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Abstract: Background: There is a worldwide interest in metal nanoparticles synthesized by vari-
ous chemical reactions for use in biomedical applications. These processes exhibit a broad range
of toxicity in non-target organisms. To avoid chemical toxicity, green synthesis of metal nanopar-
ticles is proposed as a cost-effective and eco-friendly alternative. Aloe vera (A. vera) leaf extract
is a medicinal agent with multiple properties, including antibacterial effects. Its constituents in-
clude lignin, pectin and hemicellulose, which can be used in the reduction of silver ions to pro-
duce silver nanoparticles (AgNPs).

Objective: The study aimed at the use of naturally occurring compounds as a reducing and stabi-
lizing agent for the biosynthesis of nanoparticles and investigation of the insecticidal activity of
these compounds against Musca domestica (M. domestica) larvae.

Methods: Phytochemical analysis of A. vera gel extract was done and the phytochemical compo-
nents were identified by Gas Chromatography—Mass Spectrometry (GC-MS) analysis. AgNPs and
encapsulated Chitosan Nanoparticles (CsNPs) were prepared by an eco-friendly method using A.
vera gel extract as a reducing and stabilizing agent. A. vera-AgNPs and A. vera encapsulated
CsNPs were characterized using Ultraviolet-visible spectrophotometer (UV—vis spectrum),
Transmission Electron Microscopy (TEM), Fourier-Transform Infrared Spectroscopy (FTIR) and
X-ray Diffraction (XRD). Then the insecticidal activity of these compounds was investigated
against late second instar larvae of the house fly.

Results: The most active ingredients identified by GC-MS analysis were Terpene and Sesquiter-
pene hydrocarbons. The synthesized AgNPs were spherical with an average size of about 12-75
nm, as revealed by TEM. While encapsulated CsNPs ranged between 34-75 nm and the shape
seemed spherical with dark parts confirming the encapsulated plant extract. FTIR and XRD re-
sults confirmed the successful encapsulation of the gel extract within the chitosan nanoparticles.
Results proved the insecticidal potential of the tested compounds against M. domestica larvae, and
the relative potency of encapsulated CsNPs was nearly 148.51 times more potent than A. vera
crude extract whereas AgNPs was nearly 40.65 times more potent than A. vera crude extract. Fur-
thermore, a prolongation of larval duration and reduction in the percentage pupation and adult
emergence were observed.

Conclusion: Overall, green-synthesized silver and chitosan nanoparticles have the potential for
application as a biopesticide for house fly population control through the use of a safer and cost-
effective approach.
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1. INTRODUCTION

The house fly, Musca domestica, is the most
common fly species found in houses and has
spread all over the world. It transmits many dis-
eases such as cholera, diarrhea, typhoid, bacillary
dysentery and parasitic worms [1, 2]. The exces-
sive use of chemical insecticides increases the de-
terioration of the environment and leads to the de-
velopment of resistance in insects [3]. In search of
ecofriendly-effective pesticides, plant extracts are
recommended [4-6]. Aloe vera contains many ac-
tive compounds that make it more specific than
chemical insecticides [7-11]. Nanotechnology
which uses plant extracts has emerged as a prom-
ising area for developing and utilizing nanosized
particles with a wide range of uses, including pes-
ticides applications [12, 13]. Silver nanoparticles
have been used in many medical, agricultural and
pharmaceutical applications because they are non-
toxic to humans and possess a wide array of bio-
logical activities such as insecticidal and antimi-
crobial activities [14]. Chitosan is a versatile pol-
ymer that has been used in drug delivery systems
as nanoparticles because of their biodegradable
and biocompatible nature, and low toxicity [15].
Plant extract is currently used for the green syn-
thesis of nanoparticles which is a rapid, low cost,
ecofriendly and a single-step method for the bio-
synthesis process [16, 17]. Therefore, the present
study dealt with the activity of Aloe vera gel ex-
tract and its synthesized silver and chitosan nano-
particles against Musca domestica.

2. MATERIALS AND METHODS
2.1. Rearing Technique

The house fly colony used in the present study
was reared at the Entomology Department [18].

