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The 3" instar larvae of the peach fruit fly, Bactrocera zonata resulted in larval artificial diet treated with
0.5% of crude extracts (CEs) and essential oils (EOs) of Eucalyptus and Neem were chemically
analyzed to determine their effects on certain enzymatic and non-enzymatic activities. The CEs and EOs
significantly and differently reduced acetylcholinesterase in the 3" instar larvae. Both CE and EO of
Eucalyptus reduced a-esterases. On the other hand, CE and EO of Neem increased the amount of a-
esterases in larvae of B. zonata. The amounts of B-esterases were high significantly and differently
influenced in treated larvae. Eucalytus EO reduced the amounts of B-esterases in treated larvae. The
amounts of chitinase in the 3 instar larvae was low significantly differed according to the treatments.
Eucalyptus EO increased chitinase compared to untreated individuals. The amount of protease in 3™
instar larvae of B. zonata resulted in treated larval artificial diet with CEs or EOs of Eucalyptus and
Neem low significantly. Meanwhile, the increase in the total carbohydrates content of treated larvae was
observed in all treatments compared with control except Eucalytus oil. While the lipid and protein
contents were significantly decreased in all treatments except only in Neem oil-treated larvae.

Keywords: Bactrocera zonata, Eucalyptus, Neem, biochemical effect.

INTRODUCTION

Bactrocera zonata (Saunders) is dangerous,
multivoltine, polyphagous and cosmopolitan insect
pest which are considered the most destructive
pest since it infests fruits directly causing a great
damage to them. The control measures for fruit
flies adopted mainly on contact conventional
insecticides which cause destructive effects on
the environment, human health, wild life and
biological control agents (Purcell & Schroeder,
1996; Mochi et al., 2006 and Stark & Vargas,
2009). Many researchers tried to study the toxic
and developmental adverse effects as well as
biochemical actions of several extracts or
essential oils of many wild, medicinal and

aromatic plants against more than one species of
insects (Saleh,1995; Bazzoni et al., 2000; Agar et
al.,, 2005; Pavela, 2009; Kamaraj et al., 2010;
Benelli et al., 2013 and Kumrungsee et al., 2014).
The present study aims to provide informations
about the effects of crude extracts (CEs) and
essential oils (EOs) of certain medicinal and
aromatic plants (Eucalyptus and Neem) on certain
enzymatic and non-enzymatic activities in B.
zonata (Saunders)

MATERIALS AND METHODS
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Insect Rearing

A colony of B. zonata, was obtained from
Agricultural Research Center, Plant Protection
Research Institute, laboratory of Horticulture
Insects Department, Dokki, Giza under conditions
of 25 + 3°C and 60 + 5% R.H. Larvae were reared
on an artificial diet as described by Shehata et al.,
2006.

Plants Used

Both CEs and EOs of different parts of
medicinal and aromatic plants were leaves of
Long leaved eucalyptus, Eucalyptus longifolia
(Myrtaceae), and seeds of Neem, Azadirachta
indica (Meliaceae). These CEs and EOs were
obtained from EI-Abgy Factory for Extracting QOils,
District of El-Bistatin, Cairo, Egypt.
To study effect of the tested plants on certain
enzymatic activities, about 50 individuals of full
grown 3" instar larvae of the peach fruit fly
resulted in larval artificial diet treated with 0.5% of
CEs or EOs of the tested medicinal and aromatic
plants (long leaved eucalyptus, Eucalyptus
longifolia and Neem, Azadirachta indica) were
obtained. The respective used concentrations
were prepared. These individuals were
homogenized in a chilled glass Teflon
homogeneizer (ST-Mechanic-Preczyina, Poland).
Centrifugation was done by a refrigerated
centrifuge (6 MR, USA). Double beam ultraviolet/
visible spectrophotometer (sectronic 1201, Milton
Roy Co., USA) was used to measure absorbance
of colored substances. The insects were
homogenized in distilled water (50 mg/iml).
Homogenates were centrifuged at 8000 rpm for
15 min at 5°C in a refrigerated centrifuge. The
deposites were discarded and the supernatant
were kept in a deep freezer till use.

