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Background: The studies on mosquito attractants had been develop intensively in the recent years.
However, the study on fruit peel extract as mosquito attractant was scarce, even though various fruits
had demonstrated the ability to attract different types of mosquito species.
Objective: This study aims to determine the potential of Carica papaya (papaya) and Ananas comosus
(pineapple) peel extracts to attract Aedes albopictus and Aedes aegypti.
Methods: The Aedes mosquitoes response to the fruit peel extracts were conducted in the no-choice and
choice assay using modified olfactometer. The Preference Index (PI) in each assay was calculated and arc-
sine transformed before conducting independent t–test to determine the significant different between
the mean arcsine transformed PI and the tested hypothesis mean PI.
Result: No choice assay indicate both Aedes species have significant attraction to the papaya and pineap-
ple peel extracts (p < 0.05). In choice assay, Ae. albopictus is revealed to equally attracted to the papaya
and pineapple peel extracts (p > 0.05) while Ae. aegypti is significantly attracted to the papaya peel extract
(p < 0.05).
Conclusion: The study had identified that both fruit peel extracts able to attract Aedes mosquitoes with
Ae. albopictus is equally attracted to papaya and pineapple peel extracts while Ae. aegypti is more
attracted to the papaya peel extract than the pineapple peel extract.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Attractive toxic sugar bait (ATSB) is a method developed for the
adult mosquito control which imply the ‘‘attract and kill” strategy.
The ATSB commonly consist of attractant aromatic compound such
as fruit juices and/or flower accents, feeding stimulant such as
sugar, and oral insecticide such as boric acid. This method has been
widely tested throughout the last few years and are highly effec-
tive in controlling mosquitoes (Fiorenzano et al., 2017). It has been
successfully applied against different types of mosquito species in
laboratory and field setting, such as Aedes aegypti (Scott-fiorenzano
et al., 2017), Aedes albopictus (Junnila et al., 2015), Culex quinquefas-
ciatus (Qualls et al., 2016) and Anopheles sergentii (Revay et al.,
2015). The selection of attractant use in ATSB is also crucial for
effective ATSB implementation. In recent years, studies on mos-
quito preferences have been actively conducted using different
materials. Some examples of mosquito attraction studies include
mosquito attraction to host derived chemicals such as L-lactic
and 1-octen-3-ol (Scott-fiorenzano et al., 2017), synthetic flora
based attractants such as phenylacetaldehyde, linalool oxide, phe-
nylethyl alcohol, and acetophenone (Fikrig et al., 2017), plant tis-
sue, ripe fruits, seedpods, floral and extra floral (Sissoko et al.,
2019).

On the other hand, papaya and pineapple are two examples of
tropical fruits produced in Malaysia (Nor Azlina, 2014). Previous
studies have shown that papaya attracts several mosquito species.
For instance, the field study of Sissoko et al. (2019) has used plant
baited glue net traps (GNTs) to study the attraction of Aedes aegypti
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in twenty different plants. The mosquitoes caught overnight in the
GNTs were counted for attraction analysis. Afterwards, their result
indicates papaya fruit was one of the plants that was able to attract
male and female Ae. aegypti (Sissoko et al., 2019). Similar method
was used by Malmgren (2015) to identify wild mosquitoes’ attrac-
tion in six local plant species. Mosquito attraction in this study was
determine by applying sticky glue traps surrounding the experi-
mented plant and then calculate the number of mosquitoes on
the trap. The study shows that papaya attracts Culex and Anopheles
mosquito species (Malmgren, 2015). Moreover, Oriental fruit fly
Dacus dorsalis H, melon fruit fly Dacus cucurbitae C, and Mediter-
ranean fruit fly Ceratitis capitata also attracted to papaya (Ranjeet
and Ramanuj, 2018). Additionally, study by Ranjeet and Ramanuj
(2018) also indicates that pineapple attracts various pest such as
fruit flies (C. capitata, D. cucurbitae, and D. dorsalis), pineapple
caterpillar (Thecla basilides, Metanasius ritchieri, Batrachedra methe-
soni, Paradiophorus crenatus) and pineapple mite (Steneotarsone-
mus ananas).

However, the use of fruit waste as mosquito attractant is lim-
ited despite the fact that studies on mosquito preferences were
tested using various fruits. The fruit waste such as the peel is com-
monly discarded and not being fully utilise. Additionally, fruit
peels are commonly studied for their antioxidant and antimicrobial
potentials (Saraswaty et al., 2017). Therefore, the present study
aims to determine adult Ae. albopictus and Ae. aegypti responses
to papaya and pineapple peel extracts. The attraction study was
conducted in modified olfactormeter which allows mosquitoes to
be exposed to maximum of two attractants at the same time.
Hence, each mosquito species was subjected to no-choice and
choice assay. In no-choice assay, the mosquitoes were exposed to
papaya or pineapple peel extracts only while the choice assay
exposed mosquitoes to papaya and pineapple peel extracts at the
same time. The result obtained is used in assisting mosquito bait-
ing and development of ATSB for mosquito control.
2. Materials and methods

