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ABSTRACT

The purpose of the present study is to envisage the larvicidal activities of three common plant extracts in
controlling Aedes albopictus (Skuse), a potential vector of Dengue and Chikungunya. Chloroform extract of
green coffee beans, Coffea arabica L.; methanol extract of green tea leaves, Camellia sinensis (L.) Kuntz and
chloroform extract of pomegranate fruit peel Punica granatum L. were tested against late 3" instar/ early 4
instar larvae of Ae. albopictus under laboratory condition following WHO methodology, 2005. LCs, values
were determined using the probit analysis with 95% confidence limit. The result indicated that after
24 hours and 48 hours of treatment, LCs, values for green coffee bean extract, green tea leaves extract and
pomegranate fruit peel extract against Ae. albopictus larvae were 0.08, and 0.06, 0.13 and 0.06, 0.09 and
0.06 respectively. Our findings revealed that chloroform extract of green coffee beans and methanol
extract of green tea leaves are the most effective in controlling Aedes albopictus larvae showing 100%
mortality after 48 hours of exposure than chloroform extract of pomegranate fruit peel that shows 66%
mortality after 48 hours of treatment. The overall larvicidal trend with reference to LCsy after 24 hours
and 48 hours was green coffee > green tea > pomegranate. The larvae exposed to green coffee bean
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crude extract showed deformities related to moulting behavior and larval morphology. As these plants are
widely distributed in India, their formulation might manifest effective eco-friendly alternatives for combating
this upcoming potential vector of Dengue and Chikungunya.

Keywords: Aedes albopictus; botanicals as larvicides; dengue; Chikungunya; plant extract; vector control.

1. INTRODUCTION

The medical importance of mosquitoes as vectors for
the transmission of life threatening diseases that
causes morbidity, mortality, economic loss and social
disruption such as dengue, Chikungunya, malaria,
Japanese B encephalitis, lymphatic filariasis etc. are
well recorded. Dengue is regarded as one of the most
important arboviral infections in the world transmitted
by Aedes mosquitoes, mainly Aedes (Stegomyia)
aegypti and Aedes albopictus (Skuse) [1]. The
incidence of Dengue has grown dramatically around
the world in recent decades. Over 40% of world’s
population is now at risk from dengue [2]. Aedes
aegypti is of supreme concern because of its wide
distribution and close association with human [3].
Aedes albopictus (Skuse), commonly called ‘the
banded mosquito of Bengal’, is now playing the role
of secondary vector of Dengue and Chikungunya in
rural and suburban regions of West Bengal [4].
This vector is now proliferating at a very fast
rate due to high survivality in a wide range of
environmental parameters throughout the world
including India [5]. Ae. albopictus, is generally
associated with human-outdoor areas but are
gradually becoming a much potential vector for
transmission of Dengue and Chikungunya virus in
West Bengal due to rapid wurbanization and
deforestation [6].

Use of chemical insecticides has several drawbacks,
such as these produce resistance among vectors [7],
produce undesirable effects on non-target organisms
and also foster environmental and human health
concern [8,9], whereas, plant derived compounds are
target specific and biodegradable [10]. Resistance to
various synthetic insecticides [11] and detrimental
effect on human health are compelling us to search for
alternative weapons especially natural products of
plant origin as vector controlling agents [12]. Many

plant-based products are widely used for their
insecticidal ~ properties to control the vector
mosquitoes [3,10]. In recent years, interest in
phytochemicals has been revived because of the
development of resistance, cross resistance and
toxicity hazards associated with synthetic insecticides
[4]. A large number of pant products have been
reported to have mosquito larvicidal activity [12,13,
14]. This result may be observed due to presence of
various active components like steroids, saponins,
proanthocyanidins,  glycosides and  phenolic
compounds etc. inside those plant extracts [15,
16].

The present endeavour is to envisage the larvicidal
activities of Chloroform extract of green coffee beans,
Coffea arabica L., methanol extract of green tea
leaves, Camellia sinensis (L.) Kuntz and chloroform
extract of pomegranate fruit peel, Punica granatum
L., as, botanicals are likely to cause the least damage
to anthropological environment in controlling this up
surging vector of Dengue virus in the regional-
national-international context [17,18,19].

