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ABSTRACT

Introduction: This paper aimed to examine the efficacy of Carica papaya seed extract (PSE) as the oral toxin com-
ponent in two attractive toxic sugar bait (ATSB) formulations on the mortality of female Aedes aegypti and Aedes 
albopictus in a laboratory setting. Methods: Toxicity bioassays were conducted to determine the PSE concentration 
needed in ATSB formulations by exposing female Ae. aegypti and Ae. albopictus to seven different PSE concentra-
tions for 72 hours. Probit analysis, conducted at 24-hour intervals, provided the median lethal concentration (LC) 
required to kill 50% and 90% of both mosquito populations; LC

50 
and LC

90
, respectively. In two separate cages, both 

populations of Ae. aegypti and Ae. albopictus female mosquitoes were exposed to ATSB A and ATSB B for 72 hours 
to determine the mortality rate. Results: The efficacy of 1% PSE was measured by comparing the mortality rates of 
ATSB A and ATSB B against a control population. After 72 hours of exposure, the results indicated that the Ae. ae-
gypti mortality rate was significantly higher in ATSB A (82.50±3.2%) and ATSB B (80.00±2.0%) but there was no 
significant difference between Ae. albopictus mortality rates in ATSB A (90.00±2.0%) and the control group. Howev-
er, the Ae. albopictus mortality rate was found to be significantly higher in ATSB B (96.25±2.4%). Conclusion: The 
study concluded that, the addition of 1% PSE increase mortality rates in both Aedes species, especially in the  Ae. 
albopictus population.
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INTRODUCTION

Carica papaya, or papaya, is a tropical fruit available 
throughout the year. Its fruit, leaves, seed and the latex 
derived from it are used as a cure for many tropical 
diseases, hence, its common name, the “medicine 
tree” or “melon of health”(1). Active ingredients such 
as carpine, chymopapain, papain, the enzyme myrosin, 
and carpasemine are found in papaya seeds while 
delicacies and high-demand nutrient-rich drinks are 
produced from the mesocarp; or fleshy middle part of 
the fruit. However, some of the active ingredients found 
in papayas, such as carpine and papain, are toxic (2). 
Trace amounts of carpine are present in black papaya 

seeds. Several studies have examined the phytochemical 
properties of papaya seed extract in ethanolic (3-
6) and aqueous solutions (7) while plant-derived 
phytochemicals, such as alkaloids, saponin, flavanoids, 
essential oils and phenolics, have been investigated for 
insecticidal activity.  
The development of metabolic and genotypic insecticide 
resistance in mosquito populations has thwarted vector 
control efforts (8). This global and well-documented 
insecticide resistance to pyrethroid, organophosphate, 
and organochlorine pesticides (9) has led to an increase 
in studies on plant-derived insecticides in recent years. 
While plant extracts, such as Persian chrysanthemum, 
American water lily (10), paddle weed (11), false daisy, 
and   green chiretta (12) have been studied for their 
adulticide properties, papaya (13) and mangroves (15) 
have been studied for their larvicidal properties. This 
study aimed to assess the effectiveness of Carica papaya 
seed extract (PSE) as the oral toxin component in two 
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attractive toxic sugar bait (ATSB) formulations to control 
adult Ae. aegypti and Ae. albopictus populations. The 
ideal concentration of PSE for the ATSB formulations 
was selected based on a toxicity bioassay to identify the 
mean lethal concentration (LC) of PSE required to kill 
50% and 90% of both mosquito populations in 72 hours

