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Polymer-based encapsulation of peppermint oil (Mentha
piperita) nanoemulsion and its effects on life and some
physiological activities of honeybees Apis mellifera
(Hymenoptera: Apidae)
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complementary or alternative treatment option. The honeybee Apis mellifera is

expected to be exposed for many applied pesticides. In this work, preparation and
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Recently, nanoproducts appeared in fertilizers and pesticides and used them

without knowing their effect on other living organisms in the surrounding

environment, the most important of which are beneficial insects such as worker
honeybees. The aim of the research was whether nanoparticles had a harmful
effect on bees in terms of death rate and enzymatic activity.

Materials and methods

Four different concentrations of menthol extract and nanomenthol extract (1250,

2500, 3750, and 5000 ppm) were studied on the life of adult workers of honeybee by

oral and contact methods (LCso, and LCgo). In addition, the effect of these

treatments on physiological effects through chemical analysis was done to
determine amylase enzyme, protein, and lipid contents.

Results and conclusion

Encapsulation of peppermint oil nanoemulsion using sodium alginate by cross-

linking with calcium chloride was done successfully. Transmission electron

microscopy images showed that nanocapsules exhibited a nearly spherical
shape. Gas chromatography/mass spectrometry indicated no change in oil
constituents after the loading process. Encapsulation efficiency and loaded-
capacity percentages were evaluated. Mortality percentages for workers treated
with peppermint nanoemulsion and crude emulsion were calculated and compared
with control. The highest mortality occurred in nanoemulsion than crude oil, and
increased at 5000 ppm for both treatments. LCs, value of nanoemulsion in oral
treatment was 2629.85 ppm, but in contact treatment was 4246.84 ppm. While LCsq
value of crude extract in oral treatment was 5471.13 ppm and in contact treatment
was 11 895.65 ppm. Estimated amylase, total protein, and lipid contents in adult
honeybees were significantly affected by different treatments. Nanopreparations
are more toxic on honeybee workers than their crude materials. Both preparations

(nano and bulk materials) have biochemical and physiological effects on honeybee

works when exposed to them either by oral or contact treatments.
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Introduction

Mint plants are considered medicinal plants that are This is an open access journal, and articles are distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0

used in the production of some medicinal preparations : _ X i
License, which allows others to remix, tweak, and build upon the work

non-commercially, as long as appropriate credit is given and the new
been known for a long time, while studies have shown creations are licensed under the identical terms.

to treat many diseases and have many benefits that have
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that it has a direct effect on the vasculature directly and
blood pressure [1]. Recently, the world started using
nanoparticles in most products such as medicine [2],
agriculture, and crop protection [3], while it is not
known what are the risks to humans, animals, and the
environment in general [4]. Nanoparticles are used
recently in many products such as pesticides to
control many pests [5-7] Botanical insecticides
provide a novel mode of action that can effectively
control pests that have developed resistance to
conventional pesticides. In order to reduce the
impact of conventional synthetic pesticides, they
have received increasing research  attention.
Biopesticides based on plant extracts, for example,
essential oils, are often a complementary or
alternative treatment option. They are used in crop
production  and  integrated  pest-management
programs. If highly active compounds can be
extracted from ready-existed plants, they can provide
economic and effective pest control for small farmers in
developing countries [8]. The development of green
processes for nanoparticle synthesis is becoming a
significant branch of nanotechnology. Because of
coating process, incorporating essential oils into
controlled-release nanoformulations prevents their
rapid

stability, and allows using the lowest effective dose/

evaporation and degradation, improves
application. In addition, this type of formulation is
expected to be more efficient. Encapsulation of a
natural liquid pesticide using alginate
(Na—Alg) as a control-releasing polymer after cross-
linking with calcium chloride has been reported by
several researchers. It was reported that alginate
polysaccharides ~ are  characterized to  be
hemocompatible and do not participate in building
up any organs of the human body. Encapsulating
nanoparticle layers at the emulsion-droplet interface
may be engineered to increase droplet stability and
control the release kinetics [9]. Honeybee workers can
be exposed for these pesticides when visiting the
flowers, either through feeding or through contact
[10-12]. Honeybee Apis mellifera is exposed for
many environmental stresses in the world, such as
pathogens, predators, parasites [13], high and low
temperature, radiation [14], pesticides [15], and
recently nanoparticles [16]. All these factors affected
directly mortality, colony strength, broad, foraging,
tecundity, fertility, and behaviors of bees in and out
of their hive [15-17].

