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Objective In recent years, essential oil-based larvicides have been introduced as alternatives to industrial ones. However, an appreciable 
formulation of essential oils with prolonged larvicidal activity (LA) has not yet been developed.
Methods In this study, tarragon essential oil (TEO) was encapsulated in chitosan nanoparticles using ion gelation technique. Physicochemical 
properties and duration of LA of the prepared nanoformulation were investigated.
Results Encapsulation efficiency of the optimum nanoformulations with a particle size of 168 ± 90 nm was calculated as 39.66% using 
UV–Vis analysis. Encapsulating TEO in chitosan–tripolyphosphate nanocapsules was shown to increase its efficiency in LA at SSF test: 
Perfect LA (100% mortality) was achieved at lower concentration (i.e. 31 μg/mL instead of 80 μg/mL). Also, perfect LA continued for 4 and 
3 days, compared with 2 days and 1 day for the non-encapsulated form of TEO in the lab and SFF tests, respectively. Besides, the duration 
of LA of nanoformulation was significantly longer than its corresponding microformulation with the same concentration of ingredients. 
Furthermore, the concentration of TEO in the solution tests was also monitored and it was found that the nanoformulations provide a 
sustained release of TEO. Moreover, there was a logical relationship between LA and concentration of TEO in different hours.
Conclusion This prepared nanoformulation could be introduced as an interesting alternative to synthetic larvicides, due to its easy and fast 
method of preparation and its green constituents.
Keywords nanoencapsulation, tarragon essential oil, larvicidal activity, Anopheles stephensi, chitosan nanocapsules

Introduction
Malaria is still regarded as a global public health problem: an 
estimated death of 429,000 was caused by malaria just in the 
year 2015, with transmission occurring in 91 countries around 
the world.1 Controlling mosquito larvae, especially in the 
endemic region, is probably the easiest and the best cost- 
effective way to control mosquito-borne diseases and elimi-
nate disease transmission.2–4 However, occurring resistance in 
mosquitoes, environmental pollution, and adverse effects on 
non-target species have been observed due to the continuous 
use of synthetic larvicides. In case of resistance, a study by 
Peiris et al.5 was one of the first reports on the occurrence of 
resistance in mosquitoes (i.e. Culex quinquefasciatus) against 
Temephos. Since then, several reports on the occurrence of 
resistance in other mosquitoes population have been pub-
lished e.g. in Aedes aegypti,6–8 and Anopheles stephensi.9–11

To overcome the mentioned problems, encapsulations of 
active agents have been proposed. Generally, by encapsulation 
of active components and providing a sustained release, two 
effects are expected: reduced side effects and prolonged 
activity.12–14 For example, encapsulation of Temephos in poly-
ethylene glycol (PEG), and chitosan/alginate/gelatin against 
Culex spp. led to the reduction of side effects on non-target 
species and environment by controlling the release of the 
larvicide.15,16

An interesting alternative for synthetic larvicides is the 
use of plant-derived essential oil/extraction. Lethal concentra-
tion 50% (LC50) has been reported for many essential oils  
such as Citrus aurantium (LC50: 31.20 μg/mL), Citrus paradise 

(LC50: 35.71 μg/mL) and Kelussia odoratissima (LC50: 4.77  
μg/mL) against A. stephensi.17,18 Besides, LC50 of leaf extracts of 
Acanthospermum hispidum and Cleistanthus collinus against 
A. stephensi were reported as 20.96 and 67.20 μg/mL, 
respectively.19,20

However, the main disadvantage of plant-derived essen-
tial oils is their very short shelf-life due to evaporation. Thus, 
many attempts have been made to encapsulate essential oils 
for the control of insects both in agriculture (pests) or urban 
and rural life (vermin and vectors). For instance, PEG nano-
capsules containing Garlic essential oil showed better mor-
tality (80%) compared with the free EO (11%) after 5 months 
against Tribolium castaneum.21 However, no work so far has 
reported of a long-lasting larvicidal activity (LA) in aqueous 
media when nanoformulations of essential oil have been 
prepared.22–26

