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Abstract

The invention pertains to develop drug delivery systems is still challenging, and many scientists joined
the race to use more effective, less toxic, low cost, and sustainable systems for drug delivery. This
research was carried out to formulate mixed essential oils loaded with carbopol hydrogels, and to
evaluate their antibacterial activity against selected pathogens using disk diffusion method. Screening
for antibacterial activity of essential oils was done prior to the fabrication of hydrogels. Clove
essential oil exhibited the strongest antibacterial activity towards all tested pathogens followed by the
cinnamon essential oil. Hydrogel formulation containing mixed essential oils showed the best
antibacterial results compared to single oil formulations with an inhibition zone of 18-23 mm for
Staphylococcus aureus, 17-20mm for Escherichia coli, and 14-18mm for Pseudomonas aeruginosa.
All hydrogel formulations were non-irritant, stable, and free of microorganisms. Minimal inhibitory
concentrations of the essential oils were significantly affected by loading them in carbopol hydrogel.
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1. Introduction

Recently, many bacterial species are resistant to common antibiotics due to the misuse of them
and naturally occurred mutations [1]; however, the inappropriate use of antibiotics accelerates the
possibility of gaining antibiotic resistance mutations [2, 3]. Antibiotics and multi-drug resistance
become the world-wide problem in hospitals, long-stay residential centers and in the community [4].
Due to the loss of efficacy of most common antibiotics, nowadays, the use of phytochemicals for the
pharmaceutical purpose has gradually increased in many countries [5]. According to the World Health
Organization (WHO), medicinal plants would be the best source to obtain a variety of drugs [6, 7].
About 80% of individuals from developed countries use traditional medicine, which has compounds
derived from medicinal plants [8]. Essential oils (also called volatile oils) are aromatic oily liquids
obtained from plant materials (flowers, buds, seeds, leaves, twigs, bark, herbs, wood, fruits and roots)
[9]. They can be extracted by expression, fermentation or steam distillation which is the most
commonly used for commercial production [10]. An estimated 3000 essential oils are currently
known, of which only 300 are commercially important in the fragrance market [11]. Plant essential
oils and extracts have been shown to possess significant activity against many types of bacteria, fungi
and even viruses [12]. Some essential oils have been used in cancer treatment [13, 14], others have
been used in food preservation [15], and fragrance industries [16]. Essential oils and their components
are gaining increasing interest because they are readily available, non-toxic and safe. Alternative
medicine is widely accepted by consumers, due to their exploitation for potential multi-purpose
functional use. Carbopol is a type of synthetic polymers that offers many substantial benefits for
formulators and marketers of personal care products [17]. It is exceptionally easy to use as it self-wets
and disperses within minutes, it can be used in systems with moderate surfactant content, making it an
ideal choice for shampoos, body washes, gels, lotions, and creams [18].

Keeping in mind the medicinal importance of essential oils and the advantages of carbopol, this
work was conducted to estimate antibacterial activity of selected essential oils and fabricate carbopol
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based topical hydrogel formulations, as well as to evaluate the effect of polymer on antibacterial
activity of the essential oils.

2. Material and methods

2.1 Materials

Four essential oils namely; clove, cinnamon, tea tree and rosemary were obtained from
Tanamera & Co (P) Ltd, Malaysia. The quality of these oils was ascertained by the company’s
laboratories to be more than 99 % pure. Carbopol Ultrez 21, methyl paraben, propyl paraben, glycerin,
triethanolamine and ethyl acetate were obtained from Sigma-Aldrich, USA.

2.2 Methods
2.2.1. Microorganisms and preparation of inoculums

Three clinical isolates such as Staphylococcus aureus, Escherichia coli, and Pseudomonas
aeruginosa were used in the present study, which were collected from the microbiology department,
Alasmarya Islamic University. The cultures of all the microorganisms were maintained in their
appropriate agar slants at 4°C throughout the study and used as stock cultures. For evaluation of
antimicrobial activity, 24 hours fresh culture of bacteria were suspended in double sterile water to
obtain a uniform suspension of microorganism.

