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ABSTRACT

Mulberry leaves have a high nutritional value for larval silkworm so fortification with plant and
animal extracts that contain antioxidant and phytochemical properties and amino acids improve the
sericultural industry. Data cleared that, Mulberry leaves that fortified with 2.5% Aloe Vera recorded the
highest value in all traits significantly. Although, Taurine with a recommended dose showed the high value
in all biochemical analyses after Aloe Vera the results differed in biological and cocoon traits. Also, Moringa
oliefera 2% registered high value in biological and cocoon traits after Aloe vera and some biochemical
analysis after Aloe vera and Taurine. From the previous results 2.5% Aloe vera is more effective in all
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parameters than any aqueous extracts understudied.
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INTRODUCTION

Silkworm B. mori, It is an economically important
pest, It mainly feeds on mulberry leaves and turns protein
into silk (Babu, et al, 2009). Nutritional quality food is
main responsible factor for growth improvement, and
insect body development physiology (Murugan and
George, 1992). Fortifying mulberry leaves with herbal
extract and feeding of larvae (5" instar), it gave a
significant improvement in the levels of proteins and
reactions that catalyzed by protease and amylase (Khyade
Vitthalrao and Doshi Sucheta, 2012). The plant of Aloe
vera, consists of protein 0.013% and water 99.5%, Which
is an essential and important factor in the nutrition and
quality production of silk material (Murugan et al. 1998).
The plant of Aloe vera, L. consists of more than (200)
active compounds and nutrients over (75), including amino
acids; salicylic acid; saponins; anthraquinones; sugars;
lignin; minerals; enzymes and vitamins (Park and Jo,
2006). Phytochemicals extract is an important and very
useful factor in improving and producing of the silk yield
and its commercial quality (Rajasekaragouda, et al, 1997).
The plant of Aloe vera, it considered an herbal tonic very
impressive on the parameters growth; pupal and cocoons
of silkworm B. mori (Balamurugan and lsaiarasu, 2007).
Peptides from plant sources have attention due to their
ability to use it as food additives. (Arise et al., 2016b). One
plant that has been extensively studied for its numerous
bioactivities is Moringa oleifera. Various parts of Moringa
oleifera have been reported for their numerous biological
activities. Its leaves possess purgative, antimicrobial and
hypoglycemic effects (Divi et al., 2012). The Moringa
leaves contains highly rates of phytochemical components,
including moringinine; moringine; flavonoids; alkaloids;
Glycosides; sterols; carotenoids and amino acids that it
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works as an effective source of natural antioxidants
(Anwar et. al., 2007). Solvent extracts of its seeds have
been shown to possess antioxidant and antihypertensive
activities (Anwar, et al, 2007). Hagar, 2004, reported that,
the amino acid "Taurine" (Tau), who is involved in most
biological and good antioxidant processes. Taurine
stimulates the secretion of growth hormone (Beckman and
Ames 1998). It was hypothesized that aging is
accompanied by taurine deficiency, which requires taurine
supplementation of the ration Dawson et al, 1999. The
enzymes action, it considered factor and very important
influential on growth and development of all organisms as
they are involved in various biochemical reactions. The
growth of the silkworm in size and weight during the larval
stage increased due to the activity of various enzymes.
Amylase is one such key enzyme responsible for disease
resistance and also involved in digestion and metabolism
of carbohydrates Umakanth and Devamani (2016).
Proteins are the building blocks of an organism;
hemolymph serves as a reservoir for nutrients and
metabolites during metamorphosis Dash and Kundu (2006)
the study of protein concentration in Bombyx mori
hemolymph revealed that hemolymph proteins play a
major role in metamorphosis.

This investigation aims to study the impact of some
aqueous extracts of (Aloe Vera, Moringa oleifera and
Taurine) with different concentrations on some
biochemical, biological and cocoon traits.