2.1. Insect colony and maintenance

The laboratory strain of Ae. aegypti and Ae. albopictus eggs (F186)
came from the colony maintained in the insectarium of Vector
Control and Research Unit (VCRU), Universiti Sains Malaysia. The
Aedes eggs were submerged and hatched in a plastic container
(40 � 40 � 5 cm) containing approximately 700 mL of dechlori-
nated water. The hatched larvae were fed with powdered chicken
liver until pupation and the water was changed daily to avoid for-
mation of scum and to maintain water volume (Fiorenzano et al.,
2017). After that, plastic pipette was used to transfer pupae to
smaller plastic container filled with dechlorinated water. This con-
tainer was then transferred inside a mosquito cage
(30 � 30 � 30 cm) covered with muslin netting and a cloth sleeve
fitted at the front. Cotton soaked with 10% sucrose solution was
placed in a universal bottle and placed inside the cage for the adult
mosquitoes food source. The female adult mosquitoes laid eggs
after mating process. Blood feed was given to 5–7 days old adult
mosquito for four hours (Fiorenzano et al., 2017). Most species of
mosquito’s gut are still developing after 1–3 days of adult emer-
gence thus the mosquitoes mainly feed from sugar sources during
that time. Moreover, female mosquitoes preferentially lay their
eggs on a variety of man-made breeding sites in the surroundings
of human properties around 3–4 days (Maciel-de-Freitas et al.,
2007). Therefore, blood feed was given after 5–7 days if adult
emergences to increase the fecundity rate of female mosquitoes.
Ovitrap was introduced into the cage after 48 h of the blood meal
(Heil, 2011). The ovitrap is made from a plastic container half filled
with water and a cone shaped filter paper which is placed in the
container to serve as oviposition site. The filter paper containing
the eggs was air-dried and labelled as F187 for Ae. aegypti and Ae.
albopictus. The F187 generation was hatched and reared to adult
as described above. The insectarium environment was thermostat-
ically controlled at 29 ± 3 �C with the relative humidity of 75 ± 10%
and 12:12 h light: dark cycle throughout the experiment (Xue and
Donald, 2003).

2.2. Papaya and pineapple peels extraction

(i) Sample preparation
Twenty fresh papaya and pineapple used in this study were

obtained from CKS Supermarket, Telipok, Sabah. Both fruits were
washed thoroughly to remove mud and debris that may be present
on the surface of the fruits. The fruit flesh and peels were separated
using a manual peeler for the papayas and knife for the pineapples.
The peels were washed again to remove debris and flesh that are
still present. After that, the papaya and pineapple peel stripes were
cut into approximately 2 mm slices in length before being laid on
separated aluminium trays. The tray with papaya peels were dried
in a microwave (Panasonic� NN-ST25JB) for 5 min in medium
microwave power while pineapple peels were microwaved for
10 min in medium power.

The papaya and pineapple peels have different time in the
microwave due to the pineapple peels were thicker than the
papaya peels. The drying process was important to avoid degrada-
tion (Sepúlveda et al., 2018). Dried peels were then blended into
powder using a blender (Panasonic� MX-GM1011 H) for maximum
contact of the dried sample to the extraction solvent. After being
blended, the papaya peels have turn into powder whereas the
pineapple peels still have some fibre remain intact. Lastly, the
powdered peels were placed in an air-tight plastic bag before being
stored in dry place until further use. In the end, a total of 59.305 g
of dried papaya peels and 54.034 g of dried pineapple peels were
obtained from the twenty fresh fruits. Therefore, this study found
that one papaya fruit produced approximately 2.97 g of dried peel
whereas one pineapple produced approximately 2.70 g of dried
peel.

(ii) Fruit Peel Extraction

The peel extraction method was adapted and modified from Hu
et al. (2017). The papaya peel extract was prepared by weighting
1 g of papaya peel and placed inside a 50 mL beaker (Bomex�).
Since the substances contained in plants are more soluble in
organic solvents such as ethanol, methanol and hexane, 80% etha-
nol was used in the present study. Therefore, 10 mL of 80% ethanol
solution was added into the beaker. The beaker was then placed on
a mechanical shaker (GFL Orbital Shaker 3017) for 30 min at
150 rpm to mix powdered papaya peel with the solvent. The mix-
ture consist of papaya and ethanol was then transferred in 50 mL
vial and centrifuged (Centurion Scientific K3 Series) at 3000 rpm
from 10 min to recover supernatant. The first supernatant was
transferred into 50 mL beaker and 2 mL of 80% ethanol was added
into the vial then centrifuged at 3000 rpm for 10 min to collect the
second supernatant. Previous step was repeated to obtain the third
supernatant. After that, the collected supernatants were mixed
evenly by manually shaking the beaker and then filtered through
a 0.45 lm filter paper (Whatman�) to separate the powder residue
before it is placed in a rotary evaporator. The rotary evaporator
(Heidolph Hei-VAP Value) water bath was set at 70 �C to concen-
trate the extract. After the solvent was separated, the peel extract
was filtered again to remove residue, placed in a glass bottle and
refrigerated at �4 �C until further use. The pineapple peel extract
was produced as described above.
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2.3. Experimental design