2.2. Plant Material and Isolation of Compo-
nents

2.2.1. Plant Collection / Preparation of Gel Ex-
tract

Fresh leaves of Aloe vera were collected from
the graves of El-Ramla Village, Qalyubia Gover-
norate, Egypt. Leaves were properly cut, i.e. their
hard epidermis was peeled off by sharp knife and
the inner gel was scooped out by a spoon. Gel was
kept in a glass jar for further experimental analy-
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sis. The gel was lyophilized and ground. Lyophi-
lized gel powder was packed into soxhlet appa-
ratus and extracted with 90% methanol for 4 h at
90°C. The methanol containing the extract was
filtered and concentrated using a rotary evaporator
and stored at 4°C [19].

2.3. Gas Chromatography/ Mass Spectrometry
(GC-MS) Analysis of 4. vera

GC-MS analysis was carried out for the meth-
anolic gel extract of A. vera using a Shimadzu
GC-MS-QP 2015 plus instrument (Kyoto, Japan).
The analysis was performed by injecting 0.5 pl of
the examined gel extract into Hewlett Packard
chromatograph model 5970, equipped with a
flame ionization detector (FID) and a 50 meter HP
capillary column (0.2 mm [.D.). The oven temper-
ature was programmed at 3 minutes from 60°C to
200°C, then isothermally at 200°C for 25 minutes.
Detector and injector temperatures were set as
250°C and 200°C, respectively. The carrier gas
was helium and the gas flow rate was 1ml/minute.
Diluted samples (1% v/v) were injected with a
split ratio of 15:1, and the injected volume was
1 ul. The MS operative parameters were as fol-
lows: interface temperature: 280°C, ion source
temperature: 200 °C, EI mode: 70 eV, scan range:
35-500 amu. In order to identify the peak ob-
tained, the retention time of each peak was com-
pared with that of the standard. The quantization
of the components was done by comparing the
area of the resulting peaks with data from the
WILEY, NIST and Tutor libraries [20, 21].

2.4. Synthesis of Silver Nanoparticles (AgNPs)

Silver nanoparticles (AgNPs) were prepared by
mixing 10 ml filtrate of A. vera gel extract with
90 ml of 1 mmole aqueous solution of silver ni-
trate (AgNOs) along with continuous stirring at
60°C for one hour. The change of solution color
to dark brown indicated the formation of silver
nanoparticles, which was confirmed and portrayed
by UV-Vis Spectrophotometer and Transmission
Electron Microscopy (TEM) [22].

2.5. Synthesis of Chitosan Nanoparticles En-
capsulated Plant Extract

Low molecular weight chitosan (0.5 g) was
dissolved in 90 ml (2%) aqueous acetic acid solu-
tion under stirring until complete dissolution. 10
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ml filtrate of A. vera gel extract was added to the
above solution with continuous stirring for about
1 h and sonicated for another 1h. Tripolyphos-
phate (TPP) (0.3 g) was dissolved in 50 ml dis-
tilled water and added drop by drop to the chi-
tosan mixture solution with continuous stirring at
room temperature. The solution turned into milky
suspension, indicating chitosan nanoparticles for-
mation [23]. The plant extract encapsulated
CsNPs were centrifuged and freeze-dried to ob-
tain encapsulated CsNPs powder. Encapsulated
CsNPs were confirmed and portrayed by UV-Vis
Spectroscopy, Fourier Transform Infrared (FTIR),
Transmission Electron Microscopy (TEM) and X-
ray Diffraction (XRD).

2.6. Larvicidal Bioassay

The larvicidal activities of methanol gel ex-
tract, biosynthesized silver and chitosan nanopar-
ticles of A. vera were evaluated by the standard
methods reported [24]. Twenty late second instar
larvae of M. domestica were exposed to food con-
taminated with different concentrations of the used
compounds (10, 20, 40, 80,160 ppm for gel extract
and 0.25, 0.5, 1, 2, 4, and 8 ppm for AgNPs and
CsNPs). The control group reared on media was
only supplied with water. Three replicates were
used, and all experiments were carried out in labor-
atory conditions (27£2°C and 70+£5% relative hu-
midity). The larval mortality was recorded at 24,
48 and 72 h post-treatment, and the lethal concen-
trations (LCsy and LCyy) were calculated.

For biological measurements, second instar
larvae of M. domestica were fed on bait treated
with different concentrations of each tested com-
pound. Twenty larvae were transferred to a 250
ml beaker containing 3 g treated bait with three
replicates for each treatment. Control experiments
were carried out without any treatment. All exper-
iments were conducted at laboratory conditions
and daily examined to estimate the time required
for larvae to develop into pupae, pupation %, pu-
pal mortality and adult emergence.

