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Ethnopharmacological relevance: The aim of the study was to document plants traditionally used to repel
mosquitoes in the uMkhanyakude district, KwaZulu-Natal, South Africa. The specific objectives of the
study were to: (1) identify plant species and their parts being used; (2) determine the condition of plant
material used and the method of application.

Materials and methods: Data was collected from 60 respondents in five villages in the district using
standardised and pre-tested questionnaires.

ijle‘g::,qirittj;:es Results: Thirteen plant species are used in the study area to repel mosquitoes. These species belong to
Malaria 11 genera from 9 families. Meliaceae and Anacardiaceae were the most represented families with two
Plant species species each. The most frequently recorded species were Lippia javanica (91.67%), followed by Aloe ferox
Repellents (11.67%), Sclerocarya birrea (5%), Melia azedarach (3%), Balanite maughamii (3%) and Mangifera indica (3%).

uMkhanyakude district Leaves were the most (38%) common plant part used. The majority (82%) of the plant parts were used in a
dry state. Burning of plant materials to make smoke was the most (92%) common method of application.
Nine plant species, namely: A. ferox, Calausena anista, Croton menyharthii, S. birrea, B. maughamii, Olax
dissitiflora, Trichilia emetic, M. indica, and Atalaya alata are documented for the first time as mosquito
repellents.
Conclusion: This documentation provides the basis for further studies in developing new, effective, safe
and affordable plant-derived mosquito repellents especially for Africa where malaria is highly prevalent.
The study also plays a part in documenting and conserving traditional knowledge of mosquito repellent
plants for future use.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction Despite significant efforts to control malaria in South Africa
since 1930 (Blumberg and Frean, 2007), the disease remains a seri-
ous health problem (Maharaj et al., 2005). An estimated 4.3 million

people are at risk of contracting malaria (Blumberg and Frean,

Mosquitoes constitute a major public health problem as they
serve as vector of serious human diseases such as malaria,

filariasis, Japanese encephalitis, dengue fever, and yellow fever.
Mosquito-transmitted diseases remain a major source of illness and
death worldwide, particularly in tropical and subtropical countries
(Becker et al., 2003). Mosquitoes alone transmit diseases to more
than 700 million people annually (Taubes, 2000). Among these,
malaria is the most important, affecting 300-500 million people
and killing over 1 million persons annually throughout the world
(Snow etal.,2005). About 90% of deaths occur in sub-Saharan Africa,
mostly children under 5 years old (Skinner-Adams et al., 2008).
Malaria is transmitted by female mosquitoes of the genus Anopheles
(Gosoniu et al., 2009).
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2007). In 2000, the highest number (61,934) of malaria cases were
reported, the worst levels of malaria recorded since the epidemics
of the 1930s (DOH, 2007). In South Africa, malaria is currently con-
fined to the low-altitude regions of Limpopo, Mpumalanga and
KwaZulu-Natal provinces, in the north-eastern part of the coun-
try, along the border with Mozambique and Swaziland (Coleman
et al.,, 2008; Gerritsen et al., 2008; Pillay et al., 2008). Malaria
transmission in South Africa is distinctly seasonal (Gerritsen et al.,
2008; Pillay et al., 2008), with Anopheles arabiensis being the major
vector (Maharaj et al., 2005). Repellents play an important role
in preventing the transmission of vector-borne diseases by min-
imizing the contact between humans and vectors (Pitasawat et al.,
2003; Das et al., 2003). The most common mosquito repellent
formulation available on the market contain DEET (N,N-diethyl-3-
methylbenzanmide), which has shown excellent repellence against
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mosquitoes and other biting insects (Walker et al., 1996). However,
side effects after the application of DEET vary from mild to severe,
it has an unpleasant smell, oily feel and high skin penetration, and
it can dissolve plastic and synthetic rubber (Qui et al., 1998). These
effects highlight the urgent need for development of new, effective,
safe, and eco-friendly repellents.

Plants may be an alternative source of mosquito repellent
agents because they constitute a rich source of bioactive chemi-
cals (Kim et al., 2002). Plant products have been used traditionally
to repel or kill mosquitoes in many parts of the world (Seyoum
et al., 2003). The repellent properties of plants to mosquitoes and
insects were well known before the advent of synthetic chemi-
cals (Karunamoorthi et al., 2008). Plant-derived repellents usually
do not pose hazards of toxicity to humans and domestic animals
and are easily bio-graded. Compared to synthetic compounds, nat-
ural products are presumed to be safer for human use (Sharma
et al.,, 1993; Sharma and Ansari, 1994). Moreover, in contrast with
synthetic repellents, natural products are usually simple, cost effec-
tive and accessible to communities with minimal external input
(Seyoum et al., 2002; Yarnell and Abascal, 2004).