(i) Olfactometer design
Olfaction is the major sensory modality involved in the resource

searching behaviour of insects including vector mosquitoes (Dip-
tera: Culicidae). To date, our current countrywide knowledge on
the host-seeking behavior of mosquitoes is mainly confined to host
preference, which has exclusively come from field studies.
Olfactometer is a scientific tool which more naive aspects of
man-vector can clarify contact under controlled and less biased
conditions. Therefore a modified olfactometer was used to deter-
mine the response of sugar seeking mosquitoes towards papaya
and pineapple peel extracts (Fig. 1). The olfactometer designed
based on Afify et al. (2014) which is made from Plexiglas and con-
sisted of a flight chamber attached to holding chamber at one side
and two attraction bioassay chambers at the other end. The hold-
ing chamber was a tube (diameter: 4.4 cm, length: 12.5 cm) with
a mesh cap on one end to enable airflow and a sliding gate con-
nected to the flight chamber at the other end. This holding cham-
ber is use to hold the female adult mosquitoes and allow them to
acclimatised before being release to the flight chamber. Mean-
while, the flight chamber was a box (21 cm � 29.7 cm � 10.5 cm)
(I)

(II)

(III)

Air Flow

Fig. 1. The different parts of the modified olfactometer to determine the response of su
flight chamber and (III) attraction bioassay chamber.
with three circular openings (diameter of circle: 4 cm). The pur-
pose of the flight chamber was for the mosquitoes to decide on fly-
ing towards either one of the attraction bioassay chambers. The
attraction bioassay chamber was a tube (diameter: 4.4 cm, length:
12.5 cm) with a sliding gate attached to flight chamber and a mesh
cap at the other end to enable airflow. The inside of this chamber
also has another mesh screen to prevent mosquito from reaching
the experimented attractant and to avoid visual attraction. Addi-
tionally, the mosquitoes present inside the attraction bioassay
chambers after the gate was closed were considered attracted to
peel extracts. Before testing the attractants, a preliminary experi-
ment whether mosquitoes would choose either side (test chamber)
of the olfactometer when given the same attractant choice in both
chamber (two fingers of an experiment).

(ii) Evaluation of Mosquitoes Response to Fruit Peel Extracts

The evaluation of mosquitoes response to fruit peel extracts
was performed using two methods; (1) no-choice assay in which
the mosquito species were offered only one attractant either ‘‘pa-
paya peel extract” or ‘‘pineapple peel extract” with control (empty
port) and (2) choice-assay in which two attractant were offered in
Components in 
Olfactometer:
1. Holding Chamber

2. Flight Chamber

3. Attraction bioassay 

chamber

Attractants arrangement 
in each replicate:
1. No choice assay

- Arrangement 1

- Arrangement 2

Indicator:
Fruit peel extract

Control

2. Choice assay
- Arrangement 1

- Arrangement 2

Indicator:
Papaya peel extract

Pineapple peel 

extract

gar seeking mosquitoes modified from Afify et al, (2014); (I) holding chamber; (II)
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this test (papaya peel extract and pineapple peel extract). The no-
choice assay was conducted in four replicates where each experi-
ment was set up by aspirating twenty (n = 20) 5–7 days old female
Aedes mosquitoes into a holding chamber and left for acclimatisa-
tion for 30 s before opening the gate to the flight chamber and the
attraction bioassay chambers. At the same time in the attraction
bioassay chamber, a cotton wool soaked with 5 mL of papaya peel
or pineapple peel extract was placed in one of the chamber while
the other chamber will be left empty (control). The empty chamber
act as a negative control because the mosquitoes were not
expected to have any response towards the chamber. The sliding
gate for attracttion bioassay chambers were opened and a fan
was placed at the end of each mesh cap attraction bioassay cham-
bers to allow the peel extract scent to flow into the flight chamber.
Additionally, the fan was turned on throughout the experiment.
After 30 s, the holding chamber gate was open to release the mos-
quitoes into the flight chamber. The attraction bioassay chamber
gates were closed after 2 min and the number of mosquitoes on
the mesh screen are counted and removed from the olfactometer.
The test was repeated as described above using different attractant
pairs stated in Table 1. In every test, the olfactometer was washed
and dried before used again to remove lingering scent from the
previous test. Additionally, the position of peel extracts and control
in attraction bioassay chambers were rotated to prevent the mos-
quitoes from side bias, and new batch of mosquitoes unexposed to
the attractants was used in every test.

2.4. Statistical analysis

The attraction tests for Ae. albopictus and Ae. aegypti were per-
formed in four replicates. The Preference Index (PI), described by
Afify et al. (2014), was used to indicate the response of gravid
female mosquitoes to different attractants in olfactometer. The
Preference Index was calculated as:
Preference Index PIð Þ ¼ Number of mosquitoes in the test chamber� Number of mosquitoes in the control chamber
Number of mosquitoes in the test chamberþ Number of mosquitoes in the control chamber
This PI gives values from �1 to +1, with 0 indicating neutral
response, negative values indicate mosquito repellence while pos-
itive values indicate mosquito attraction. The PI was calculated for
each replicate and arcsine transformed PI in IBM SPSS using the fol-
lowing command language to generate the desired transformation:

2 � ARSINðSQRTðPIÞÞ
This data transformation is necessary so that data appear tomore

closely meet the assumptions of t-test statistical inference proce-
dure. Then, the mean arcsine transformed Preference Index was
Table 1
Attraction pairing bioassay of Aedes mosquitoes.