sodium

In this research, preparation and characterization of
peppermint nanoformulation encapsulated in alginate-
based nanoemulsion were carried out. The effect of
these nanocapsules on the life of honeybee adult

worker, A. mellifera, through feeding or through
contact methods, was studied. LCsq and LCqy values
were calculated. In addition, the effect of these
treatments on physiological
through chemical analysis was done to determine
amylase-enzyme activity, protein, and lipid contents.

some parameters

Materials and methods

Nanoemulsion preparation

Oil-in-water emulsification was the method used to
prepare alginate nanocapsules followed by cross-
linking using calcium chloride, using a modified
method reported previously by Youssef [18]. Sodium
alginate 3% (w/v) was prepared in distilled water at
50°C for 45min. Peppermint oil was diluted by
distilled water using Tween 80 as an emulsifier with
mechanical stirring for 10 min. Briefly, sodium alginate
oil-in-water nanocapsules were made by dropwise
dispersion of diluted oil into alginate solution (1 : 2,
v : v, respectively) under continuous mechanical stirring
at room temperature. The emulsion thus formed was
sonicated for 30 min using ultrasonic cleaner set, model
WUC-DO3H 290 W and 60 Hz, and then sonicated
for 2 min using a high-energy ultrasonic probe (model
VCX 750, 750 W, 20kHz). Calcium chloride (in the
ratio of 2 : 10 CaCl, to alginate, respectively) was then
added into the resulting emulsion and stirred for an
additional 30 min, sonicated as mentioned previews,
and remained overnight at room temperature for

equilibration. The emulsion nanocapsules were
obtained as dispersion in aqueous solution.
Transmission electron microscopy

The morphological shape of the prepared

nanoformulation was carried out using transmission
electron microscopy (TEM) (Jeol, JEM-2100,
Musashino, Akishima, Japan). The nanocapsule
suspension was diluted with distilled water and
deposited onto a carbon-coated copper grid and
stained with 1% phosphotungstic acid.

Gas chromatography/mass spectrometry

The gas  chromatography/mass  spectrometry
(GC-MS) analysis of the crude and alginate
nanocapsules carried out using GC/MS
instrument that stands at the Department of
Medicinal and Aromatic Plants Research, National
Research Center. Instrument: TRACE GC Ultra
Gas Chromatographs (THERMO Scientific Corp.,
Waltham, MA, USA), coupled with a thermo mass
spectrometer detector (ISQ_Single Quadrupole Mass
Spectrometer). The GC-MS system was equipped
with a TG-5MS column (30 mx0.32-mm i.d., 0.25-

‘were
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pm film thickness). Analyses were carried out using
helium as carrier gas at a flow rate of 1.0 ml/min and a
split ratio of 1 : 10 using the following temperature
program: 60°C for 1min, rising at 3.0°C/min to
240°C, and held for 1min. The injector and
detector were held at 240°C. Diluted samples (1 :
10 hexane, v/v) of 1pl of the mixtures were always
injected. Mass spectra were obtained by electron

The first two groups of workers were treated orally by
feeding on sugar solution 50% with one of different
concentrations of 1250, 2500, 3750, and 5000 ppm of
one of both treatments (peppermint nanoemulsion or
crude oil) and compared with control. The third and
fourth groups were treated by spraying with the same
concentrations of both treatments and compared with
control insects that were sprayed by water [15].

The mortality of adult workers was calculated after 2 h,
1,2, 4,7, and 14 days by using the following equation:.

Number of dead workers in treatment — Number of dead workers in control

% Mortality =

%100

ionization (EI) at 70 €V, using a spectral range of m/z

40-450.

