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Abstract - Mosquitoes are vectors of serious human diseases, i.e.,
dengue fever, malaria, and yellow fever. The number of dengue
fever cases has seen 30 times increase in the previous 50 years. The
research and development of mosquito repellents as personal care
products is an approach for preventing diseases spread by
mosquitoes, besides others for killing larvae. Most commercial
mosquito repellents today are derived from chemical synthesis
associated with many risks of adverse effects on human health,
particularly for the nervous system. Natural products are appraised
to be a tremendous means of overcoming these restrictions and
shortcomings. The ability of essential oils extracted from herbs to
repel mosquitoes has drawn much more attention recently. In this
review, we have summarized the chemical composition, the
mosquito repellent capacity, and the application of essential oils.
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1. Introduction

Mosquitoes, borne vectors of dangerous diseases (i.e.,
malaria, yellow fever, Japanese encephalitis, and dengue
fever [1]), are responsible for the major death of human
beings and animals [2], especially malaria in tropical and
subtropical climates (106 endemic countries) [3].
Approximately 500 Anopheles mosquito species are
globally identified and more than 50 ones are recognized to
be able to transmit malaria, up till now, there is,
unfortunately, no vaccine to prevent this disease in the early
stage [4]. Hence, prevention from the bite of Anopheles
species is the most effective method. In the continuous
efforts to reduce malaria by at least 90% by 2030, mosquito
repellent is the most preferable option [1, 5].

Most of the dominant ingredients in the mosquito
repellent of commercial products are synthesized
compounds, i.e., N,N-diethyl-meta toluamide (DEET),
allethrin, and dimethyl phthalate [2]. The mosquito
repellents containing these substances above for habitual
use strictly require medical indications because of
adverse effects on human health, e.g., allergies,
dermatitis, cardiovascular, and neurological disorder, etc.
[4]. In addition, these synthesized chemicals also
adversely affect the environment, changing the natural
ecosystem, causing drug resistance, adversely affecting
non-target insects, etc. [4, 6].

The mosquito repellents, in recent decades, derived from
essential oils have attracted the attention and concernment of
the scientific and research community. They have been
gradually exploited and utilized for commercial purposes

Tém tit - Mudi 1 vat truyén nhiéu bénh nguy hiém cho con
nguoi nhu sOt xuét huyét sOt rét va sdt vang da. S6 ca mic bénh
sOt xuét huyét da tang gép 30 lan trong 50 nam qua. Viéc nghién
clru va phat trién thuoc dudi mudi nhu san phdm chim soc c4
nhén 1a mot cach tiép can nhdm ngin nglra cac bénh lay lan do
mudi, bén canh cic bién phap khac dé tiéu diét 4u trang. Hau
het cac loai thudc dudi mudi thuong mai hién nay deu co nguon
gbc téng hop hoa hoc véi nhidu nguy co anh hudng x4u dén sirc
khoe con ngudi, dic biét 1a hé than kinh. Céc san phém tu nhién
duoc danh gia la mot giai phap hiéu qua dé khéc phuc nhitng
han ché nay. Khd ning dudi mudi cia tinh dau chiét xuat tir thao
dugc dang duoc chu y trong thoi gian gan day. Trong bai danh
gid nay, ching toi da tém tat vé thanh phan hoa hoc, kha ning
dudi mudi va cac san pham dudi mudi tir tinh dau.

Tir~kh6;1 - Tinh diu; chét‘ chéng coOn trung tu nhién; chét dudi
muoi; dau sa chanh; tinh dau bac ha

instead of synthesized mosquito repellents. The advantages
of these products can be found. These products could be
regularly utilized for a long time and have many beneficial
biological activities rather than synthesized chemicals. In
addition, they have moderate pharmacological properties,
and are safe for humans. Essential oils do not adversely
affect mammal and feather animals, and aquatic ecosystems
[1, 5, 7]. Mosquito repellents accommodating essential oils
as the main ingredients have been proven and published in
many scientific reports, in which the most effective
mosquito repellent belongs to the essential oil of Ligusticum
sinense, followed by lemongrass (Cymbopogon citratus),
pine, North Indian rosewood (Dalbergia sissoo), mint, and
mangrove [8].

In this review, the characteristics of the chemical
ingredients in marketable mosquito repellent products, the
main chemical compositions and biological activities of the
citronella and mint oils were introduced. The recent
development of mosquito repellent derived from citronella
oil followed by mint oil in 2020 until now was
summarized.

2. The most common essential oils for mosquito
repellents

The repellency of herbal essential oils has been
exploited for thousands of years by humans, most simply
by burning dried bark or leaves, a practice that is still in
wide use throughout developing countries, especially in
rural areas. Their effectiveness in repelling mosquitoes
with different formulations has also been demonstrated by
many studies (see Table 1).
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Almost all the herbal essential oils used as repellents
are customary and used for food flavoring and/or in the
perfume industry for a long time (see Table 1 also), which
may explain the association with these oils as safer
natural alternatives rather than synthesized repellent,
e.g. DEET, allethrin, and dimethyl phthalate. One of the
main disadvantages of using essential oils as a mosquito
repellent is the short duration of agility because essential
oils evaporate quickly and do not stick for long on the
surface of the skin. The duration of most essential oil is
around 20 - 30 mins [21]. However, this issue could be
overcome by using fixatives, e.g., 5% vanillin mixed with

oils from turmeric and hairy basil repelled mosquitoes for
a period of 6 - 8 hours depending on the mosquito species
[23]. Another option is using carriers, usually oils, to
increase the adhesion of essential oils on the skin’s
surface and reduce evaporation. Some plant-based oils
such as soybean, coconut, and palm nut oils are good
candidates for that. Although all these oils are far less
effective than DEET, they may be helpful as carriers for
other repellent actives. The listed oils are available vide
infra, low cost, and contain emulsifiers that improve
repellent coverage and slow evaporation of volatile
repellent molecules (Table 1) [24].