Mosquito
species

Attraction
bioassay

Attraction pairs

Chamber I Chamber II

Aedes aegypti No-choice Papaya peel
extract

Empty port

Pineapple peel
extract

Empty port

Choice Papaya peel
extract

Pineapple peel
extract

Aedes
albopictus

No-choice Papaya peel
extract

Empty port

Pineapple peel
extract

Empty port

Choice Papaya peel
extract

Pineapple peel
extract
tested using Levene’s test for assumption of equal variance across
the samples. On the other hand, the tested hypothesis in this study
is each attractant is different from a 50:50 choice with mean PI is 0.
Therefore, the independent t–test was conducted to determine the
significant different between the mean arcsine transformed PI and
the tested hypothesis mean PI (PI = 0). Additionally, equal variance
across the samples was assumed when p values in Levene’s test
was more than 0.05 while the mean result considered significantly
different when the p values in t-test was less than 0.05. All analysis
was conducted using IBM SPSS Version 21.

3. Result

3.1. Response of Aedes mosquito to fruit peel extracts in no choice
assay

The analysis on Ae. albopictus and Ae. aegypti responses to the
attractants in the no choice assay were conducted by calculating
the Preference Index (PI), arsine transformed the PI using the for-
mula stated above and then analysed the data using the indepen-
dent t-test analysis. The t–test was used to analyse the
significant difference between the mean arsine transformed PI
and the mean tested hypothesis PI (PI = 0). Therefore, the statistical
analysis for each mosquito species in the no-choice assay were
elaborated down below.

In the no choice assay for Ae. albopictus, the PI values in the
papaya peel extract indicate that the mosquitoes attracted to the
peel extract in all replicates with the positive PI values of 0.27,
0.14, 0.67 and 0.20 (Fig. 2A). These four PI values were then arsine
transformed before compared to the mean PI of 50:50 choice using
the t-test analysis. The Levene’s test indicates that there was
unequal variance across the samples with the p values was less
than 0.05 (F = 6.96, p = 0.04). Further analysis using t – test shows
that the mosquitoes were significantly attracted to the papaya peel
extract (M = 0.32, SEmean = 0.12) with the p values is less than 0.05
(t (3) = 4.66, p = 0.02, 95% CI = 0.37, 1.98). On the other hand, Ae.
albopictus mosquitoes were also attracted to the pineapple peel
extract in the no-choice assay test (PI = 0.33, 0.33, 0.67 and 1.00)
(Fig. 2B). Afterwards, the Levene’s test shows that there was
unequal variance across the samples with the p value less was than
0.05 (F = 6.64, p = 0.04) while the t-test indicates there was signif-
icant mosquitoes’ attraction to the pineapple peel extract
(M = 1.88. SEmean = 0.45) with the p value was less than 0.05
(t (3) = 4.17, p = 0.03, 95% CI = 0.44, 3.31). The overall result of no
choice assay for the Ae. albopictus was illustrated in Fig. 2.

Meanwhile, the result in the papaya peel extract no-choice
assay for Ae. aegypti indicates that the mosquitoes were attracted
to the peel extract in all replicates (Fig. 3A). Then, the homogeneity
test shows that there was unequal variance assumed across the
samples with p values was less than 0.05 (F = 7.98, p = 0.03).
Futhermore, there was significant difference between the mean
arcsine transformed PI of the papaya peel extract (M = 1.79,
SEmean = 0.46) and the mean tested hypothesis PI (t (6) = 2.30,
p = 0.08, 95% CI = �0.10, 3.07). The analysis suggests that Ae.
aegypti mosquitoes were attracted to the papaya peel extract.

On the other hand, the negative PI value in the first replicate for
the pineapple peel no-choice assay displays the mosquitoes repel-
lence to the peel extract. Subsequently, the last three trials show
positive PI values which indicates that the mosquitoes were
attracted to the pineapple peel extract (Fig. 3B). Moreover, the p
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values of Levene’s test is less than 0.05 (F = 157.42, p = 0.00) thus
equal variances not assumed across the samples. The t-test analy-
sis shows that the Ae. aegypti was significantly attracted to pineap-
ple peel extract (M = 2.27, SEmean = 0.51) with the p value was
higher than 0.05 (t (3) = 4.48, p = 0.02, 95% CI = 0.66, 3.89). The
result of analysis above were presented in the Fig. 3 below.

In conclusion, Ae. albopictus and Ae. aegypti mosquitoes were
often show positive PI values in the no-choice assay replicates
for the papaya and pineapple peel extracts. The analysis on the arc-
sine transformed PI also indicates that the mosquitoes were signif-
icantly attracted to the peel extracts when presented individually.
The result for no-choice assay above are display in Fig. 4.

