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ABSTRACT

Purpose: The usage of herbal-based antibacterial sanitizers is increasing, and they have
considerably shown fewer side-effects than sanitizers with synthetic compounds. In the present
study, essential oils obtained from cinnamon and lime were used to formulate hand sanitizer
gels, and their efficacy was evaluated.

Method: Three different hand sanitizer gel formulations were prepared using cinnamon oil
(Formulation A), lime oil (Formulation B) and a mixture of cinnamon and lime oil
(Formulation C). Carbopol 940 was used as the gelling agent. Tests for organoleptic,
physicochemical characteristics and stability were conducted on the prepared formulations.
The antibacterial activity of the prepared formulations was evaluated using the agar diffusion
method. All three formulations were compared with a commercial liquid hand wash product
for their in vitro antibacterial activity. Three-way ANOVA with Tukey's honestly significant
difference test was used to compare the antibacterial activity of the hand sanitizer gel
formulations. Stability of the three hand sanitizer formulations were assessed.

Results: Considerable differences in the pH and viscosity were not observed between the
prepared hand sanitizer gel formulations. However, considerable changes in the spreadability
were observed between the prepared hand sanitizer gel formulations. A statistically significant
difference in antibacterial activity was observed among the three hand sanitizer gels and the
commercial hand wash (p<0.05). Formulation C showed the highest antibacterial activity
among the prepared hand sanitizer formulations. Based on the stability studies, Formulation A
was found to be the most stable.

Conclusion: Hand sanitizer gel containing a mixture of cinnamon and lime oils showed the
highest antibacterial activity among prepared formulations. However, the most stable
formulation was the hand sanitizer gel containing cinnamon oil.
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INTRODUCTION

Hygiene can be defined as "maintenance and
the practice of cleanliness”. Skin hygiene
ensures the cleaning of the skin and prevents

diseases.(1) Hands are a primary
transmission  mode of  opportunistic
pathogenic  microorganisms  such  as

Escherichia coli, Staphylococcus aureus, and
Pseudomonas spp. that primarily cause
nosocomial infections. Generally, these
organisms are known to cause infections in
various organs, including the skin.(2)

Hand washing remains the single most
effective and cost-efficient method of
preventing and reducing the transmission of
infections. Many studies have confirmed that
hospital-acquired infections can be reduced
among healthcare workers by washing their
hands between contact with patients.(3)
Thus, the hospital-acquired infection rate can
be reduced by improving hand hygiene.

Hand sanitizers with synthetic chemicals are
available in different forms, such as plain
soap (bar or liquid form), alcohol-containing
sanitizers, and water-based hand sanitizers.
Hand sanitizers contain different chemical
antiseptics  such  as  chlorhexidine,
chloroxylenol, iodine, triclosan, and
quaternary ammonium compounds. These
hand sanitizer preparations help reduce the
transmission of infectious diseases more
effectively.(4)

Adverse-effects due to frequent use of hand
sanitizers are mainly skin irritation and the
development  of  resistance  among
pathogens.(5) The most common skin
reactions reported due to the use of alcohol-
based hand sanitizers were irritant contact
dermatitis and allergic contact
dermatitis.(6,7) Further, alcohol is known to
cause cracks or peels in the skin.(8) Intrinsic
and acquired resistance was developed by
different types of bacteria against different
antimicrobial agents. Acquired resistance has
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been observed to certain biocides, notably in
Staphylococci.(9)

Development of bacterial resistance and
adverse-effects due to frequent usage of
biocides, including antiseptics, warrant
searching for new molecules with
antimicrobial activity. Several studies have
been conducted focused on making herbal
ingredient based hand sanitizer products with
improved quality, lesser expense, and fewer
side-effects.(10)

Essential oils (EOs) are aromatic oily liquids
obtained from plants. EOs consist of a
mixture of compounds such as terpenes and
their oxygenated derivatives.(11) Several
studies have reported that EOs exhibited
significant antiseptic, antibacterial, antiviral,
antioxidant, anti-parasitic, antifungal, and
insecticidal activities.(12-14) EOs exert their
antimicrobial activity by disruption of the
bacterial cell wall and cell membrane
resulting in cell lysis and leakage of
intracellular components.(14-16) EOs are
extensively used in the food and cosmetic
industries due to their flavouring

property.(17)