MATERIALS AND METHODS

Rearing of Mosquito Colonies 
Eggs of both Aedes laboratory strains were obtained 
from the insectarium of Vector Control and Research 
Unit (VCRU), Universiti Sains Malaysia and maintained 
at 25°C to 28°C, a relative humidity of 60% to 70% and 
a light to dark photoperiod of 12-12 hours. To feed the 
larvae after hatching, an easily-digestible fine powder 
of 2:1:1:1 weight ratio of cat food, beef liver, yeast, and 
milk was applied on the water’s surface once every two 
days. They were fed 0.8 mg/larva for the first and second 
instars and 1.6 mg/larva for the third and fourth instars 
(16). The newly-emerged pupae were then placed 
in a transpar¬ent plastic container filled with 700mL 
dechlorinated water. The opening of the container was 
covered with a net and a hole was made to insert or 
remove mosquitoes. The female mosquitoes were fed 
artificial blood consisting of 200 mg/mL bovine serum 
albumin (BSA) (Sigma–Aldrich Co., LLC) and 1 mM 
adenosine triphosphate (ATP) (Sigma–Aldrich Co., LLC) 
dissolved in phosphate-buffered saline (NaCl [137 mM], 
Na2HPO4 [10 mM], KH2-HPO4 [1.76 mM],KCl [2.68 
mM], pH7.4) (17).

Preparation of Papaya Seeds
Twenty fresh papayas, at the commercial ripening stage, 
were purchased from selected supermarkets in Telipok, 
Sabah. The fruits were washed thoroughly to remove any 
mud or debris before a spoon was used to collect only 
the seeds. The seeds were washed again then spread 
out on an aluminium tray and microwaved (Panasonic® 
NN-ST25JB) for eight minutes on medium heat. This 
drying process is important to avoid degradation (18). 
The dried seeds were then blended (Panasonic® MX-
GM1011 H) into a powder, for maximum contact with 
the 90% ethanol solution, then transferred to an airtight 
plastic bag and stored in a dry place. Since the 20 
papayas yielded 43.35g of dried papaya seed powder, 
therefore, one papaya is estimated to yield 2.17g of 
dried papaya seed powder.

Preparation of Papaya Seed Extract (PSE) and Stock 
Solution
The seed extraction method was adapted and modified 
from Anuradha et al. (19). An analytical balance (Adam 
Equipment Inc) was used to measure out 5g to 10g of 
the papaya seed powder to be placed in a thimble made 
of a filter paper. Since the active ingredients in plants 
are more soluble in organic solvents, 90% ethanol 
was used in this study. The thimble was placed in an 
extraction chamber with 250mL of 90% ethanol in the 

boiling flask. The ethanol was then boiled over medium 
heat in a Soxhlet extractor for 4 hours. This seed 
extraction process was brief due to the small quantity 
of papaya seed powder in the Soxhlet extractor at that 
time. The resulting papaya seed extract (PSE) was then 
filtered through a 0.45μm filter paper (Whatman®), to 
remove any powder residue, before being placed in a 
rotary evaporator (Heidolph Hei-VAP Value) at 70°C to 
concentrate the extract. After the solvent was removed, 
the PSE was filtered again then stored in a glass bottle. 
Since 43.35g of papaya seed powder yielded 23.4mL of 
PSE, therefore, 1g of papaya seed powder is estimated 
to yield 0.5mL of PSE. A 2% PSE stock solution; 2mL 
PSE and 98mL acetone; was prepared for the toxicity 
bioassay and mortality test. For the toxicity bioassay, the 
2% PSE stock solution was serial diluted with distilled 
water to produce six more PSE solutions containing 
0.5%, 0.7%, 0.8%, 0.9%, 1.0%, and 1.5%, respectively. 
10% simple syrup was then added to each of the seven 
PSE solutions to encourage mosquitoes to feed on the 
solutions (20). 

Preparation of Attractive Sugar Bait (ASB) and 
Attractive Toxic Sugar Bait (ATSB) 
Attractive Sugar Baits (ASBs): The ASBs consisted of 
either papaya peel or pineapple peel extract and 10% 
simple syrup. ASB A was created by adding 10mL simple 
syrup to a beaker of 90mL papaya peel extract then 
stirring, using a magnetic stirrer, to form a homogenised 
mixture. Simple syrup was prepared by heating a 1:1 
weight/volume (w/v) ratio of white granulated sugar 
(Gula Prai, MSM Prai Berhad, Malaysia) and distilled 
water to 100°C (21). 10 drops of green food dye were 
added to ASB A before refrigeration at 4°C. The green 
dye enabled us to identify which mosquitoes had died 
after consuming this solution by examining the stomach 
region of each mosquito under a handheld microscope 
(Dino-Lite Digital Microscope). ASB B was produced 
similarly using pineapple peel extract instead of papaya 
peel extract. Two pieces of cotton wool were then 
separately soaked with each ASB solution and stored in 
glass bottles for use in the mortality test.