2.6.1. Calculations

Pupation percentage = (A / B) x 100.

Where: A; number of pupae, B; number of
tested larvae

Adult emergence % = (A / B) x 100.
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Where: A; number of emerged adults, B; num-
ber of tested larvae.

Relative potency= LCsy of the lowest toxic
compound/LCsg of tested compounds x 100.

2.7. Statistical Analysis

Data obtained were analyzed using one-way
Analysis of Variance (ANOVA) followed by LSD
post-hoc multiple comparisons with SPSS soft-
ware package version 20 program. When ANO-
VA statistics were found to be significant (P<
0.05), the means were compared by Duncan's
multiple range test. The values of percentage mor-
tality and their Standard Error (SE) were calculat-
ed. Also, the obtained data were analyzed by sta-
tistics package (LDP-line) for goodness of fit
(Chi-square test) and to detect LCsyp & LCyqg val-
ues with corresponding 95% Confidence Limits
(C.L.), slope and correlation coefficient.

3. RESULTS

The phytochemical components were identified
in A. vera gel methanolic extract using GC-MS
analysis. The identification of phytochemical
compounds was done based on the peak area, mo-
lecular weight and molecular formula. As indicat-
ed in Table 1, twelve bioactive phytochemical
compounds have been found in the gel extract of A.
vera. The main compounds included terpenes with
an average rate of 56.62% and sesquiterpenes hy-
drocarbons with an average rate of 11.47%. So,
terpenes exhibited the highest average rate. These
results have been found to be in agreement with
the findings reported earlier [25-27].

3.1. Characterization of A. vera-AgNPs

The fresh gel extract of A. vera was character-
ized by its green color. However, after the addi-
tion of the gel extract to the AgNO; solution, the
solution turned to dark brown color, as shown in
Fig. (1), indicating the formation of nanoparticles.
The formation of AgNPs has been easily moni-
tored by UV-Vis spectroscopy. UV-Vis absorp-
tion spectrum of silver nanoparticles is shown in
Fig. (2). The absorption spectra showed an ab-
sorption peak at wavelength of around 430 nm,
related to surface plasmon resonance of silver na-
noparticles, suggesting that the nanoparticles have
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Table 1. Phytocomponents identified in A. vera gel methanolic extract using GC-MS analysis.

Molecular
Area %
Peak RT Name Molecular Weight Compound Activity
(Average Rate) Formula (gm/mol) Nature
1 4.68 237 Debocane, 4 methyl C,H,NO 135.16 Heterocyclic Insecticide,
compound larvicide
2 6.60 5.59 Trocosane C,.Hs, 338.65 Sesquiterpenes | o dant
hydrocarbon
Sesquiterpenes .
3 13.25 261 6-Hydroxy hexan3-3-1 CH, 100 hydrocarbon Antifeedant
4 13.50 3.05 1-Dodecamol C,,H,;O 186.34 Terpene Insecticide
5 17.19 5.20 1-Octadecanol CH;0 27049 Terpene Insecticide
6 21.61 2222 Hexadecanoic acid C,(H,0, 256.43 Terpene Insecticide
7 24.72 16.2 9-Octadecenoic acid C,;H,,0, 28247 Terpene Insecticide
8 25.16 4.99 Octadecanoic acid C,;H,,0, 28247 Terpene Insecticide
9 26.91 3.09 1-Phenyl thioxomethyl | yy - 21935 Heterocyclic cpd | 1nsecticide,
piperidine larvicide
10 29.56 327 Docosane Cy,H,, 310.60 Sesquiterpenes | o dant
hydrocarbon
11 38.78 2.89 Sitosterol C,H5,0 414.17 Terpene Insecticide
12 36.10 2.1 Stigmasterol C,H,0 412.69 Terpene Insecticide
038
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Fig. (1). Preparation of A.vera-AgNPs. (4 higher resolution
/ colour version of this figure is available in the electronic
copy of the article).

been formed successfully. The formed nanoparti-
cles have been dispersed in the aqueous solution
with no appearance of any aggregation, which may
be due to stabilization by the functional organic
compound present in the plant extract [28, 29]. The
silver colloidal nanoparticles characterization has

Fig. (2). UV-Vis spectroscopy of AgNPs.

also been confirmed by TEM. The synthesized
silver nanoparticles obtained using this green
method have shown spherical shape morphology
with an average size of about 12-75 nm. The av-
erage particles size was measured using Image J
program, and it showed the size of the majority of
the particles to be around 12 nm, as clearly shown
in Fig. (3) [27, 30, 31].
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Fig. (3). TEM image of biosynthesized AgNPs using 4. vera. (A higher resolution / colour version of this figure is available

in the electronic copy of the article).
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Fig. (4). UV-Vis spectra of CsNPs. (4 higher resolution / colour version of this figure is available in the electronic copy of the

article).