Cinnamon oil showed good antimicrobial
activity in several studies.(14, 18, 19) The
antimicrobial activity of some components of
cinnamon  oil against  opportunistic
microorganisms, food-borne pathogens,
including mycotoxin-producing fungi, has
also been reported.(20) Cinnamon oil also
has antiallergic, antiulcerogenic, antipyretic,
and analgesic activities.(21) The major
component present in the cinnamon oil was
cinnamic aldehyde.(19) Lime oil also has
proven antimicrobial activity.(19,22)
Limonene and citral are the chief
components of lime 0il.(23)

Therefore, the objective of our study was to
formulate and characterise hand sanitizers
using EOs of cinnamon and lime and

The Pharmaceutical Journal of Sri Lanka 11(1)



16

compare their efficacy with a commercial
liquid handwash using the two bacterial
strains, E. coli and S. aureus.

MATERIALS AND METHODS
Extraction of essential oils from cinnamon
bark and lime: The fresh cinnamon barks
were collected from Kurunegala District, Sri
Lanka and mature unripe lime fruits were
collected from the Jaffna district, Sri Lanka.
Soil and earthy matter were removed from
the collected plant material.

Peels of lemon were dried in a hot air oven at
45°C for 12 hours at an air velocity of 1 ms™.
(24, 25) The dried peels were kept in a
polythene bag with a desiccant (silica gel)
and stored in the dark until use. The dried
peels were ground using an electric grinder
for the extraction process.

The cinnamon barks were dried in a hot air
oven at 35°C for 8 hours at an air velocity of
1 ms™.(26)The dried barks were kept in a
polythene bag with a desiccant (silica gel)
and stored in a dark place until use. The dried
cinnamon barks were broken into small
pieces using an electrical grinder for the
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extraction process. The EOs were extracted
using the steam distillation method described
in previous studies. (27, 28) Prepared EOs
were stored in amber-coloured air-tight
bottles at 4°C until use.

Formulations of herbal hand sanitizer
gels: Herbal hand sanitizer gel formulations
(containing EOs), and blank gel (without
EOs) were prepared based on methods given
in previous studies (29-30) and standard
industrial guidelines.(31) Different
formulations of hand sanitizer gels were
prepared, as shown in Table 1.

The gel base for each formulation was
prepared using Carbopol-940. Carbopol-940
was added to deionised water and stirred
using a four-armed impeller mechanical
stirrer (Stuart Scientific Stirrer-SS3, United
Kingdom) at 1000 rpm for 10 minutes. Then
triethanolamine at a concentration of 0.7%
w/w was added drop-wise with slow stirring
at 500 rpm until pH 7 was reached.(29-
31)The mixture was kept aside for 24 hours
to complete the swelling of the polymer. The
resultant gel base was used to prepare
different hand sanitizer formulations.

Table 1: Formulation compositions of different hand sanitizer gels

Ingredient composition (% w/w)

Ingredients Formulation A Formulation B Formulation C Blank gel
Carbapol 940 0.50 0.50 0.50 0.50
Deionised water 83.50 83.50 83.50 85.50
Ethanol 95% 10.00 10.00 10.00 10.00
Cinnamon essential oil 2.00 _ 1.00 -
Lime essential oil _ 2.00 1.00 -
Glycerin 2.30 2.30 2.30 2.30
Methyl paraben 0.50 0.50 0.50 0.50
Polysorbate 20 0.50 0.50 0.50 0.50
Triethanolamine 0.70 0.70 0.70 0.70
December 2021 The Pharmaceutical Journal of Sri Lanka 11(1)
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Polysorbate 20 was added to the gel base with
continuous stirring at a slow rate to avoid
bubbles (500 rpm for 3 minutes). EOs were
mixed with ethanol, and then glycerine was
added while stirring at 500 rpm.

This mixture was added to the carbapol gel
base with high-speed stirring at1000 rpm.
Finally, methylparaben was added to the gel.
The final mixture was stirred continuously
for 15minutes.

Blank gel was also prepared without EOs
(using deionised water instead of EO). The
prepared formulations were stored in air-tight
aluminium cosmetic jars.

Determination of organoleptic
characteristics of the prepared hand
sanitizer gels: Organoleptic characteristics
such as appearance, colour, and odour of the
gels were directly determined.(32)

Evaluations of the physicochemical
parameters of the prepared hand sanitizer
gels: The physicochemical parameters of the
prepared hand sanitizer gels were determined
in triplicate.