The use of traditional repellents is widespread in different
cultures and communities of Africa and beyond (Seyoum et al.,
2002). Different communities use different plants in various forms
to protect themselves against mosquitoes and other insect bites
(Hebbalkar et al., 1992). The knowledge and usage customs of the
repellent plants has been passed from one generation to another
chiefly through word of mouth (Karunamoorthi et al., 2009a).
Although there is widespread use of plants as mosquito repel-
lents, scientific understanding of these plants is, however, largely
unexplored and therefore there is a need to collect ethnobotani-
cal information on these plants as a first step prior to evaluation
of their efficacy and safety as mosquito repellents. In South Africa,
ethnobotanical study of mosquito repellent plants has been con-
ducted in Mpumalanga province (Govere et al., 2000). To the best of
our knowledge, however, there has been no study in the KwaZulu-
Natal province. Comprehensive data on mosquito repellent plants
as well as information on efficacy and safety is lacking. The present
study therefore was conducted to document plants that are used
to repel mosquitoes in the uMkhanyakude district, KwaZulu-Natal
province, South Africa. The specific objectives of the study were to:
(1) identify plant species and their parts being used; (2) determine
the condition of plant material used and the method of applica-
tion.

2. Materials and methods
2.1. Study area

The study was carried out in five rural villages, namely;
Mbadleni, Ndumu, iziPhosheni, Makhanisi and Mziki in the
uMkhanyakude district, KwaZulu-Natal province, South Africa. The
district is located in the north-eastern part of KwaZulu-Natal, shar-
ing a boundary with Mozambique in the north, Swaziland in the
north-west and the Indian Ocean in the east (Fig. 1). Named after
the uMkhanyakude Tree (Acacia xanthophyllous, Fever Tree which
translated to English means “the light in the distance”), the dis-
trict covers a total land area of approximately 13,859 km?2. The
population of uMkhanyakude district is estimated to be 573,341.
The population consist of 45.2% male and 54.8% female (Statistic
South Africa Census, 2001). The major ethnic group in the district
is the Zulu. Most of the area is rural, with the majority of peo-
ple depending on subsistence agriculture and animal husbandry
as sources of livelihood. Malaria is one of the leading causes of
morbidity and mortality in the study area. Of 4193 malaria cases
reported in the 2003/2004 transmission season in KwaZulu-Natal
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Fig. 1. Map of South Africa showing uMkhanyakude district within KwaZulu-Natal
province and villages visited.

province, 43% were from uMkhanyakude district (DOH, 2007). With
the majority of people being too poor to afford commercial repel-
lents, they use plant materials to protect themselves from mosquito
bites.

2.2. Data collection

The study was undertaken as a descriptive cross-sectional sur-
vey between April and May 2011. Before conducting this survey,
the leadership of each village was consulted in order to gain their
trust and help to identify respondents. Data was collected using a
standardised and pre-tested structured questionnaire. In each vil-
lage, the questionnaire was administered to 12 respondents. One
local person conversant with the language and culture of the area,
and identified by the leadership of each village was recruited to
help locate the selected respondents and to introduce the investiga-
tors to them. To ensure clarity and accuracy, questions prepared in
English were translated into isiZulu, the principal language spoken
in the study area. The questionnaire collected locality, sociode-
mographic data, knowledge of malaria and prevention practices,
vernacular plant names, plant parts used, condition of the plant
material (dried or fresh), and methods of application. All plant
species mentioned by the respondent were collected with the help
of traditional healers and the voucher specimens were deposited
at the Bews Herbarium, School of Biological and Conservation Sci-
ences, University of KwaZulu-Natal, Pietermaritzburg Campus. The
plants were identified by Dr. C. Potgieter of this Herbarium. Col-
lected data were double entered into EpiData version 3.1 and
analyzed using STATA version 11.

2.3. Ethical consideration

Ethics clearance for this study was obtained from the Human-
ities and Social Sciences Research Ethics Committee, University
of KwaZulu-Natal (Reference number: HSS/0098/011D). Ahead of
data collection, the aim and the objectives of the study were
clearly explained and informed consent was obtained from each
respondent. Participation in this study was entirely voluntary and
participants were assured that they could withdraw at any time
without any consequences.
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Table 1
Socio-demographic characteristics of respondents in villages visited in the
uMkhanyakude district, north-eastern KwaZulu-Natal province, South Africa.

Table 2
Respondents’ knowledge of malaria and its prevention measures in villages visited
in the uMkhanyakude district, north-eastern KwaZulu-Natal province, South Africa.