2.2.2. Preparation of hydrogel

The hydrogel was prepared by following the method mentioned in reference [19], with the
following modifications: different amounts as mentioned in Table 1 of carbopol Ultrez 21 was
dissolved in distilled water, followed by the addition of methyl paraben (0.18%), propyl paraben
(0.02%) and glycerin (9.5: 0.5 w/w). Essential oils were dissolved in ethanol (10% w/w) and slowly
added to the mixture and kept under magnetic stirring for 1h. The viscosity and pH were finally
adjusted with triethanolamine (TEA) until the desired values were approximately reached (neutral pH
and desired viscosity).

2.2.3. Evaluation of the hydrogels

The color of all the formulations was evaluated with naked eyes against a white background.
The odor was determined by mixing each hydrogel in water and taking in the smell. The pH of each
formulation measured by a digital pH meter (HANNA, UK). The viscosity of the microemulsion was
measured by a Brookfield viscometer by using a spindle rotating at a speed of 0.5, 1, 2.5 and 5.0 rpm
at 25°C. At each speed, the corresponding dial reading on the viscometer was noted. Then the spindle
speed was lowered, and the corresponding dial readings were noted.

2.2.4. Skin irritation studies

Rats (180-220 g) of either sex were used for the evaluation of possible skin irritation caused by
hydrogels. The animals were maintained on standard animal feed and had free access to water. They
were kept under standard conditions during the study. Their fur was shaved from the back, and an area
of 3 cm2 was marked on both sides, one side served as control while the other side as test. Hydrogels
were applied (500 mg/animal) twice a day for 7 days and the site was observed for any sensitivity.
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2.2.5. Microbial load of the essential oils loaded hydrogel

Microbial load evaluation was carried out for the optimized batches of hydrogel, after two
weeks from the preparation by total plate count agar. The pour plate method was used to cultivate
serially diluted portions of the hydrogel formulations samples under investigation. Enumeration was
carried out on nutrient agar (NA) for bacteria, on Sabouraud agar (SA) for yeasts, and potato dextrose
agar (PDA) for fungi. The NA plates were incubated at 37° C for 48 h, while SA and PDA plates were
incubated at room temperature (30°+ 3°C) for 48-72 h. The developed microbial colonies were
counted and computed as colony-forming units per ml (cfu/ml) of hydrogel.

2.2.6. Determination of zone of inhibition

Antimicrobial screening of essential oils and hydrogel formulations was done using disk
diffusion method [20-22]. It was performed by using an 18 h culture at 37°C in 10 ml of Mueller
Hinton Broth. The suspensions were spread over the Mueller-Hinton agar plates using a sterile cotton
swab in order to get a uniform microbial growth. The dilution of the essential oils was conducted by
adding an appropriate amount of ethyl acetate. After that an empty sterilized discs (Whatman no. 3)
filter paper was punched under aseptic conditions into 5 mm disc form, were impregnated with 50 pL
of testing samples and placed on the inoculated agar surface. This was followed by sealing the plates
with sterile laboratory para-film to avoid any eventual evaporation of the test samples, and they were
left for 30 min at room temperature, to allow the diffusion of the oils and hydrogels, and incubated at
a temperature of 37°C for 18 h. After the incubation period, the inhibition zone was measured with a
caliper in millimeter. Studies were performed in duplicate, and mean values were calculated.