Attractive Toxic Sugar Baits (ATSBs): The ATSBs consisted 
of either papaya peel or pineapple peel extract, 10% 
simple syrup as an attractant; and 1% PSE as an oral 
toxin. ATSB A was created by combining ASB A (10mL 
simple syrup and 90mL papaya peel extract) and 100mL 
of 2% PSE stock solution. The present study used 1% 
PSE since the toxicity bioassay indicated that, in 72 
hours, the LC

50 
and LC

90
 for Ae. aegypti were 0.79% 

and 1.16%, respectively, and the LC
50

 and LC
90

 for Ae. 
albopictus were 0.77% and 0.96%, respectively. 10 
drops of orange food dye were added to ASTB A before 
refrigeration at 4°C. ASTB B was produced similarly 
using pineapple peel extract and red food dye instead. 
Two pieces of cotton wool were then soaked with each 
ATSB solution and stored in glass bottles. The food dyes 
enabled us to identify which mosquitoes had died after 
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ingesting which solution by examining the stomach 
region of each mosquito under a handheld microscope 
(Dino-Lite Digital Microscope). Papaya and pineapple 
peel extracts were selected as the attractants because 
previous research showed that Ae. aegypti and Ae. 
albopictus mosquitoes are attracted to them (25).

Experimental Design
5 to 7-day old adult, female Aedes mosquitoes were 
used in this study since this mosquito genus is said to 
exhibit both sugar feeding and blood feeding behaviours 
at this age (21). Only female Aedes mosquitoes were 
selected because the dyes used to label the ASB and 
ATSB solutions were more easily observable under 
a handheld microscope in the stomachs of female 
mosquitoes as opposed to male mosquitoes. This was 
established during our pilot study. 

PSE Toxicity Bioassay 
The PSE toxicity bioassay was conducted to verify the 
mean lethal concentration of PSE needed to kill 50% 
and 90% (LC

50
 and LC

90
, respectively) of female Ae. 

aegypti and Ae. albopictus populations in 72 hours. 
Since the Aedes mosquitoes were to be exposed to 
seven varying PSE concentrations (0.5, 0.7, 0.8, 0.9, 1.0, 
1.5 and 2.0%), seven mosquito cages, each measuring 
15cm x 15cm x 15cm and containing 20 female Ae. 
aegypti mosquitoes, were prepared. Each of the seven 
varying PSE concentrations were soaked into separate 
pieces of cotton wool, placed into glass bottles and 
inserted into their respective mosquito cages. The PSE-
soaked cotton wool piece in each cage was replaced 
daily with the exact same PSE concentration to maintain 
potency and freshness. Over the 72-hour observation 
period, the numbers of dead mosquitoes were recorded 
and removed daily. The experiment was then repeated 
using Ae. albopictus mosquitoes. 

Mortality Rate of Mosquitoes in ATSB Solutions
The mortality test was conducted to determine the 
efficacy of 1% PSE as an oral toxin component in two 
ATSB formulations to kill Ae. albopictus and Ae. aegypti 
mosquitoes.The ASB solutions acted as a negative 
control in the mortality test since they did not contain 
any PSE and, therefore, would not affect the mortality 
rate of the mosquito populations.   This made them ideal 
to elucidate the efficacy of 1% PSE as an adulticide in 
the ATSB solutions. The PSE concentrations used in this 
test were selected based on the 72-hour LC

50 
and LC

90 

results of the toxicity bioassay. Two 15cm x 15cm x 
15cm mosquito cages (experiment and control), each 
containing 20 female Ae. aegypti mosquitoes, were 
prepared and labelled accordingly. The ATSB A and ASB 
A solutions were then placed in each cage and replaced 
daily to maintain potency and freshness. Throughout 
the observation period, the number of dead mosquitoes 
were recorded and removed daily. The mortality test was 
repeated using Ae. albopictus and the ATSB B and ASB 
B solutions. Table I summarises mortality test findings. 