The viscosity of hand sanitizer gels was
measured using a Brookfield viscometer
(HAAKE Viscometer C, Germany). An
aliquot containing 25 ml of herbal hand
sanitizer gel was taken into a beaker, and the
tip of the viscometer was dipped into the
beaker to measure viscosity.(33)

The pH of hand sanitizers was determined
using a digital pH meter (HACH, Spain) in
triplicate.

The spreadability of the hand sanitizer gel
formulations was determined by an apparatus
which consisted of a wooden block
connected with a pulley at one end.
Spreadability was measured based on the slip
and drag characteristics of the hand
sanitizers. A ground glass slide was fixed on
this block. Two grams of the prepared hand
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sanitizer was placed on this ground slide. The
sanitizer was then sandwiched using another
glass slide with the same dimension as a fixed
ground slide connected with a hook. A
weight of 1kg was placed on the top of the
two slides for 5 minutes to expel air and
provide a uniform film of the hand sanitizer
gel between the slides. Excess of the hand
sanitizer gel was scraped off from the edges.
The top plate was then subjected to a pull of
80 g with the help of a string attached to the
hook, and the time (in seconds) required by
the top slide to move 7.5 cm was noted. A
shorter time was considered as indicating
better spreadability.

Spreadability was calculated using the
following formula:

L
S=MX T
Where S = spreadability, M = mass in kg of
the pan (tied to the upper slide), L = length
(cm) the glass slide moved, and T = time
(seconds) taken to separate the slides from
each other.(34)

The homogeneity test was conducted by
smearing the hand sanitizer samples on a
glass slide. Homogeneity was observed by
examining the presence of coarse grains or
any phase separation.(35)

Stability studies: Stability studies were
conducted to detect the physicochemical
parameter changes of the hand sanitizer gels
with time. Aliquots of 50 ml hand sanitizer
gel samples were stored in air-tight
aluminium  cosmetic jars at room
temperature. Viscosity, pH, spreadability,
organoleptic characteristics, homogeneity
tests were conducted at the end of the first
day (day 0), 5, 10, and 15 days.(36)

Evaluation of in vitro antimicrobial
activity: In vitro antimicrobial activity of the
prepared hand sanitizer gels was evaluated
using the agar disc diffusion method. All the
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procedures for evaluating in  vitro
antimicrobial activity were done under
aseptic conditions (inside a class 11 biosafety
cabinet).

Antimicrobial activity of the prepared hand
sanitizer gels was evaluated according to the
Clinical and Laboratory Standards Institute
guidelines (37), with slight modification of
the sample dilution and disc preparation steps
described in a previous study (38), against
two pathogenic bacterial species which were,
Gram-negative E. coli (ATCC25922) and
Gram-positive S. aureus (ATCC25923). The
bacterial strains were obtained from the
Department of Microbiology, Faculty of
Medicine, University of Jaffna, Sri Lanka.
Antimicrobial tests were conducted for the 3
prepared herbal hand sanitizer gel
formulations, blank gel and one commercial
hand wash product. Sterile water was used as
the negative control. Different concentrations
of the active ingredient (50 mg/ml, 100
mg/ml, and 200 mg/ml) of formulations A, B,
C, blank gel, and the commercial hand wash
product were prepared for the tests with
sterile water. From each test sample, 10 pL
was added onto sterile paper discs. Five discs
from each concentration were placed on each
culture plate. Three discs of 10 pL sterile
water were used as a negative control. The
antibacterial activity was evaluated by
measuring the diameters of the inhibition
zones in millimetres using a sliding calliper.
All tests were done in triplicate.
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Data analysis: Statistical analysis was
carried out using the Statistical Package of
Social Science (SPSS) 20. A p-value < 0.05
was considered statistically significant. The
results of the physicochemical studies of the
hand sanitizer gel formulations were reported
as means and standard deviations.

For  stability  studies, changes of
physicochemical parameters with time were
analysed. The diameter of the zone of
inhibition (in millimetres) was used as the
indicator for the antimicrobial activity of the
samples. In vitro antimicrobial activity of
hand sanitizers was compared by the Tukey's
honestly significant difference (HSD) test in
three-way ANOVA.

RESULTS

Extraction of essential oils from cinnamon
and lime: The yield values of EOs obtained
from cinnamon barks and mature unripe lime
fruits were 2.1% and 1.45 %, respectively.

Organoleptic characteristics of hand
sanitizer gel formulations: All three hand
sanitizer gel formulations had a translucent
and cream-like appearance. Cinnamon oil-
containing formulation A was in white
colour, and lime oil containing formulation B
was pink in colour. Formulation C with a
mixture of both EOs appeared in a milky
white colour. The odour of formulations A
and B was due to cinnamon and lime oils,
respectively. Formulation C had a
characteristic odour.