Table 1. The overview of repellency of some common herbal essential oils

Essential oil Concentration | Duration ngggﬁ:;%r; Major constituents Reference

DEET (synthesized o o

chemicals) 40% 7 hours 100% [9]
Lemon eucalyptus oil 32% 3 hours 95% l,8-cmeo|§ C|t'ronel_lal; Z-and 9]

a- citral; a-pinene
Thyme ol 506 1.5 hours 85% thymol, p-cymene, ca(vacrol, linalool, and [10, 11]
a -terpinene
L i i i 4a,7a,7a-nepetalactone (36.8%), 1,8-cineole
Greek catmint ol 2 -3 hours (25.5%), and 40,78, 7p-nepetalactone (11.106) | -]
Lemongrass oil 15% 2 - 3 hours >50% [13]
Citronella 30% 1 hour 86% citronellal, geraniol, and citronellol [14, 15]
Tea tree oil 5% 3 hours 98.1% [16]
Neem 20% 3 hours > 70% [17]
S 0 0 eugenol (76.8%), B-caryophyllene (17.4%),
Clove essential oil 10% 2 hours > 90% a-humulene (2.1%), and eugenyl acetate (1.2%) [18, 19]
0, i 0,
Cinnamon oil 10% 2hours | >90% eugenol (76.60%), linalool (8.5%) and [19, 20]
piperitone (3.31%)

Cornmint oil 10% 4 hours > 90% [21]
Peppermint oil 100% 3.5 hours 100% [22]

3. Citronella oil

3.1. Chemical composition and biological activities of
citronella oil

Numerous commercial repellents contain several
herbal essential oils either for fragrance and/or as repellents
including peppermint, lemongrass, geraniol, pine oil,
pennyroyal, cedar oil, thyme oil, and patchouli. The most
effective of these include thyme oil, peppermint oil, clove,
and citronella oil which have been found to repel malaria,
filarial, and yellow fever vectors for a period of 60-180
mins. In the following articles, we only focus on citronella,
which is common and cheap in Southern-east Asia.

Two commercially available essential oils are distilled
from the Ceylon and Java citronella species. In the early
20" century, Ceylon citronella was widely used, however,
Java citronella gradually prevailed due to higher yields
[25]. Citronella oil is an essential oil extracted from the
stem or leaves of the different species of Cymbopogon.
The citronella oil on the global market is more than
2000 tons/year. The main suppliers are Taiwan,
Guatemala, Malaysia, Brazil, Ceylon, India, Argentina,
Ecuador, Madagascar, Mexico, and the West Indies [26].
Citronella oil is used as an antiseptic, antispasmodic,
diuretic, and astringent. Citronella oil has also attracted

great attention for mosquito repellent products [15]. The
main constituents of citronella oil are citronellal, geraniol,
and citronellol [27, 28].

Cymbopogon accounts for about 28 - 45% of citronella
oil given the highest percentage [29]. The repelling insect
is an outstanding characterization of citronellal, especially
dangerous one in terms of mosquitoes. Moreover,
citronellal also has anti-inflammatory and antioxidant
properties [30]. The experiment carried out by OuYang et
al. demonstrated that citronellal was able to destroy the
cells of Penicillium Digitatum, therefore, anti-mold is
clarified for the biological activity of this chemical [31].
Furthermore, scavenging free radicals is also identified in
this regard [32].

Geraniol was first reported in 1871 by the German
chemist Oscar Jacobsen. Geraniol is the major component
that can be found in lemongrass and rose essential oils.
Geraniol could kill and repel insects, the mosquito-
repellent property is very strong as its application is
mentioned in the published chemical database of this
chemical [33]. Antibacterial activity toward many different
bacteria species, e.g., Pseudomonas, Staphylococcus, and
Escherichia is also reported for geraniol. Synergistic effect
in combination with other drugs to enhance the
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effectiveness of antibiotics is also an emphasized
characterization of geraniol [34, 35].

Another constituent in citronella oil is citronellol which
can also be found in rose and geranium. The mosquito-
repellent activity of citronellol was reported in an article
published by Seidel et al. [36]. In addition, the
antibacterial, antifungal, antispasmodic, anti-
inflammatory, anti-infective, anticonvulsant, and anti-
anxiety properties of citronellol were also reported by
Priscila et al. [37].

The major components found in citronella oil can repel
insects, especially mosquitoes, and are an outstanding
property for natural products. These ingredients of
citronella oil also have good medicinal properties.
Therefore, mosquito repellent derived from citronella oil
not only repels mosquitoes but is also beneficial for human
health.