MATERIALS AND METHODS

The present work was conducted and carried out
during spring season of 2017 in Sericultural Research
Department of Plant Protection Research Institute,
Agriculture Research Center, Dokki, Giza.
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A. Materials:

1. Mulberry silkworm: Bombyx mori eggs (Bulgarian
hybrid) were used.

2. Aloe vera: Fresh Aloe vera leaves were collected from El
Orman Garden in March 2017. They were
authenticated and  an  identification = code
(UTAV201301) was assigned to the specimen.

3. Moringa oleifera; Various parts of Moringa oleifera
have been reported for their numerous biological
activities. Its leaves possess purgative, antimicrobial
and hypoglycemic effects (Divi et al., 2012)

Moringa oleifera seeds have considerably high
protein content Moringa oleifera L.: extract was obtained
from Egyptian Scientific of Moringa (ESSM), National
Research Center.

4. Taurine: Powder was obtained from the Zoology
Department, Faculty of Science, Cairo University.

B. Methods:

1. Silkworm Rearing Technique: Silkworm rearing was
carried out under laboratory conditions 25+1°c and
R.H. 75 £ 5 %, According to Karishnaswami (1978).
The diseased free egg cards were incubated in an
incubator at 25°c and 75%R.H till hatching, newly
hatched larvae were transferred to rearing trays, using
cleaning nets for cleaning the rearing bed. At the
beginning of 4" larval instar, larvae were divided into
three groups, each group refer to type of aqueous
extract understudied, each group divided to three
subgroups for three concentrations(1%, 2%, and 2.5%)),
for Aleo Vera and Moringa Olifera but for Taurine the
concentrations applied according to weight of larvae
1.6(0.004, 0.002(recommended dose) and 0.001 in 4"
instar for 30 larvae but in 5" instar the concentrations
differed 0.02, 0. 01 (recommended dose) and 0.005,
each concentration with 3 replicates, each replicate
contained 30 larvae. Mulberry leaves were sprayed
with every extract, and then let to dry about 10 minutes
after feeding. Leaves offered to disinfected larvae 4
times every day till cocooning. Groups of control fed
on mulberry leaves sprayed with distilled water.

2. Biological parameters: Larval weight was taken at the
end of 4™ larval instar when stop feeding and in 8" day
in fifth larval instar (mature larvae) about 30 larvae
from each replicate for all treatments.

3. Cocoon parameters: Three important economic
parameters of sericulture, viz., cocoon weight cocoon
shell weight and shell ratio were analyzed according to
Bohidar et.al. (2007).

C. Preparation of aqueous extracts of the plants used
for the study.

1. Preparation of aqueous extract of Aloe vera:

The plant of Aloe vera, extracts were prepared as a
procedure adopted according to (Krishnaprasad et al,
1979). The required of fresh green leaves quantity from the
plant Aloe vera was collected from ElI Orman Garden and
sterilized surface by ethyl alcohol 70 % and washed by
distilled water sterile and slit open longitudinally, the white
gel was scooped with sterile stainless steel knife and
homogenized in a domestic mixer and filtered through a
sterile stainless steel tea strainer and refrigerated as stock
solution (100 % gel) for further use. The extract was
squeezed through a double-layered muslin cloth and the

extract collected was used as a stock solution. From this
stock solution, the required concentrations (1%, 2%, and
2.5%) were prepared by using distilled water.

2. Moringa Leaf Extract (MLE) Preparation:

The leaves of Moringa oleifera, were brought from
National Research Center, Egypt. 1 kg of Moringa leaves
was air-dried under shade for two weeks and subsequently
grounded to reach powder case then mixed with 1-liter
ethyl alcohol (80% ag.) using a blender. The extract was
purified by filtering twice through (What man No. 1) filter
paper. After purification, the extract was subjected to a
rotary evaporator to fully evaporate the alcohol and get the
crude extract. The concentrations were prepared from the
crude extract. 10, 20 and 25 ml from the crude extract were
taken and diluted with 990 ml, 980 ml and 975 ml distilled
water for reaching the concentration to 1%, 2%, and 2.5%
respectively according to (Bashir et al., 2014).