Table 1. Formulation composition of gels

*F  Carbopol Glycerin Ethanol Cinnamon Clove Tea tree
% wiw % wiw % wiw QOil oil QOil
% wiw Yow/w Yow/w
Gl 0.5 5 10 - - -
G2 1 5 10 - - -
G3 0.75 5 10 - - -
G4 0.75 5 10 1 -
G5 0.75 5 10 2 - -
G6 0.75 5 10 3 - -
G7 0.75 5 10 - 1 -
G8 0.75 5 10 - 2 -
G9 0.75 5 10 - 3 -
G10 0.75 5 10 - - 1
G11 0.75 5 10 - - 2
G12 0.75 5 10 - - 3
G13 0.75 5 10 3 3 3

*Each formulation consists of water (propyl paraben 0.02% w/w and methyl paraben 0.18% w/w) to 100 g. All
the formulation were neutralized by triethanolamine to pH=6.8.

3. Results and discussion
3.1 Physical examination

The physical properties of hydrogel formulations are shown in Table 2. All gel formulations
showed good homogeneity and spreadability. The physical appearance of all the formulations was
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mostly deep white in color, and have the characteristic odor of the essential oil incorporated. The pH
of the gel formulations was in the range of 6.8 to 7.2, which lies in the normal pH range of the skin
and would not produce any skin irritation. It is important to say that there was no significant change in
the pH values as a function of time for all prepared formulations. The formulations showed increased
viscosity with the increase of polymer concentration when all other formulation additives were kept
constant. Viscosity of 0.75% hydrogel was optimum and was used for formulation of the herbal
hydrogels. The spreadability of both 0.75% and 1% carbopol was good. Gel can be used as an
effective vehicle for topical administration of herbal extracts and essential oils of plants.

Table 2. Physical properties of the hydrogels

F Physical Appearance homogeneity Spreadability Viscosity  pH

(gmem/Sec) (cps)

Gl Colorless, Transparent Homogeneous 27.12 109480 7.2
G2 Colorless, Transparent Homogeneous 21.40 198577 7.1
G3 Colorless, Transparent Homogeneous 24.64 159480 7.2
G4 Deep white Homogeneous 25.73 159678 6.9
G5 Deep white Homogeneous 25.87 159322 6.8
G6 Deep white Homogeneous 27.65 159655 6.9
G7 Deep white Homogeneous 25.58 159499 7.0
G8 Deep white Homogeneous 26.23 159122 6.9
G9 Deep white Homogeneous 27.84 159566 6.9
G10  Deep white Homogeneous 24.97 159419 7.1
G11  Deep white Homogeneous 25.11 157486 6.9
G12  Deep white Homogeneous 26.21 159444 6.8
G13  Deep white Homogeneous 27.66 162496 6.8

3.2. Antibacterial activities of the essential oils and their hydrogels

The activity of two essential oils, namely; clove and cinnamon was relatively similar, compared
to rosemary and tea tree. However, most of the concentration of the essential oil and the incorporated
essential oils showed activity against the microbial used. Cinnamon oil showed the highest activity
against S. aureus among other essential oils. Clove oil showed the highest activity against both E. coli,
and P. aeruginosa. Activity of formulation G13 was the highest among all the other formulations and
the oils concentrations.
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Table 4 a. Zone of inhibition of essential oils
Zone of Inhibition (mm)

Cinnamon oil Clove oil
Concentration 100% 5% 50% 25% 100% 5% 50% 25%
S. aureus 26 24 16 13 22 22 14 10
E. coli 12 12 9 9 18 21 14 11
P. aeruginosa 12 11 9 10 27 23 20 13

Table 4 b. Zone of inhibition of essential oils
Zone of Inhibition (mm)

Rosemary oil Tea tree oil
Concentration 100% 75% 50% 25% 100% 75% 50% @ 25%
S. aureus 16 13 7 6 15 15 11 10
E. coli 6 6 7 6 6 7 6 8
P. aeruginosa 6 6 7 8 7 6 6 8

The antibacterial activity of all prepared formulations is shown in Table 5. The formulations
that contained different essential oils (G13) showed synergistic effect against all pathogens. Most of
the single essential oil loaded with hydrogels showed little or no activity against bacterial species as
Figure 1 presents. It can be clearly observed that there is significant difference in the antibacterial
activity between the single and mixed essential oils loaded with hydrogels. The skin irritation studies
show that all the tested animals tolerated the applications of hydrogels and no signs of irritation were
noticed during the whole period of study.