Statistical Analysis
The toxicity bioassay and mortality test were each 
conducted four times to obtain mean data. For the 
toxicity bioassay, the 72-hour mosquito mortality 
rate and PSE concentration of each of the seven PSE 
concentrations was subjected to probit analysis. The 
probit-log(concentration) regression model was used to 
calculate the LC

50
, LC

90
 and 95% confidence limits (95% 

CL) of Ae. aegypti and Ae. albopictus at 24-hour intervals 
(23). Levene’s Test was used to assess the homogeneity 
of variance between the ATSB and ASB groups. Equal 
variance, across the data groups, was assumed when p 
values were more than 0.05. The independent t-test was 
used to determine if there was a statistically significant 
difference in mortality rates between the two ATSB 
solution groups. This was performed by comparing the 
mean percentage of mosquito mortality in the ATSB 
solution group (experiment) to the mean percentage 
of mosquito mortality in the ASB group (control) at 
24-hours intervals (27). The independent t-test was run 
on the data with a 95% confidence interval (CI) and 
the mean percentage of mosquito mortality in the sugar 
baits was considered significantly different when the p 
values were less than 0.05. All statistical analyses were 
conducted using IBM SPSS Version 21. 

RESULTS

PSE Toxicity Bioassay for Ae. aegypti and Ae. 
albopictus 

The probit analysis revealed that the 24-hour LC
50 

and LC
90

 were 2.96% (95% CL= 0) and 12.11% (95% 
CL= 0), respectively, for Ae. aegypti and 2.78% (95% 

Table I: Mortality test of Ae. aegypti and Ae. albopictus in 
sugar baits

Mosquito 
species

Mortality test

Experiment Control

Ae. aegypti

ATSB A

(Papaya peel extract + 
10% simple syrup + 1% 
papaya seed extract)

ASB A

(Papaya peel extract 
+ 10% simple syrup)

ATSB B

(Pineapple peel extract + 
10% simple syrup + 1% 
papaya seed extract)

ASB B

(Pineapple peel ex-
tract + 10% simple 
syrup) 

Ae. albopictus

ATSB A

(Papaya peel extract + 
10% simple syrup + 1% 
papaya seed extract)

ASB A

(Papaya peel extract 
+ 10% simple syrup)

ATSB B

(Pineapple peel extract + 
10% simple syrup + 1% 
papaya seed extract)

ASB B

(Pineapple peel ex-
tract + 10% simple 
syrup)

Note: ATSB = attractive toxic sugar bait; ASB = attractive sugar bait.
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CL= 0) and 9.06%  (95% CL= 0), respectively, for Ae. 
albopictus. The 48-hour LC

50
 and LC

90
 were 1.61% 

(95% CL= 0) and 9.50% (95% CL= 0), respectively, for 
Ae. aegypti and 0.90% 95% CL= 0.03-1.45) and 2.13% 
(95% CL= 1.27-10.59), respectively, for Ae. albopictus. 
Lastly, the 72-hour LC

50 
and LC

90 
for Ae. aegypti were 

0.79% (95% CL= 0.35-0.93) and 1.16% (95% CL= 1.00-
1.98), respectively, while the 72-hour LC

50 
and LC

90 
for 

Ae. albopictus were 0.77% (95% CL= 0.30-0.87) and 
0.96% (95% CL= 0.85-2.61), respectively. The analysis 
showed that every LC

50
 and LC

90 
value in the Ae. aegypti 

group was higher than the Ae. albopictus group. This 
indicated that PSE was more toxic to Ae. albopictus 
populations than to Ae. aegypti populations. Based 
on the mean lethal concentration values after 72-hour 
exposure to varying PSE concentrations, 1% PSE was 
chosen as the oral toxin in the ATSB formulation. Table 
II illustrates the lethal concentrations needed to kill 50% 
and 90% of Aedes mosquito populations at 24-hours 
interval.