Determination of acetylcholinesterase (AchE)

AchE activity was measured according to
Simpson et al. (1964) method, using acetylcholine
bromide (AchBr) as substrate.

Determination of non-specific esterases

a-esterases and B-esterases were determined
according to Van Asperen (1962) using a-naphthyl
acetate or [(-naphthyl acetate as substrates,
respectively.

Determination of chitinase

Preparation of substrate
According to Bade and Stinson (1981),
colloidal chitin was prepared as follows: 4.0 gm of

purified chitin powder was suspended in 100 ml

water at 4°C and stirred in cold. At 4°C, 30 ml of

concentrated H2SO4 was added drop wise to the
suspension. Through glass wool, cold viscous

chitin solution was filtered into 1800 ml ice-cold

50% ethonal with rapid stirring. The precipitated

colloidal chitin was washed with distilled water to

pH 5. Before use as substrate, it was buffered
with phosphate buffer (pH 6.5, 0.2 M).

Assay of enzyme

According to Ishaaya and Casida (1974), with
some modifications, the reaction
consisted of 200 ml 0.5% colloidal chitin, 200 ml
enzyme solution and 1 ml phosphate buffer (0.2
M, pH 6.5). After 1.5 hour incubation at 37 °C,
enzyme activity was terminated by boiling test
tube. Centrifugation for 15 min at 8.000 rpm
sedimented undigested chitin. The supernatant
was  taken for  determination of
acetylglucoseamine that produced as a result of
chitin digestion by chitinase.

Determination of N-acetylglucoseamine

According to Waterhouse et al. (1961), N-
acetylglucoseamine wsa determined. From the
supernatant, the volume of the appropriate aliquot
was adjusted to 1 ml with phosphate acetate
buffer (0.2 M, pH 6). For each determination, a
series of N-acetylglucoseamine standards (10, 20,
40, 60 and 80 pg) and one ml buffer blank in 1 ml
buffer were set.
heated in a boiling water bath for 10 min after the
addition of 0.3 ml
solution. 8 ml glacial acetic acid was added to
each after the tubes were then transferred rapidly
to cold water. In 50 ml glacial acetic acid and
25 ml concentrated HCI, the 1 ml freshly
prepared, modified Ehrlich reagent (1 gm p-
dimethylaminobenzoate was added. At
temperature, the tubes were shaken, and allowed
to stand for 30 min. At 540 nm, the optical density
was read against the buffer blank. The enzyme
activity was expressed as Mg
acetylglucoseamineNAGA) x 102 / min / gm fresh
weight.

Determination of proteolytic activity

According to Tatchell et al. (1972), proteolytic
activity was measured with some modifications.
During one hour incubation at 30° C, the increase
in free amino acids split from substrate protein
(albumin) was measured. According to Lee and
Takabashi (1966) method, amino acids were
colorimetrically assayed by nonhydrin reagent.

Bioscience Research, 2019 volume 16(2): 1405-1411
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Total carbohydrates determination

In acid extract of sample by the phenol-
sulfuric acid reaction, total carbohydrates were
estimated by Dubois et al., (1956). According to
Crompton and Birt (1967) total carbohydrates
were extracted and prepared for assay.

Total lipids determinations
According to (Knight et al., 1972), total lipids
were estimated by using phosphovanillin reagent.

Total proteins determinations
According to Bradford (1976), total proteins
were determined.

Statistical Analysis

Using one-way analysis of variance (ANOVA),
the data were statistically analyzed supported by
Duncan’s multiple range test (Duncan, 1955)
running on CoStat statistical software (1990). At
5% significance level, means were compared
using L.S.D.

RESULTS

Effect of tested crude extracts and essential
oils on the enzymatic activities:

Data given in Table (1) the activity of
acetylcholinesterase (AchE) of B. zonata larvae
was determined after treatment with 0.5% conc. of
oils and extracts of Eucalyptus and Neem. The
results showed that AchE activity of B. zonata
larvae was significantly decreased with the
Eucalyptus extract followed by Neem extract, then
Eucalyptus oil and Neem oil compared with
control with the percentage of change was 65.52,
37.24 and 17.8%, respectively.