Characteristics n %
Gender
Male 34 56.67
Female 26 43.33
Age
26-35 6 10
36-45 18 30
46-55 14 23.33
56-65 11 18.33
66-75 8 13.33
>76 3 5
Relationship to household head
Head of household 37 61.67
Spouse 18 30
Children 5 8.33
Highest level of education attained
No education 37 61.67
Primary 9 15.00
Secondary 11 18.33
Abet 2 3.33
Post matric 1 1.67
Occupation
Unemployed 18 30.00
Civil servant 10 16.67
Pensioner 9 15.00
Traditional healer 17 28.33
Other 6 10.00
3. Results

3.1. Socio-demographic characteristics of respondents

All selected respondents in each village were interviewed during
this survey, yielding a response rate of 100%. Table 1 is showing
demographic characteristics of respondents. Most (61.7%) of the
respondents interviewed were heading households. Of the sixty
respondents, 56.7% were male and 43.3% were female. Their ages
ranged from 26 to 78 years with a mean of 52 4+ 13.3 years. The
majority (61.7%) of the respondents were illiterate, while 15.00,
18.33, 3.33, and 1.67% had attained primary, secondary, abet and
post matric education, respectively. About 30% of the respondents
were unemployed.

3.2. Knowledge of malaria and its prevention measures

Malaria is locally known as “Malaleveve”, meaning malaria
fever. Most respondents (95%) associated malaria transmission
with mosquito bites. However, few thought that water swamps
were responsible for transmitting malaria. All respondents men-
tioned that malaria transmission can be prevented. Repellents was
the most (98%, n=59/60) mentioned prevention measure, followed
by bed-nets (65%,39/60), indoor residual spraying (25%, 15/60), and
creating a clean environment (15%, 9/60). uMkhanyakude district
is one of the major malaria endemic areas in KwaZulu-Natal; there-
fore high numbers of community members have good knowledge of
malaria and its prevention measures. Table 2 illustrates the respon-
dents’ knowledge about malaria and prevention measures that can
be used.

3.3. Plant species used for repelling mosquitoes

All respondents knew/used plant materials to repel mosquitoes.
Seventy percent of the respondents obtained knowledge of repel-
lent plants from their family elders while 30% got it from their
ancestors (they are traditional healers). Knowledge of traditional
medicines accumulated over a long time is transmitted from one

Variable N %
Mode of malaria transmission
Mosquitoes 57 95
Water swamps 3 5
Prevention measures
Using IRS 15 25
Using repellents 59 98.33
Chemoprophylaxis 2 3.33
Using bed nets 39 65
Other 2 3

generation to another through oral communication (WHO, 2000).
The reasons for using plants as repellents were that they were cost-
free and accessible. The use of traditional medicines is prevalent
in regions where western medicines are inaccessible due to their
unavailability and high cost (Light et al., 2005).

The survey documented 13 plant species which were used to
repel mosquitoes by the local inhabitants in the study area; 2 of
these plants remain to be identified (Table 3). The identified plant
species belong to 11 genera in 9 families. Among these families,
Meliaceae and Anacardiaceae were most represented with two
species each. Pdlsson and Jaenson (1999) reported that 8 plant
species belonging to 8 genera and 6 families were being used to
repel mosquitoes in Guinea Bissau. Ina similar study, 5 plant species
belonging to 4 genera and 4 families were identified in Tanzania
(Kweka et al., 2008). Karunamoorthi et al. (2009a), in Ethiopia doc-
umented 9 mosquito repellent plants belonging to 8 genera and
families. The family Meliaceae was represented in all of these stud-
ies, indicating its importance as a source of mosquito repellents.

The most frequently mentioned mosquito repellent plants were
Lippia javanica (91.67%, n=55/60), followed by Aloe ferox (11.67%,
n=7/60), Sclerocarya birrea (5%, n=3/60), Melia azedarach, Balanite
maughamii and Mangifera indica (3%, n=2/60). The use of L. javan-
ica as mosquito repellents has also been reported in Mpumalanga
province, South Africa (Govere et al., 2000) and Zimbabwe (Lukwa
et al.,, 1999) and was found to have repellent activity. In a recent
study, Karunamoorthi et al. (2009a) reported that M. azedarach was
among the most frequently cited plant species used by the Oromo
ethnic group to repel mosquitoes in Ethiopia. However, to the best
of our knowledge, 9 plant species, namely, Aloe ferox, Calausena
anista, Croton menyharthii, Sclerocarya birrea, Balanite maughamii,
Olax dissitiflora, Trichilia emetic, Mangifera indica, and Atalaya alata
are documented for the first time as mosquito repellents.

