International Journal of Advances in Applied Sciences (IJAAS)
Vol. 11, No. 4, December 2022, pp. 360~366
ISSN: 2252-8814, DOI: 10.11591/ijaas.v11.i4.pp360-366 a 360

An overview of the potential of Citrus hystrix (kaffir lime)
essential oil as mosquito repellent

Nurul Asyikin Md Zaki'2, Junaidah Jai', Izzat Syahmi Kamal Shahrizan?, Dewi Selvia Fardhyanti®,

Megawati®, Nadya Alfa Cahaya Imani®

1School of Chemical Engineering, College of Engineering, Universiti Teknologi MARA, Selangor, Malaysia
2Food Process Engineering Research Group, Universiti Teknologi MARA, Selangor, Malaysia
3Department of Chemical Engineering, Faculty of Engineering, Universitas Negeri Semarang, Semarang, Indonesia

Article Info

ABSTRACT

Article history:

Received Aug 27, 2021
Revised Sep 12, 2022
Accepted Nov 3, 2022

Keywords:

Encapsulation
Essential oil

Kaffir lime
Mosquito repellent
Volatile

A chemical-based insect repellent such as N, N-diethyl-3-methylbenzamide
(DEET) is commonly used against all insects despite its toxicity in humans.
Hence, a repellent agent from natural sources of plant essential oil was
introduced. Some of the plants which have the repellent potential are catnip,
hairy basil, citronella, vetiver, clove, and citrus. Citronellal, citronellol,
geraniol, eugenol, eugenol-acetate, and beta-caryophyllene are among the
repellent active components in these plants. Citrus hystrix (kaffir lime) was
known for several applications in food, health, and skincare, but its potential
as mosquito repellent is still new. This overview paper highlights the
potential of kaffir lime essential oil as a mosquito repellent and the
encapsulation of essential oil related to mosquito repellent. Several studies
on kaffir lime essential oil as mosquito repellent was conducted and revealed
that the major repellent active components are citronellol and limonene. Pure
kaffir lime essential oil provides one-hour repellent protection against the
mosquito. However, an addition of 5% vanillin prolongs the protection time
to three hours. Essential oil is easily vaporized at room temperature which
shortens its effectiveness time. Encapsulation of the essential oil would
control the vaporization process and hence prolong its efficiency.
Nonetheless, almost no research work reported on the encapsulation of kaffir
lime essential oil and the release mechanism of the encapsulated kaffir lime.
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1. INTRODUCTION

Mosquitoes like Aedes aegypti spread diseases such as chikungunya, dengue, and yellow fever.
World Health Organization (WHO) reports that dengue remains an as big threat in many countries such as
Southeast Asia region and Western Pacific region [1]. A chemical-based insect repellent such as N, N-
diethyl-3-methylbenzamide (DEET) is commonly used against all insects although the effectiveness time is
short, has an unpleasant odor, and may irritate the skin. Hence, research on green and safe natural-based
mosquito repellent made from plant essential oil was introduced.

Some effective mosquito-repellent plants are catnip, hairy basil, citronella, vetiver, and clove [2].
Furthermore, essential oils from Citrus aurantifolia, Citrus aurantium, Citrus hystrix, Citrus maxima, Citrus
medica, Citrus reticulate, Citrus sinensis, and Citrus microcarpa have the repellent potential against Aedes
aegypti and Cx. quinquefasciatus [3]. Citrus hystrix (kaffir lime) is mostly found abundant in tropical
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South-Eastern Asia countries [4]. Citronellol, a major component of kaffir lime leaf, and limonene, a major
component of kaffir lime peel oil, show strong repellent activity against mosquitoes [5].

Essential oils can be extracted from plants that contain valuable compounds with various biological
activities such as phenols, aldehydes, ketones, mono, and sesquiterpenes [6]. Essential oil is volatile and very
sensitive to temperature change. Encapsulation of essential oil facilitates controlled release to reduce
volatilization and degradation of its efficiency [7]. Several papers reported on mosquito repellent from the
encapsulated essential oil of various plants [8], [9], but almost no work was found on the encapsulation of
kaffir lime essential oil as a mosquito repellent. This paper highlights the potential of kaffir lime essential oil
as a mosquito repellent and the encapsulation of essential oil related to mosquito repellent.