The effect of the tested oils and extracts
(0.5%) on B. zonata a- esterases activity of larvae
was recorded (Table 1). As shown from the
results a significant (p<0.05) decrease in a-
esterases activity was induced in the Eucalyptus
oil- and extract-treated larvae as compared with
control (Table 1). A reduction percentage 27.19
and 11.89% in a- esterases activity was induced
by Eucalyptus oil and extract, respectively.
However, the «a- esterases activity was
significantly increased in larvae treated with both
Neem oil and extract compared with untreated
larvae being percentage change was -5.09 and -
32.91%.

In addition, the activity of R- esterases of B.
zonata larvae was determined after treatment with
0.5% -oils and -extracts of Eucalyptus and Neem

(table 1). The results showed that R- esterases
activity of B. zonata larvae was significantly
decreased with the Eucalyptus oil compared with
control with the percentage of change was
13.65%, respectively. However, the [3- esterases
activity was significantly increased in
treated with Eucalyptus extract, Neem oil and its
extract being percentage changes were -10.42, -
5,53 and -3.55%, respectively compared with
untreated larvae.

On the other hand, as represented in table
(1), the proteases activity was significantly
decreased in larvae treated with Neem oil, Neem
extract, Eucalyptus extract and Eucalyptus oil
compared with control, where the percentages of
change were 28.35, 18.81, 6.70 and 3.87%,
respectively.

Also, data given in table (1) indicated the
effect of the tested oils and extracts (0.5%) on B.
zonata chitinase activity of larvae. The results
showed that chitinase activity of B. zonata larvae
was significantly decreased with Neem extract,
Eucalyptus extract and Neem oil where the
percentages of change were 14.21, 6.68 and
1.87%, respectively. Meanwhile, the chitinases
activity was significantly increased in
treated with Eucalyptus oil compared with
untreated larvae.

Effect of tested crude extracts and essential
oils on the non-enzymatic activities:

Data in table (2) showed that the increase in
the total carbohydrates content of treated larvae
which observed in all
significantly compared with control except
Eucalytus extract and Neem extract. While the
total carbohydrates content of Eucalytus oll
treated larvae (16.22 + 1.11 mg/g.b.wt.) was
significantly lower than that of the control (22.81 +
1.5 mg/g.b.wt.).

The mean of body lipid contents of the treated
larvae by both Eucalyptus oil, extract and Neem
extract (3.43 + 0.53, 4.11 + 0.44 and 4.64 + 0.84
mg/g.b.wt., respectively) was significantly lower
than that of the control (13.33 + 0.62 mg/g.b.wt.).
Meanwhile, Neem oil increase mean body lipid
contents of the treated larvae compared with
untreated ones (table 2).

Moreover, the changes in total protein content

were conducted as a result of extracts and oils

treatment in general, the total protein content in
the homogenates larvae were significantly
reduced as compared to control except for Neem
oil treatment.
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Table (1): Effect of Eucalyptus and Neem essential oils and crude extracts on certain enzymatic activities of B.

zonata larvae.

Biochemical parameters Sensetivity %
Treatmens Acetylchol a- B- L Acetylcholi a- B- "
! chitinase proteases chitinase | proteases
inesterase esterases esterases nesterase esterases | esterases
A c d 353.3+16.80° a
control 151.70+4.42 1590.0£20.96 403%7.45 38.80%2.85 - - -
Eucalvptus 95.70+1.86° 1157.7423.28° | 380.0%7.02° | 486.748.90° | 37.300.70° 36.91 27.19 5.71 3.87
P extract 52.30+2.97¢ 1401.0%11.34% | 445.0#8.37% | 329.7£7.91¢ | 36.20+1.98° 65.52 11.89 -10.42 6.70
Neem 124.70+2.44" | 1671.0£14.83° | 425.3%8.58" | 346.7+12.30° | 27.80%0.99° 17.80 -5.09 -5.53 28.35
extract 95.20+0.93¢ 2113.3+68.84% | 417.3%7.86° | 303.1#5.93° | 31.50#1.22¢ 37.24 -32.91 -3.55 18.81
LSD 5% 0.325 12.095 6.462 3.161 0.552 - - - -

Sensetivity % = control- treatment / control * 100

Table (2): Effect of Eucalyptus and Neem essential oils and crude extracts on certain non-enzymatic activities of B. zonata larvae.