Table 5. Zone of inhibition of hydrogel formulations
Microbial strains

S. aureus E. coli P. aeruginosa

Gl - - -
G2 - - -
G3 - - -
G4 - - -
G5 - 7 7
G6 10 10 8
G7 - 6 -
G8 8 9 9
G9 12 11 10
G10 - 6 -
Gl1 6 8 -
G12 7 9 -
G13 20 18 16
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Figure 1. Inhibition of S. aureus, E. coli, and P. aeruginosa with prepared Carbopol hydrogel
formulations (G3 to G13) by disc diffusion method.

Antibacterial activity of rosemary and tea tree oil in this study did not concur with the findings
in many previous studies. In the study of [23], they evaluated antibacterial activity of seven types of
rosemary, and most of them showed strong antibacterial activity against Staphylococcus aureus and
Escherichia coli. In our study, only strong concentrations of rosemary worked with S. aureus but not
with the other two pathogenesis, thus it was excluded from hydrogel preparations. The same
conclusion can be obtained when we compared the results of tea tree oil in our study with [24] and
[25]. Tea tree essential oil was not eliminated in our study because it has wound healing activity and it
was used to enhance the properties of hydrogels [26]. In contrast, cinnamon and clove essential oils
showed excellent activity even in weak concentration, which concurred with many studies, including
[27-29]. In the hydrogel, the antibacterial compounds in the essential oils cross-linked and
immobilized within the network, which was well suspended in the network. This explains the low and
effective concentrations in the formulation 13. From this study, it can be concluded that all the tested
essential oils (cinnamon, clove, rosemary, and tea tree) possess different antibacterial activities. Clove
oil has the most potential antimicrobial properties against S. aureus, E. coli and P. aeruginosa,
followed by cinnamon essential oil with slightly lower effect, compared to the other tested essential
oils (clove > cinnamon > tea tree EO > rosemary). Although all the pathogens were affected, S. aureus
was more sensitive to clove and cinnamon oils, than E. coli and P. aeruginosa. Hydrogel formulations
showed better antimicrobial activity, even in low concentration of oil, which confirms the ability of
Carbopol polymer as a drug delivery system.

4. Conclusion

Based on the results obtained from this study, it can be concluded that the antibacterial activity of
essential oils can be positively affected and enhanced with the integration of carbopol. All hydrogel
formulations were non-irritable, stable, and free of microorganisms. Minimal inhibitory concentrations
of the essential oils were significantly affected by loading them in carbopol hydrogel. Essential oils
loaded with hydrogels can be used as an alternative and amenable solution to traditional antibiotic
treatments.

e-ISSN: 2289-7771

569



Journal of Applied Science & Process Engineering
Vol. 7, No. 2, 2020

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]
[18]

[19]

Sharma, S., Hanif, M., Chopra, K. K., Sharma, M., Dwivedi, K. K., Sidiq, Z. & Dubey, M. (2018).
Detection of multidrug resistance and extensively drug resistance among smear-negative extrapulmonary
tuberculosis cases in a reference laboratory. Biomedical and Biotechnology Research Journal
(BBRJ), Vol.2, No.2, 132,

Li, J., & Mooney, D. J. (2016). Designing hydrogels for controlled drug delivery. Nature Reviews
Materials, Vol.1, No.12, 1-17.

Yahya, E. B., Alfallous, K. A., Wali, A., Hameid, S., & Zwaid, H. (2020). Growth rate and antibiotic
sensitivity effect of some natural and petroleum based materials on Staphylococcus aureus. International
Journal for Research in Applied Sciences and Biotechnology, Vol.7, No.5, 7-11.