The Mortality Rate of Ae. aegypti and Ae. albopictus 
in Sugar Baits 
Ae. aegypti: Levene’s test showed that an equal variance 
was assumed across the data groups (p> 0.05). The first 
independent t-test compared mosquito mortality rates 
between ATSB A and ASB A, and found that after 24 
hours of exposure, ATSB A’s mortality rate (40.00 
±6.1%) was significantly higher than ASB A’s (13.75 
±6.3%) (t(6) = 3.000, p = 0.02, 95% CI = 4.84-47.66). 
Similar t-test results were obtained when the mosquito 
mortality rates between ATSBs and ASBs 48 hours after 
exposure were compared, i.e, ATSB A (73.75 ±4.3%) 
had significantly higher mosquito mortality rates than 
ASB A (36.25 ±7.2%) (t(6) = 4.489, p = 0.00, 95% CI 
= 17.06-57.94). Lastly, the mosquito mortality rate after 
72 hours of exposure to ATSB A (82.50 ±3.2%) was also 
significantly higher than ASB A (55.00 ±2.0%) (t(6) = 
7.201, p = 0.00, 95% CI = 18.16-37.84). 
The second independent t-test compared mosquito 

mortality rates between ATSB B and ASB B. There was 
no significant difference between the mosquito mortality 
rate after 24 hours of exposure to ATSB B (22.50 ±2.5%) 
and ASB B (25.00 ±2.0%) (t(6) = -0.775, p = 0.47, 95% 
CI = -10.40-5.40). However, the mosquito mortality rate 
after 48 hours of exposure to ATSB B (60.00 ±2.0%) was 
significantly higher than ASB B (41.25 ±4.7%)  (t(6) = 
3.638, p = 0.01, 95% CI = 6.14-31.36). The mosquito 
mortality rate after 72 hours of exposure to ATSB B (80.00 
±2.0%) was also higher than ASB B (51.25 ±2.4%) (t(6) 
= 9.139, p = 0, 95% CI = 21.05-36.45). Therefore, the 
addition of 1% PSE in the ATSBs increased  Ae. aegypti 
mortality rates of by more than 80% after 72 hours of 
exposure. Additionally, Ae. aegypti displayed toxicity to 
solutions containing only papaya and pineapple peels as 
exhibited by the more than 50% mortality rate after 72-
hour exposure. Table III and Figure I show Ae. aegypti 
mortality rates in both ATSBs and ASBs.

Ae. albopictus: Levene’s test showed that an equal 
variance was assumed across the data groups (p> 
0.05). The mean mortality rate after 24-hour exposure 
to ATSB A (22.50±3.2%) was significantly higher than 
ASB A (mean mortality of 12.50 ±1.4% (t(6) = 2.828, p 
= 0.03, 95% CI = 1.35-18.65)). The mortality rate after 
48 hours was also significantly higher in ATSB A (56.25 
±2.4%) than in ASB A (43.75 ±3.8%) (t(6) = 2.810, p 
= 0.03, 95% CI = 1.61-23.39). However, there was no 
significant difference in the mortality rates after 72 hours 
of exposure between ATSB A (90.00 ±2.0%) and ASB A 
(86.25 ±2.4%) (t(6) = 1.192, p = 0.28, 95% CI = -3.95-
12.45).

The independent t-test results, however, indicated that 
there was significant difference in the mortality rate after 
24 hours with ATSB B (32.50 ±4.3%) recording higher 
mortality than ASB B (10.00 ±2.0%) (t(6) = 4.700, p = 
0.03, 95% CI = 10.79-34.21). The mortality rate after 
48-hour exposure to ATSB B (82.50 ±3.2%) was also 
significantly higher than in ASB B (31.25 ±2.4%) (t(6) = 
12.755, p = 0.00, 95% CI = 41.42-61.08). Finally, the 
mortality rate after 72 hours of exposure was higher in 
ATSB B (96.25 ±2.4%) than in ASB B (52.50 ±1.4% (t(6) 
= 15.652, p = 0.00, 95% CI = 39.61-50.59)). The result 

Table II	 :Toxicity of papaya seed extract against Ae. ae-
gypti and Ae. albopictus in every 24 hours interval

Mos-
quito 

species

n
After 24 hours After 48 hours After 72 hours

LC50 

(%)  
(95% 
CL)

LC90 

(%) 
(95% 

CL

LC50 

(%)  
(95% 
CL)

LC90 

(%) 
(95% 
CL)

LC50 

(%)  
(95% 
CL)

LC90 

(%) 
(95% 
CL)

Ae. 
aegypti

20
2.96 
(0)

12.11 
(0)

1.61 
(0)

9.50 
(0)

0.79

(0.35-
0.93)

1.16

(1.00-
1.98)

Ae.  
albopic-
tustus

20
2.78 
(0)

9.06 
(0)

0.90

(0.03-
1.45)

2.13

(1.27-
10.59)

0.77

(0.30-
0.87)

0.96

(0.85-
2.61)

Note: n = number of mosquitoes used in the bioassay; LC = lethal concentration; and 95% 
CL = 95% confidence limit.