3.2. Characterization of A. vera Extract En-
capsulated CsNPs

3.2.1. UV-Vis Spectra

The formation of CsNPs can easily be moni-
tored by the naked eye, that is the formation of
turbid suspension during the addition of TPP to
chitosan solution. The CsNPs can also be ex-
plored using UV-Vis spectroscopy, and the ab-
sorption spectrum is shown in Fig. (4). Chitosan-
NPs colloidal solution showed an absorption peak
at a wavelength of 330 nm, suggesting that the
nanoparticles have been formed and have been
dispersed in the aqueous solution with no aggre-
gation formation [32, 33].

3.2.2. FTIR Spectroscopy
FTIR spectra are shown in Fig. (5). In general,

chitosan powder showed characteristic peaks at
3433 (-OH and -NH; stretching), 2920 (-CH

stretching), 1647 (amide I), 1088 (C-O-C stretch-
ing) and 591 cm™ (pyranoside ring stretching vi-
bration) [34]. For chitosan nanoparticles (Fig. 5-
S), the peak of amide I (-NH, bending) shifted
from 1647 to 1685 cm™, and new peaks appeared
at 1338 (C-O-C stretch) and 1560 cm™ (amide II),
implying the complex formation via electrostatic
interaction between NH;" groups of chitosan and
phosphoric groups of TPP within the nanoparti-
cles [35]. Moreover, in comparison with the FTIR
spectrum of chitosan nanoparticles, the addition
of A. vera water extract resulted in a marked de-
crease in the intensity of the (-NH;) and (-CH)
stretching peaks at 3449 and 2922 cm’, indicating
an increase in the hydrogen bonds formed be-
tween the amino group of the nano chitosan and
the hydroxylic groups from the plant extracts. The
results indicate that plant extract was encapsulated
into the chitosan nanoparticles.
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Fig. (5). FTIR spectra, S; refer to CsNPs, A; refer to 4.vera-CsNPs. (4 higher resolution / colour version of this figure is
available in the electronic copy of the article).

Fig. (6). TEM image of biosynthesized CsNPs (Arrows refer to A. vera extract). (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

3.2.3. Transmission Electron Microscopy (TEM)

The colloidal Chitosan-NPs characterization
has also been confirmed by TEM, as shown in
Fig. (6). The figure displays that the chitosan na-
noparticles had a relatively spherical shape with
an average diameter of about 34-75 nm. The en-
capsulated plant extract can be confirmed by the
appearance of dark parts within the chitosan na-
noparticles. The average particles size was meas-
ured using the Image] program, which showed
that the size of the majority of the particles was
around 34, as clearly shown in Fig. (6).

3.2.4. X-Ray Diffraction

The XRD study of chitosan nanoparticles with
and without the plant extraxt is shown in Fig. (7a).
It is well known that pure chitosan has a high de-
gree of crystallinity with well-characterized peaks
at (20) of 20 and 10 degrees associated with crys-
tallographic planes (110) and (020), respectively,
related to the non-deacetylated part of chitosan
(chitin) [36]. The crystallinity largely decreases

for the nano chitosan due to the crosslinking with
TPP during formation of chitosan nanoparticles,
which indicates the amorphous nature of chitosan
nanoparticles; this in agreement with a previously
reported work [37]. For chitosan encapsulated A.
vera extract, the figure displayes new peaks at 20:
24.50° and 44.40°, which may be referred to the
effect of the encapsulated A.vera extract. The
XRD study demonstrated the nearness of trade-
mark diffraction peaks of Chitosan-NPs (Fig. 7a).
Chitosan-NPs demonstrated a broad diffraction
peak at 2h estimations of 18.59°, which are the
mill fingerprints of Chitosan-NPs [38, 39]. The
lower force displayed by the diffraction peaks of
Chitosan-NPs uncovered that they are indistinct in
nature. The non-appearance of some other diffrac-
tion peaks corresponding to impurities was found
in the XRD examples of Chitosan-NPs, showing
their immaculateness. The ionic cooperation
among TPP and — NH;" of chitosan particles has
brought about the development of Chitosan-NPs
[35]; the force of diffraction tops was expanded as
an outcome of changing indistinct chitosan into
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b- A. vera- Chitosan-NPs
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Fig. (7). X-ray diffraction (XRD) pattern of chitosan nanoparticles (a) and chitosan nanoparticles with Aloe Vera (b) recorded in
the 2h range of 20 0 —80 0. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Table 2. Larvicidal activity of Aloe vera gel extract against Musca domestica.