2. MATERIALS AND METHODS
2.1 Procurement of Plant Parts

The three plants were selected randomly from a list of
plants primarily sorted on the basis of their ethno
medicinal value. Green tea leave and Pomegranate
fruits were collected from local market. The Green
coffee beans were procured from online market
(Table 1).

2.2 Extraction Method of Plant Material

The extraction method of Freedman et al. [20] is
followed here with few modifications.

Table 1. Common name and scientific name of three plants, parts used for bioassay and the extraction
media

Common name Botanical name

Parts used for Extraction medium

extraction
Green Coffee Coffea arabica L. Seed Chloroform
Green Tea Camellia sinensis (L.) Kuntz Leaf Methanol
Pomegranate Punica granatum L. Fruit peel Chloroform

11



Green coffee beans were ground. An amount of 62.5
gm of green coffee bean dust was dissolved in 250 ml
of chloroform and kept for 72 hours before getting
filtrate. Then the filtrate was evaporated and dried.
1.25 gm of dry green coffee bean crude extract was
collected in this process. The material was then
dissolved in 95% ethanol. After ethanol extraction,
post dried material was further sequentially extracted
using distilled water with 5% ethanol for next 7 days.
The extract was filtered using Whatmann No. 1 filter
paper and collected.

Green tea leaves were ground in an electric grinder.
Then the ground material was dissolved in 90%
methanol (12.5 gm in 50 ml), stirred well and kept for
72 hours. Then the extract was filtered and the filtrate
was kept for subsequent evaporation. We get 8.01 gm
of crude extract of green tea from 50 gm of ground tea
leaves.

The fruit peel of Punica granatum was prepared by
macerating, dissolving in absolute ethanol for about
10-15 days. It was filtered using Whatmann No. 1
filter paper and dried in hot air oven. The material
was then processed for chloroform extraction
following the process as that of coffee bean
extraction.

All crude dried extracts were kept in small vials in a
deep freezer (-20°C) until used.

2.3 Collection and Rearing of Mosquito

Eggs of Aedes albopictus mosquito were
collected from natural habitat at Nalpur
(22°31'45"N 88°11'10"E), Howrah, West Bengal,
India. Larvae were reared inside the entomology
laboratory of Maulana Azad College, with utmost
precautions following WHO methodology [21]. Third
instar/early fourth instar larvae were kept in a deep
plastic container [400 larvae per 3L of rain water] in
the Air conditioned room maintaining the temperature
and humidity of 27+2°C and 80+5% respectively. The
pH of water was recorded as 6.5.

2.4 Preparation of Stock Solution

To prepare three separate stock solutions for three
plant parts, 1g of each extract were added in three
separate beakers containing 50 mL of 5% ethanol
each and were considered as 2% stock solutions
(20,000 ppm) [14].

2.5 Quantification of Larval Mortality Rates
Equal starting numbers of larvae (n = 30 larvae) were

placed into each plastic bowl containing different
concentrations of extract. We used pipette to measure
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the desired amount of plant extracts from stock
solution. The concentrations for Green coffee bean
extract were 0.4, 0.5, 0.6, 0.7 and 0.8 (%v/v which are
equivalent to 80ppm, 100ppm, 120ppm, 140ppm and
160ppm) respectively; for Green tea leaves extract,
concentration were 0.6, 0.7, 0.8, 0.9, 1.0, and 1.2
(%v/v which are equivalent to 120 ppm, 140 ppm,
160 ppm, 180 ppm, and 200 ppm, and 240 ppm)
respectively and for Pomegranate fruit peel extract,
concentration were 0.6, 0.7, 0.8, 0.9, and 1.0 (%v/v
which are equivalent to 120ppm, 140ppm, 160ppm,
180ppm, and 200ppm) respectively. Mortality rates
of treated larvae were quantified at 24hour and 48hour
intervals. Each larva was examined and considered
dead if it did not respond to probing with a dropper.
Treatment-induced morphological deformities relative
to control were analysed using light microscopy at
25x magnifications and recorded for further analysis.