Artemisia dracunculus, known as tarragon belongs to 
Asteraceae family; different properties of its essential oil/
extract were confirmed in recent years. For example, adjusting 
the level of blood glucose19,20 or the inhibition of blood platelet 
adhesion.27,28 In this study, for the first time, a sustained release 
nanoformulation of tarragon essential oil (TEO) has been 
introduced and its release profile has been monitored. 
 Furthermore, by encapsulating the TEO in chitosan nanocap-
sules, we tried to overcome the volatility of TEO and increasing 
continuity of LA. Also, LA of nanoformulation was compared 
with microformulation, with the same concentration of 
ingredients.
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Materials and Methods
Materials
Chitosan (Mw = 100 kD, DD = 93%) was bought from Easter 
Holding Group (China), TEO was purchased from Zardband 
Pharmaceuticals Co (Iran), stored at 4–6°C, away from 
 sunlight. Tween 20 (TW), ethanol (Eth), tripolyphosphate 
(TPP) and acetic acid were supplied from Merck Chemicals 
(Germany).

Evaluation of Larvicidal Properties of TEO and 
Selected Nanoformulations
Larvicidal activity of TEO in the lab test was performed in our 
previous research (LC50 and LC90; 11.36 and 17.54 μg/mL, 
respectively).29 In this study, LA of TEO was evaluated under 
simulated semi-field (SSF) condition i.e. 34 ± 6°C with 12:12 
light and dark photoperiods and 25 ± 10% relative humidity, 
comparable with temperature and humidity in a shaded loca-
tion, during the hot season of Tehran (Research location).

Furthermore, the duration of LA of each of the selected 
nanoformulations (i.e. F1, F2, and F3) was compared with 
similar concentrations of TEO dissolved in Eth (bulk TEO), in 
both lab and SSF tests in line with WHO guidelines with some 
modifications.30 It should be noted that lab investigations were 
performed under recommended conditions (i.e. 28 ± 1°C with 
12:12 light and dark photoperiods and 65 ± 5% relative 
humidity).

For both types of larvicidal bioassays (i.e. lab and SSF), 
laboratory-reared 3rd and 4th instar larvae of A. stephensi were 
obtained from the department of medical entomology, Tehran 
University of Medical Sciences. Tests were repeated 12 times in 
three different replicates. In each replicate, two control groups 
were considered; having 1 mL of Eth and nanoformulation 
without TEO [F(-oil)]. During the tests, containers were iso-
lated from the environment with help of nets, to prevent envi-
ronment mosquitoes mixing with larvae of the tests.

Determining a Diagnostic Dose of TEO in SSF Test
Bulk TEO stock solution (20 µL/mL) was prepared by dis-
solving and diluting with Eth to prepare working standard 
solutions. One mL of working standard solutions was added to 
containers with 199 mL of no chlorine water to obtain bulk 
TEO concentrations of 20, 40, 80 and 100 μg/mL in each 
 container. Containers solution was mixed. Then, batches of  
25 larvae were added to each container. After 24 h of exposure, 
dead larvae were counted. The lowest concentration of bulk 
TEO that had perfect LA (100%) was selected as the diagnostic 
dose for SSF test.

Evaluating the Continuity of LA of Selected 
Nanoformulation in Lab and SSF Tests
In summary, batches of 25 larvae were added to containers 
having 199 mL with no chlorine water. By adding 1 mL from 
bulk TEO or nanoformulations (i.e. F1, F2, and F3), TEO con-
centration in each container was eventually fixed at 18, 50 or 
80 μg/mL. After 24 h of exposure and counting the dead larvae, 
all the larvae (both dead and live) were removed using rubber 
pipette and other batches of 25 live larvae were added to the 
containers. The tests were stopped when LA of containers 
equalled that of containers having controls. The tests were dis-
carded when mortality in control groups (containing Eth) 
increased to 5%, to ensure the accuracy of the test.

Preparation of Chitosan Nanocapsules 
Containing TEO
From the larvicidal bioassays on bulk TEO, three different 
concentrations of TEO were selected for encapsulating in chi-
tosan nanocapsules. The lowest amount of TEO (i.e. 0.36%) 
was comparable with LC90 of bulk TEO in the lab test and 
highest amount (i.e. 1.60%) was equal to the concentration of 
bulk TEO having perfect LA in SSF test. A third concentration 
was also studied as a value between the two values mentioned 
above (i.e. 1.00%).