Treatments Biochemical parameters Sensetivity %
carbohydrates lipids proteins carbohydrates | lipids proteins

control 22.81+0.87°¢ 13.33+0.36° | 94.40+1.45° - -- --

Eucalyptus oil 16.22+0.65¢ 3.43+0.31¢ | 74.07+0.62¢ 28.89 74.49 21.54
extract 25.27+0.71° 4.11+0.26% | 94.40+0.81° -10.78 69.24 | 74.07£0.62

Neem oil 27.97+0.712 14.81+0.622 | 98.00+£1.80% -22.62 -11.10 -3.81
extract 24.71+0.95P 4.64+0.49¢ | 81.20+0.76¢ -8.33 65.19 13.98

LSD 5% 1.43 0.892 1.25 - -- --

Sensetivity % = control- treatment / control * 100

Bioscience Research, 2019 volume 16(2): 1405-1411
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The mean of body protein content of the
treated larvae was 74.07 +£1.06, 81.20+1.3 and
94.4+1.4 mg/g.b.wt. with Eucalyptus oil, Neem
extract and Eucalyptus extract, respectively, as
compared to 94.4+ 2.5 mg/ g.b.wt. in control. The
change percentages in the total protein content
with the above mentioned extracts were 21.54,
13.98 and 0.00%, respectively (table 2).

DISCUSSION

The reduction obtained in both AchE and both
a-, B esterases were with accordance with El
(Kady et al.,, 2008) who found a reduction in
Anopheles multicolor and Culex pipiens AChE
activity caused by vertimec and spinotram
bioinsecticides. In addition, after 24 h of exposure,
the exposed mosquito had a decreased a and B-
esterases. (Sharma et al.,, 2011) concluded that
Azadiracta indica and Artemicia annua extracts
produce significant alterations in the biochemical
profiles of larvae of culicine and anopheline.
Megahed et al., (2013) found that 4™ instar larvae
of Spodoptera littoralis treated with abamectin,
emamectin benzoate and spinosad had a
decrease in AChE activity, total lipid and total
protein contents. Gamil et al., (2011) found that M.
domestica treated with Curcuma longa (Turmeric)
had a significant decrease in protein and total
carbohydrate contents.

The amounts of chitinase in both the 3 instar
larvae were high significantly differed according to
the treatments. Crude extracts of Eucalyptus
decreased chitinase in the full grown larvae,
whereas essential oils of the same plant
increased it compared to untreated individuals.
While the decrement in chitinase in larvae caused
by crude extract and essential oils of Neem was
14.21 and 1.87%, respectively.

The tested crude extracts and essential oils
reduced the amounts of proteases in both treated
larvae. Xanthogaleruca Iluteola Mull. and
Eurygaster integriceps Puton have shown similar
reduction in protease and its substrate levels of
hemolymph and midgut tissue due to the effect of
Artemesia annua L. extracts (Zibaee and Bandani
2010). Comparable results have been observed in
S. litura upon treatment with azadirachtin extracts.

B. zonata larval treatment with Eucalyptus
extract significantly decreased total carbohydrates
content which was in harmony with Sharma et al.,
2011. Also, the results agreed with Shoukry et al.,
(2003) who studied the biochemical changes in
the Plodia interpunctella haemolymph of larvae
treated with sublethal concentrations of three fixed
oils and two volatile oils and found that levels of

haemolymph  carbohydrates contents
decreased in all oil treatments. It also agreed with
the finding of (Gareth et al., 2006) who observed
that carbohydrates content was decreased in oil-
treated insects.