3.2. The novel development of mosquito repellent from
citronella oil

Citronella oil has been used as a mosquito repellent for
such a long time and recently it has been intensively
investigated and published in many scientific reports [5].
The group of Sharma et al. compared the mosquito-
repelling activity of mosquito coils developed based on
citronella, eucalyptus, and rosemary. The results show that
the mosquito repellent made from citronella has a higher
physical strength and repealing mosquito activity than the
rest of the essential oil plants, especially commercial
products [38]. Enhancing the economic value of the
agricultural industry is recently drawn the interest of the
research community. Therefore, Elhamida et al. developed
one type of mosquito repellent coil by combining citronella
oil and tapioca stem powder, which is a waste resource in
Lampung province, Indonesia. The results show that the
mosquito oil developed by this research group meets the
Standard Industri Indonesia (SII) No. 1113-84 criteria [39].

The ability to repel mosquitoes of citronella oil
obviously depends on the concentration of the essential oil
and the Anopheles species. This has been illustrated in the
work of Kweka et. al and Solomon et al. that citronella oil
concentration from 52 to 85% gave the highest mosquito
repellent capacity [40, 41]. The derivative of citronellal,
i.e., hydroxylated cyclic acetals, synthesized by
Immacolata et al. in 2022 to improve repellency with
outstanding characterization, e.g., lower volatility, more
mosquito repellent activity, and odor. A pleasant feeling
for the user due to a weaker scent is also seen in these
derivatives. Regarding Anopheles species hydroxylated
cyclic acetals show the ability to repel Aedes albopictus
mosquitoes better than that of N,N-diethyl-metatoluamide
at the same concentration at the laboratory scale. When
research was conducted on real conditions (where there is
a high density of Aedes albopictus), the ability of
citronellal derivatives to repel mosquitoes is fourth times
higher than that of N,N-diethyl-metatoluamide at the same
concentration [42].

The property of rapid evaporation from the skin surface
makes citronella oil lose its activity quickly, increases

waterproofing time, and minimizes toxicity as highlighted
in the work of Higuchi et al. in 2023 [43]. Also, citronella
oil is packed in microcapsules poly-e-caprolactone, a
highly biodegradable substance [44], by electronic
injection technique to increase the evaporation capacity,
optimal ratio 3:1 (v/v) of poly-e-caprolactone and
citronella oil at given electric field of 10kV for the best
quality product reported by Francisco et al. [43]. In the
study of Willy et al., the ability of citronellol and geraniol
to repel Aedes aegypti was better than that of citronellal. In
addition, a deodorant gel with citronella oil mixed with
carrageenan, gum, sodium benzoate, ethylene glycol,
polysorbate 20, sodium chloride, and distilled water, at
different concentrations, was also developed in this work
[44]. Another method to develop mosquito repellents is to
encapsulate citronella oil with cellulose ethyl by the
printing technique proposed by Merih et al. in 2022.
Mosquito-repellent products developed based on citronella
essential oil packaging with cellulose ethyl achieved 72%
after five washing cycles [45].

[S-cyclodextrin was used as a carrier to produce mosquito
repellent containing citronella oil by cross-linking, the
results showed that S-cyclodextrin was 23.05 + 3.88 nm in
size gave the product has a high ability to repel mosquitoes
for 24 h, this method was developed by Dubey et al. [46].
Mosquito repellent formulated by encapsulating citronella
oil in a nano-lipid as a carrier to increase the protection time
and limit the penetration of citronella oil into the surface of
skin was developed by the research group of Higuchi et al.
The results showed that the ratio of nano-lipid carriers and
citronella oil was 1:1 for a mosquito repellent with high
physicochemical stability and high repellency [47]. Skin
irritation and volatilization of citronella oil were
significantly minimized when the mosquito repellent was
produced by the dispersive emulsion method reported by
Manish et al. However, the experiment only stops at the
level of animal testing, this research needs to be conducted
on humans before being applied [48].

4. Mint oil

4.1. Chemical composition and biological activities of
mint oil

Various mints are perceived for their high essential oil
(EO) content, which is deposited mainly on the axial
surface of the leaves. There are two notable species of mint
in cultivation, i.e., Mentha x piperita L. as peppermint and
Mentha arvensis L. (synonym M. canadensis L., Japanese
mint) as cornmint.

The most common species among the mint family in
mosquito repellent is peppermint oil extracted from
Mentha x piperita L.. This species has been reported and
agreed to be a hybrid of mint, a cross between watermint
and spearmint. It is more productive in temperate climates
with higher rainfall. Mentha arvensis L. originates from the
temperate climates, it has higher yields under the
subtropical conditions of Asia.

Both varieties of mint have been successfully spread and
cultivated in some areas of Vietnam. However, because the
essential oil content in Mentha x piperita L. is not high, it is
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less planted commonly than Mentha arvensis L.. The
significant component of mint oil is presented in Table 2.
Menthol is the most important substance found in mint oil,
bringing a cool feeling, fresh, and minty taste. This
compound is recommended for the treatment of
inflammation related to digestive and respiratory tract
systems [52]. Hence, this chemical is a paramount ingredient
in many medicines. Because of these characteristics and its
antibacterial effects, it is also often replaced by a less
expensive version in air fresheners, perfumes, and toothpaste
as well as in chewing gum [53, 54]. On another approach,
menthol is used in many mosquito repellent products with
different formulations [55].