To prepare chitosan nanocapsules containing TEO, ion 
gelation technique with some modifications was used.31 Briefly, 
stock solutions of chitosan were prepared by dissolving chi-
tosan (3% w/w) in an aqueous solution of acetic acid  
(1% w/w). Different working aqueous solutions of chitosan 
(i.e. 0.05, 0.1, 0.2, 0.4, and 0.8%) were prepared by dilution of 
stock solution with acetic acid (1% w/w). After mixing TEO, 
TW and Eth (600 rpm, room temperature, and 15 min), 
working chitosan solutions were added dropwise, for pre-
paring a homogenized mixture. For the formation of chitosan 
nanocapsules containing TEO, aqueous solutions of TPP (i.e. 
0.02, 0.04, 0.07, and 0.1% w/w) were added to each mixture at 
once. The mixtures were then stirred for 30 min (1800 rpm) at 
room temperature.

It should be noted that, at each concentration of TEO, a 
fixed amount of TW and Eth was used to form a homogeneous 
mixture under the mentioned condition (600 rpm, room tem-
perature, and 15 min). By using TEO 0.36%, TW 2.5% and Eth 
7.14% was used. However, at TEO 1.00%: TW and Eth 3.00 and 
6.00%, were used respectively. Moreover, TW 2.80% and Eth 
5.80% were added using TEO 1.6%.

Characterization of the Nanoformulations
Particle size (PS) and particle size distribution (PSD) of the 
formulations were determined using dynamic light scattering 
(DLS, scatteroscope-I, K-ONE, Korea), and confirmed by 
transition electron microscopy (TEM, LEO 906E Zeiss, Ger-
many). D50, as reported by the DLS instrument, was taken as 
PS. PSD was calculated using Eq. (1). Measuring the size of the 
nanocapsules samples was repeated at three different times 
and the mean ± standard deviation was reported as the final 
size.

    PSD =
d
d

75
25

 (1)

In each of the three concentrations of TEO, one formula-
tion with the smallest size (named F1, F2, and F3) was selected 
for further investigation such as characterization and larvi-
cidal bioassays. For determining the encapsulation efficiency 
of the selected nanoformulations, the samples were centri-
fuged under defined conditions (i.e. 4°C, 17 700 g and 60 
min). By determining the amount of TEO in the supernatant 
using UV–Vis spectroscopy (CE 7250 Double Beam Spectro-
photometer, Cecil, UK) and deducing it from initial amount, 
using a specific regression equation, encapsulation efficiency 
was calculated [see Eq. (2)]. Nanoformulations without TEO 
[F(-oil)] were also prepared and used as blank samples.

Encapsulation 
efficiency %  =

Initial amount of TEO  
The a( )

-
mmount of TEO in supernatant
Initial amount of TEO

´100  (2)
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To determine the weight of residue after centrifugation of 
formulation, after discarding the supernatant, upside down 
falcons containing the residue and were kept at 70°C for 30 
min to evaporate its moisture. Using Eq. (3), the loading 
capacity of selected nanoformulations was calculated. Deter-
mining the encapsulation efficiency and loading capacity for 
three selected nanoformulations were repeated at three dif-
ferent times and the mean ± standard deviation was reported 
as the final data.

    
Loading 
capacity %  = Encapsulated TEO

Total weight of prec
( )

iipitate
´100  (3)

Monitoring Concentration of TEO during 
Larviciding Test
To investigate the reason for longer durability of LA of the 
optimum nanoformulation (F3) in comparison with its corre-
sponding bulk TEO, the concentration of TEO was monitored 
during lab and SSF tests, using UV–Vis spectroscopy. It should 
be noted that F3 has been selected as optimum nanoformula-
tion due to longer durability of LA (see Section 3.4).

Evaluating the Effect of Encapsulation and Size of 
the Capsules in the Duration of LA
Larvicidal activity of F3 compared with its non-encapsulated 
form, i.e. no TPP was added [named F3(-TPP)] to assess the 
effect of encapsulation of TEO in the nanoformulations.  
A second study was also performed to evaluate the effect of 
capsules size on the duration of LA. For this purpose, a formu-
lation with similar components to that of F3, but with larger 
size [named F3(micro)] was also prepared using a different 
processing condition (i.e. dropwise addition of TPP instead of 
one-shot addition). Then, its LA was compared with F3.

