32].
Hence, the emulsion was confirmed to have an
acceptable stability system when encounter
extreme changes in storage conditions.

Disk diffusion analysis

Table 3 shows the disk diffusion analysis of
Staphylococcus  epidermidis  (Gram-positive
bacteria) and Escherichia coli (Gram-negative
bacteria) using the disk diffusion method.
According to Reller et al. (2009), the main
reasons for the testing are to determine the
resistance of possible drugs towards common

pathogens and to ensure susceptibility to drugs of
choice for certain infections [33]. Linalool is a
component that contains in bergamot essential oil
that seizes anti-bacterial properties [34]. The
acidity of the bergamot essential oil can provide
antibacterial properties due to the high content of
ascorbic acid and citric acid. The pH of the
bergamot juice is found to be lower than pH 3.05
but similar to or higher than pH 2.43 [35].
Bacteria have high sensitivity towards low pH
since the increase of bergamot essential oil’s
hydrophobicity will raise the rate of dissolution of
the membrane lipid’s target bacterium [36].

From the result, the Gram-positive bacteria were
more susceptible compared to Gram-negative
bacteria. Both positive (bergamot essential oil)
and negative control (emulsion without bergamot
essential oil) exhibited smaller inhibition zones
than obtained by the emulsion sample. The
inhibition zone for the (positive control) was
smaller than the emulsions (F1 to F8). The zone
of inhibition of emulsions (F1 to F8) for Gram-
positive bacteria indicates that the combination of
the aluminium chloride as the active ingredient in
antiperspirants emulsion with the bergamot
essential oil was able to boost its ability to inhibit
the Staphylococcus epidermidis (Gram-positive
bacteria) and Escherichia coli (Gram-negative
bacteria). The largest inhibition zone caused by
the formulated emulsions has proven the efficacy
of incorporating bergamot essential oil into the
formulation.

The resistance mechanism creates by the bacteria
protects them from antibacterial activity of
bergamot essential oil. The low resistance of the
bacteria to the bergamot essential oil is due to the
lack of anouter membrane found in Gram-
negative bacteria, but the thick layer of the
peptidoglycan layer that surrounds the outer
membrane provides the survival mechanism for
the bacteria to live in harsh environment [37].
Peptidoglycan layer of the bacteria is the best
target for inhibition activity for antibacterial
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agents by altering the peptidoglycan synthesis
[38].

Lazarotta et al. [11] stated that the Minimal
Inhibitory Concentration (MIC) of the bergamot
essential oil for Gram-negative bacteria is 125
ug/mL. Some negative bacteria especially
Escherichia coli have developed resistance to
most available antibacterial agents [39]. The
lipopolysaccharide on the bacteria wall is able to
block the permeation of hydrophobic properties
of bergamot essential oil and avoids the
accumulation of the oil in the target cell
membranes [39]. The complexation of the cell
wall increases the survival rate of the bacteria
toward the antibacterial activity of the bergamot
essential oil.

Conclusions

The result achieved in the present study shows
that F1 is the optimum formulation for
antiperspirant  lotion  containing  bergamot
essential oil as an antibacterial agent. It possessed
good stability at all storage temperatures (4, 25
and 34°C), no phase separation, no precipitation,
no colour change, and minimal pH changes. The
freeze-thaw stability showed great stability
throughout the six cycles of storage in various
temperature conditions, demonstrating an ideal
property for shipping and transportation of the
emulsion. Disk diffusion analysis proved that the
addition of bergamot essential oil into the

antiperspirant formulation was able to boost the
ability to inhibit the growth of Staphylococcus
epidermidis  (Gram-positive  bacteria) and
Escherichia coli (Gram-negative bacteria).
Unlike the pure bergamot essential oil, it has
failed to inhibit the growth of Escherichia coli
due to the presence of lipopolysaccharide that
blocks the permeation of the antibacterial agents.
Overall, the results obtained in this study pointed
out the  successful  development  of
an antiperspirant lotion containing bergamot
essential oil, which might be used as an emulsion
that blocks the production of sweat and inhibits
the growth of bacteria.
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Table 1. Composition of antiperspirant lotion with bergamot essential oil.

Formulation composition (%)

Ingredients

F1 F2 F3 F4 F5 F6 F7 F8
Aluminium 25 25 25 25 25 20 25 30
chloride
Bergamot 3 6 9 6 6 10 10 10
essential oil
Tween 80 6 6 6 3 9 6 6 6
Phenonip 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Table 2. Physical observations of F1 to F8 after 4 weeks of storage.

Storage F1 F2 F3 F4 F5 F6 F7 F8

After 4th_ weeks of temperature

observation

Phase separation 4°C X X X X x x x X
25°C X X X X X v X X
34°C X v v v v Vv Vv

Colour changes 4°C X X X X X X X X
25°C X X X X X X X X
34°C X v v v v Vv Vv

Presence mould 4°C X X X X X X X X
25°C X X X X X X X X
34°C X X X X X X X X

v': Phase separation/ colour changes/ Presence mould is visible.
X: Phase separation/ colour changes/ Presence mould is not visible.
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Table 3. Disk diffusion data of emulsions (F1 to F8) on Staphylococcus epidermidis and

Escherichia coli.

Tested bacteria Tested Inhibition zone (mm)
emulsion
Pure Control Formulated
bergamot emulsion emulsion
essential oil
Staphylococcus F1 11+0.16 26+0.12 29+0.17
epidermidis
F2 10£0.12 25+0.17 30+0.16
F3 10£0.12 26+0.12 32+0.17
F4 11+0.13 27+0.16 30+0.12
F5 10+0.16 26+0.16 28+0.17
F6 9+0.17 25+0.12 29+0.17
F7 9+0.12 26+0.15 27+0.17
F8 9+0.17 26+0.10 26+0.17
Escherichia coli F1 - 21+0.16 23+0.21
F2 - 31+0.22 32+0.16
F3 - 21+0.21 23+0.16
F4 - 21+0.19 21+0.12
F5 - 20+0.12 21+0.16
F6 - 27+0.17 28+0.12
F7 - 20+0.21 21+0.22
F8 - 26+0.17 28+0.17

- No inhibition zone
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F1 F6

Figure 1. The physical evaluation of emulsions (F1 to F8) consisting of different composition of

bergamot essential oil, aluminium chloride and tween 80 after the centrifugation process.
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Figure 2. Weekly pH evaluation of emulsions (F1 to F8) for 1mth of storage at different

temperatures: 4, 25 and 34°C
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