2. SPECIALTY FUNCTION OF CITRUS HYSTRIX

Kaffir lime is a tropical fruit that originated from South-Eastern Asia countries. The special
characteristic of kaffir lime is determined by its precious compound, which can be extracted using various
extraction methods. Extraction methods gave an important effect on the yield and composition of the extract
[10]. Conventional methods such as hydro-distillation, steam distillation, organic solvent extraction, and cold
pressing techniques are cost-effective and simple to implement. Then again, high costs and technical
expertise are required for innovative techniques such as supercritical fluid extraction, subcritical extraction,
ultrasound-assisted extraction, microwave-assisted extraction, microwave hydro-diffusion, and gravity
extraction methods [11]. These modern methods have been carried out on an industrial scale [12]. However,
conventional methods are usually used since they are less expensive and easy to handle.

McNeil et al. [13] found that the main composition of hydro-distillation extracted kaffir lime leaf
were monoterpenes with terpinen-4-ol (13.0%), b-pinene (10.9%), a-terpineol (7.6%), 1,8-cineole (6.4%),
citronellol (6.0%), and p-cimene (5.6%). Meanwhile, Srifuengfung et al. [14] reported that the composition
of steam distillation extracted kaffir lime fruit peel was mainly of monoterpene hydrocarbons (65.98%)
followed by oxygenated monoterpenes (20.68%) and sesquiterpene hydrocarbons (3.32%). D-limonene
(25.28%), b-pinene (21.10%), and sabinene (14.99%) were the major components of monoterpene
hydrocarbons, while citronellal (7.63%) and terpinen-4-ol (5.06%) were the major components of oxygenated
monoterpenes. The specialty function of kaffir lime extract is very much designed by their composition.

Several scientific research reports on the potential of kaffir lime in different fields are shown in
Table 1. The strong kaffir lime flavor from fruits and leaves is popular in Asian cuisines. Besides, the
antioxidant property of kaffir lime juices shows that they can be a natural source of daily supplements [15].
On the other hand, the interaction effect of limonene and other minor components in the extract was found as
an antibacterial agent towards a wide range of bacterial organisms [14], [16]. In the medical field, work on a
mixed extract of kaffir lime leaves, rhizomes of lemon grass, and galangal discovered that the mixed extract
which consists of citronella, linalool, 1,8-cineole (eucalyptol), and acetophenone, has valuable effects on
blood cholesterol [17]. Furthermore, the kaffir lime extract was identified to reduce the viability of cervical
and neuroblastoma cells which reveals its potential as an anticancer [18], however, the respective active
compounds were yet to be investigated.

Several research reported that kaffir lime can act as a natural insect repellent [1]-[3], [19].
Moreover, it was reviewed that b-pinene, d-limonene, and terpinene-4-ol in kaffir lime peel essential oil were
the active repellent compounds against Aedes aegypti [1]. The specialty functions of kaffir lime in different
fields are investigated; however, for certain applications, extensive research work including artificial (in
vitro) and field trials (in vivo) should be conducted before commercialization.

Table 1. Specialty function of Citrus hystrix

Application Functions References
Food and supplement ~ Antioxidant drink [15]
Antibacterial Antibacterial oral spray [14]
Antimicrobial-resistant bacteria [16]
Medical field Antioxidative and immunomodulatory  [17]
Anticancer [18]
Insect repellent Mosquito repellent [1], [2], [3], [19]

3. CITRUS HYSTRIX AND MOSQUITO REPELLENT TEST METHOD

Table 2 shows the test methods which measure the efficiency of kaffir lime as a mosquito repellent.
The potential of turmeric, citronella, hairy basil and kaffir lime as mosquito repellent was reported [20]. The
four volatile oils and DEET were subjected to the human-bait test method (mosquito cage) with and without
vanillin against Aedes aegypti, An. Dirus, and C. quinaquefasciatus. Turmeric and kaffir lime provided one-
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hour protection against the mosquito. However, with the addition of vanillin, the repellency against Aedes
aegypti was greatly improved to 4.5 and 3 hours, respectively. Although kaffir lime alone shows less
repellency against Aedes aegypti, it still can be used as a potential mosquito repellent due to its abundant
availability, especially in Southeastern Asia countries.