Statistical Analysis
To compare the continuity of LA of the selected nanoformula-
tions with each other or in comparison with related bulk TEO 
or results of LA in lab and SSF tests, independent-samples 
t-test with a 95% confidence interval (95% CI) was used. To 
analyze and compare the durability of LA of the optimum 
 nanoformulation (F3) with its related microformulation 
F3(micro) and non-encapsulated form F3(-TPP), one-way 
ANOVA (95% CI) was used. Statistical analyses were done 
using SPSS (v22) software.

Results and Discussion
Diagnostic Dose of TEO at SSF Larvicidal Bioassay
The lowest concentration of bulk TEO showing perfect LA in 
SSF test was 80 μg/mL (Fig. 1). This value for the lab test was 
20 μg/mL in our previous report.29 A reason for this difference 
could be extra evaporation of TEO in the SSF test due to a 
higher temperature, the presence of air circulation, and lower 
humidity compared with the lab test.

Furthermore, the ingredients of the used batch of TEO in 
this study were reported in our previous research. Totally, 48 
components of TEO were determined by GC–MS analysis. 
Five major components of TEO include estragole (67.623%), 
cis-ocimene (8.691%), beta-Ocimene Y (7.577%), limonene 
(4.338%), and 3-methoxy cinnamaldehyde (1.491%).29

Evaluating the Effect of Chi and TPP 
Concentration on the Size of the Chitosan 
Nanocapsules Containing TEO
The effect of TPP and chitosan concentrations on the final size 
of the nanoformulation containing fixed amounts of TEO, 
TW, and Eth (i.e. 0.36, 2.50, and 7.14%, respectively) are 
demonstrated in Fig. 2A. Samples containing high concentra-
tions of TPP (i.e. 0.07% and 0.10%) and low concentrations of 
chitosan (i.e. 0.10% and 0.05%) started to precipitate. Thus, 
they were excluded from being reported in Fig. 2A. The 
smallest formulation with the size of 384 ± 60 nm (named F1) 
had 0.10% and 0.04% of chitosan and TPP, respectively. From 
Fig. 3A, PSD of this nanoformulation was calculated as 2.2, 
showing a satisfactory distribution.

In Fig. 2B, the effects of concentrations of TPP/chitosan 
on the final size of the formulations are investigated when the 
amounts of TEO, TW, and Eth are fixed at 1.00, 3.00 and 6.00%, 
respectively. As the details show, to prepare smaller particles,  
a balance between concentrations of the ingredients is neces-
sary. Nanoformulation with the smallest particle size (named 
F2: 116 ± 40 nm) was obtained using 0.2% and 0.04% of 
 chitosan and TPP, respectively. From Fig. 3B, PSD of this 
 formulation was calculated as 1.3, an improved distribution 
compared with that of F1.

The effect of concentrations of TPP/chitosan on the size of 
nanoformulation (containing a fixed amount of TEO, TW and 
Eth at 1.60, 2.80, and 5.60%, respectively) are illustrated in  
Fig. 2C. The smallest nanoformulation (named F3) with the size 
of 168 ± 90 nm was obtained at 0.8% and 0.04% of chitosan and 
TPP, respectively. From Fig. 3C: PSD of this formulation was 
1.34 with good monodispersity. A TEM image of F3 depicted in 
Fig. 3D, shows spherical particles with a size of 155 ± 12.

Our previous studies indicated that decreasing the size of 
nanoparticles led to an increase in its efficacy. For instance, 
mortality of larvae, when using nanoemulsion with the size of 
11 nm (92.71%), was significantly better than the corresponding 
emulsion with the size of 9310 nm (81.67%) at 18 μg/mL 
 concentration of TEO.29 In another study, the nanoemulsion of 
essential oil of Anethum graveolens with a particle size of  
~10 nm, showed LA of 81%, compared with the bulk form 
with LA of 73%.4

In another report, Neem nanoemulsion with three differ-
ence sizes (31, 93, and 251 nm) showed maximum LA when 

Fig. 1 Larvicidal activity of essential oil at simulated semi-field 
(SSF) test.
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particle size was minimum (i.e. 31 nm).23 Thus, in this study, the 
formulations with the smallest particle size (i.e. F1, F2, and F3) 
in each concentration of TEO were selected for  further evalua-
tions including characterization and larvicidal bioassays.