Efficiency of encapsulation

Loaded nanocapsules were evaluated for active
ingredient contents (menthol in peppermint oil), this
was done by refluxing of 0.75 g of loaded nanoemulsion
with 10 ml of methanol at 65°C. Refluxing was carried
out for 1h to ensure complete extraction of
encapsulated oil. The samples were then centrifuged
at 10 000g for 10 min. The supernatant of methanol
containing the extracted menthol was taken at a

wavelength  of 230nm in a  ultraviolet
spectrophotometer, CHEM-7, wusing absolute
methanol as a blank. Oil concentration was

calculated by using of a calibration curve obtained
from samples of menthol crystals. The encapsulation
parameters were determined as follows:.

%Encapsulation Efficiency (EE)
B The amount of oil measured in the supernatant

= x 100

Total amount of oil

% Loading capacity (LC)

The amount of oil measured in the supernatant
t= - x 100
Total weight of nano — capsules

Honeybee Apis mellifera experiments

All experiments of honeybees were performed in
apiary of Faculty of Agriculture, Ain Shams
University. In total, 3000 adults of honeybee
workers were divided into four groups. Each group
was divided into four treatments using four
concentrations in addition to the control (without
treatment and fed only on sugar solution 50%).
Each treatment (concentration and control) was
divided into three replicates. Each replicate
contained 50 adult workers.

100 — Number of dead workers in control

Toxicity of tested emulsions was estimated by LCsq
and LCyg values, correlation, and regression values.

Effect of the tested nanoformulation- and bulk
formulation of peppermint oil on certain biochemical
activities of Apis mellifera larvae

The biochemical effects of peppermint oil either in
bulk or nanoformulation were studied at the laboratory
of Pests and Plant Protection Department, National
Research Centre. The treatment procedure was carried
out by feeding workers on sugar solution 50% mixed
with the concentrations of 1250 and 5000 ppm of
tested formulations. The workers were allowed to
teed on treated solution for 4 days. On the fourth
day, five adult workers of honeybee of each replicate in
different treatments were dissected and the gut of the
insects was isolated to estimate amylase-enzyme
activity, total protein, and lipid contents.

Preparation of insect extracts

All samples of insects were homogenized using a
volume of sodium phosphate buffer (0.2 M, pH 7.0)
(0.01g of sample/1ml of buffer). The homogenates
were centrifuged at 6000 rpm for 15 min/4°C and the
supernatant was used as the source of desired
evaluation. All samples were kept freezing for
determination.

Total protein

Total protein determination was estimated by a
colorimetric method using Protein-Biuret kit
(Biogiagnostic Company, Giza, Egypt) by the
method described by Mashal [19]. The principle of
the method depends on the presence of alkaline cupric
sulfate, the protein produces a violet color, the intensity
of which is proportional to their concentration. The
sample mixture contained 25 pl of sample and 1 ml of
protein reagent (alkaline cupric sulfate). Standard
mixture contained 25pl of standard and 1ml of



316 Egyptian Pharmaceutical Journal, Vol. 20 No. 4, October-December 2021

protein reagent. All samples were mixed well and
incubated for 10 min at 37°C. The absorbance was
read sample (Agymple) and standard (Ascandara) against
reagent blank at 550 nm. Color was stable for 1h.
Protein concentration was calculated according to
the following equation:.

Asample

Protein Concentration (g/dl) = x5

astandard

Total lipids

Total lipid determination was estimated using total
lipids kit (Biogiagnostic Company) [19]. Lipids
react with sulfuric, phosphoric acids, and vaniline
to form a pink-colored complex. The sample
mixture consists of 25pl of sample and 1ml of
sulfuric acid concentrated, the standard sample
consists of 25l of standard and 1ml of sulfuric
acid concentrated with mixing well. The tubes were
covered with glass beads and let to stand in a
boiling-water bath for 10min, then cooled, and
pipetted into dry test tubes. From the above
solution, 50l of sample or standard was mixed
with 50 pul of sulfuric acid concentrated and 1.5ml
of reagent 2, then mixed well, and let to stand at
room temperature for 30 min in the dark. It was
poured into dry cuvettes. The absorbance of sample
(Asample) and standard (Asgendara) against reagent
blank within 30min at 545nm. Total lipid
concentration was calculated according to the
following equation:.