Bedewy, E. L., & Sabry, R. M. (2017). Multi drug resistant bacteria and its antibiotic susceptibility at
Percutanous Endoscopic Gastrostomy (PEG) tube site of long term care facility elderly residents. The
Egyptian Journal of Hospital Medicine, Vol.68, No.2, 1094-1100.

Yahya, E. B., Alhawari, S. M., Amhimmid, K., AbuAeshah, R. H. A., & Saada, A. O. (2018). Evaluation of
in-vitroantibacterial activity of aqueous and alcoholic extracts of the peels punica granatum and olea
europaea leaves. Journal of Sciences and Technologies (Medical Science), Vol.2, No.1, 36-44

Batool, K., Sultana, S., Akhtar, N., Asif, H. M., Akhtar, N., Ahmad, K., & Owais, A. (2018). Medicinal
plants combating against human pathogens: A review. International Journal of Biotechnology and Food
Science, Vol.6, No.3, 42-51.

Abdul Khalil, H. P. S., Adnan, A. S., Yahya, E. B., Olaiya, N. G, Safrida, S., Hossain, M. & Pasquini, D.
(2020). A Review on plant cellulose  nanofibre-based  aerogels  for  biomedical
applications. Polymers, Vol.12, No.8, 1759.

Yahya, E. B., Jummaat, F., Amirul, A. A., Adnan, A. S., Olaiya, N. G,, Abdullah, C. K. & Khalil, H. P. S.
(2020). A review on revolutionary natural biopolymer-based aerogels for antibacterial
delivery. Antibiotics, Vol.9, No.10, 648.

Nuryawan, A., Abdullah, C. K., Hazwan, C. M., Olaiya, N. G,, Yahya, E. B., Risnasari, I., & Abdul Khalil,
H. P. S. (2020). Enhancement of oil palm waste nanoparticles on the properties and characterization of
hybrid plywood biocomposites. Polymers, Vol.12, No.5, 1007.

Gari, M. T., Admassu, S., Asfaw, B. T., Abebe, T., & Jayakumar, M. (2020). Review on: Extraction of
essential oil (Gin Flavor) from Juniper Berries (Juniperus communis). Emerging Trends in Chemical
Engineering, Vol.7, No.1, 19-28.

Cadena, M. B., Preston, G. M., Van der Hoorn, R. A., Townley, H. E., & Thompson, I. P. (2018). Species-
specific antimicrobial activity of essential oils and enhancement by encapsulation in mesoporous silica
nanoparticles. Industrial Crops and Products, Vol.122, 582-590.

Khalil, H. P. S., Jummaat, F., Yahya, E. B., Olaiya, N. G., Adnan, A. S., Abdat, M., & Suriani, A. B. (2020).
A review on micro-to nanocellulose biopolymer scaffold forming for tissue engineering
applications. Polymers, Vol.12, No.9, 2043.

Rattanamaneerusmee, A., Thirapanmethee, K., Nakamura, Y., & Chomnawang, M. T. (2018).
Differentiation-inducing effect in human colon cancer cells of essential oils. Pharm Sci Asia, Vol.45, No.3,
154-160.

Bukhari, N., Joseph, J. P., Hussain, J., Adeeb, M. A. M., Wakim, M. J. Y., Yahya, E. B., & Sharif, N. (2019).
Prevalence of human papilloma virus sub genotypes following head and neck squamous cell carcinomas in
asian continent, A systematic review article. Asian Pacific Journal of Cancer Prevention: APJCP, Vol.20,
No.11, 3269.

Mahato, N., Sharma, K., Koteswararao, R., Sinha, M., Baral, E., & Cho, M. H. (2019). Citrus essential oils:
Extraction, authentication and application in food preservation. Critical reviews in food science and
nutrition, Vol.59, No.4, 611-625.