CEs and EOs of the tested plants highly
reduced the amounts of total lipids in larvae
except neem oil. The reason for the decrease in
the total lipid content may be owing to its
conversion to proteins to produce supplementary
energy or to substitute the reduction in protein
content.

Own results agree with these results obtained
by many investigations (Abou El-Ela et al., 1998;
Abd EI-Aziz, 2000; Omar et al., 2005b and Rawi
et al.,, 2011). While Mostafa (1993) found that T.
granarium treated with plant extracts
increased total lipid content. Also Abou EI-Ela et
al.,, (1995) found the similar result on Musca

domestica treated with water extracts of some

plants, and Shoukry et al., (2003) who recorded
the biochemical changes in Plodia interpunctella
haemolymph larvae treated with

their carbohydrate contents but increased the
levels of haemolymph lipids.
In addition, both CEs and EOs reduced the
amounts of total protein in treated larvae. The
reduction of the protein contents is a result of
breakdown of these proteins into amino acids
which are used in the compensatory mechanism
to supply energy for the insect to recover from
insecticidal stress (Ali et al., 2014).

CONCLUSION
It may be concluded the botanicals used had
direct adverse effects on the development of B.
zonata. Among the tested plants the essential oils

were more effective than crude extracts. These

botanicals are available throughout the country
and the farmers may use these plants easily for
the management of other related pest species.

CONFLICT OF INTEREST
The authors declared that present study was
performed in absence of any conflict of interest.

ACKNOWLEGEMENT

The authors are grateful to Dr. Naeem M.
Eesa (Department of Entomology, Faculty of
Science, Cairo University) for his support to this
work.

Bioscience Research, 2019 volume 16(2): 1405-1411

were

had

sublethal
concentrations of three fixed oils and two volatile
oils and found that all oil treatments decreased

1409



N.M. Eesa et al.,

Bioefficacy of selected botanicals on Bactrocera zonata

AUTHOR CONTRIBUTIONS

Dr. Naeem M. Eesa and Dr. Hanaa A. El-
Sherif suggested main topic of the manuscript and
chose members of this team work, Mai K. Daif
worked experiments of the manuscript, Dr. A.M.Z.

Mosallam  provided necessary laboratory
faciltates and Dr. Dina H. Abd EI-Monem
designed the experiments, made statistical

analysis, wrote the manuscript, followed up work
progress and was the corresponding author of this
work.

Copyrights: © 2019 @ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES

Abou El Ela, R. G., Helmy, N. M., El Monairy, O.
M. and Salah, H. 1995. Biological activity of
an extract from Hyoscyamus muticus on
Musca domestica (Diptera: Muscidae). Bull.
Ent. Soc. Egypt. Econ. Ser. 22; 27- 35.

Abou El-Ela, R.G., Younes, M\W.F. and Gamal,
EL-Din, M.M.A. 1998. Biochemical studies on
the effect of three different insecticides on
the cotton leaf worm Spodoptera exigua
(HB.) (Lepidoptera : Noctuidae). J. Union.
Arab. Biol, Cairo 9(A): 455 - 475.

Agar, G., Uysal, H. and Kaya, Y. 2005. Toxic
effects of aqueous extract of Nerium
oleander (Apocynaceae) leaves and its latex
on total protein level in fruit fly Drosophila
melanogaster  (Diptera: Drosophilidae).
Fresenius Environmental Bulletin 14(7): 616-
619.

Ali, N.S., Ali, S.S. and Shakoori, A.R. 2014.
Biochemical response of malathion-resistant
and -susceptibal adults of Rhyzopertha
dominica to the sublethal doses of
deltamethrin. Pakistan Journal of Zoology
46:853-861.

Bade, M.L. and Stinson, A. 1981. Biochemistry of
insect differentiation. A system for studying
the mechanism of chitinase activity in vitro.
Archs Biochem. Biophyscs. 206: 213-221.