A similar finding was reported on the repellent activity of 8 citrus plants including Citrus hystrix
DC, Citrus aurantium L., Citrus maxima (Burm. f.) Merr., Citrus medica L. var sarcodaclylis Swingle, Citrus
reticulate Blanco, Citrus sinensis Osbeck, and Citrofortunella microcarpa (Bunge) Wijnands against female
adult of Aedes aegypti (Linn.) and Culex quinquefasciatus (Say) by human-bait technique (mosquito cage)
[3]. The essential oils were dissolved in ethyl alcohol and kept at room temperature before the test. They
found that the mean protection of Citrus hystrix DC against female adults of Aedes aegypti (Linn.) and Culex
quinquefasciatus (Say) was 20.95 + 8.67 and 45.0 + 8.7 minutes with the protection of 98.3% and 98.3%,
respectively.

Besides, the repellency of 38 essential oils including kaffir lime against mosquito bites was
investigated. The essential oils were diluted in 70% alcohol. Three different concentrations (10%, 50%, and
undiluted) of essential oils were applied against Aedes aegypti by the human-bite technique (mosquito cage).
The result revealed that the repellency of kaffir lime with different concentrations of 10%, 50%, and
undiluted was 10 min, 30 min, and 60 min, respectively [19].

Other than the human-bait technique, the excito-repellency (ER) test system is another technique
that can be used to understand the behavioral responses of the mosquito population towards the contact and
non-contact exposure to the mosquito repellent compound [21]. For contact exposure, pretreated paper
(impregnated with the mosquito repellent agent) is placed inside the test chamber, while for non-contact
exposure, the pretreated paper is located outside the chamber. The test reveals the repellent behavior of the
mosquito towards the repellent compound, which acts as either contact excitation (contact) and/or spatial
repellent (non-contact).

Earlier, the use of the ER test system in investigating the repellent behavior of Aedesaegypti L. and
Anophelesminimus against different concentrations of kaffir lime oil in absolute ethanol was reported [21].
Both mosquitoes demonstrated excellent spatial repellency behavior and non-contact excitation against the
kaffir lime essential oils. They stated that the repellent active compounds in the leaf oil are mainly citronellal,
citronellene acetate, isopulegenol, and geranyl acetate; while the peel oil is predominately citronellal,
limonene, and b-pinene.

The human-bait technique (mosquito cage) test reveals that pure kaffir lime essential oil can protect
the human skin within 60 min. However, dilution of the essential oil in alcohol reduces the protection
duration. On the other hand, an addition of other essential oils such as vanillin oil enhances the protection
duration significantly. Combining several essential oils with repellent properties produces a better natural
mosquito repellent [2]. The ER test reveals the spatial repellency behavior of the mosquito towards the kaffir
lime essential oil. Based on the behavior, a suitable repellent product can be developed which considers the
release of kaffir lime volatile compound into the air.

Table 2. Citrus hystrix essential oil and mosquito repellent test methods

Test method Ingredients Repellent protection/ behavior  References
Kaffir lime 60 min [20]
Kaffir lime+vanillin 180 min
Kaffir lime in ethyl alcohol 20.95 min 3]
Human-bait 98.3% protection
Kaffir lime in alcohol with different concentrations 10 min
10%, 50%, 100% 30 min [19]
60 min
Excito-repellency  Kaffir lime leaf oil in ethanol— Spatial repellency
1-5% concentration 78-87%
[21]
Kaffir lime peel oil in ethanol — Spatial repellency
2.5% and 5% concentration 78%

Essential oil is volatile and very sensitive to heat, light, and oxygen [22]. Hence, the appropriate
handling method of the essential oil after extraction and product formulation is very important. Degradation
of essential oil through oxidation can be reduced by proper storage in dark bottles, away from direct sunlight
and sources of heat. Encapsulation of essential oil is one of the current techniques that can be used to control
vaporization and prolong its effectiveness.
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4. ENCAPSULATION OF ESSENTIAL OIL FOR MOSQUITO REPELLENT