Table 2: Physicochemical characterization of prepared hand sanitizers

Tests Formulation A Formulation B Formulation C
Homogeneity Homogenous Homogenous Homogenous
pH 6.87+0.01 6.53+0.01 6.64+0.01
Viscosity (cps) 30.66+0.58 27.331£0.58 29+1.00
Spreadability 85.71+0.00 112.50+11.55 105.88+11.55
(g.cm/sec)
December 2021 The Pharmaceutical Journal of Sri Lanka 11(1)
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Physicochemical parameters of hand
sanitizer gel formulations: Results of
physicochemical parameter assessment of
the hand sanitizer gel formulations, such as
homogeneity, pH, viscosity, and
spreadability of all three formulations are
shown in Table 2.

Evaluation of the antibacterial activity of
the prepared formulations: Antibacterial
activity of the hand sanitizer gel formulations
in terms of inhibition zone in millimetres is
shown in Table 3. An inhibition zone was not
observed for the sterile water-containing
discs (negative control). According to the
results, E. coli was more resistant to all the
hand sanitizers than S. aureus. According to
three-way ANOVA with Tukey's HSD tests,
all three hand sanitizer gels had a statistically
significantly different antimicrobial activity
than the prepared blank gel (Table 4).

However, the commercial hand wash product
demonstrated the highest antimicrobial
activity. Formulation C showed the highest
antimicrobial activity among the prepared
hand sanitizer gel formulations, followed by
formulations A and B.

Stability studies: All three formulations
were kept in air-tight aluminium jars at room
temperature during storage. The stability of
the formulations was determined by
conducting tests to determine organoleptic
and physicochemical characters such as
appearance, colour, and odour, homogeneity,
viscosity, pH, and spreadability.  The
appearance, colour, and odour of all hand
sanitizer formulations remained stable in the
observed duration. Stability test results of
physicochemical parameters of the hand
sanitizer gels are shown in Table 5. All three
formulations appeared homogenous even at
the end of 15 days.

Only slight changes were observed in the pH
and viscosity of all formulations. However,
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considerable changes were observed in the
spreadability of all formulations.

Based on of changes in physicochemical
parameters, formulation A appeared the most
stable, followed by formulations C and B.

DISCUSSION

This study aimed to prepare hand sanitizer
gels containing EOs, with antibacterial
activity and assess their effectiveness against
a commercial hand wash.

Cinnamon and lime oils are hydrophobic and
are immiscible with aqueous media.
Therefore, ethanol (10%) was used in the
hand sanitizer gels to facilitate the miscibility
of EOs with an aqueous medium. Since the
bactericidal effect of ethanol is observed at
60% to 85% (40), 10% ethanol present in the
hand sanitizer gel formulations does not
contribute any significant bactericidal
activity. Polysorbate 20 was used as a
dispersing agent, and triethanolamine was
used to adjust the pH of the formulations.
Glycerine was used as a humectant in these
hand sanitizer gel formulations.

Viscosity is a crucial physical characteristic
of hand sanitizer gel formulations. Viscosity
of these formulations was observed. A
considerable viscosity drop was observed
when the mixing plant oil and alcohol
mixture with the gel base. The viscosities of
all the prepared gels were lower than those
reported in a previous study by Wani et. al.
(29)

The pH of the human skin is in the range of
pH 54 - 59.(42) The pH of topical
pharmaceutical preparations should be
within the range of pH 4 - 7 to avoid skin
irritation.(43,44) In our study, the pH of the
formulated hand sanitizers ranged from pH
6.53-6.87.
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Table 3: Antibacterial activity of different hand sanitizers evaluated by agar diffusion