3.2. Response of Aedes mosquito to fruit peel extracts in choice assay

In order to identify the Aedes mosquitoes preferences between
the papaya and pineapple peel extracts, the choice assay was con-
ducted using the olfactometer. The assay was carried out by expos-
ing the mosquitoes to both peel extracts simultaneously. Ae.
albopictus mosquitoes were attracted to pineapple peel extract in
first, third and fourth replicate of choice assay with positive PI val-
ues of 0.25, 0.20 and 0.33 respectively. Contrary to the result in the
pineapple peel extract, the result in the papaya peel extract
showed the mosquitoes repellence in the same replicates. Mean-
while, the Aedes mosquitoes show neutral response to both peel
extracts in the second replicate. Afterwards, the PI values were arc-
sine transformed and analysed in Levene’s and t – test. The homo-
geneity test shows that there was unequal variance across the
samples, p < 0.05 (F = 7.39, p = 0.04). Moreover, there was no signif-
icant difference between the mean arcsine transformed PI
(M = 0.80, SEmean = 0.27) and the mean tested hypothesis PI (t (3)
= 2.92, p = 0.06, 95% CI = �0.07, 1.67). Therefore, the analysis indi-
cates that the chances of Ae. albopictus mosquitoes to choose
between papaya peel and pineapple peel extracts when presented
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simultaneously were 50:50 ratio. In other words, Ae. albopictus
mosquitoes were equally attracted to both peel extracts (Fig. 5A).

In the choice assay for Ae. aegypti, the papaya peel extract dis-
play positive PI values whereas the pineapple peel extract display
negative PI values in every choice assay replicates (Fig. 5B). Further
analysis using the Levene’s test indicates that there was unequal
variance across the arcsine transformed PI with p < 0.05 (F = 6.89,
p = 0.04). On the other hand, there was significance difference
between the arcsine transformed PI (M = 1.93, SEmean = 0.42) and
the mean 50:50 choice PI (t (3) = 4.60, p = 0.02, 95% CI = 0.59,
3.26). This shows that Ae. aegypti mosquitoes were significantly
attracted to the papaya peel extract as compared to the pineapple
peel extract when present simultaneously.

Therefore, the result of choice assay indicate that the Ae.
albopictus was equally attracted to both experimental peel extracts
(Mean PI = 0.80). Alternatively, Ae. aegypti more attracted to the
papaya peel extracts (Mean PI = 1.93) (Fig. 6).
4. Discussion

Ae. albopictus and Ae. aegypti response to papaya and pineapple
peel extracts were conducted in a modified olfactometer. The
olfactometer allows the mosquitoes to be exposed to two attrac-
tants at the same time. Therefore, the response study was con-
ducted in no-choice and choice assay. In no-choice assay, the
mosquitoes were exposed to either papaya or pineapple peel
extracts whereas in choice assay the mosquitoes were exposed to
both fruit peel extracts simultaneously. In the end, the result anal-
ysis point out both Aedes species attracted to papaya and pineapple
peel extracts when present alone. On the other hand, Ae. albopictus
was equally attractted to both peel extracts unlike Ae. aegypti that
was more attracted to papaya peel extract when the peel extracts
were presented simultineously.

Aedes mosquito attraction and sugar feeding behaviour to plant
tissue, fruits, seed pods, flowering, no-flowering plants was
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observed in several studies such as Sissoko et al. (2019) and Müller
et al. (2011). However, study on fruit peel extracts were able to
attract mosquito is uncommon since fruit peels were usually
extracted for their antioxidant and antimicrobial potential
(Dabesors et al., 2017; Saraswaty et al., 2017; Ang et al., 2012).
In the present study, adult Ae. albopictus is equallty attracted to
papaya and pineapple peel extracts when both are present simul-
taneously to this mosquito species. This may be due to the species
preferences as an exophilic and exophagic mosquito. This mos-
quito species is attracted to various plants in the field and labora-
tory settings (Müller et al., 2011). In Müller et al. (2011)
unpublished laboratory result, Ae. albopictus readily feed on all
twenty eight tested sugar sources. Meanwhile, the field attraction
part of Müller et al. (2011) study has shown Ae. albopictus is signif-
icantly attracted to four of six ornamental flowers, four of eleven
wild flowers, damaged and fermenting C. siliqua, and all five of
the tested fruits with the attraction index (mean number of mos-
quitoes attracted to the baits/mean number of mosquitoes
attracted to the control) ranged from 2.5 to 50.0. Moreover, Ae.
albopictus is attracted to various plants and actively forge for sugar
sources because they need regular sugar meals for nutrition and
energy as demonstrated in laboratory and field studies (Müller
et al., 2011; Xue et al., 2010). Xue et al. (2010) had also stated that
female Ae. albopictus would starve on blood diet alone as the blood
meals only useful for eggs maturation. These mosquito species may
be attracted to the papaya and pineapple peel extracts due to their
need for regular intake of sugar meals. Therefore, they readily feed
on any available sugar sources. However, the attraction may differ
in the field setting with abundance of sugar sources.

On the other hand, Ae. aegypti is significantly attracted to
papaya peel extract only. The low attraction of Aedes aegypti to
the fruit peel extracts in general may due to their endophilic pref-
erences (Chadee, 2013; Perich et al., 2000). Female Ae. aegypti have
been found ingesting blood in the absence of sugar availability for
survival (Gary and Foster, 2001). Edman et al. (1992) study on Ae.
aegypti at domestic settings in Thailand have shown that the
blood-fed female mosquitoes survived well and rarely fed on sugar.
Therefore, Ae. aegypti may be less dependent on sugar for survival
compared to other mosquito species and seldom feed on sugar
(Edman et al., 1992). However, this contradict with Qualls et al.
(2016) fields study findings. Their study on Ae. aegypti in low and
high vegetation habitats in Durán, Ecaduar has demonstrated out-
door sugar feeding is a common behaviour in this mosquito species
(Qualls et al., 2016). They suggested that Ae. aegypti is opportunis-
tic in its sugar-feeding behaviour due to no significant difference in
staining rate by plant type and impact of habitat in their study
(Qualls et al., 2016). In the same study by Qualls et al. (2016), Ae.
aegypti collected indoors have higher sugar stain than Ae. aegypti
collected outdoors, which indicates that sugar-feeding behaviour
occurs before Ae. aegypti enter houses. This notion was supported
by Chadee et al. (2014) study which has shown both male and
female Ae. aegypti exhibit diel sugar feeding periodicity prior to
blood-feeding that generally takes places indoor for this species
with significant evening peak for both sexes at 16:00 to 18:00.