3.4. Plant parts used, state of plant material and method of
application

The majority (69.2%) of plants used were trees, while 30.8% were
shrubs. Leaves were the most (39%) common plant part used in
repelling mosquitoes. Similar to the results of this study, leaves
were the most common plant parts used to repel mosquitoes in
Addis Zemen town, North Western Ethiopia (Karunamoorthi et al.,
2009b). Other plant parts used were roots, bark and seeds (Fig. 2).
Interesting is that leaves are frequently used. Harvesting roots and
bark can threaten local plant populations unless a sustainable har-
vesting strategy is developed (Cunningham, 2001).

The majority (82%) of plant parts were dried before use. The
exception being leaves of L. javanica, C. anista, M. azedarach, C.
menyharthii and A. ferox which are used in a fresh state. Burning
of plant materials to make smoke was the most (92%) common
method of application. Similar results were reported in Ethiopia
(Karunamoorthi et al., 2009a,b) and Guinea Bissau (Palsson and
Jaenson, 1999). Smoke is a most widely used method of repelling
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Table 3

Plant species used to repel mosquitoes in villages visited in the uMkhanyakude district, KwaZulu-Natal province, South Africa.
Family Species (voucher specimen number) Local name Frequency % Habit Plant part State Method of

(isiZulu) application

Aloaceae Aloe ferox Mill. (EM08) iNhlaba 7 11.67 Shrub Leaves Fresh Smoke
Anacardiaceae Mangifera indica L. (EM11) Umango 2 3.33 Tree Seeds Dried Smoke
Anacardiaceae Sclerocarya birrea (A.Rich.) Hochst. (EM10) Muganu 3 5.00 Tree Seeds Dried Smoke
Balanitaceae Balanites maughamii Sprague. (EM09) uGobendlovu 2 3.33 Tree Bark Dried Smoke
Euphorbiaceae Croton menyarthii Pax (EMO05) Hubeshani 1 1.67 Shrub Leaves Fresh Smoke
Meliaceae Melia azedarach L. (EMO1) Umsilinga 2 333 Tree Leaves Fresh Smoke
Meliaceae Trichilia emetica Vahl (EMO06) Umkhuhlu 1 1.67 Tree Seeds Dried Smoke
Olacaceae Olax dissitiflora Oliver (EM04) Mampuzane 1 1.67 Shrub Bark Dried Smoke
Rutaceae Clausena anisata (Willd.) Hook. f. (EM02) Umsanga 1 1.67 Tree Leaves Fresh Hanging
Sapindaceae Atalaya alata (Sim) H.H.L. Forbes (EM07) Umnondo 1 1.67 Tree Roots Dried Smoke
Unidentified Umuzaneno 1 1.67 Shrub Roots Dried Smoke
Unidentified Khokhelo 1 1.67 Tree Roots Dried Smoke
Verbanaceae Lippia javanica (Brum.f) Spreng. (EM03) Umsuzwane 55 91.67 Shrub Leaves Fresh Smoke
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Fig. 2. Percentage of plant parts used to repel mosquitoes in villages visited in the
uMkhanyakude district, north-eastern KwaZulu-Natal province, South Africa.

biting insects throughout the world (Karunamoorthi et al., 2008).
The burning of some herbs such as Artemisia (Asteraceae) and Cal-
mus species in rural areas in China is used to repel mosquitoes
and protect cattle from blood sucking insects (Hwang et al., 1985).
Smoke produced by burning dried leaves of Azandirachta indica
has been used to repel mosquitoes since ancient times (Sukumar
et al.,, 1991). Hanging plants inside the house or sprinkling leaves
on the floor is another method used (Sangat-Roemantyo, 1990). In
our findings, leaves of C. anista were the only plant part used for
hanging inside the house. In East Africa, Lua communities lay the
branches of Ocimum basilicum (Labiatae) inside the house to drive
away mosquitoes (Kokwaro, 1976).

4. Conclusion

The present study shows that people of uMkhanyakude dis-
trict use plant materials to repel mosquitoes. Plant materials were
commonly used because they are cost-free and easily accessi-
ble. Thirteen plant species were documented and 9 of them are
documented for first time as mosquito repellents. This documenta-
tion will provide the basis for further studies in developing new,
effective, safe and affordable plant-derived mosquito repellents
especially for Africa where malaria is highly prevalent. Knowledge

of traditional medicines is passed from one generation to another
by oral communication, posing the danger of losing this tradition
practice because of no documentation. This study will therefore
play an important role in documenting and conserving traditional
knowledge of mosquito repellent plants for future use.
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