Total lipid concentration (mg/dl)

Asample
~ Astandard X 1000

a-Amylase

The test is based on the hydrolysis of starch by amylase
and the blue-black complex that forms when iodine
reacts with starch. The amount of starch, which
remains at the end of the incubation period, is
shown by the addition of an iodine solution, which
produces a blue-black color. The amylase activity is
measured by the difference in absorbance of the
starch—iodine complex of the test against that of the
reagent blank. The reaction mixture consists of 500 pl
of buffered substrate (pH 7.0, 0.4g/l) and then
incubation at 37°C for 3min. Adding 10pl of
sample, M=mix well and incubate at 37°C for
exactly 7.5 min, then add 500 pl of working reagent,
mix well, and then add 4ml of distilled water. For
blank tube, add all contents, except the sample. Read
the absorbance of the sample (Agumple) and blank
(Aplank) against distilled water at 660 nm. Amylase

activity was calculated according to the following
equation:.

Ablank — Asample

Ablank <1480

Amylase activity (U/L) =

Statistical analysis

Data were subjected to statistical analysis by one-way
analysis of variance using SPSS software (SPSS Inc.
company, Illinois, Chicago, USA) (LSD test). A value
of P value less than 0.05 was considered statistically
significant.

Results

Electron microscopy examination

Oil-in-water emulsification was the method used to
prepare peppermint nanoemulsion loaded in alginate
polysaccharide and cross-linked with calcium chloride.
TEM examination was carried out to determine the
shape and size of the prepared nanocapsules.
Desperation of oil emulsions containing Tween 80
in an aqueous alginate solution formed core and
shell encapsulation. The inner core represents the oil
and the shell represents the alginate that solidified by
cross-linking of calcium chloride. Nanocapsule
diameters were estimated at 40-100 nm (Fig. 1).

Gas chromatogram/mass spectrometry analysis of
crude and alginate-loaded emulsion

The chemical composition of peppermint oil (crude
and alginate-loaded emulsion) was estimated and

compared by GC/MS and illustrated in Figs 2 and 3

Figure 1

Transmission electron microscopy image of alginate-loaded pepper-
mint nanoformulation.
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Total ion chromatogram (TIC) of the major constituents of alginate peppermint nanoemulsion.

and Table 1. The spectrum analysis determined the
presence of five distinct peaks. Menthol, which is the
abundance compound in the two extracts, represents
43.87 and 66.37% in crude and alginate-loaded
emulsion, respectively, followed by p-menthone
28.99 and 12.26%, respectively. Isomenthone with
7.38 and 4.22%, respectively, followed by carvone
8.71 and 2.02%, for crude and alginate-loaded
emulsion, respectively. Menthol acetate represents
4.41 and 4.84%, respectively. The last peak (0.36
and 0.42%) represented linalyl propionate. It was
shown that eucalyptol was represented in crude oil
(0.66%), but was absent in alginate-loaded emulsion.

Determination of nanoencapsulation efficiency (%EE)
and loaded capacity (%LC)

The incorporation of peppermint oil into alginate
nanocapsules has been studied in order to determine
the encapsulation uniformity of prepared emulsion.
The results of such procedure showed that the
encapsulation efficiency (%EE) was 78.62+0.12%.
Loading capacity (%LC) was 4.74+0.02%.

%NMortality of honeybee adult workers exposed to
menthol and nanomenthol extract

The result in Tables 2 and 3 showed %mortality of

adult workers exposed to different

honeybee
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concentrations  of  peppermint  crude  and
nanoemulsion oil. The %mortality was affected by
different treatments, concentrations, and exposed
methods (oral or contact). The %mortality that
occurred in nanoemulsion treatment was higher
than crude emulsion, and increased at high