Figure I: The mortality of Ae. aegypti in ATSBs and ASBs. The stacked 
bar graph represent the cumulative mortality in 24 hours interval for 
three-day period of test.
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showed that papaya and pineapple peel extracts were 
toxic to Ae. albopictus, especially papaya peel extract 
which caused up to 80% mortality after 72 hours of 
exposure. The addition of 1% PSE, mainly to ATSB B, 
was found to increase Aedes mortality. Table IV and 
Figure II summarise Ae. albopictus mortality rates in 
both ATSBs and ASBs.

DISCUSSION

The probit analysis showed that, at every time interval, 

the LC
50

 and LC
90 

values of the    Ae. albopictus group 
were lower than the Ae. aegypti group. This may 
be because PSE is more toxic to adult female Ae. 
albopictus. The difference in toxicity also may be 
due to high insecticide resistance among Ae. aegypti 
populations that undergo high selection pressure due 
to liberal insecticide application in urban environments 
(25). The LC

50
 results of PSE have been compared to 

the LC
50

 results of other oral toxin, such as boric acid, 
to verify its efficacy. A study by Barbosa et. al. (24) 
attempted to determine the lethal concentration of boric 
acid needed to kill 50% (LC

50
) of male and female Ae. 

aegypti mosquito populations at 24-hour and 48-hour 
intervals. They found that the adult male Ae. aegypti 
mosquito required an LC50 of 1.15% at 24 hours and 
0.57% at 48 hours, while the adult female required 
1.08% and 0.53%, respectively (26). Meanwhile, Xue 
and Donald (29) investigated the LC

50 
of boric acid 

needed at 24-hour and 48-hour intervals for male and 
female Ae. albopictus populations and discovered that 
while the adult males required only 0.174% at 24 hours 
and 0.078% at 48 hours, the females required 0.527% 
and 0.244%, respectively (29). The LC

50
 of PSE needed 

for the adult female Ae. aegypti and Ae. albopictus 
populations in this study were higher than the LC50 of 
boric acid. This indicates that both Aedes mosquitoes 

Table III	  
Cumulative mortality of female Ae. aegypti after 
exposed to ATSBs and ASBs for 72 hours

Sugar Baits Cumulative Mortality (%)

24 Hours 48 hours 72 hour

Mean 
(±SE)

p 
val-
ue

Mean

(±SE)

p 
value

Mean

(±SE)

p 
value

ATSB A

(papaya peel 
extract + 10% 
simple syrup 
+ 1% papaya 
seed extract)

40.00 
(±6.1)

0.02 73.75 
(±4.3)

0.00 82.50 
(±3.2)

0.00

ASB A

(papaya peel 
extract + 10% 
simple syrup)

13.75 
(±6.3)

36.25 
(±7.2)

55.00 
(±2.0)

ATSB B

( p i n e a p p l e 
peel extract 
+ 10% simple 
syrup + 1% 
papaya seed 
extract)

22.5 
(±2.5)

0.47 60.00 
(±2.0)

0.01 80.00 
(±2.0)

0.00

ASB B

( p i n e a p p l e 
peel extract 
+ 10% simple 
syrup)

25.0 
(±2.0)

41.25 
(±4.7)

52.25 
(±2.4)

Note: the p values shown in the table are from the independent t-test analysis.