Concentrations % Mortality + SE
ppm 24h 48h 72h
10 6.66+0.33" 10.00-+0.58" 11.66+0.33°
20 15.00+0.58™ 16.66+0.33° 25.00£0.00%
40 25.00+0.10° 26.66+0.33 28.33+0.33%
80 40.00+1.53% 43.33+1.20" 48.33+0.67%
160 58.33+5.36" 60.00+5.51%4 61.66+5.17%%
Control 0.000 0.000 0.000
F 2.681 2.56 2.874
P 0.094 0.104 0.080

Means within a column and followed by the same letter are not significantly different; SE, standard error.

the solidified structure after response with TPP
[38]. The diffraction pinnacle of unadulterated
chitosan has somewhat moved to a lower stem
(18.59°) in the present examination, and this can
be credited to the response of Chitosan-NPs to
TPP and the solidified structure of Chitosan-NPs,
which was found to be in great accordance with
the previous reports [32, 40]. On the other hand,
XRD studied showed the presence of characteris-
tic diffraction peak of 4. vera-CsNPs (Fig. 7b). It
showed a main broad diffraction peak at 2h esti-
mations of 18.59° for the chitosan-NPs, and other
new peaks at 2h = 20.00°, 24.50° & 44.40° refer-
ring to the effect of the encapsulated A.vera ex-
tract [23, 41, 42].

3.3. Larvicidal Activity of Aloe vera Gel Ex-
tract Against Musca domestica

The insecticidal activity of A. vera gel extract
was evaluated against the late 2" instar larvae of

M. domestica at 24, 48 and 72 h post-treatment;
the results are given in Table 2. A. vera gel extract
was found to be quite effective against 2" instar
larvae of M. domestica where larval mortality was
observed to be 61.66% at the highest concentra-
tion (160 ppm) after 72h exposure. Non-
significant (P>0.05) increase was observed in the
larval mortality with the time, and the larval mor-
tality was found ot be directly proportional to the
concentration.

3.4. Larvicidal Activity of Aloe vera-AgNPs
against Musca domestica

In this study, the biosynthesized AgNPs using
A. vera gel extract were tested at different concen-
trations for their larvicidal activity against M. do-
mestica; the results are presented in Table 3. Con-
siderable mortality was observed in the treated
larvae after 24h; the larval mortalities were 8.33,
18.33, 26.66, 36.66, 50.00 and 70.00% at concen-
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Table 3. Larvicidal activity of Aloe vera-AgNPs against Musca domestica.
Concentrations % Mortality + SE
ppm 24h 48h 72h
0.25 8.33£0.08* 11.66£0.88* 13.33+0.58 %
0.5 18.33+0.33" 21.66+0.65 23.33+0.03*
1 26.66+0.88 " 30.00+0.58* 31.66+0.33°
2 36.66=0.33" 41.66:0.67 43.33+0.33"
4 50.00+1.00° 53.33+0.88°¢ 55.00+1.58°¢
8 70.00+2.00° 75.00+4.00° 76.66+1.33°
Control 0.000 0.000 0.000
F 41.44 37.45 41.40
P 0.000" 0.000" 0.000"
Means within a column and followed by the same letter are not significantly different; SE, standard error.
Table 4. Larvicidal activity of Aloe vera encapsulated CsNPs against Musca domestica.
Concentrations % Mortality + SE
ppm 24h 48h 72h
0.25 25.00+0.58* 28.33+0.65% 31.66+0.65%
0.5 38.33+1.23" 41.66+0.45° 45.00+1.65
1 58.33+0.33¢ 63.33+0.88"" 65.00+0.58""
2 68.33+0.33° 71.66+0.88°" 75.00+1.53°¢
4 71.66+1.20" 76.66+3.67°" 80.00+1.00%"
8 78.33+3.338 83.33+2.33" 86.66+3.33M
Control 0.000 0.000 0.000
F 91.19 23.33 13.93
P 0.000" 0.000" 0.000"

Means within a column and followed by the same letter are not significantly different; SE, standard error.

trations 0.25, 0.5, 1, 2, 4 and 8 ppm, respectively.
The percentage of larval mortality was found to
be significantly increased (P<0.05) by increasing
the concentrations to reach the maximum
(76.66%1.33) at 8 ppm concentration after 72h.