Encapsulation of essential oil produces micro or nano-size sphere capsule with a uniform wall
around it. The material inside the capsule is referred to as the core, internal phase, or fill, whereas the wall is
sometimes called a shell, coating, or membrane. The most commonly used encapsulation processes include
coacervation, spray drying, centrifugal extrusion, fluidized bed coating, freeze drying, emulsion, liposome
entrapment, spray cooling, solvent evaporation, and in situ polymerization [7]. Emulsion and coacervation
are among the popular encapsulation techniques in mosquito repellent studies.

Table 3 shows a list of the previous study on the encapsulation of essential oil for mosquito
repellent. Sakulku et al. [23] worked on the encapsulation of citronella oil by nanoemulsion technique.
Citronella oil, glycerol, and surfactant (Montanov®82) were dispersed under the stirring condition at 200
rpm, 50 °C for 5 min. The mixture was emulsified by a high-speed homogenizer at 16500 rpm for 3 min.
Subsequently, this pre-emulsion was passed through the high-pressure homogenizer for five cycles at a
pressure of 1500 bars before cooling down to room temperature and stored at 25 °C. Nanoemulsion is
recommended for stability during storage and ability to control the release of essential oil. On the other hand,
encapsulated Apiaceae oil by microemulsion technique was also investigated [24]. In the emulsion
preparation, distilled water was added to a mixture of essential oil, polysorbate 80, glycerol, and ethanol.
They claimed that the microencapsulated essential oil was able to exert toxicity against mosquito larvae.

Furthermore, the investigation was conducted on the repellent efficiency of complex coacervation
encapsulated citronella essential oil on cotton fabric [25]. Gelatin and citronella oil were homogenized at
40 °C, 18500 rpm for 5 minutes. Coacervation was accomplished by dilution with distilled water. The
temperature was then reduced to below 10 °C and the pH was adjusted to pH 8 with sodium hydroxide.
Glutardialdehyde aqueous solution was slowly added upon mechanical stirring. The suspension was kept
overnight with continuous stirring at room temperature before spray drying.

Moreover, the microencapsulation of citronella oil by simple coacervation technique was studied
[26]. Gelatin aqueous solution and essential oil were stirred and emulsified at 50 °C. Coacervation was done
with an addition of sodium sulfate solution. The temperature of the suspension was reduced to 5 °C and
formaldehyde solution was added. Eventually, the microcapsules were harvested and washed with ethanol
and water before freeze-drying. Microencapsulation offers a promising alternative to prolong the repellent
action duration of citronella oil. Similarly, [27] reported on the encapsulation of Zanthoxylum limonella oil
by simple coacervation technique. Gelatin and the essential oil were emulsified under high agitation.
Coacervation was done by the addition of sodium sulfate solution at 40 °C before the temperature was
brought down to about 5 °C and glutaraldehyde solution was added as a crosslinking agent. The suspension
was then heated up to 40 °C and stirred for about 3—4 h. The suspension was cooled to room temperature and
the microcapsules were filtered, washed with Tween 80 solution, dried, and stored in a glass bottle.

Table 3. Encapsulation of essential oil for mosquito repellent

Encapsulation methods Essential oil References
Nanoemulsion Citronella oil [23]
Microemulsion Apiaceae oil [24]

Complex coacervation Citronella oil [25]

Simple coacervation Citronella oil [26]
Simple coacervation Zanthoxylum limonella [27]

The micro and nanoemulsion techniques produce stable emulsion that can be stored in the form of
emulsion itself at 25 °C. In contrast, the coacervation techniques require secondary processes such as capsule
collection, filtration, washing, spray drying or freeze drying, and finally, the capsules are stored in powder
form.

5. RELEASE RATE AND MECHANISM OF ENCAPSULATED ESSENTIAL OIL

The release rate, mechanism, and kinetic of encapsulated essential oil in the respective media are
other important factors to be explored to study the behavior of the final product formulation. The release
mechanism of encapsulated essential oil through controlled, continuous, or focused release is very much
affected by its final application. The encapsulated essential oils are released from the wall of the
microcapsule through rupture, dissolution, and diffusion.