Menthone is a mint plant’s ketone, one of the two most
toxic compounds to insects [56]. L-menthone significantly
exhibited insecticidal activity toward Tribolium
castaneum, Lasioderma serricorne, and Liposcelis
bostrychophila adults [57]. In addition, menthone had
shown the potent antibacterial effect on methicillin-
resistant Staphylococcus aureus, the most infected bacteria
in hospital due to the alteration of membrane structural
components of bacteria [58]. Therefore, the main
component of drugs for treating rheumatoid arthritis is
menthone. In vivo, vigilant observations demonstrated that
menthone alleviates collagen I1-induced arthritis in mice
[59]. In addition, menthone inhalation reduces local and
systemic allergic inflammation in asthmatic mice [60].

Table 2. The main constituents of essential oil are extracted
from two species of mint.

Cornmint oil
(Mentha arvensis
oil) (%) [49]

Peppermint oil
(Mentha x piperita oil)
(%) [50, 51]

The main
constituents

Menthol 65.0 - 85.0 30.0 -55.0
Methone 4.0-20.0 14.0-32.0
Menthyl acetate 04-64 2.8-10.0
Menthofuran 0.0-1.6 1.0-9.0
1,8-cineol 0.1-0.3 35-4.0

Menthofuran is a highly toxic organic compound and
the main poison in gotu kola responsible for its potentially
fatal effects. After oral administration of menthofuran, the
effect of this chemical is activated and menthofuran is
metabolized to mediators of hepatotoxic chemical
reactions [61]. However, there is no evidence of the
toxicity of the menthofuran via breathing.

4.2. The novel development of mosquito repellent from
mint oil

Mint oil is quite a common one utilized in insecticides,
including mosquito repellent also. The duration of pure
essential oils or diluted with water as an adopted solvent is
quite short and apparently depends on the concentration.
The complete protection time increases gradually from 45,
90, and 165 mins at 25, 50, and 100% concentration,
respectively in concern to the essential oil extracted from
Mentha arvensis L.. To reduce the amount of essential oil
and increase the protection time, vanillin or an oil carrier is
the prestigious substance. The complete protection time of
the developed essential oil by adding 5% vanillin to the
corn mint oil (at 25%) increased up to 120 mins [62].

Mint oil has just been used in a small amount in the
most current mosquito repellents available in the market
due to its high cost. Typically, the concentration of these
mosquito repellents is from 0.3 - 2%. In this case, the
mosquito repellency is not the main reason for their
presence in the products, but the cool and fresh feeling
from menthol.

5. Discussion

Commercial mosquito repellents usually contain one of
the main ingredients, i.e., N,N-diethyl-meta toluamide,
allethrin, and/or dimethyl phthalate [2], which have many
adverse effects on human health. Regular use of allethrin-
based mosquito repellents will cause metabolic disorders
as a conclusion in the work of Narendra et al. [63]. The
experiments were conducted on mice as the target animal,
Abdulla and his colleagues had shown that mosquito
repellent incense containing allethrin would increase the
concentration of liver enzymes (alanine transaminase -
89%, aspartate transaminase - 85%), cholesterol - 36%,
triglycerides (30%), and low-density lipoproteins (48%)
[64]. The recommendation proposed by Al-Sagaff and co-
workers is that mosquito repellents containing dimethyl
phthalate should not be used when a severe adverse effect
of dimethyl phthalate on rabbit skin was depicted during
their experiments and this effect persisted for two months
even though the impact of mosquito repellents containing
dimethyl phthalate was ceased [65]. The toxicity of
dimethyl phthalate to human erythrocytes was emphasized
by the group of Li et al. when the antioxidant and immune
capacity of erythrocytes would be impaired, destroying the
structure of human erythrocytes when they are exposed to
dimethyl phthalate [66]. Chi's group had the same
conclusion as Li et al. while they concluded the red blood
cells’ oxygen-carrying capacity, oxidative stress on
erythrocytes, and erythrocyte iron release under dimethyl
phthalate [66].

N,N-diethyl-meta toluamide, a major ingredient of
many commercial repellents (more than 100 products on
the market present-day), was first synthesized by the
American chemist Samuel Gertler in 1944 [67]. A report
by Swale et al. has shown that N,N-diethyl-meta
toluamide is an acetylcholinesterase inhibitor resulting
neurotoxicity [68]. The scientific results pointed out that
chronic exposure to N,N-diethyl-meta toluamide
increases the risk of coronary heart disease/human
cardiovascular diseases [69].

Mosquito repellent with natural ingredients (plant
essential oils), will be an alternative effective one to
preserve human health rather than these commercial
mosquito repellents [1, 5, 7]. The main components in
citronella and mint oils, in addition to the ability to repel
mosquitoes, also have good both biological and medicinal
properties (see sections 3.1 and 4.1).