Bazzoni, E.; Sanna-Passino, G. and Moretti,

M.D.L. 2000. Studies on the effects of
essential oils and different monoterpenoids
on Ceratitis capitata Wield. (Diptera,
Tephritidae). Informatore  Fitopatologico,
50(6): 47-52. [Italian]

Benelli, G.; Flamini, G.; Fiore, G.; Cioni, P.L. and
Conti, B. 2013. Larvicidal and repellent
activity of the essential oil of Coriandrum
sativum L. (Apiaceae) fruits against the
filariasis vector Aedes albopictus Skuse
(Diptera: Culicidae). Parasitology Research,
112(3): 1155-1161.

Bradford, M.M. 1976. A rapid and sensitive method
for the quantitation of microgram quantities of
proteins utilizing the principle of protein-dye
binding. Anal. Biochem. 72: 248-254.

Costat Statistical Software 1990. Microcomputer
program analysis version 4.20, Co Hort
Software, Berkeley, CA.

Crompton, M. and Birt, L.M. 1967. Changes in the
amounts of carbohydrates, phosphagen, and
related compounds during the
metamorphosis of the blowfly, Lucilia
cuprina. J. Insect Physiol. 13: 1575-1595.

Dubios, M., Gilles, K.A., Hamilton, J.K., Rebers,
P.A. and Smith, F. 1956. Colorimetric
method for determination of sugars and
related substances. Analyt. Chem. 28: 350-
356.

Duncan, D. B. 1955. Multiple range and multiple F
tests. Biometrics 11: 1-41.

El Kady, G.A., Kamel, N.H., Mosleh Y.Y. and
Bahght, I.M. 2008. Comparative toxicity of
two  bio-insecticides  (Spinotoram  and
Vertemic) compared with methomyl against
Culex pipiens and Anopheles multicolor.
World J. Agric. Sci. 4: 198-205.

Gamil, W.E., Mariy, F.M., Youssef L. A. and
Halim, S.A. 2011. Effect of Indoxacarb on
some biological and biochemical aspects of
Spodoptera littoralis (Boisd.) larvae. Ann.
Agric. Sci., 56: 121-126.

Gareth, M.P., Tamara, S. G. and Andrew, F.
2006. Insecticidal activity of garlic juice in two
dipterian pests. Agric. Entomol. 8: 1-6.

Ishaaya, I. and Casida, J.E. 1974. Dietary TH-
6040 alters composition and enzyme activity
of housefly larval cuticle. Pestic. Biochem.
Physiol. 4: 484-490.

Kamaraj, C., Rahuman, A.A., Bagavan, A., Zahir,
A.A., Elango, G., Kandan, P., Rajakumar, G.,
Marimuthu, S. and Santhoshkumar, T. 2010.
Larvicidal efficacy of medicinal plant extracts
against Anopheles stephensi and Culex
quinquefasciatus (Diptera: Culicidae).

Bioscience Research, 2019 volume 16(2): 1405-1411

1410


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

N.M. Eesa et al.,

Bioefficacy of selected botanicals on Bactrocera zonata

Tropical Biomedicine 27(2): 211-219.

Knight, J.A., Anderson, S. and Rawle, J.M. 1972,
Chemical basis of the sulfo-phospho-vanillin
reaction for estimating total serum lipids.
Clin. Chem. 18: 199-202.

Kumrungsee, N., Pluempanupat, W., Koul, O. and
Bullangpoti, V. 2014. Toxicity of essential oil
compounds against diamondback moth,
Plutella xylostella, and their impact on
detoxification enzyme activities. Journal of
Pest Science 87(4): 721-729.

Lee, Y.P. and Takabashi, T. 1966. An improved
colorimetric determination of amino acids
with the use of ninhydrin. Analyt. Biochem.
14: 71-77.

Megahed, M.M.M., El-Tawil, M. F., El-Bamby
M.M.M. and Abouamer, W.L. 2013.
Biochemical effects of certain bioinsecticides
on cotton leaf worm, Spodoptera littoralis
(Boisd.) (Lepidoptera: Noctuidae). Res. J.
Agric. Biol. Sci., 9: 308-317.