Irshad, M., Subhani, M. A., Ali, S., & Hussain, A. (2020). Biological importance of essential oils. Essential
Oils-Oils of Nature, IntechOpen

Dinkgreve, M., Fazilati, M., Denn, M. M., & Bonn, D. (2018). Carbopol: From a simple to a thixotropic
yield stress fluid. Journal of Rheology, Vol.62, No.3, 773-780.

Shafiei, M., Balhoff, M., & Hayman, N. W. (2018). Chemical and microstructural controls on
viscoplasticity in Carbopol hydrogel. Polymer, Vol.139, 44-51.

Hurler, J., Engesland, A., Poorahmary Kermany, B., & Skalko-Basnet, N. (2012). Improved texture analysis

e-ISSN: 2289-7771 II”H#:I\A@
L)

& Provess Engineering

570



Journal of Applied Science & Process Engineering
Vol. 7, No. 2, 2020

for hydrogel characterization: Gel cohesiveness, adhesiveness, and hardness. Journal of Applied Polymer
Science, Vol.125, No.1, 180-188.

[20] Boyanova, L., llieva, J., Gergova, G, & Mitov, I. (2016). Levofloxacin susceptibility testing against
Helicobacter pylori: evaluation of a modified disk diffusion method compared to E test. Diagnostic
microbiology and infectious disease, Vol.84, No.1, 55-56.

[21] Matin, M. M., Roshid, M. H., Bhattacharjee, S. C., & Azad, A. K. (2020). PASS predication, antiviral, in
vitro Antimicrobial, and ADMET studies of rhamnopyranoside esters. Medical Research Archives, Vol.8,
No.7.

[22] Matin, M. M., Bhattacharjee, S. C., Chakraborty, P., & Alam, M. S. (2019). Synthesis, PASS predication, in
vitro antimicrobial evaluation and pharmacokinetic study of novel n-octyl glucopyranoside
esters. Carbohydrate research, Vol.485, 107812.

[23] Bajalan, I., Rouzbahani, R., Pirbalouti, A. G., & Maggi, F. (2017). Antioxidant and antibacterial activities of
the essential oils obtained from seven Iranian populations of Rosmarinus officinalis. Industrial crops and
products, Vol.107, 305-311.

[24] Cui, H., Bai, M., & Lin, L. (2018). Plasma-treated poly (ethylene oxide) nanofibers containing tea tree
oil/beta-cyclodextrin inclusion complex for antibacterial packaging. Carbohydrate polymers, Vol.179, 360-
369.

[25] Salvatori, C., Barchi, L., Guzzo, F., & Gargari, M. (2017). A comparative study of antibacterial and anti-
inflammatory effects of mouthrinse containing tea tree oil. Oral & Implantology, Vol.10, No.1, 59.

[26] Halcon, L., & Milkus, K. (2004). Staphylococcus aureus and wounds: a review of tea tree oil as a
promising antimicrobial. American journal of infection control, Vol.32, No.7, 402-408.

[27] Oulkheir, S., Aghrouch, M., EI Mourabit, F., Dalha, F., Graich, H., Amouch, F. & Chadli, S. (2017).
Antibacterial activity of essential oils extracts from cinnamon, thyme, clove and geranium against a gram
negative and gram positive pathogenic bacteria. Journal of diseases and medicinal plants, Vol.3, No.2-1, 1-
5.

[28] Franklyne, J. S., lyer, S., Ebenazer, A., Mukherjee, A., & Chandrasekaran, N. (2019). Essential oil
nanoemulsions: antibacterial activity in contaminated fruit juices. International Journal of Food Science &
Technology, Vol.54, No.9, 2802-2810.

[29] Purkait, S., Bhattacharya, A., Bag, A., & Chattopadhyay, R. R. (2020). Synergistic antibacterial, antifungal
and antioxidant efficacy of cinnamon and clove essential oils in combination. Archives of Microbiology, 1-
10.

e-ISSN: 2289-7771 II”H#:I\A@
L)

& Provess Engineering

571