Determining the Encapsulation Efficiency and 
Loading Capacity of the Selected Nanoformulations
The results of encapsulation efficiency of the selected nanofor-
mulations are illustrated in Table 1. Maximum encapsulation 

Fig. 2 Effect of TPP and chitosan concentrations on the size of the formulations containing three fixed amounts of essential oil: (A) 0.36%, 
(B) 1.00%, and (C) 1.60%. TPP: tripolyphosphate.

A B

C

A

C D

B

Fig. 3 DLS analysis of the selected nanoformulations: (A) F1 (384 ± 60 nm), (B) F2 (116 ± 40 nm) and (C) F3 (168 ± 90), respectively. (D) 
TEM image of F3 nanoformulation. DLS: dynamic light scattering, TEM: transition electron microscopy.
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efficiency (i.e. 39%) was for F3, probably, due to its larger chi-
tosan content to carry TEO. Calculated regression equations 
and their calibration curves are demonstrated in Fig. 4A–C. 
Besides, one UV–Vis spectrum is also presented as an example 
in Fig. 4D.

The range of encapsulation efficiency in this study was 
close to other similar studies i.e. encapsulation of essential oils 
in chitosan; such as Zataria multiflora (45.24%),32 Carum cop-
ticum (36.2%),33 oregano (24.72%).31 Furthermore, loading 
capacity in this research was also comparable with similar 
studies [i.e. loading capacity values of 19.5% for C. copticum33 

and 9.05% for Z. multiflora].32

Comparison of the Duration of LA of the Selected 
Nanoformulations and Bulk TEO in Lab and  
SSF Tests
Figure 5A compares LA of F1 with bulk TEO having a similar 
concentration (i.e. 0.36%) in the lab test. Formulation without 
TEO [i.e. F1(-oil)], showed no LA. Also, LA of F1 was signifi-
cantly lower (independent-samples t-test, P < 0.05) than that 
of bulk TEO during the first day. This could be probably due to 
the encapsulation of TEO which has made some of EO out of 
access to the larvae. However, during the second day, some LA 
was still observed in F1, while bulk TEO showed no LA during 
the same period. It is arguable that this is due to complete 
evaporation of bulk TEO after the first day, while the sustained 
release of the oil made some of it available on the second day. 
LA of F1 did not continue on the third day. SSF test for F1 was 
not performed since the formulation failed to show a perfect 
LA in the lab test.

The results of the comparison of LA of F2 with a similar 
concentration of bulk TEO (i.e. 1.00%) in lab and SSF tests are 
illustrated in Fig. 5B and 5C, respectively. In the lab test, F2 
and bulk TEO showed a perfect LA for 2 days and 1 day, 
respectively. But, observed LA for F2 was significantly higher 
than bulk TEO at 48, 72, and 96 h (independent-samples t-test, 
P < 0.05). After 5 days, LA of F2 did not have any significant 
difference (independent-samples t-test, P > 0.05) in compar-
ison with LA the blank sample [i.e. F2(-oil) ~ 15%]. Thus, the 
test was stopped (Data not presented). Also, Fig. 5C shows  
the SSF results for F2 and its corresponding bulk TEO. From 
the details, perfect LA was not observed in either sample. It is 
worth noting that LA of bulk TEO did not continue till the 
second day, while LA of F2 was 32% on the second day which 
was significantly higher than bulk TEO (independent-samples 
t-test, P < 0.05). This is another indication of the role of chi-
tosan in providing a sustained release and preventing the loss 
of activity of TEO. No LA was observed on the third day, due 
to complete evaporation of TEO in the test containers.

The comparison between LA of bulk TEO (1.60%) and 
corresponding encapsulated nanoformulation (i.e. F3) in both 
lab and SSF was made and the results are given in  
Fig. 5D and 5E. According to Fig. 5D, perfect LA was observed 
at 24 and 48 h in F3 and bulk TEO, but LA of F3 was signifi-
cantly higher than at 72, 96, and 120 h (independent-samples 
t-test, P < 0.05) in a lab test. Furthermore, full LA of F3 in SSF 
test (see Fig. 5E) continued for 72 h, while, bulk TEO showed 
a full activity for only one day (significantly lower than, inde-
pendent-samples t-test, P < 0.05). According to the mentioned 
results, the durability of LA of F3 in both lab and SSF tests was 
significantly higher than other nanoformulations (F1 and F2) 
(independent-samples t-test, P < 0.05). Thus, it was selected 
for further investigations as optimum nanoformulation.