Mochi, D.A., Monteiro, A.C., de Bortoli, S.A,,
Doria, H.O.S. and Barbosa, J.C. 2006.
Pathogenicity of Metarizium anisopliae for
Ceratitis capitata (Wied.) (Diptera:
Tephritidae) in soil with different pesticides.
Neotropical Entomol. 35(3): 382-389.

Mostafa, S.A.1993. Biochemical effect of some
chemical compounds on Spodoptera littoralis
(Boisd.). Ph.D. Thesis, Fac. Agric., Al-Azhar
Univ., Egypt.

Omar, N., Mousa A., El — Husseini M.M. and E —
Birhry M.H. 2005b. Changes in lipid contents
of the wax moth Gaileria melloneila L.,
(Lepidoptera :Gaileridae), Egypt. Journal of
biology pest control 15 (1/2) : 41- 44.

.Pavela, R. 2009. Larvicidal property of essential
oils against Culex quinquefasciatus Say
(Diptera: Culicidae). Industrial Crops and
Products 30: 311-315.

Purcell, M.F. and Schroeder, W.J. 1996. Effect of
Silwet L-77 and diazinnon on three tephritid
fruit flies (Diptera: Tephritidae) and
associated endoparasitoids. J.  Econ.
Entomol. 89(6): 1566-1570.

Rawi, S.M., Bakry, F.A. and Al-Hazmi, M.A. 2011.
Biochemical and histopathological effect of
crude extractsof Azaderichta indica on
Spodoptera littoralis larvae. Journal of
Evolutionary Biology Research 3: 67-78.

Saleh, E. E.H. 1995. Effects of some botanical
extracts as potential insecticides for the
control of some mosquito species in Egypt.
Ph.D. Thesis, Fac. Sci., Cairo Univ., 157pp.

Sharma, P., Mohan, L., Dua, K.K. and Srivastava,

C.N. 2011. Status of carbohydrate, protein
and lipid profile in the mosquito larvae
treated with certain phytoextracts. Asian.
Pac. J. Trop. Dis. 4(4): 301-304.

Shehata, N.F.; Younes, M.W.F. and Mahmoud,
Y.A. (2006). Anatomical effects of gamma
irradiation on the peach fruit fly, Bactrocera
zonata (Saund.) male gonads. J. Appl. Sci.
Res., 2(8): 510-513.

Shoukry, I.F., Khalaf, A.A., Hussein, K.T. and
Khater, K.S. 2003. Toxicological evaluation
of some botanical oils on biochemical
aspects in the Indian meal moth Plodia
interpuncetella (HB) (Lepidoptera: Pyralidae).
Egypt. J. Biol. 5: 155-163.

Simpson, D.R., Bulland, D.L. and Linquist, D.A.
1964. A semimicrotechnique for estimation of
cholinesterase activity in boll weevils. Ann.
Ent.Soc. Amer. 57: 367-371.

Stark, J.D. and Vargas, R. 2009. An evaluation of
alternative insecticides to diazinon for control
of tephritid fruit flies (Diptera: Tephritidae) in
soil. J. Econ. Entomol. 102(1): 139-143.

Tatchell, R.J., Araman, S.F. and Boctor, F.N.
1972. Biochemical and physiological studies
of certain Ticks (Ixodoidea). Z. Parsitenk, 39:
345-350.

Van Asperen, K. 1962. A study of house fly
esterase by means of sensitive colourimetric
method. J. Insect Physiol. 8: 401- 416.

Waterhouse, D.F., Hockman, R.H. and Mckellar,
J.W. 1961. An investigation of chitinase
activity in cockroach and termite extracts. J.
Insect Physiol. 6:96-112.

Zibaee, A. and Bandani, A. R. 2010. Effects of
Artemisia annua L. (Asteracea) on the
digestive enzymatic profiles and the cellular
immune reactions of the Sunn pest,
Eurygaster integriceps (Heteroptera:
Scutellaridae), against Beauveria bassiana.
Bull Entomol Res. 100 (2):185-196.

Bioscience Research, 2019 volume 16(2): 1405-1411

1411