Additionally, the laboratory and field studies by Sissoko et al.
(2019) supported the attraction of Ae. aegypti to papaya peel
extract. Their laboratory study on sugar feeding of sixty Ae. aegypti
mosquitoes (30 male and 30 female) to potential sugar sources for
twenty four hours in mosquito cages. The study result indicates
that this mosquito species is attracted to Acacia macrotachia, Carica
papaya, Cucumis melo, Mangifera indica and Prosopis juliflora due to
more than 80% of mosquito population tested for presence of sugar
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is sugar positive (Sissoko et al., 2019). In the field part of Sissoko
et al. (2019) study, the female Ae. aegypti is significantly attracted
to eleven out of twenty sugar sources while male was attracted to
eight out of these. Papaya is one of the sugar sources which
attracted both male and female Ae. aegypti with attraction index
of 6.75 and 9.80 respectively.

In addition to the mosquitoes’ feeding preferences, the volatile
compounds emitted from plants also plays an important role in
attracting mosquitoes. For example, Culex pipiens and Ae. aegypti
demonstrated antennal responses to volatile compounds of Silene
otite inflorescences comprising phenylethyl alcohol, phenylac-
etaldehyde, lilac aldehydes, (Z)-3-hexenyl acetate, linalool oxide,
linalool, benzaldehyde, lilac alcohol, acetophenone, methyl salicy-
late and hexanal (Jhumur et al., 2007). Among those compounds,
linalool oxide, linalool and hexenyl acetate prompted the strongest
antennal response (Jhumur et al., 2008). Additionally, Nyasembe
et al. (2012) demonstrated Anopheles gambiae attraction to plant
compounds such as hexanal, limonene, (Z)- and (E)-linalool
farnesene. Otienoburu et al. (2012) study shown the attraction of
Culex pipiens to phenylacetaldehyde, benzaldehyde and (E)-2-
nonenal emitted from Asclepias syriaca. Nevertheless, some plant
compounds have repellent effect. Deletre et al. (2013) have tested
repellent effect of twenty plant extracts to Anopheles gambiae. They
had identified lemongrass and coleus plant extracts caused signif-
icant repellent to Anopheles gambiae at all concentrations tested.
Further phythochemical analysis found the major compund in
lemongrass and coleus were citral (75%) and epoxyocimene
(74.4%) respectively (Deletre et al., 2013).

Besides that, the phytochemical of papaya peel extract consist
of terpenoids, tannins, alkaloids, saponins steroid, phenols, fixed
oils and fats, phenolic and flavonoids compounds (Sarmad et al.,
2018). Furthermore, papaya peel also contained cysteine proteases,
papain, chymopapain, glycylendopeptidase, and caricain (Chaiwut
et al., 2010). Meanwhile, the phytochemical analysis of pineapple
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peel extract shows presence of oxalate, alkaloids, phytate, tannins,
glycosides, phenolic and flavonoids compounds (Dabesors et al.,
2017). There were identical compounds discovered in papaya and
pineaple peel extracts. The detection of identical volatile com-
pounds from different plant species in previous studies imply the
qualitative and quantitative component of plant compounds that
imparts specific sensory impression on insects rather than the
presence of a certain individual compound (Najar-Rodriguez
et al., 2010).
5. Conclusion

The result no choice assay implies Aedes mosquitoes are
attracted to papaya and pineapple peel extracts when they were
exposed to one peel at a time. However, the mosquitoes response
in choice assay when they were exposed to fruit peel extracts
simultineously indicates Ae. albopictus is attracted to papaya and
pineapple peel extracts while Ae. aegypti was significantly
attracted to the papaya peel extract only. Therefore, further study
on papaya and pineapple peel extracts to attract mosquitoes in
field setting need to be conducted to establish the attraction in
the environment with abundance of sugar sources.
Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.
Acknowledgement

The authors sincerely thanks all the organizations involved in
this project especially those that had provided the invaluable data.
Special thanks to the Faculty of Health Sciences, Universiti Tekno-
logi MARA for the technical assistance rendered. The research
herein was funded by Universiti Teknologi MARA (UiTM) (600-
IRMI/MyRA 5/3/GIP (042/2017).

References

Afify, A., Horlacher, B., Roller, J., Galizia, C.G., 2014. Different repellents for Aedes
aegypti against blood-feeding and oviposition. PLoS ONE 9, (7). https://doi.org/
10.1371/journal.pone.0103765 e103765.

Ang, Y.K., Sia, W.C.M., Khoo, H.E., Yim, H.S., 2012. Antioxidant potential of Carica
papaya peel and seed. Focus. Modern Food Industry 1 (1), 12–16.