Reviewing literature, slow release formulations containing 
essential oil of Lippia sidoides have been found. By encapsu-
lating that essential oil in chitosan/cashew gum beads with  
a size of around 1.5 mm, larvae of A. aegypti controlled up to  
3 days.34 It was not clear what was the meaning of control, but 
this value was lower than that of this research i.e. 5 days.

Table 1. Encapsulation efficiency and loading capacity of the 
selected nanoformulations

Formulations Encapsulation efficiency (%) Loading capacity (%)

F1 31.21 ± 0.90 14.88 ± 1.50

F2 25.10 ± 1.00 16.30 ± 1.70

F3 39.66 ± 0.90 22.24 ± 2.00

Fig. 4 Specific calibration 
curves and regression equations 
for selected nanoformulations: 
(A) F1, (B) F2, and (C) F3. (D) UV–
Vis a sample spectrum.

A B

C D
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Comparison of the Concentration of TEO during 
Larviciding Test
The concentration of available TEO in the solutions during 
larvicidal bioassays for the samples, bulk TEO and optimum 
nanoformulation (F3) is shown in Fig. 6. In general, the rate of 
decrease in concentration of oil in bulk TEO in lab test  
(y = −0.6012x + 60.905) is lower than that of SSF test  
(y = −0.7333x + 55.4). This phenomenon is also observed in 
F3: related line equation in lab and SSF tests are y = −0.4479x 
+ 61.393 and y = −0.5286x + 58.048, respectively. These are 
due to harsh conditions such as higher temperature and air 
circulation which make higher evaporation of TEO in SSF. On 
the other hand, the decreasing rate in TEO concentration is 
slower in F3 compared with bulk TEO in both lab and SSF.

As the details show, bulk TEO shows a higher TEO con-
centration at the beginning, followed by a sharp drop in TEO 
concentration, in both lab and SSF tests. However, chitosan 
serves as an oil reservoir. Thus, it provides a sustained release 
of TEO, which in turn increases TEO concentration. This 
makes a longer duration of action for the nanoformulation 
compared with bulk TEO.

Interestingly, TEO concentrations are comparable with the 
activity of samples at a lab test (see Fig. 5D). For instance, the 
concentration of bulk TEO at 72 h in the lab was 11 μg/mL, 
close to LC50 of TEO in lab test (11.36 μg/mL) and the LA 
observed was 47%. However, in SSF test (Fig. 5E), the 
 concentration and LA values do not agree. For instance, the 
concentration of bulk TEO at 24 h (SSF) was 19 μg/mL and its 
LA was 100%. While, according to Fig. 1, the lowest concentra-
tion to have a perfect LA should be 80 μg/mL. In Fig. 5E, 
expected LA for this concentration (i.e. 19 μg/mL) occurred at 
48 h (i.e. 22% in SSF). It is, therefore, arguably that in SSF test, 
LA strongly depends on the concentration of TEO at the begin-
ning time of exposure. In other words, the perfect LA which  
was observed at 24 h was due to the concentration of bulk  
TEO at zero time rather than 24 h after the start of the test.

Furthermore, according to Figs. 1, 5E, and 6, LA of F3 
significantly improved compared with bulk TEO at SSF 
 (independent-samples t-test, P < 0.05): Lowest concentration 
of bulk TEO with full LA at SSF was 80 μg/mL; while F3 at  
48 h with 31 μg/mL concentration of TEO showed 100% LA 
(see results of 72 h in Fig. 5E). It is, therefore, arguable that, by 

Fig. 5 Comparison of duration 
of larvicidal activities of 
 selected nanoformulation vs. 
bulk TEO in the equal concen-
tration of essential oil and also 
nanoformulations without oil 
both in lab and SSF tests. The 
final concentrations of TEO in 
the tests containers are: (A) 18 
μg/mL, (B and C) 50 μg/mL,  
(D and E) 80 μg/mL. TEO: 
tarragon essential oil, SSF: 
simulated semi-field.