method
The type of hand Concentration of Bacterial strain Mean diameter of the
wash hand wash gel inhibition zone (mm)
(mg/ml)
50 Escherichia coli 0.00£0.00
Staphylococcus aurous 6.67+£0.577
i Escherichia coli 7.67£0.577
Formulation A 100
Staphylococcus aurous 9.33+0.577
Escherichia coli 8.67+0.577
200 Staphylococcus aurous 11.33+£1.155
50 Escherichia coli 0.00£0.00
Staphylococcus aurous 0.00£0.00
Formulation B 100 Escherichia coli 7.33£0.577
Staphylococcus aurous 7.33£0.577
200 Escherichia coli 9.33+0.577
Staphylococcus aurous 10.67+0.577
Escherichia coli 7.33£0.577
50 Staphylococcus aurous 6.67+£0.577
Total 7.00£0.632
Formulation C 100 Escherichia coli 9.33+0.577
Staphylococcus aurous 11.00£1.00
200 Escherichia coli 11.33+0.577
Staphylococcus aurous 14.00+1.00
50 Escherichia coli 0.00£0.00
Staphylococcus aurous 0.00£0.00
Blank hand sanitizer 100 Escherichia coli 0.00£0.00
gel Staphylococcus aurous 0.00£0.00
200 Escherichia coli 7.33+0.577
Staphylococcus aurous 8.33+0.577
50 Escherichia coli 12.33+0.577
Staphylococcus aurous 14.00+£1.0011
Commercial liquid 100 Escherichia coli 16.33+0.577
hand wash Staphylococcus aurous 18.67+0.577
200 Escherichia coli 19.33+0.577
Staphylococcus aurous 22.33+0.577
December 2021 The Pharmaceutical Journal of Sri Lanka 11(1)
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Table 4: Multiple comparison of different hand sanitizer formulations by Tukey's HSD

The type of  The type of hand wash ~ Mean Standard Sig. 95% Confidence
hand wash Difference Error Interval

Lower Upper
Bound Bound

Formulation B 1.50° 0.199  0.000 0.94 2.06

F lation A Formulation C -2.67°  0.199  0.000 -3.23 211
OrMUIAtON A Blank hand sanitizer gel 4.67° 0.199  0.000 411 523
Marketed liquid hand wash  -9.89" 0.199  0.000 -10.45 -9.33

Formulation A -1.50°  0.199  0.000 -2.06 -.94

Formulation B Formulation C N -4.17: 0.199 0.000 -4.73 -3.61
Blank hand sanitizer gel 3.17 0.199  0.000 2.61 3.73

Marketed liquid hand wash -11.39"  0.199 0.000 -11.95 -10.83

Formulation A 2.67° 0199  0.000 211 3.23

Formulation C Formulation B N 4.17: 0.199  0.000 3.61 4.73
Blank hand sanitizer gel 7.33 0.199  0.000 6.77 7.89

Marketed liquid hand wash  -7.22"  0.199  0.000 -7.718  -6.66

Formulation A -467° 0199 0.000 -5.23 -4.11

Blank gel Formulat@on B -3.17: 0.199  0.000 -3.73 -261
Formulation C -7.33 0.199  0.000 -7.89  -6.77

Marketed liquid hand wash -14.56" 0.199 0.000 -15.11 -14.00

Commercial Formulat!on A 9.89: 0.199  0.000 9.33 10.45
liquid hand Formulat!on B 11.39* 0.199 0.000 10.83 11.95
wash Formulation C N 7.22* 0.199  0.000 6.66 7.78
Blank hand sanitizer gel 14.56 0.199 0.000 1400 15.11

Formulation B 1.50° 0.199  0.000 1.10 1.90

Formulation A Formulation C N -2.67: 0.199  0.000 -3.06 -2.27
Blank hand sanitizer gel 4.67 0.199  0.000 4.27 5.06

Marketed liquid hand wash  -9.89"  0.199  0.000 -10.29  -9.49

Formulation A -1.50°  0.199  0.000 -1.90 -1.10

Formulation g FormulationC -4.17’: 0.199 0.000 -456 -3.77
Blank hand sanitizer gel 3.17 0.199  0.000 2.77 3.56

Marketed liquid hand wash -11.39° 0.199 0.000 -11.79 -10.99

Formulation A 2.67° 0199 0.000 2.27 3.06

Formulation ¢ Formulation B 4.17: 0.199  0.000 3.77 456
Blank hand sanitizer gel 7.33 0.199  0.000 6.94 7.73

Marketed liquid hand wash  -7.22°  0.199  0.000 -7.62  -6.82

Formulation A -4.67° 0199  0.000 -5.06  -4.27

Blank gel Formulation B -3.17: 0.199 0.000 -356 -2.77
Formulation C -7.33 0.199 0.000 -1.73  -6.94

Marketed liquid hand wash -14.56" 0.199 0.000 -14.95 -14.16

Commercial Formulat!on A 9.89: 0.199  0.000 949 10.29
liquid hand Formulat!on B 11.39* 0.199  0.000 10.99 11.79
wash Formulation C 7.22 0.199  0.000 6.82 7.62