One study was conducted on 20 common essential oils
to investigate their mosquito repellency by using an
organic lotion base containing 10% of each essential oil.
The study revealed that the most effective ones belong to
cinnamon and clove oil following one is peppermint oil.
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Citronella oil is less protection time than peppermint oil
in both species, mosquitoes and ticks [19]. However,
many critical points need to be under stringent
consideration regarding research and development of
novel repellent products, not only the effectiveness but
also the economic aspect. Especially, the toxicity of
essential oil is also the most challenge for natural
products, e.g., drinking 0.2 - 0.4 mL of peppermint oils
three times daily is recommended and safe for reducing
some of the common symptoms of irritable bowel
syndrome, but peppermint oil can be toxic and even
lethal, it has been thought interstitial nephritis and acute
renal failure are associated with excessive doses of
peppermint oils [70]. Citronella oil is approved by the
Environmental Protection Agency after having confident
scientific documentation as having minimal or no risks to
human and wildlife health and is safe even for children
and other sensitive populations [71]. Therefore, citronella
oil is a common ingredient in many natural mosquito
repellents. However, products based on citronella at
lower concentrations have a limited duration of action and
higher concentrations can cause skin irritation. Therefore,
citronella may be acceptable for brief exposure to
nuisance mosquitoes, but it is not recommended for
protection against disease-carrying mosquitoes [72].
Natural mosquito repellents usually should be a mixture
of some essential oils to get the best protection and safety
to overcome this shortcoming. The combination of
essential oils increases the duration with less
concentration [8]. The mixture of peppermint and
patchouli oil at a 1:1 (v/v) ratio increased the time of
protection against Anopheles dirus by more than 200
minutes, while the protection time of pure peppermint oil
was 180 minutes and patchouli essential oil was 120
minutes. This essential oil blend contains only 50% of
each essential oil, and so reduces their unwanted side
effects. The mechanism that increases the mosquito
repellency time of the essential oil mixture has not been
elucidated. However, this may be due to the interactions
between the ingredients that slow down the release of
some substances, like those in perfumery.

6. Conclusion

In this review, the chemical composition of citronella
and mint oils and their biological activities were introduced
in parallel to the main synthesized substance of commercial
mosquito repellents. The research and development of
novelty natural mosquito repellent based on essential oil
from 2020 were summarized. The toxicity of synthesized
chemicals contained in commercial mosquito repellent
products to living organisms was identified. As a result, the
current general trend for research and development of
mosquito repellent products containing natural essential
oils is attracting the attention and interest of the scientific
community. We suppose that further developments for
natural mosquito repellent will be coupled with a better
understanding of biological mechanisms and improvement
of physical characterization. This will also result in a great
expansion of the applications in the field of green organic
components.

Acknowledgement: This work was supported by Murata
Science and Technology Fund and University of Science
and Technology - UD.

REFERENCES

[1] B.Kalita, S. Bora, and A. Sharma, “Plant essential oils as mosquito
repellent - A review”, International Journal of Research and
Development in Pharmacy and Life Sciences, vol. 3, pp. 741-747,
2013.

[2] M. A. Alayo, M. N. Femi-Oyewo, L. G. Bakre, and A. O. Fashina,
“Larvicidal potential and mosquito repellent activity of Cassia
minosoides extracts”, Southeast Asian J Trop Med Public Health,
vol. 46, no. 4, pp. 596601, 2015.

[3] K. Karunamoorthi, A. Girmay, and S. F. Hayleeyesus, “Mosquito
repellent activity of essential oil of Ethiopian ethnomedicinal plant
against Afro-tropical malarial vector Anopheles arabiensis”,
Journal of King Saud University — Science, vol. 26, no.4, pp. 305
310, 2014.

[4] R. Sanghong et al., “Remarkable repellency of Ligusticum sinense
(Umbelliferae), an herbal alternative against laboratory populations
of Anopheles minimus and Aedes aegypti (Diptera: Culicidae)”,
Malaria Journal, vol. 14, no. 1, p. 307, 2015.

[5] A. Asadollahi, M. Khoobdel, A. Zahraei-Ramazani, S. Azarmi, and
S. H. Mosawi, “Effectiveness of plant-based repellents against
different Anopheles species: A systematic review”, Malaria Journal,
vol. 18, no. 1, p. 436, 2019.

[6] M. Govindarajan, M. Rajeswary, S. Arivoli, S. Tennyson, and G.
Benelli, “Larvicidal and repellent potential of Zingiber nimmonii (J.
Graham) Dalzell (Zingiberaceae) essential oil: An eco-friendly tool
against malaria, dengue, and lymphatic filariasis mosquito
vectors?”, Parasitol Res, vol. 115, no. 5, pp. 1807-1816, 2016.

[7]1 [7] E.K. Patel, A. Gupta, and R. Oswal, “A review on: Mosquito
repellent methods”, International Journal of Pharmaceutical,
Chemical and Biological Sciences, vol. 2, no. 3, pp. 310-317. 2012.

[8] N. Sutthanont et al., “Effectiveness of Herbal Essential Oils as
Single and Combined Repellents against Aedes aegypti, Anopheles
dirus and Culex quinquefasciatus (Diptera: Culicidae)”, Insects.,
vol. 13, no. 7, p. 436. 2022.

[9] S. P. Frances, L. M. Rigby, and W. K. Chow, “Comparative
laboratory and field evaluation of repellent formulations containing
deet and lemon eucalyptus oil against mosquitoes in Queensland,
Australia”, Journal of the American Mosquito Control Association,
vol. 30, no. 1, pp. 65-67. 2014.

[10] W.S. Choi, B. S. Park, S. K. Ku, and S. E. Lee, “Repellent activities
of essential oils and monoterpenes against Culex pipiens pallens”,
Journal of the American Mosquito Control Association, vol. 18, no.
4, pp. 348-351. 2002.

[11] M. F. Maia and S. J. Moore, “Plant-based insect repellents: A review
of their efficacy, development, and testing”, Malaria Journal, vol.
10, no. 1, p. 11. 2011.