A

B

D

C

E
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using nanoformulation of TEO, not only durability of LA 
increases, but the efficacy rises too. No report has been found 
indicating that monitoring concentration of any EO during 
the larvicidal bioassays and evaluating related LA was per-
formed simultaneously.

Evaluating the Encapsulation Effect and the Size 
of the Capsules on the Duration of LA
Figure 7 reports the LA of F3 in non-encapsulated form i.e. 
when no TPP was added to encapsulate the TEO: F3(-TPP) 
and when the particle size was in the range of micro [i.e. 850 ± 
35 nm, F3(micro)] in both lab and SSF tests. The results show 
that perfect LA of F3(-TPP) and F3(micro) remain for 2 and 3 
days in lab tests, respectively, which are significantly lower 
than that of F3 i.e. 4 days, (one-way ANOVA, P < 0.05). These 
values decrease to 1 and 2 days in SSF test, respectively which 
are significantly smaller than that of F3 i.e. 3 days (one-way 
ANOVA, P < 0.05).

Interestingly, LA profile of F3(-TPP) is similar to that of 
bulk TEO (1.60%) in Fig. 5D. Considering the fact that ingre-
dient in F3(-TPP) was similar to F3 except for the presence of 
TPP which is necessary to prepare chitosan nanocapsules, the 
important role of encapsulation of TEO is clear. Whereby 
non-encapsulated TEO acts similar to bulk TEO. Since TPP 
had no LA (Data not given), the preparation of chitosan nano-
capsules is the reason for the significant changes in LA of F3 
and F3(-TPP) samples (independent-samples t-test, P < 0.05).

Furthermore, to evaluate the effect of particle size, LA of 
F3 was compared with its corresponding microformulation 
preparation [i.e. F3(micro)], with same ingredients concentra-
tion, just with a larger particle size (i.e. 850 ± 35 nm). The 
duration of LA of F3(micro) was significantly lower than F3 
(independent-samples t-test, P < 0.05), most probably due to 
higher precipitation of microformulation compared to nano-
formulation, as we noted during the tests. In other words, pre-
cipitation instead of evaporation removed TEO from the 
solutions, thus, less activity was observed. It was mentioned 
that larvae of A. stephensi normally breathe on the surface of 
the water and avoids the bottom of the container that con-
tained precipitated microparticles.35 This reduces the chance 
of physical interactions between larvae and the preparation 
containing TEO.

These results were in line with a report in which essen-
tial oil of L. sidoides was loaded in Alginate/cashew gum 
beads in two forms [i.e. floating and non-floating beads 
(~1.7 mm)]. Floating beads showed very good buoyancy up 
to 6 days and its LA after 48 h was around 85% against  
A. aegypti, while corresponded mortality to non-floating 
beads was around 30%.14

Conclusion
Encapsulated TEO into chitosan-TPP nanocapsules showed 
a longer duration of action and also higher efficacy in the lab 

Fig. 7 Evaluation of 
the larvicidal activity 
of non-encapsulated F3 
[F3(-TPP)] and microfor-
mulation [F3(micro)], 
both in the lab (left) and 
simulated semi-field 
(SSF) (right) test. The 
final concentration of 
TEO in the tests contain-
ers is 80 μg/mL. TPP: 
tripolyphosphate, TEO: 
tarragon essential oil.

Fig. 6 Comparison of the 
concentration of bulk 
TEO (1.6% essential oil) 
and F3 (nanoformulation 
with 1.6% essential oil) 
during the larviciding 
test in the lab and 
simulated semi-field 
(SSF) tests. TEO: tarragon 
essential oil.
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and simulated semi-field tests compared with bulk TEO, 
non-encapsulated TEO, and chitosan microcapsules. The 
nanocapsules were able to protect the TEO from evaporation 
to provide long-lasting LA. As investigated, there is a logical 
relationship between LA and the concentration of  
TEO in different hours. The possibility of scale-up has been 
realized by using the very fast and facile method to nanoen-
capsulation of TEO. Based on the points mentioned, this for-
mulation could be an interesting alternative to industrial 
larvicides.
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