Blank hand sanitizer gel 1456 0.199 0.000 1416 14.95

Sig.=Significance
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Table 5: Physicochemical parameters of different hand sanitizers during storage

Days Formulations Homogeneity pH Viscosity  Spreadability
A Homogenous 6.87+£0.01 30.66+0.58 85.71+0.00
0 B Homogenous 6.53+0.01 27.33+x0.58 112.50+11.55
C Homogenous 6.64+0.01 29.00+1.00 105.88+11.55
A Homogenous 6.87+0.01 30.67+0.58 81.82+6.19
5 B Homogenous 6.50+0.01 29.00+1.00 94.74+8.25
C Homogenous 6.63+0.01 29.67+0.58 100+0.00
A Homogenous 6.86+0.01 31.67+0.58 78.26%6.19
10 B Homogenous 6.44+0.01 31.67+0.58 81.82+6.19
C Homogenous 6.62+0.01 30.33+x0.58 90.00£8.25
A Homogenous 6.85+0.01 32.33+0.58 72.00+4.81
15 B Homogenous 6.42+0.01 33.33+0.58 78.26%6.19
C Homogenous 6.62+0.00 31.00+0.58 81.82+6.19
Therefore, all three hand sanitizer is significantly differed from each other

formulations could be safely used. When
considering the initial pH of formulations,
the mean pH was increased in the order of
formulation B < formulation C < formulation
A. A considerable pH drop was observed
when EOs were mixed with the gel base.

Lime oil is more acidic than cinnamon oil.
Therefore, the pH of formulation B was
lower than the pH of formulation A. The pH
of formulation C was between formulations
B and A as it contained a mixture of both
cinnamon and lime oils.

The viscosity of the topical formulation is
inversely correlated with its
spreadability.(45) When considering the
initial spreadability of the formulations, the
mean spreadability decreased as
formulations B > C > A. Formulation A
showed a considerable increase in
spreadability when EOs and alcohol were
mixed with the gel base. The spreadability of
all the formulations are higher than those
reported previously by Choudhari et al.(33)

According to the results of a three-way
ANOVA with Tukey's HSD test, the
antibacterial activity of all the hand sanitizers
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(p<0.05). Further, all three test gel
formulations had statistically significant
differences in antimicrobial activities
compared to the blank gel (Table 4).
According to Turkey's HSD analysis, the
antibacterial activity of hand sanitizers was
increased in the order of, blank gel <
formulation B < formulation A < formulation
C < commercial liquid hand wash.

Formulation C showed the highest
antibacterial activity among the prepared
hand sanitizer gels. This could be due to the
synergistic antibacterial effect of cinnamon
and lime oils in formulation C. Formulation
A had a higher antibacterial activity than
Formulation B. This could be due to the
higher antibacterial activity of cinnamon oil
than lime 0il.(19,46)

The purpose of the stability studies was to
assess the changes in physicochemical
parameters during the storage of the prepared
formulations. Even though longer real-time
studies are needed to ensure the stability of
hand sanitizers. Stability studies were limited
to 15 days in this study. Stability studies
revealed slight changes in the pH and
viscosity among three hand sanitizer gel
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formulations. However, considerable
changes were observed in the spreadability of
the three hand sanitizer gel formulations at
the end of 15 days. The pH of the
formulations was increased with time. The
viscosity of all three formulations was also
observed to increase with time. This may be
due to the evaporation of water and alcohol
increasing the formulations' concentration.
Further, increasing pH is known to increase
the viscosity of Carbopol gel.(47) The
spreadability of all three hand sanitizer gel
formulations increased with time. This is due
to the drop in the viscosity of the tested
formulations during storage.

The changes in the physicochemical
parameters during stability studies were
assessed. Formulation A was the most stable
gel followed by formulations C and B.

However, longer real-time stability studies
are needed to evaluate further changes in
physicochemical  characters and the
antibacterial activity of the prepared hand
sanitizer gel formulations.

CONCLUSION

The physically most stable hand sanitizer gel
among the prepared formulations was
Formulation A containing cinnamon oil.
Formulation C containing a mixture of
cinnamon and lime oils showed the highest
antibacterial activity among the prepared
hand sanitizer gel formulations. Further
studies are needed to improve the
antibacterial activity of the prepared hand
sanitizer gel formulations by adding more
suitable phytoconstituents with antibacterial
activity.
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