concentration (5000 ppm) compared with other

Table 1 Gas chromatogram analysis of crude and alginate
loaded emulsion

Crude oll Alginate loaded
emulsion
No. Compounds Rt Area % Rt Area %
1 Eucalyptol=(1,8-Cineole) 7.77 0.66 - -
2 L-LINALOOL 10.32 1.83 10.32 1.44
3 p-Menthone 1269 2899 1266 12.62
4 Isomenthone 13.04 7.38 13.02 4.22
5 p-Menthan-1-ol 13.25 2.73 13.22 3.46
6 Menthol 13.65 43.87 13.60 66.37
7 Linalyl propionate 14.40 0.36 14.02 0.42
8 Estragole 14.52 0.94 14.39 0.49
9 Pulegone 16.18 1.34 16.18 1.23
10 Carvone 16.53 4.48 16.54 2.02
11 Piperitone 16.92 1.22 16.91 1.18
12 Menthol acetate 18.17 4.41 18.14 4.84
13 trans-Caryophyllene 23.42 0.69 23.38 0.60
14 a-Farnesene 23.96 0.38 23.94 0.26

concentrations. As well as percentage mortality was
not affected at the beginning of the experiment (after
1h, 1, 2, 4, and 7 days), but lately high % mortality
occurred 2 weeks posttreatment. In addition, the
higher %mortality occurred in oral treatment than
contact treatment.

Estimated % mortalities were 83.83, 77.15, 46.31, and
32.97% in treatments of nanoemulsion (oral),
nanoemulsion (contact), crude emulsion (oral), and
crude emulsion (oral) at 5000ppm 14 days
posttreatment, respectively.

LCso and LCgyq values of menthol and nanomenthol
extract after treatment of honeybee adult workers

The data in Table 4 showed the L.Csg and LCgy values,
correlation, and regression at the end of the experiment
after treatment with peppermint
nanoemulsions.

crude and

LCsg values were 2629.85, 4246.84, 5471.13, and 11
895.65 ppm of different treatments like peppermint
nanoemulsion (oral), nanoemulsion (contact), crude
oil (oral), and crude oil (contact), respectively. LCyq
values were 7223.38, 5747.17, 16 676.32, and 90
913.18 ppm for the above-mentioned treatments,
respectively.

Table 2 The percentage mortality honeybee workers after treatment of peppermint crude oil using oral and contact methods

Mortality %

Treatment Conc. (ppm) 2h 1 day 2 days 4 days 7 days 14 days

Oral 1250 0.00 0.00 0.00 0.00 0.00 0.00
2500 0.04 1.55 1.06 1.68 1.05 18.66
3750 3.50 4.86 3.61 2.41 3.05 32.46
5000 6.25 6.88 5.71 6.05 3.98 46.31

Contact 1250 0.00 0.00 0.00 0.00 0.00 0.00
2500 0.68 3.79 2.53 0.50 0.92 8.57
3750 3.14 6.60 5.37 2.82 10.49 18.73
5000 4.54 7.55 8.75 6.76 12.65 32.97

Mortality %=dead workers in treatment—-dead workers in control/100-dead workers in controlx100.

Table 3 The percentage mortality of honeybee workers after treatment of peppermint nanoemulsion using oral and contact

methods
Mortality %

Treat Conc. (ppm) 2h 1 day 2 days 4 days 7 days 14 days

Oral 1250 0.00 0.00 0.00 0.00 0.00 21.37
2500 0.22 0.84 0.25 1.07 2.05 38.41
3750 1.70 1.07 2.88 3.26 4.56 66.80
5000 10.81 18.09 32.49 32.89 35.81 83.83

Contact 1250 0.00 0.00 0.00 0.00 0.00 0.00
2500 3.99 3.85 3.86 243 2.04 1.95
3750 14.26 17.32 17.78 16.66 15.02 27.08
5000 39.60 45.50 44.42 43.93 47.83 77.15

Mortality %=dead workers in treatment-dead workers in control/100-dead workers in controlx100.
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Table 4 LCso and LCgq, values of honeybees workers treated
with peppermint crude and nanoemulsions 2 weeks
posttreatment (oral and contact)

Table 5 Effects of peppermint nanoemulsion on amylase
activity, total protein and lipid contents in digestive system of
honeybee workers