Table IV	  
Cumulative mortality of female Ae. albopictus after 
exposed to ATSBs and ASBs for 72 hours

Sugar Baits Cumulative Mortality (%)

24 Hours 48 hours 72 hour

Mean 
(±SE)

p 
value

Mean

(±SE)

p 
value

Mean

(±SE)

p 
value

ATSB A

(papaya peel 
extract + 10% 
simple syrup 
+ 1% papaya 
seed extract)

22.50 
(±3.2)

	
0.03

56.25 
(±2.4)

0.03

90.00 
(±2.0)

0.28

ASB A

(papaya peel 
extract + 10% 
simple syrup)

12.50 
(±1.4)

43.75 
(±3.8)

86.25 
(±2.4)

ATSB B

(pineapple peel 
extract + 10% 
simple syrup 
+ 1% papaya 
seed extract)

32.50 
(±4.3)

0.02

82.50 
(±3.2)

0.01

96.25 
(±2.4)

0.00

ASB B

(pineapple peel 
extract + 10% 
simple syrup)

7.50 
(±2.5)

32.50 
(±2.5)

52.50 
(±2.5)

Note: the p values shown in the table are from the independent t-test analysis.

Figure II: The mortality of Ae. albopictus in ATSBs and ASBs. The 
stacked bar graph represent the cumulative mortality in 24 hours 
interval for three-day period of test.
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were more susceptible to boric acid than PSE.

However, the mortality test results of this study 
showed that papaya and pineapple peel extracts 
alone were highly toxic to adult female Ae. aegypti 
and Ae. albopictus mosquitoes and that 1% PSE acted 
as an enhancer. This was true for both Aedes species, 
particularly Ae. albopictus. While ASB A caused more 
than 50% mortality in Ae. aegypti populations within 
72 hours, it caused more than 80% mortality in Ae. 
albopictus populations while ASB B cause more than 
50%. Conversely, both ATSB formulations caused more 
than 90% and 80% mortality in Ae. aegypti and Ae. 
albopictus populations within 72 hours. 

A notable previous study involving ATSB formulations 
was carried out by Barbosa et al. (20). This study 
evaluated the mortality rate of male and female Ae. 
aegypti in three ATSB formulations within 24 hours. 
The ATSBs were prepared with three different fruits: 
mango (Mangifera indica), guava (Psidium guajava) and 
cupuaçu (Theobroma grandiflorum). Each fruit was then 
incorporated with 15% brown sugar and 4% boric acid 
to form the ATSB formulations while the ASB solutions 
(control) were formulated without boric acid. Their study 
showed that the general mosquito mortality rate in ATSB 
and ASB were 0.81 (81%) and 0.10 (10%) for males 
respectively; 0.61 (61%) and 0.12 (12%) for females. 
The ASB from Barbosa et. al. (24) had low mortality rates, 
therefore, the fruit composition of the ATSB formulation 
did not affect male and female mortalities. This was in 
contrast with our study, wherein papaya and pineapple 
peel extracts were toxic to adult female Ae. aegypti and 
Ae. albopictus populations. Moreover, the mortality rate 
of adult female Ae. aegypti after 24-hour exposure to 
4% boric acid was higher than the mortality rate of adult 
female Ae. aegypti after 24-hour exposure to 1% PSE (≤ 
40% mortality rate). Therefore, 4% boric acid is more 
toxic to adult female Ae. aegypti than 1% PSE used in the 
present study.Xue and Donald (26) aimed to determine 
the effect of 48-hour exposure to toxic sugar bait (1% 
boric acid + 10% sucrose solution) on the mortality rate 
of blood fed, gravid, and parous Ae. albopictus. Their 
study found a 98% mortality rate in blood fed, gravid, 
and parous Ae. albopictus. The mortality rate of adult 
female Ae. albopictus in both ATSB formulations at 48 
hours is lower. This may be because adult female Ae. 
albopictus are more vulnerable to 1% boric acid than 
1% PSE.

CONCLUSION

A 1% concentration of papaya seed extract (PSE) was 
selected as the oral toxin component of two ATSB 
formulations based on a 72-hour toxicity bioassay of Ae. 
aegypti and Ae. albopictus mosquitoes. The mortality 
test results indicated that papaya and pineapple peel 
extract alone demonstrate toxicity and that the addition 

of PSE only enhanced their toxicity to both Aedes 
species, especially Ae. albopictus. 
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