[12] G. Gkinis, A. Michaelakis, G. Koliopoulos, E. loannou, O. Tzakou,
and V. Roussis, “Evaluation of the repellent effects of Nepeta
parnassica extract, essential oil, and its major nepetalactone
metabolite against mosquitoes”, Parasitol Res, vol. 113, no. 3, pp.
1127-1134. 2014.

[13] A. O. Oyedele, A. A. Gholade, M. B. Sosan, F. B. Adewoyin, O. L.
Soyelu, and O. O. Orafidiya, “Formulation of an effective mosquito-
repellent topical product from Lemongrass oil”, Phytomedicine, vol.
9, no. 3, pp. 259-262. 2002.

[14] 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. 2012.

[15] J. K. Kim, C. S. Kang, J. K. Lee, Y. R. Kim, H. Y. Han, and H. K.
Yun, “Evaluation of Repellency Effect of Two Natural Aroma
Mosquito Repellent Compounds, Citronella and Citronellal*”,
Entomological Research, vol. 35, no. 2, pp. 117-120, 2005.

[16] K. A. Greive, J. A. Staton, P. F. Miller, B. A. Peters, and V. M. J.
Oppenheim, “Development of Melaleuca oils as effective natural-



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 21, NO. 8.2, 2023 29

based personal insect repellents”, Australian Journal of Entomology,
vol. 49, no. 1, pp. 40-48, 2010.

[17] E. Abiy, T. Gebre-Michael, M. Balkew, and G. Medhin, “Repellent
efficacy of DEET, MyggA, neem (Azedirachta indica) oil, and
chinaberry (Melia azedarach) oil against Anopheles arabiensis, the
principal malaria vector in Ethiopia”, Malaria Journal, vol. 14, no.
1, p. 187, 2015.

[18] L. Jirovetz, G. Buchbauer, I. Stoilova, A. Stoyanova, A. Krastanov,
and E. Schmidt, “Chemical Composition and Antioxidant Properties
of Clove Leaf Essential Oil”, Journal of Agricultural and Food
Chemistry, vol. 54, no. 17, pp. 6303-6307. 2006.

[19] H. A. Luker, K. R. Salas, D. Esmaeili, F. O. Holguin, H. Bendzus-
Mendoza, and 1. A. Hansen, “Repellent efficacy of 20 essential oils
on Aedes aegypti mosquitoes and Ixodes scapularis ticks in contact-
repellency assays”, Scientific Report, vol. 13, p. 1705. 2023.

[20] V. K. Raina, S. K. Srivastava, K. K. Aggarwal, S. Ramesh, and S.
Kumar, “Essential oil composition of Cinnamomum zeylanicum
Blume leaves from Little Andaman, India”, Flavour and Fragrance
Journal, vol. 16, no. 5, pp. 374-376, 2001.

[21] H. Wu, M. Zhang, and Z. Yang, “Repellent activity screening of 12
essential oils against Aedes albopictus Skuse: Repellent liquid
preparation of Mentha arvensis and Litsea cubeba oils and bioassay
on hand skin”, Industrial Crops and Products, vol. 128, pp. 464—
470. 2019.

[22] S. Kumar, N. Wahab, and R. Warikoo, “Bioefficacy of Mentha
piperita essential oil against dengue fever mosquito Aedes aegypti
L”, Asian Pac J Trop Biomed, vol. 1, no. 2, pp. 85-88. 2011.

[23] 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, vol. 26, no. 1,
pp. 76-82, 2001.

[24] W. G. Reifenrath, G. S. Hawkins, and M. S. Kurtz, “Evaporation and
skin penetration characteristics of mosquito repellent formulations”,
Journal of the American Mosquito Control Association, vol. 5, no.
1, pp. 45-51, 1989.

[25] D. Lorenzo et al., “Composition and stereoanalysis of Cymbopogon
winterianus Jowitt oil from Southern Brazil”, Flavour and
Fragrance Journal, vol. 15, pp. 177-181, 2000.

[26] C. I. Cerceau, L. C. A. Barbosa, and E. S. Alvarenga, C. R. A.
Maltha, and F. M. D. Ismail, “* H-NMR and GC for detection of
adulteration in commercial essential oils of Cymbopogon ssp.”,
Phytochemical Analysis, vol. 31, no. 1, pp. 88-97. 2020.

[27] R. Verma et al., “Qualitative performance of Java citronella
(Cymbopogon winterianus Jowitt) cultivars in Kumaon Himalaya”,
Journal of Medicinal and Aromatic Plant Sciences, vol. 31, pp. 321-
325. 2009.

[28] L. S. Chagonda, C. Makanda, and J. C. Chalchat, “Essential Oils of
Cultivated Cymbopogon winterianus (Jowitt) and of C. citratus (DC)
(Stapf) from Zimbabwe”, Journal of Essential Oil Research, vol. 12,
no. 4, pp. 478 — 480. 2000.

[29] E. Cahyono, H. D. Pranowo, M. Muchalal, and T. Triyono,
“Analysis of the Enantiomers Ratio of Citronellal from Indonesian
Citronella Oil Using Enantioselective Gas Chromatography”,
Malaysian Journal of Fundamental and Applied Sciences, vol. 9, no.
2, pp. 62-66, 2013.

[30] M. S. Melo et al., “Anti-inflammatory and redox-protective
activities of citronellal”, Biology Research, vol. 44, no. 4, pp. 363—
368, 2011.