Treatment LCso (ppm/ LCgo (ppm/ Slope+SE R Treatment  Conc. Amylase  Total protein Total lipids
ml) ml) (ppm) un (mg/dl) (mg/dl)
1 2629.85 7223.38 2.9206 0.9715 Oral 5000 660.13% 562° 22.03%°
+0.318 +81.87 =111 +2.65
2 4246.84 5747.17 9.7543 0.9970 1250 164.84° 860° 24.62%°
+1.072 +28.55 +53.5 £1.92
3 5471.13 16676.32 2062;2; 0.9990 Contact 5000 43.785¢ 9082P 15.01°¢
+0.
+11.38 +55.0 +1.44
4 11895.65 90913.18 1.4510 0.9539 be b be
1250 61.18 989 21.61
+0.371
+6.13 +60.0 +2.19
1. Nanomenthol extract (oral). 2. Nanomenthol extract (contact). 3. c | 17 5° 1161.0° 32,662
Menthol extract (oral). 4. Menthol extract (contact). ontro 75 ’ ’
+5.64 +119.6 +3.79
Physiological effects (biochemical analysis) F value 93.75 13.29 12.71
LSD 129.29 0.2795 8.3223

Data in Table 5 showed the effect of menthol
nanoemulsion on amylase activity, total protein, and
lipid contents in the digestive system of honeybee
workers. The tested parameters were affected by
different

peppermint nanoemulsion compared with control.

treatments and  concentrations  of

The amylase activity was significantly increased in
different treatments (oral and contact) and different
concentrations of treatments (5000 and 1250 ppm)
than control (F value 93.75). On the other hand,
the total protein and lipids were significantly lower
in different treatments (oral and contact) and different
concentrations (5000 and 1250 ppm) than control (F
value 13.29 and 12.71), respectively.

Data in Table 6 showed the effect of crude peppermint
oil on amylase activity, total protein, and lipid contents
in the digestive system of honeybee workers. The
amylase-enzyme activity, total protein, and lipid
contents were affected by different treatments and
concentrations of crude peppermint emulsion
compared with control.

The amylase activity was significantly increased in oral
treatment at concentrations of 5000 and 1250 ppm, as
well as in contact treatment at concentration of
5000 ppm than both control and contact treatment
at 1250 ppm (F value 997.95). The total protein was
significantly increased in contact treatment at different
concentrations of 5000 and 1250 ppm than oral
treatment at tested concentrations (F value 18.18).
The lipid contents were the lowest in oral treatment
at 5000 ppm compared with other treatments.

Discussion
Recently, biopesticides were made from some plant oils

[20]. They used leaves of Menth avirids (menthol)

** Highly significant. Each value represent the means of three
replicates (each composed of 10 mg/ml tissue homogenate)+SE.
Values with different letters within the same row are significantly
different (P<0.05) (analysis of variance) (LSD test).

Table 6 Effects of peppermint crude emulsion on amylase
activity, total protein and lipid contents in digestive system of
honeybee workers

Treatment Concentration Amylase Total Total lipids
(ppm) un protein (mg/dl)
(mgydl)
Oral 5000 487.16% 819.0° 9.54¢
+12.03 +15.0 +1.89
1250 62.22° 924.0°° 20.81°
+3.24 +37.0 +2.78
Contact 5000 276.91° 1033.0° 41.11°
+16.57 +37.0 +5.26
1250 5.29¢ 1295.0? 53.69°
+2.16 +110.0 +3.73
Control 13.24¢ 1021.0° 21.90°
+2.16 +45.0 +1.15
F value 997.95%* 18.18%* 57.76%*
LSD 30.846 0.1929 10.834

** Highly significant. Each value represent the means of three
replicates (each composed of 10 mg /ml tissue homogenate)+SE.
Values with different letters within the same row are significantly
different (P<0.05) (analysis of variance) (LSD test).

against Phthorimaea operculella [21]. They used
neem, ginger, peppermint, garlic, and jojoba oils
against larvae of Spodoptera littoralis. Lately
Gokulakrishnan ez al. [22], they used menthol
against three species of Lepidoptera. The menthol
oil was extracted from essential oil and proved to be
effective for some insects [23]. They used synthetic
menthol, thymol against Tefranychus wurticae, and
Abdelgaleil [24] found that menthol was effective
and strong or toxic to adults of Theba pisana.