The release behavior of encapsulated citronella essential oil which was produced by simple and
complex coacervation techniques using Arabic gum and gelatin as wall material was studied [28]. The
citronella essential oil released from the fresh wet microcapsule by diffusion following the Fickian diffusion
mechanism and the release of the core material is significant with time. On the other hand, the release of
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complex coacervation encapsulated citronella essential oil in Tween 80 solution was found to follow the
Korsmeyer-Peppas controlled release model of super case Il prediction and the release is by wall erosion
[29]. An earlier study also reported that microencapsulation using the complex conservation method on
citronella essential oil using cotton and polyester also followed the Korsmeyer-Peppas release model for
these two matrices [30]. As for the release mechanism, it can follow Fickian and anomalous diffusion
depending on the hydrophobicity properties of the materials used.

The release kinetics of Azadirachtin from microencapsulated Azadirachta indica A. Juss (Meliaceae)
bioinsecticide was reported [31]. Several factors such as the physical properties and differences due to
particle factors were found to affect the active compounds' release kinetics. Stability during storage and
release mechanism of encapsulated kaffir lime essential oil in the targeted environment are important factors
to be comprehended as the efficiency of mosquito repellent can be determined.

6. CONCLUSION

Kaffir lime leaf extract consists of monoterpenes with terpinen-4-ol, b-pinene, a-terpineol,
1.8-cineole, citronellol, and p-cimene as principal compounds. Kaffir lime fruit peel extract consists mainly
of monoterpene hydrocarbons, oxygenated monoterpenes, and sesquiterpene hydrocarbons. Meanwhile,
D-limonene, beta-pinene, and sabinene were the major components of monoterpene hydrocarbons, while
citronellal and terpinen-4-ol were the major components of oxygenated monoterpenes. They are rich in
functional components which support their application as an antioxidant, antimicrobial, anti-cancer, anti-
inflammatory, and mosquito repellent. The compounds in kaffir lime such as limonene and citronellal are
unappealing to most insects and mosquitoes.

Pure kaffir lime essential oil is capable to protect the human skin within 60 min. However, dilution
of the essential oil in alcohol reduces the protection duration. On the other hand, the addition of other
essential oils such as vanillin oil to the kaffir lime essential oil enhances the protection duration significantly.
Essential oil is volatile and very sensitive to heat, light, and oxygen; hence, reducing its efficiency.
Consequently, encapsulation of essential oil can be used to control vaporization and prolong its effectiveness.
Emulsion and coacervation are among the popular encapsulation techniques for mosquito repellent study.
The wet encapsulated essential oil releases the core material by wall diffusion and wall rapture following the
Fickian diffusion mechanism and the Korsmeyer-Peppas controlled release model of super case Il prediction,
respectively. Almost no work reported on the encapsulation of kaffir lime for mosquito repellent, hence the
potential should be explored and established.

ACKNOWLEDGEMENTS
The authors would like to thank the Ministry of Higher Education Malaysia for providing financial
support under 600-IRMI/FRGS 5/3 (186/2019).

REFERENCES

[1] M. M. Mya et al., “Larvicidal, Ovicidal and repellent effect of Citrus hystrix DC (Kaffir lime) fruit, peel and internal materials
extracts on Aedes aegypti mosquitoes,” Journal of Biological Engineering Research and Review, vol. 4, no. 1, pp. 34-43, 2017.

[2] R. Tisgratog, U. Sanguanpong, J. P. Grieco, R. Ngoen-Kluan, and T. Chareonviriyaphap, “Plants traditionally used as mosquito
repellents and the implication for their use in vector control,” Acta Tropica, vol. 157, pp. 136-144, 2016, doi:
10.1016/j.actatropica.2016.01.024.

[3] M. Soonwera, “Efficacy of essential oils from citrus plants against mosquito vectors Aedes aegypti (Linn.) and culex
quinquefasciatus,” International Journal of Agricultural Technology, vol. 11, no. 3, pp. 669-681, 2015.