3.5. Larvicidal Activity of Aloe vera Encapsu-
lated CsNPs against Musca domestica

The larvicidal activity of A. vera encapsulated
CsNPs against M. domestica was evaluated in the
present study, and the results are tabulated in Ta-
ble 4. The larvicidal activity of chitosan nano-
paticles was found to be statistically significant
against M. domestica at different time intervals,
and the response of house fly larvae was found to
be time and concentration dependent. 78.33, 83.33
and 86.66% mortalities were achieved after 24, 48
and 72h, respectively, at 8 ppm. The control
showed no mortality in all the assays.

The Probit analysis (Table, 5) revealed that the
LCsp values after 72 hours post- exposure were
95.94 ppm for A. vera crude extract, 2.36 ppm for
AgNPs and 0.646 ppm for CsNPs. Based on the
LCso value of A. vera crude extract, data showed
that the toxicity index was 0.54, 21.9 and 80 for
crude extract, AgNPs and CsNPS, respectively.
The relative potency of CsNPs was nearly 148.51
times more potent than A. vera crude extract,
whereas that of AgNPs was nearly 40.65 times
more potent than A. vera crude extract.

3.6. Biological Activity of A. vera Gel Extract,
A. vera-AgNPs and A. vera-CNPs against Mus-
ca domestica

The biological effects of the tested materials on
M. domestica are presented in Table 6. Results
revealed that the mean larval duration of the con-
trol larvae was 8.6+£0.23 days. A significant
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Table 5. Relative potency of the tested compounds against 2" instar larvae of M. domestica.

95% Confidence Limit ) .
Compound LC50 (ppm) Slope X Relative Potency
LFL - UFL
Gel extract 95.94 78.290 - 118.31 1.146+0.091 2.936 1
AgNPs 2.36 1.943 - 2.887 1.201+0.093 3.329 40.65
CsNPs 0.646 0.5197 - 0.7915 1.158+0.092 4422 148.51

Table 6. Biological effects of A. vera gel extract, A. vera-AgNPs and A. vera-CsNPs against Musca domestica.

Larval Duration . . Adult Emergence
Compound Conc. ppm (days) + SD Pupation % Pupal Mortality % %
10 9.0+0.23* 88.35 2.33 86.02
20 9.1+0.15* 75.00 3.67 7133
40 9.2+0.15° 71.65 3.67 67.98
Gel extract 80 9.920.12¢ 51.65 233 4932
160 10.6+0.12¢ 38.35 1.33 37.02
0.25 10.0+0.05° 86.67 0.67 86.00
05 10.0+0.10° 76.67 1.67 75.00
1 10.5+0.06" 68.35 1.67 66.68
2 11.3+0.12°¢ 56.65 1.67 54 .98
A. vera -AgNPs 4 11.2+0.20" 45.00 133 4367
8 11.9+0.12¢ 23.35 1.67 21.68
0.25 10.6+£0.21° 68.34 3.00 65.34
05 11.1+0.12° 66.67 3.67 63.00
1 11.8+0.20° 35.00 3.60 31.40
2 12.5+0.06° 25.00 3.67 21.31
A. vera-CsNPs 4 13.0+0.06¢ 13.33 2.67 10.66
8 14.0+0.14° 333 3.33 0.00
Control 8.6+0.23 100 0.00 100

Means within a column for each compound and followed by the same letter are not significantly different.

prolongation in mean larval duration was ob-
served in the larvae treated with A. vera gel ex-
tract. In addition, a highly significant prolongation
in the larval duration was observed in larvae treat-
ed with 4. vera-AgNPs and A. vera-CsNPs. Sig-
nificant decreases in the pupation percent were
observed in treatments with 4. vera-AgNPs and A.
vera-CsNPs. The percent pupation was found to
be inversely proportional to the concentration of
the tested materials. The highest pupal mortality
was induced by 4. vera-CsNPs followed by gel
extract. Regarding adult emergence, all the tested
materials induced a reduction in the percent of
adults emerged from treated larvae. There were
significant differences observed between the test-
ed compounds: 4. vera-CsNPs were the most ef-
fective compound in inhibiting adult emergence;

it induced complete inhibition of adult emergence
at 8 ppm.