Recently, nanoparticles in pesticides were produced
and used against insects [5-25]. Honeybee A.
mellifera is a useful insect and is affected by
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environmental changes, pesticides, and recently
nanoparticle products that were used against many

insects [10-16]. We studied the effect and toxicity

of nanoparticles on honeybee 4. mellifera.

TEM examination showed a successful encapsulation
of peppermint oil using alginate polysaccharide and
cross-linking with calcium chloride. The particle sizes
were closed to those obtained by Lertsutthiwong [26],
suggesting that using the high-energy ultrasonic probe
is a major step to obtain small nanocapsules. Our
suggestion agreed with those reported by the same
authors. However, the authors reported that
mechanical stirring only is insufficient to prepare
nanocapsules in a uniform size, and smaller capsules
can be obtained by increasing the time of sonication
either before or after adding the oil to the sodium
alginate. They added that sonication for 15 min after
adding oil to sodium alginate resulted in nanocapsules
(83.6nm) that were about 50% smaller than those
formed by sonication before adding oil to sodium
alginate. It was clear that using of sonication after
cross-linking by calcium chloride reduced the
diameter of the nanocapsules.

GC/MS analysis indicated that menthol and menthone
compounds were the abundance compounds in both
extracts. Menthol is a cyclic monoterpene alcohol with
the minty taste. Menthone is monoterpene with minty,
structurally related to menthol; however, the alcohol
group is oxidized to form ketones. It was clear that
preparation of loaded nanoemulsion relatively did not
affect on oil compounds, except the absence of
Eucalyptol. The finding results are similar with those
stated by Hawryt ezal. [27]. They cleared that menthol is
the most characteristic Mentha compound. Its highest
concentration was in M. piperitavar. Krasnodarskaja and
other piperita varieties. The compound present in the
largest amount overall was menthone, representing over
10% of the total. It was present at high concentrations in
M. piperita, piperita var. Also, Yunilawati ez a/. [28]
detected 17 compounds in peppermint oil. They added
that menthol (39.79%) and menthone (35.69%) were the
main components in peppermint oil.

Encapsulation  uniformity indicated  successful
encapsulation  sufficiently. ~The  encapsulation
efficiency (WEE) was 78.62+0.12%, and loading
capacity (WLC) 4.74+0.02%. Lertsutthiwong ez al.
[26] prepared the same delivered system with
turmeric oil. In such study, it was reported that
loading capacity of 5.47 and 10.4% was obtained for
processes with and without ethanol evaporation,
respectively. They added that without ethanol

evaporation, about 30% of the turmeric oil was lost
oil-loaded

nanocapsules and solvent removal caused a total loss

during formation of the turmeric
of about 42% of the turmeric oil, suggesting that
evaporation process is responsible for loss of 14% of
the total oil. Also, Jerobin ef al. [29] stated that
percentage-entrapment efficiency of neem oil loaded
on alginate polymer varied considerably with the
percentage loading. They added that entrapment
efficiency decreased with an increase in neem-oil
nanoemulsion loading. This might be attributed to
the release of nanoemulsion to the external solvent
(methanol).

The toxicity effect of both formulations (nano and
crude oils) of peppermint oil was studied on
honeybee worker A. mellifera. It was found that
nanoemulsion had a higher effect than bulk oil. The
obtained similar results were reported by Mohamed
[30], who stated that nanoformulations of geranium
and garlic oils had more effects on §. /ittoralis larvae
than bulk ones. Also, Sharaby and El-Nojiban [31]
arranged the toxicity values of certain oils in descending
order based on LCsg values measured against Agrotis
ipsilon as garlic, mint, cumin, caraway, and parsley.
Mint oil was the second most toxic essential oil, as seen.
The LCs value of peppermint oil as a contact poison
on larvae was 0.032%, according to the researchers.
The LCs, values as a stomach poison for larvae and
pupal stages were approximately identical at 0.160 and
0.148%. This was in contrast with the results obtained
in this investigation, as shown, the LCjsg values of oral
treatments were less than those of contact treatments.