[4] M. Kongmee, “ Repellent and irritant effects of Kaffir lime ( Citrus hystrix ) leaf and peel essential oils against Aedes aegypti and
Anopheles minimus ,” 2016. doi: 10.1603/ice.2016.94971.

[5] S.S.S. Abdullah and M. K. I. Othman, “Potential of Kaffir Lime (Citrus hystrix) peel essential oil as a cockroach repellent,” in
Sustainable Technologies for the Management of Agricultural Wastes, Springer Singapore, 2018, pp. 131-141. doi: 10.1007/978-
981-10-5062-6_10.

[6] D. Praseptiangga, A. R. Qomaruzzaman, and G. J. Manuhara, “The effect of clove leaves essential oil addition on
physicochemical and sensory characteristics of milk chocolate bar,” International Journal on Advanced Science, Engineering and
Information Technology, vol. 11, no. 1, pp. 165-171, Feb. 2021, doi: 10.18517/ijaseit.11.1.12664.

[71  Z. A. Raza, S. Khalil, A. Ayub, and I. M. Banat, “Recent developments in chitosan encapsulation of various active ingredients for
multifunctional applications,” Carbohydrate Research, vol. 492, p. 108004, Jun. 2020, doi: 10.1016/j.carres.2020.108004.

[8] M. Abd Manaf, J. Jai, R. Raslan, I. Subuki, and A. N. Mustapa, “Microencapsulation methods of volatile essential oils - a
review,” Advanced Materials Research, vol. 1113, pp. 679-683, Jul. 2015, doi: 10.4028/www.scientific.net/amr.1113.679.

[91 F. R. Abdul Aziz, J. Jai, R. Raslan, and 1. Subuki, “Microencapsulation of essential oils application in textile: A review,”
Advanced Materials Research, vol. 1113, pp. 346-351, Jul. 2015, doi: 10.4028/www.scientific.net/amr.1113.346.

[10] S.M. Sauid and F.A. Aswandi., “Extraction methods of essential oil from Kaffir Lime (Citrus Hystrix): A review,” Malaysian
Journal of Chemical Engineering & Technology, vol. 1, pp. 56-64, 2018.

Int J Adv Appl Sci, Vol. 11, No. 4, December 2022: 360-366



Int J Adv Appl Sci ISSN: 2252-8814 a 365

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

A. Suresh, S. Velusamy, S. Ayyasamy, and M. Rathinasamy, “Techniques for essential oil extraction from kaffir lime and its
application in health care products—A review,” Flavour and Fragrance Journal, vol. 36, no. 1, pp. 5-21, Oct. 2021, doi:
10.1002/ffj.3626.

Megawati, R. R. Ginting, R. D. Kusumaningtyas, and W. B. Sediawan, “Mangosteen peel antioxidant extraction and its use to
improve the stability of biodiesel B20 oxidation,” in Applied Environmental Science and Engineering for a Sustainable Future,
Springer International Publishing, 2020, pp. 29-61. doi: 10.1007/978-3-030-39208-6_2.

M. J. McNeil, R. B. R. Porter, L. A. D. Williams, and L. Rainford, “Chemical composition and antimicrobial activity of the
essential oils from Cleome spinosa,” Natural Product Communications, vol. 5, no. 8, pp. 1301-1306, Aug. 2010, doi:
10.1177/1934578x1000500833.

S. Srifuengfung et al., “Antibacterial oral sprays from kaffir lime (Citrus hystrix DC.) fruit peel oil and leaf oil and their activities
against respiratory tract pathogens,” Journal of Traditional and Complementary Medicine, vol. 10, no. 6, pp. 594-598, Nov. 2020,
doi: 10.1016/j.jtcme.2019.09.003.

M. Lubinska-Szczygiet et al., “Quality of limes juices based on the aroma and antioxidant properties,” Food Control, vol. 89, pp.
270-279, Jul. 2018, doi: 10.1016/j.foodcont.2018.02.005.

A. Sreepian, P. M. Sreepian, C. Chanthong, T. Mingkhwancheep, and P. Prathit, “Antibacterial activity of essential oil extracted
from Citrus hystrix (Kaffir Lime) peels: An in vitro study.,” Tropical biomedicine, vol. 36, no. 2, pp. 531-541, Jun. 2019.