Chadee, D.D., 2013. Resting behaviour of Aedes aegypti in Trinidad: with evidance
for the re-inroduction of indoor residual spraying (IRS) for dengue control.
Parasites Vectors 6 (1), 255.

Chadee, D.D., Sutherland, J.M., Gilles, J.R., 2014. Diel sugar feeding and reproductive
behaviours of Aedes aegypti mosquitoes in Trinidad: with implications for mass
release of sterile mosquitoes. Acta Tropica 132, S86–90.

Chaiwut, P., Pintathong, P., Rawdkuen, S., 2010. Extraction and three-phase
partitioning behavior of prote-ases from papaya peels. Process Biochem. 45,
1172–1175.

Dabesors, A.P., Asowata-Ayodele, A.M., Umoiette, P., 2017. Phytochemical
compositions and antimicrobial activities of Ananas comosus peel (M.) and
Cocos nucifera kernel (L.) on selected food borne pathogens. Am. J. Plant Biol. 2
(2), 73–76.

Edman, J.D., Strickman, D., Kittayapong, P., Scott, T.W., 1992. Female Aedes aegypti
(Diptera: Culicidae) in Thailand rarely feed on sugar. J. Med. Entomol. 29, 1035–
1038.

Fikrig, K., Johnson, B.J., Fish, D., Ritchie, S.A., 2017. Assessment of synthetic floral-
based attractants and sugar baits to capture male and female Aedes aegypti
(Diptera: Culicidae). Parasites & Vectors 10 (32).

https://doi.org/10.1371/journal.pone.0103765
https://doi.org/10.1371/journal.pone.0103765
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0010
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0010
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0015
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0015
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0015
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0020
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0020
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0020
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0025
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0025
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0025
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0030
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0030
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0030
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0030
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0035
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0035
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0035
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0040
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0040
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0040


2700 M.H. Nur Athen et al. / Saudi Journal of Biological Sciences 27 (2020) 2691–2700
Fiorenzano, F.M., Koehler, P.G., Xue, R.D., 2017. Attractive toxic sugar bait (ATSB) for
control of mosquitoes and its impact on no-target organisms: a review. Int. J.
Environ. Res. Public Health 14 (4), 398.

Gary, R.E., Foster, W.A., 2001. Effects of available sugar on the reproductive fitness
and vectorial capacity of the malaria vector Anopheles gambiae (Diptera:
Culicidae). J. Med. Entomol. 38, 22–28.

Jhumur, U.S., Dötterl, S., Jürgens, A., 2007. Electrophysiological and behavioural
responses of mosquitoes to volatiles of Silene otites (Caryophyllaceae).
Arthropod-Plant Interact. 1, 245–254.

Jhumur, U.S., Dötterl, S., Jürgens, A., 2008. Floral odors of Silene otites: their
variability and attractiveness to mosquitoes. J. Chem. Ecol. 34, 14–25.

Junnila, A., Revay, E.E., Müller, G.C., Kravchenko, V., Qualls, W.A., Allen, S.A., Schlein,
Y., 2015. Efficacy of attractive toxic sugar baits (ATSB) against Aedes albopictus
with garlic oil encapsulated in beta-cyclodextrin as the active ingredient. Acta
tropica 152, 195–200.

Maciel-de-Freitas, R., Codeço, C.T., Lourenço-de-Oliveira, R., 2007. Daily survival
rates and dispersal of Aedes aegypti females in Rio de Janeiro, Brazil. Am. J.
Tropical Med. Hygiene 76, 659–665.

Müller, G.C., Xue, R., Schlein, Y., 2011. Differential attraction of Aedes albopictus in
the field to flowers, fruits and honeydew. Acta Tropica 118, 45–49.

Najar-Rodriguez, A., Galizia, C., Stierle, J., Dorn, S., 2010. Behavioral and
neurophysiological responses of an insect to changing ratios of constituents
in host plantderived volatile mixtures. J. Exp. Biol. 213, 3388–3397.

Nor Azlina, Z., 2014. An overview of fruit supply chain in Malaysia. Jurnal Mekanikal
37, 36–46.

Nyasembe, V.O., Teal, P.E., Mukabana, W.R., Tumlinson, J.H., Torto, B., 2012.
Behavioural response of the malaria vector Anopheles gambiae to host plant
volatiles and synthetic blends. Parasites Vectors 5, 234.

Otienoburu, P.E., Ebrahimi, B., Phelan, P.L., Foster, W.A., 2012. Analysis and
optimization of a synthetic milkweed floral attractant for mosquitoes. J.
Chem. Ecol. 38, 873–881.

Perich, M.J., Davila, G., Turner, A., Garcia, A., Nelson, M., 2000. Behavior of resting
Aedes aegypti (Culicidae: Diptera) and its relation to ultra-low volume adulticide
efficacy in Panama City, Panama. J. Med. Entomol. 37, 541–546.

Qualls, W.A., Scott-fiorenzano, J., Müller, G.C., Arheart, K.L., Beier, J.C., Xue, R., 2016.
Evaluation and adaptation of attractive toxic sugar baits for Culex tarsalis and
Culex quinquefasciatus control in the Coachella Valley, Southern Calofornia. J.
Am. Mosquito Control Assoc. 34 (4), 292–299.