[31] Q. OuYang, Y. Liu, O. R. Oketch, M. Zhang, X. Shao, and N. Tao,
“Citronellal Exerts Its Antifungal Activity by Targeting Ergosterol
Biosynthesis in Penicillium digitatum”, Journal Fungi (Basel), vol.
7,no. 6, p. 432, 2021.

[32] Y. Lu, F. Shipton, T. Khoo, and C. Wiart, “Antioxidant Activity
Determination of Citronellal and Crude Extracts of Cymbopogon
citratus by 3 Different Methods”, Pharmacology & Pharmacy, vol.
05, pp. 395-400. 2014.

[33] I. Wahab, A. Jaliuddin, and N. Anuar, “Mosquito Repellency Effects
of The Essential Oils from Cinnamomum iners Leaves and Barks”,
IOP Conference Series: Earth and Environmental Science, vol. 596,
p. 012079. 2020.

[34] S. K. Bhattamisra et al., “Antibacterial Activity of Geraniol in

Combination with Standard Antibiotics against Staphylococcus
aureus, Escherichia coli and Helicobacter pylori”, Natural Product
Communications, vol. 13, no. 7, p. 1934578X1801300701. 2018.

[35] L. Boyanova and G. Neshev, “Inhibitory effect of rose oil products
on Helicobacter pylori growth in vitro: Preliminary report”, Journal
of Medical Microbiology, vol. 48, no. 7, pp. 705-706. 1999.

[36] “Kirk-Othmer Encyclopedia of Chemical Technology, Index to
Volumes 1 - 26, 5" Edition Wiley

[37] P. L. Santos, J. P. S. C. F. Matos, L. Picot, J. R. G. S. Almeida, J. S.
S. Quintans, and L. J. Quintans-Janior, “Citronellol, a monoterpene
alcohol with promising pharmacological activities - A systematic
review”, Food and Chemical Toxicology, vol. 123, pp. 459-469.
2019.

[38] A. Thanigaivel et al., “Development of an eco-friendly
mosquitocidal agent from Alangium salvifolium against the dengue
vector Aedes aegypti and its biosafety on the aquatic predator”,
Environmental Science and Pollution Research, vol. 25, no. 11, pp.
10340 — 10352. 2018.

[39] E. R. Amien, S. Asmara, R. Anggraini, and Ridwan, “Utilization of
Cassava Stem Waste Into Mosquito Coils With Citronella
(Cymbopogon nardus L.)”, Open Science and Technology, vol. 01,
no. 02, pp. 208-216, 2021.

[40] B. Solomon, T. Gebre-Mariam, and K. Asres, “Mosquito Repellent
Actions of the Essential Oils of Cymbopogon citratus, Cymbopogon
nardus and Eucalyptus citriodora: Evaluation and Formulation
Studies”, Journal of Essential Oil Bearing Plants, vol. 15, no. 5, pp.
766-773. 2012.

[41] E. J. Kweka et al., “Ethnobotanical study of some of mosquito
repellent plants in north-eastern Tanzania”, Malaria Journal, vol. 7,
Aug. 2008, p. 152.

[42] 1. lovinella, B. Caputo, P. Cobre, M. Manica, A. Mandoli, and F. R.
Dani, “Advances in mosquito repellents: Effectiveness of citronellal
derivatives in laboratory and field trials”, Pest Management Science,
vol. 78, no. 12, pp. 5106-5112. 2022.

[43] F. Pardini et al., “Development and characterization of electrosprayed
microcaspules of poly e-caprolactone with citronella oil for mosquito-
repellent application”, International Journal of Polymer Analysis and
Characterization, vol. 26, no. 6, pp. 497-516. 2021.

[44] W. T. Eden, D. Alighiri, K. I. Supardi, E. Cahyono, “The Mosquito
Repellent Activity of the Active Component of Air Freshener Gel
from Java Citronella Oil (Cymbopogon winterianus)”, Journal of
Parasitology Research, vol. 2020, p. 9053741, 2020.

[45] M. Sariisik, G. E. Kartal, G. Erkan, and S. Etkeser, “Alternative
methods for transferring mosquito repellent capsules containing bio-
based citronella oil to upholstery fabrics: coating and printing”,
Journal of Coatings Technology and Research, vol. 19, no. 1, pp.
323-336. 2022.

[46] P. Dubey and P. Shende, “CDI Cross-linked Nanosponges of
Citronella Oil for Controlled Mosquito-repellent Activity”, Bentham
Science, vol. 5, no. 3, pp. 214-223, 2020.

[47] [C. T. Higuchi et al., “Development of a Nanotechnology Matrix-
Based Citronella Oil Insect Repellent to Obtain a Prolonged Effect
and Evaluation of Safety and Efficacy”, Life (Basel), vol. 13, no. 1,
p. 141. 2023.

[48] M. Bhise et al., “Design and Characterization of Mosquito Repellent
Emulgel Formulations For Circumventing Infectious Diseases”, Natural
Volatiles and Essential Qils, vol. 8, no. 6, pp. 3172-3189, 2021.

[49] M. H. Boelens, “Chemical Characterization of Cornmint Oils”,
Perfumer & Flavorist, vol. 18, pp. 27-32, 1993.

[50] E. Schmidt et al., “Chemical Composition, Olfactory Evaluation and
Antioxidant Effects of Essential Oil from Mentha x piperita”,
Natural product communications, vol. 4, pp. 1107-12. 2009.