N. Tirawanchai et al., “A combination extract of kaffir lime, galangal, and lemongrass maintains blood lipid profiles, hepatocytes,
and liver mitochondria in rats with nonalcoholic steatohepatitis,” Biomedicine and Pharmacotherapy, vol. 124, p. 109843, Apr.
2020, doi: 10.1016/j.biopha.2020.109843.

W. A. S. Tunjung, J. Cinatl, M. Michaelis, and C. M. Smales, “Anti-cancer effect of Kaffir Lime (Citrus Hystrix DC) leaf extract
in cervical cancer and neuroblastoma cell lines,” Procedia Chemistry, vol. 14, pp. 465-468, 2015, doi:
10.1016/j.proche.2015.03.062.

Y. Trongtokit, Y. Rongsriyam, and N. Komalamisra, “Comparative Repellency of 38 Essential Qils,” vol. 309, no. November
2004, pp. 303-309, 2005.

A. Tawatsin, S. D. Wratten, R. R. Scott, U. Thavara, and Y. Techadamrongsin, “Repellency of volatile oils from plants against
three mosquito vectors.,” Journal of vector ecology : journal of the Society for Vector Ecology, vol. 26, no. 1, pp. 76-82, Jun.
2001.

J. Nararak, S. Sathantriphop, M. Kongmee, M. J. Bangs, and T. Chareonviriyaphap, “Excito-repellency of citrus hystrix DC leaf
and peel essential oils against aedes aegypti and anopheles minimus (Diptera: Culicidae), vectors of human pathogens,” Journal
of Medical Entomology, vol. 54, no. 1, pp. 178-186, Sep. 2017, doi: 10.1093/jme/tjw143.

R. Tisserand and R. Young, Essential oil Safety for Health Care Professionals, Second Edi. 2014.

U. Sakulku, O. Nuchuchua, N. Uawongyart, S. Puttipipatkhachorn, A. Soottitantawat, and U. Ruktanonchai, “Characterization
and mosquito repellent activity of citronella oil nanoemulsion,” International Journal of Pharmaceutics, vol. 372, no. 1-2, pp.
105-111, 2009, doi: 10.1016/j.ijpharm.2008.12.029.

R. Pavela et al., “Microemulsions for delivery of apiaceae essential oils—towards highly effective and eco-friendly mosquito
larvicides?,” Industrial Crops and Products, vol. 129, pp. 631-640, Mar. 2019, doi: 10.1016/j.indcrop.2018.11.073.

M. M. M. Specos et al., “Microencapsulated citronella oil for mosquito repellent finishing of cotton textiles,” Transactions of the
Royal Society of Tropical Medicine and Hygiene, vol. 104, no. 10, pp. 653-658, Oct. 2010, doi: 10.1016/j.trstmh.2010.06.004.

B. Solomon, F. F. Sahle, T. Gebre-Mariam, K. Asres, and R. H. H. Neubert, “Microencapsulation of citronella oil for mosquito-
repellent application: Formulation and in vitro permeation studies,” European Journal of Pharmaceutics and Biopharmaceutics,
vol. 80, no. 1, pp. 61-66, Jan. 2012, doi: 10.1016/j.ejpb.2011.08.003.

T. K. Maji, I. Baruah, S. Dube, and M. R. Hussain, “Microencapsulation of Zanthoxylum limonella oil (ZLO) in glutaraldehyde
crosslinked gelatin for mosquito repellent application,” Bioresource Technology, vol. 98, no. 4, pp. 840-844, 2007, doi:
10.1016/j.biortech.2006.03.005.

M. A. Manaf, 1. Subuki, J. Jai, R. Raslan, and A. N. Mustapa, “Encapsulation of volatile citronella essential oil by coacervation:
Efficiency and release study,” IOP Conference Series: Materials Science and Engineering, vol. 358, no. 1, p. 12072, May 2018,
doi: 10.1088/1757-899X/358/1/012072.