In this investigation, a significant increase in amylase
activity was recorded and these results were in
agreement with those reported by Wang ez al. [32].
They stated that the occurrence of Bacillus in bee guts,
is directly related to the increase of amylase in the
foregut of bees. Lee ez al. [33] studied the relation
between microbial community and food processing,
and based on an analysis of metatranscriptomes, three
major active bacterial classes were identified in the gut
(gamma-Proteobacteria, Bacilli, and Actinobacteria),
they thought that these bacteria were likely to be
involved in the decomposition of complex
macromolecules (e.g. polysaccharides). Wang ez al.
[32] added that Bacillus sp. commonly occur in the
stomach of honeybees, Baci/li can produce enzymes,
while Bacillus amyloliquefaciens can produce amylase,
lipase, and protease [34]. Consequently, we suggest
that increasing of amylase levels after treatment can be
explained by the increase of bee gut microbiota to
compensate the lack of its production by the bee itself.



Polymer-based encapsulation of peppermint Youssef and Abdelmegeed 321

It was shown a significant reduction of total protein
and total lipid after treatment with nanoemulsions, that
was in parallel with the results obtained by Abdel-
Hakim ez al. [35]. They found that feeding the 4th
larval instar of A. ipsilon on Neem Azal T/S reduced the
larval total protein and lipid contents. Abd El-Aziz
[36] reported that larvae of potato tuber moth
Phthorimaea  operculella  Zeller — (Lepidoptera:
Gelechiidae) treated with eucalyptus, citronella,
geranium, and marjoram essential oils increased total
protein of the last larval instar. The increase in the total
protein with oil treatments may be related to the
increase of protein biosynthesis, and can be
explained as a kind of detoxification mechanism.
Shoukry e al. [37] stated that increasing or
decreasing in the protein content accompanied with
pesticide treatment related to the toxic and disturbance
effect of the tested insecticides intrusive with the
protein synthesis. The disturbance in protein by
decreasing or increasing associated with inequity in
the natural hormones of the treated insects. Protein
production in an insect body is controlled by the
endocrine glands and the hormonal system. Changes
in protein level may be representing the balance
between protein synthesis, transportation, storage,
and deprivation of structural and nutrient functions
throughout ontogeny in addition to the response to the
exact physiological conditions.

There were variable effects of both nano and crude
peppermint oils on honeybee workers when treated by
oral or contact exposures, and that was clear on their
effects on total lipid-content values. Significant
reduction of total lipids resulted speedily by oral
treatments. That was in parallel with the fondants
of Amrutsagar and Joshi [38] who stated that insect
repellent (allethrine) decreased lipid contents in
cockroach insects (Periplaneta americana). Also,
Lohar and Wright [39] observed a reduction in the
amount of lipid in hemolymph, fat body, and oocyctes
of Tenebrio molitor L. (Coleoptera: Tenebrionidae)
females treated with malathion. They pointed out
that reduction of lipid content may be attributed to
the effect of insecticide on the adipokinetic hormone
that controls lipid metabolism. It was found that many
toxic agents cause disturbances of fats in different
body organs of both invertebrate and vertebrate
animals.

Conclusion

It can be concluded that peppermint oil can be
encapsulated in sodium alginate polysaccharide and
cross-linked with calcium chloride. As shown in

TEM examination, nanocapsules were nearly
spherical and less than 100nm in size. GC/MS
analysis represented no changes in oil compounds
after loading on alginate polysaccharide. Content
uniformity showed successful encapsulation by the
testing-delivered ~ system. It is clear that
nanomaterials of peppermint oil have more toxic
effect on honeybee worker (4. mellifera) than its
crude form. As shown, the LCsq and LCyq values of
nanoemulsion are less than those of bulk ones, even by
oral or contact treatments. In addition, oral treatments
were more toxic than contact ones. Also, both forms of
emulsions have different effects on honeybee workers’
biochemical aspects. Amylase activity was increased by
both forms of emulations. Total protein contents
significantly decreased by nanoemulsion treatment,
especially by oral applications. However, bulk form
affected total protein contents only by high-
concentration oral treatment. Total lipid contents
were affected by both treatments, but in different
ways in consideration types of treatment and
concentrations. decreased  lipid
contents, especially by contact treatments. In
contrast, bulk emulsions significantly increased lipid
contents by contact treatments.

Nanoemulsions
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