2.6 Larvicidal Bioassay

The extracted plant materials were used in different
concentration against Aedes albopictus and their
efficacy was evaluated as per standard WHO method
[7]. Each replicate contained 100ml of seasonal water
(rain water) and above mentioned concentration of
plant material in plastic bowls. Three replicas were
conducted for each concentration and against each
concentration along with a control were set [22].
Batches of 30 late 3™ instar/early 4™ instar larvae were
exposed in each container. The numbers of dead
larvae were counted after 24 hour and 48 hour
intervals. The experiment was conducted under
laboratory condition at 27+2°C and 80+£5% RH.

2.7 Analysis of Data

The data, obtained in this experiment was analysed
with special reference to Probit analysis, LCsg LCoy,
Regression graph and homogeneity Chi-square using
SPSS version 22.0.0.0 software.

3. RESULTS AND DISCUSSION

Larvae of Aedes albopictus were subjected against
plant extracts of Coffea arabica (Green coffee),
Camellia sinensis (Green tea), and Punica granatum
(Pomegranate). Five different concentrations of crude
plant extracts were tested. Table 2 and Graph 1
showed that Coffea arabica (Green coffee) was
considered the best with LCs, values 0.08 with >90%
mortality at 160ppm after 24 hours, followed by
Punica granatum (Pomegranate) and Camellia
sinensis (Green tea) with LCsy values 0.09 and 0.13
with 33% and 67% mortality at 200ppm and 240ppm
respectively after 24 hours. The total mortality
percentages of Ae. albopictus larvae at each
concentration after 24 hours are shown in Fig. 1.
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Table 2. Result summary of different plant extracts against Aedes albopictus larvae after 24 hours of
exposure

LCs -Lethal concentration 50 at which 50% of target population died.
LCy - Lethal concentration 90 at which 90% of target population died.
P value - Level of significance p< 0.05, p> 0.05 non-significant

LFL = Lower fiducial limit UFL = Upper fiducial limit

SE = Standard Error, yx 2 = Chi-square

Plant extract Lethal LFL UFL Slope+SE ¢ 2 P- Regression equation
concentration value

Green coffee LCs,  0.08 -1.07 623 258+2.14 1.1 0.12 =-0.53+2.58X

(Coffea arabica) LCy 0.14 -1.07 6.23 2.58+£2.14 1.1 0.12 Y=-0.53+2.58X

Pomegranate LCsy  0.09 1.99 242 221+0.13 03  0.08 Y=-0.0189+2.21X

(Punica granatum)  LCqy  0.17 1.99 242 221+0.13 03 0.08 Y=-0.0189+2.21X

Green tea LCsy 0.13 -0.28 449  2.1£1.67 1.2 0.07 Y=-0.378+2.10X

(Camellia sinensis) LCoy  0.24 -0.28 449 2.1+1.67 1.2 0.07 Y=-0.378+2.10X

Larval mortality after 24 hours

Larval mortality(%)

Coffea arabica Camellia sinensis ~ Punica granatum

Fig. 1. Total larval mortality after 24 hours

Larval mortality after
48 hours
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Fig. 2. Total larval mortality after 48 hours
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Effect of Green tea extract on Ae. albopictus larvae
(24 hours)
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Graph 1. Regression of mortality on different concentration of three plant extract after 24 hours of
exposure

The Coffea arabica (Green coffee) and Camellia
sinensis (Green tea) were considered the best with
LCsy values 0.06 and 0.06 respectively showing
100% mortality at 160ppm and 240ppm respectively
after 48 hours, followed by Punica granatum
(Pomegranate) with LCs, values 0.06 exhibiting 66%
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mortality at 200ppm after 48 hours of treatment
(Table 3 and Graph 2). The total mortality percentage
of Ae. albopictus larvae at each concentration of plant
extract after 48 hours of exposure are shown in
Fig. 2.
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Table 3. Result summary of different plant extracts against Aedes albopictus larvae after 48 hours of

exposure

LCsg -Lethal concentration 50 at which 50% of target population died.
LCyg - Lethal concentration 90 ,. which 90% of target population died.
P value - Level of significance p< 0.05, p> 0.05 non-significant