M. Y. Koroleva et al., “Release of encapsulated citronella oil in Tween 80 solution,” Journal of Physics: Conference Series, vol.
1349, no. 1, p. 012130, Nov. 2019, doi: 10.1088/1742-6596/1349/1/012130.

F. M. Bezerra, O. G. Carmona, C. G. Carmona, M. J. Lis, and F. F. de Moraes, “Controlled release of microencapsulated
citronella essential oil on cotton and polyester matrices,” Cellulose, vol. 23, no. 2, pp. 1459-1470, Feb. 2016, doi:
10.1007/s10570-016-0882-5.

D. G. Bezerra et al., “Azadirachta indica A. Juss (Meliaceae) microencapsulated bioinsecticide: Spray drying technique
optimization, characterization, in vitro release, and degradation kinetics,” Powder Technology, vol. 382, pp. 144-161, Apr. 2021,
doi: 10.1016/j.powtec.2020.11.079.

BIOGRAPHIES OF AUTHORS

Nurul Asyikin Md Zaki B 2 is a senior lecturer at the School of Chemical
Engineering, College of Engineering, Universiti Teknologi MARA Shah Alam. She received
her master’s degrees in Bioprocess Engineering from Universiti Teknologi Malaysia in 2009.
Her research interest are separation technology and food processing. She can be contacted at
email: asyikin6760@uitm.edu.my.

An overview on the potential of Citrus hystrix (kaffir lime) essential oil as ... (Nurul Asyikin Md Zaki)


https://orcid.org/0000-0001-8264-8932
https://scholar.google.com/citations?hl=en&user=mVrdqIUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57193762372
https://www.webofscience.com/wos/author/rid/AAJ-4166-2021

ISSN: 2252-8814

Junaidah Jai © EJ B8 € is an associate professor at the School of Chemical Engineering,
College of Engineering, Universiti Teknologi MARA Shah Alam. She received her PhD in
Chemical Engineering from Universiti Teknologi MARA, Malaysia in 2010, Her research
interest and expertise include corrosion inhibitor, surface coating and encapsulation process.
She can be contacted at email: junejai@uitm.edu.my.

Izzat Syahmi Kamal Shahrizan By 2 is a graduate engineer that completed his
Bachelor Degree in Chemical Engineering (Honours) at the Faculty of Chemical Engineering,
Universiti Teknologi MARA. He received his degree in chemical engineering from Universiti
Teknologi MARA (UiTM) in 2022. His research interest is in active ingredients for natural
product. He can be contacted at email: izzatsyahmi9677@gmail.com.

Dewi Selvia Fardhyanti g 2 is a professor of Chemical Engineering at the
Universitas Negara Semarang, Indonesia. She received her PhD in 2014. Her research interest
are separation technology and extraction. She can be contacted at email:
dewiselvia@mail.unnes.ac.id.

Megawati B4 2 is a professor of Chemical Engineering at the Universitas Negara
Semarang, Indonesia. She received her PhD in 2011. Her research interest are biomass
technology, separation and extraction processes. She can be contacted at email:
megawati@mail.unnes.ac.id.

Nadya Alfa Cahaya Imani B 12 is a lecturer at the Universitas Negara Semarang,
Indonesia. She received her master’s degree in 2018. Her research interest are separation
technology and extraction. She can be contacted at email: nadya.alfa@mail.unnes.ac.id.

Int J Adv Appl Sci, Vol. 11, No. 4, December 2022: 360-366


https://orcid.org/0000-0002-7429-0392
https://scholar.google.com.my/citations?user=56hBX9gAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=37007482500
https://www.webofscience.com/wos/author/record/3244473
https://www.webofscience.com/wos/author/record/1194365
https://orcid.org/0000-0002-4172-1133
https://scholar.google.co.id/citations?user=n6iLlZkAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57189601936
https://www.webofscience.com/wos/author/rid/J-2895-2019
https://scholar.google.co.id/citations?user=sMCsFVcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57217267998
https://www.webofscience.com/wos/author/record/146886
https://orcid.org/0000-0002-1910-7399
https://scholar.google.com/citations?user=CkQ-2fQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57202791561
https://www.webofscience.com/wos/author/record/3613424