4. DISCUSSION

4.1. Larvicidal Activity of Aloe vera Gel Ex-
tract against Musca domestica

Results of this study showed that Aloe vera gel
extract was quite effective against 2nd instar lar-
vae of M. domestica, and the larval mortality was
directly proportional to the concentration. A. vera
leaves contain a range of biologically active com-
pounds. As GC-MS analysis indicated, twelve
compounds were identified with two main com-
pounds, terpenes and sesquiterpenes. The biologi-
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cal activity of A. vera extract might be due to these
compounds [43]. These findings corroborate with
earlier findings [44] which reported that the treat-
ment of M. domestica larvae with different concen-
trations of A. vera extract exhibited relatively low-
er percent mortality after a shorter duration (24hrs)
than after a longer duration (48hrs). The toxicity of
A. vera gel extract against other insects was inves-
tigated, and results showed that the mortality var-
ied with the exposure time [45, 46].

4.2. Larvicidal Activity of A.
against Musca domestica

vera-AgNPs

Considerable mortality was observed after 24h
in the larvae treated with biosynthesized AgNPs
using A. vera gel extract. The percentage of larval
mortality was significantly increased by increas-
ing the concentrations to reach the maximum at
the highest concentration after 72h. Similar results
were obtained [30] when the mosquitocidal activi-
ty of Aloe vera leaf extract and silver nanoparti-
cles synthesized using A. vera extract was inves-
tigated against the malaria vector Anopheles ste-
phensi.

4.3. Larvicidal Activity of A. vera Encapsulat-
ed CsNPs against Musca domestica

Up to now, there are no reports on the larvicid-
al effect of A. vera encapsulated CsNPs against
M. domestica. Therefore, the larvicidal activity of
A. vera encapsulated CsNPs against M. domestica
was evaluated in this study and the activity was
found to be statistically significant at different
time intervals. Our results have been found to be
in agreement with the earlier reports [47] which
have reported chitosan nanoparticles to be toxic
against Anopheles sundaicus larvae even at low
concentrations, while chitosan nanoparticles were
found to be highly toxic.

Based on LCs values, the relative potency of
CsNPs was found to be nearly 148.51 times more
than A. vera crude extract, whereas the relative
potency of AgNPs was nearly 40.65 times more
than A. vera crude extract. The high larvicidal ef-
ficacy of synthesized nanoparticles using plant
extracts may be due to their ability for exoskele-
ton penetration into insect cells, where they re-
strict macromolecules like DNA and proteins,
changing their structure and their function, there-
by leading to the loss of cellular function and cell
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death [12,13]. Similar observations have been re-
ported earlier [48], indicating chitosan NPs to be
highly toxic than silver nanoparticles against Cu-
lex pipens.

4.4. Biological Activity of A. vera Gel Extract,
A. vera-AgNPs and A. vera-CNPs against Mus-
ca domestica

All the tested materials induced significant pro-
longation in the mean larval duration as well as
reduction in the pupation rate, and the percent of
adults emerging from treated larvae. The disturb-
ing effects on insect development, including pro-
longation of larval duration and inhibition of
molting, may be due to the interference of the ac-
tive metabolites of the plant with bio-formation of
ecdysone hormone, which affects cytochrome-
P450 involved in the control of molting process in
insects [6]. Prolongation of the larval duration
with the tested plants was found to be similar to
that reported in M. domestica [18, 49, 50]. Similar
observations have also been made regarding the
reduction in pupation percentage and adult emer-
gence in M. domestica [3, 6, 51].

CONCLUSION

In this study, we synthesized silver nanoparti-
cles for the first time using Aloe vera gel extract
as a bio-reducing agent and chitosan nanoparticles
encapsulated same extract for larvicidal activity
against M. domestica. Biosynthesized Ag NPs
were spherical in shape, with the mean size rang-
ing between 12 and 75 nm. While encapsulated
CsNPs ranged between 34-75nm, the biosynthe-
sized nanoparticles showed significant larvicidal
and biological effects against M. domestica even
at low concentrations, which established their po-
tency as a promising alternative for the control of
M. domestica. Further studies are needed to clari-
fy the mechanism of action of Ag and Cs nanopar-
ticles against M. domestica.
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