[51] D. Kalemba and A. Synowiec, “Agrobiological Interactions of
Essential Oils of Two Menthol Mints: Mentha piperita and Mentha
arvensis”, Molecules, vol. 25, no. 1, p. 59. 2019.

[52] A. Balakrishnan, “Therapeutic Uses of Peppermint - A Review”,
Journal Pharmaceutical Sciences and Research, vol. 7, no. 7, pp.
474-476, 2015.

[53] A. K. Pandey, P. Kumar, P. Singh, N. N. Tripathi, and V. K. Bajpai,
“Essential Oils: Sources of Antimicrobials and Food Preservatives”,
Frontiers in Microbiology, vol. 7, 2017.



30 Nguyen Thi Minh Xuan, Minh Nguyet Thi Nguyen, Cuong Viet Bui, Le Thi Xuan Thuy

[54] A. Sarkic and 1. Stappen, “Essential Oils and Their Single
Compounds in Cosmetics - A Critical Review”, Cosmetics, vol. 5,
no. 1, 2018.

[55] Z.-Y. Peng et al., “Mosquito Repellents: Efficacy Tests of
Commercial Skin-Applied Products in China”, Molecules, vol. 27,
no. 17, p. 5534. 2022.

[56] M. E. Sanchez-Borzone, L. D. Marin, and D. A. Garcia, “Effects of
Insecticidal Ketones Present in Mint Plants on GABAA Receptor
from Mammalian Neurons”, Pharmacognosy Magazine, vol. 13,
no. 49, pp. 114-117, 2017.

[57] X. Pang et al., “Toxicity and repellent activity of essential oil from
Mentha piperita Linn. leaves and its major monoterpenoids against
three stored product insects”, Environmental Science and Pollution
Research, vol. 27, no. 7, pp. 7618-7627. 2020.

[58] W. Zhao et al., “Menthone Exerts its Antimicrobial Activity Against
Methicillin Resistant Staphylococcus aureus by Affecting Cell
Membrane Properties and Lipid Profile”, Drug Design,
Development and Therapy, vol. 17, pp. 219-236, 2023.

[59] X. Chen et al., “A Natural Plant Ingredient, Menthone, Regulates
T Cell Subtypes and Lowers Pro-inflammatory Cytokines of
Rheumatoid Arthritis”, Journal of Natural Products, vol. 85, no. 4,
pp. 1109-1117. 2022.

[60] Y. H. Suand J. Y. Lin, “Menthone Inhalation Alleviates Local and
Systemic Allergic Inflammation in Ovalbumin-Sensitized and
Challenged Asthmatic Mice”, International Journal of Molecular
Sciences, vol. 23, no. 7, p. 4011. 2022.

[61] D. Thomassen, N. Knebel, J. T. Slattery, R. H. McClanahan, and
S. D. Nelson, “Reactive intermediates in the oxidation of
menthofuran by cytochromes P-450”, Chemical Research in
Toxicology, vol. 5, no. 1, pp. 123-130, 1992.

[62] H. D. Manh and O. T. Tuyet, “Larvicidal and Repellent Activity of

Mentha arvensis L. Essential Oil against Aedes aegypti”, Insects,
vol. 11, no. 3, p. 198. 2020.

[63] M. Narendra, G. Kavitha, A. H. Kiranmai, N. R. Rao, and N. C.
Varadacharyulu, “Chronic exposure to pyrethroid-based allethrin
and prallethrin mosquito repellents alters plasma biochemical
profile”, Chemosphere, vol. 73, no. 3, pp. 360-364, 2008.

[64] M. A. Al-Mamun et al., “Biochemical and histological alterations
induced by the smoke of allethrin based mosquito coil on mice
model”, BMC Clinical Pathology, vol. 17, no. 1, pp. 1-8, 2017.

[65] I. Al-Sagaff, A. Sammar, A. Shahid, Z. Rehana, and E. Fouzia,
“Toxic effects of Diethyltoluamide and Dimethylphthalate creams
as mosquito repellents on rabbit’s skin”, Journal of Anatomical
Society of India, vol. 50, no. 2, pp. 148-152, 2001.

[66] S. Li, Z. Chi, and W.Li, “In vitro toxicity of dimethyl phthalate to
human erythrocytes: From the aspects of antioxidant and immune
functions”, Environmental Pollution, vol. 253, pp. 239-245, 2019.

[67] S. Gertler, Nu, nu-diethylbenzamide as an insect repellent. United
State, 1944.

[68] D. R. Swale, B. Sun, F. Tong, and J. R. Bloomquist, “Neurotoxicity
and mode of action of N,N-diethyl-meta-toluamide (DEET)”, PloS
One, vol. 9, no. 8, 103713, 2014.

[69] S. Yan et al, “Exposure to N,N-diethyl-m-toluamide and
cardiovascular diseases in adults”, Frontiers in Public Health, vol.
10, pp. 1-9, 2022.

[70] B. Kligler and S. Chaudhary, “Peppermint Oil”, afp, vol. 75, no. 7,
pp. 1027-1030. 2007.

[71] C. Bond, K. Buhl, and D. Stone, “Citronella General Fact Sheet”,
National Pesticide Information Center, Oregon State University
Extension, 2013.

[72] J. Yates, “Advice for Protection Against Mosquitoes and Ticks”,
afp, vol. 91, no. 11, pp. 754-755. 2015.