Ranjeet, K., Ramanuj, V., 2018. Chapter 12 - preharvest approaches to control insect
infestation in fruit. Preharvest Modulation of Postharvest Fruit and Vegetable
Quality. Bihar Agricultural University: Academic Press, pp. 301–357.
Revay, E.E., Schlein, Y., Tsabari, O., Kravchenko, V., Qualls, W., De-Xue, R., Müller, G.
C., 2015. Formulation of attractive toxic sugar bait (ATSB) with safe EPA-exempt
substance significantly diminishes the Anopheles sergentii population in a
desert oasis. Acta tropica 150, 29–34.

Saraswaty, V., Risdian, C., Promadona, I., Andriyani, R., Andayani, D.G.S., Mozef, T.,
2017. Pineapple peel wastes as a potential sources of antioxidant compunds.
IOP Conf. Series1: Earth Environ. Sci. 60, 012013. https://doi.org/10.1088/1755-
1315/60/1/012013.

Sarmad, S., Shamsa, N., Faqir, M., Bushra, A., Bilal, I., 2018. Phythochemical screening
and in-vitro evaluation of pharmacological activities of peels of Musa sapientum
and Carica papaya fruit. Nat. Product Res. 32 (11), 1333–1336.

Sissoko, F., Junnila, A., Traore, M.M., Traore, S.F., Doumbia, S., Dembele, S.M., Schlein,
Y., Traore, A.S., Gergely, P., Xue, R., Arheart, K.L., Revay, E.E., Kravchenko, V.D.,
Beier, J.C., Müller, G.C., 2019. Frequent sugar feeding behavior by Aedes aehypti
n Bamako, Mali makes them idel candidates for control with attractive toxic
sugar baits (ATSB). PLoS ONE 14(6), e0214170.

Xue, A.R., Barnard, D.R., Muller, G.C., 2010. Effects of body size and nutritional
regimen on survival in adult Aedes albopictus (Diptera: Culicidae). J. Med.
Entomol. 47 (5), 778–782.

Xue, R.D., Barnard, D.R., 2003. Boric acid bait kills adult mosquitoes (Diptera:
Culicidae). Journal of economic entomology 96 (5), 1559–1562.

Further Reading

Asghar, N., Syed Ali, R.N., Zaib, H., Nasir, Rasool, Zulfiqar, A.K., Sohail, A.S., Tauqir, A.
S., Muhammad Ramzan, S.A.J., Saeed, A.N., Zia-Ul-Haq, Muhammad, Hawa, Z.J.,
2016. Compositional difference in antioxidant and antibacterial activity of all
parts of the carica papaya using different solvents. Chem. Central J. 10 (5).

Barbosa, D.S., Rodrigues, M.M.S., Silva, A.A.E., 2019. Evaluation of attractive toxic
sugar baits (ATSB) agianst Aedes aegypti (diptera: culicidae) in laboratory.
Tropical Biomed. 36 (2), 578–586.

Gary, R.E., Foster, W.A., 2004. Anopheles gambiae feeding and survival on honeydew
and extra-floral nectar of peridomestic plants. Med. Veterinary Entomol. 18 (2),
102–107.

Muhamad, S.A.S., Jamilah, B., Russly, A.R., Faridah, A., 2017. In vitro antibacterial
activities and composition of Carica papaya cv. Sekaki/Hong Kong peel extracts.
Int. Food Res. J. 24 (3), 976–984.

Nyasembe, V.O., Torto, B., 2014. Volatile phytochemicals as mosquito
semiochemicals. Phytochem. Lett. 8, 196–201.

http://refhub.elsevier.com/S1319-562X(20)30249-7/h0045
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0045
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0045
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0050
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0050
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0050
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0055
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0055
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0055
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0060
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0060
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9005
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9005
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9005
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9005
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0065
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0065
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0065
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0070
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0070
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0075
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0075
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0075
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0080
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0080
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0085
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0085
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0085
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0090
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0090
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0090
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0095
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0095
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0095
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0100
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0100
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0100
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0100
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9010
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9010
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9010
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9010
https://doi.org/10.1088/1755-1315/60/1/012013
https://doi.org/10.1088/1755-1315/60/1/012013
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0115
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0115
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0115
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0125
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0125
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0125
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9015
http://refhub.elsevier.com/S1319-562X(20)30249-7/h9015
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0130
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0130
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0130
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0130
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0130
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0130
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0135
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0135
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0135
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0140
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0140
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0140
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0140
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0145
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0145
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0145
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0145
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0150
http://refhub.elsevier.com/S1319-562X(20)30249-7/h0150

	Bioassay studies on the reaction of Aedes aegypti & Aedes albopictus (Diptera: Culicidae) on different attractantsAedes aegypti & Aedes albopictus (Diptera: Culicidae) on different attractants --
	1 Introduction
	2 Materials and methods
	2.1 Insect colony and maintenance
	2.2 Papaya and pineapple peels extraction
	2.3 Experimental design
	2.4 Statistical analysis

	3 Result
	3.1 Response of Aedes mosquito to fruit peel extracts in no choice assay
	3.2 Response of Aedes mosquito to fruit peel extracts in choice assay

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	Acknowledgement
	References
	Further Reading