FL = Lower fiducial limit UFL = Upper fiducial limit

SE = Standard Error, y 2 = Chi-square

Plant extract

Lethal LFL UFL Slope+SE y?  P-value

concentration

Regression
equation

Green coffee

LCso 0.06 079 5.1 2.95+£1.26 023  0.02

(Coffea arabica) LCy 0.09 079 5.1 2.95+£1.26 023  0.02

Pomegranate

LCso 0.06 241 285 2.63+0.13 022 0.05

(Punica granatum)  LCoy  0.30 241 285 2.63+0.13 0.22 0.05

Y=-0.288+2.95X
Y=-0.288+2.95X
Y=-0.0139+2.63X
Y=-0.0139+2.63X

Green tea LCsy 0.06 136 425 279£1.01 03  0.004  Y=-0.266+2.79X
(Camellia sinensis) LCoy 0.10 1.36 425 2.79+1.01 0.3 0.004 Y=-0.266+2.79X
Effect of Green Coffee extract on Ae.
albopictus larvae
(48 hours)
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Effect of Pomegranate extract on Ae. albopictus

larvae
(48 hours)
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Graph 2. Regression of mortality on different concentration of three plant extract after 48 hours of
exposure

Several authors [22,23,24] reported morphological
aberrations in mosquito larvae induced by plant
extracts. Saranya et al. [23] observed that aqueous leaf
extract of Spathodea campanulata affect Aedes
aegypti larval morphology such as dechitinized larva
with damaged digestive tract and exuviae of the
proceeding instar attached to the dead. Similarly,
Arivoli and Tennyson [24] found that after treated
with crude leaf extracts of Abutilon indicum, larvae of
Aedes aegypti, Anopheles stephensi, and Culex
quinquefasciatus had striated sclerotization, which
appeared to be a feature of pupal cuticle. Ae.

Dechitinized

Deformed fourth instar larva

Damaged digestive tract

albopictus larvae in our experiment, when exposed to
sub-lethal concentration of crude extract with special
reference to green coffee bean showed severe
deformities (Fig. 3A-D). Some of the distinct
aberrations so far noticed were dechitinized larvae,
damaged digestive tract with special reference to
twisted digestive tract and appearance of early
malformed pupae. During first 24 hours, larvae were
flexing to clean their siphon with mouthparts & they
stay at bottom of containers. Larvae also showed
some kind of restless movement during 48 hours &
after this they died in the treated solution.

B

Prematured larval moulting
resulted into malformed pupa

D

Fig. 3. Aedes albopictus larval deformities when treated with green coffee bean extract. A. Dechitinized

larva B. Larva with deformed digestive tract. C. Deformed 4™ instar larva. Exuviae of the proceeding

instar attached to the dead larvae. D. Premature last larval moulting resulted in malformed pupa with
some melanisation
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4. CONCLUSION

A large number of pant products have been reported
to have mosquito larvicidal activity. The present
result revealed that chloroform extract of green coffee
beans, Coffea arabica and methanol extract of green
tea leaves, Camellia sinensis were the most effective
against Aedes albopictus larvae showing 100%
mortality after 48 hours of exposure. The overall
larvicidal trend with reference to LCs, after 24 hours
and 48 hours was green coffee > green tea >
pomegranate. Larval survival and adult emergence
was significantly reduced in different sub-lethal
concentrations of above mentioned plant extracts
over time. The result may be observed due to
presence of phytochemicals, having mosquito
lavicidal property. Exact phytochemical component
and its mechanism of larvicidal activity can be studied
further.

In present study, Ae. albopictus larvae, exposed to
green tea, green coffee & pomegranate extract showed
some kinds of deformities like browning of abdomen
and twisted abdomen. During first 24 hours larvae
were flexing to clean their siphon with mouthparts &
they stay at bottom of containers. Larvae showed
some kind of restless movement during 48 hours
before they died. Exuviae of the late 3™ & late 4"
instar larvae attached to the dead larvae were also
observed. After 48 hours some dechitinized larvae
were found with damaged digestive tract.

In search of alternative and safe methods for
controlling larvae of Aedes albopictus, the potential
vector of Dengue and Chikungunya, these eco-
friendly phytochemicals especially green coffee bean
extract might prove to be a good vector control tool as
safe and cost effective chemicals over more resistant
synthetic insecticides.
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