D. Preparation of animal agueous extraction:

Taurine is supplied by GALL PHARMA, Austria
Pharmaceutical form: Taurine 500 mg GPH capsules.
Dosage: - Taurine was orally administration 500mg\kg\day
Taurine was freshly prepared (dissolved in distilled water)
and administered in daily oral dose of 500 mg/kg body.

1. Bioassay:

Hemolymph was collected from treated larvae at 6™
day of 5" larval instar by removal of thoracic leg in
eppendorf tubes 1.5m with small amount of phenyl
thiourea crystal (PTU) (Mahmoud, 1988) as an anti-
coagulant substance. The tubes were kept at -20°c, the
blood samples were centrifuged at 1000 rpm for 10
minutes at 5°c.The supernatant was assayed to determine.
2. Determination of amylase activity:

Determined of digestive enzymes conducted
according to Amin 1998, modifications, and the described
method was conducted according, Ishaaya and Swirski
1976. Totally, the diluted enzyme solution 20ul was putted
10min in an incubator at 30°c with 250ul and starch 1%
(soluble potato starch, Lintner grade, Sigma Chemical Co.)
in 50mM acetate buffer; PH 5.0 containing 20mM NaCl and
0.1mM CaCl,. Reaction was stopped by adding 250ul DNS
reagent to each tube in boiling water for 5min. Samples were
cooled, diluted with 2.5ml H,O and read at 550nm on
Spectronic 1201 (Beckman, 1998). Glucose was used as a
standard. Appropriate dilutions of enzyme supernatant were
used to obtain a linear production of glucose equivalents. For
each test, amylase activity was determined from triplicate
analyses of three groups of seedlings. The enzyme activity
was expressed as g glucose released/min/gm fresh weight.
3. Total proteins:

Determined of total proteins were conducted with
Bradford method (Bradford, 1976). Prepared of protein
reagent was done by using dissolving 100mg (Coomassie
Brilliant Blue G-250) in 50ml 95% ethanol. To this solution
100ml, 85% W/V phosphoric acid was added and the
solution resulting was diluted to volume 1 liter. Solution
sample 50pl, or, for preparation of standard curve 50pl serial
concentrations containing 10-100ug bovine serum albumin
were pipetted into the test tubes. The volume in test tube was
adjusted to 1ml with phosphate buffer (0.1M, pH 6.6).
Protein reagent (5mM) was added to test tube and content
were mixed either by inversion or vortexing. At 595nm, the
absorbance was measured after 2min and before Lhr against
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blank prepared from phosphate buffer (Iml) and protein
reagent (5ml).
4. GST:

Glutathione S-transferase (GST) catalyzes the
conjugation of reduced glutathione (GSH) with 1-chloro 2,4-
dinitrobenzene (CDNB) via the -SH group of glutathione.
The conjugate, S-(2,4-dinitro-phenyl)-L-glutathione could
be detected and described according to (Habig et al, 1974
method). Reaction mixture consisted of 1ml potassium salt
of phosphate buffer (pH6.5), 100ul GSH and 200ul larval
homogenate. Reaction started with addition 25ul substrate
CDNB solution. Concentration of GSH and CDNB was
adjusted to be 5mM and 1mM, respectively. Enzyme and
reagents were incubated at 30°C for Smin. Increment in
absorbance at 340nm was recorded against a blank included
everything except enzyme to determine nanomole substrate
conjugated/min/larva by using a molar extinction coefficient
of 9.6/mM/cm.

5. Quantitative Determination of Peroxidase:

According to procedure given by Hammerschmidt et
al, 1982, the peroxidase activity was determined. To a
spectrophotometer sample cuvette, 1.5ml of pyrogallol
0.05M and 100pl enzyme extract were added. The readings
were adjusted to zero at 420nm. To initiate the reaction,
100ul of hydrogen peroxide 1% was added to sample
cuvette. Enzyme activity was expressed as a change in
absorbance/min/g. sample.

Statistical analysis: Obtained data were analyzed using Proc
ANOVA in SAS (Anonymous. 2003). Means separation was
conducted using LSD in the same statistical program.

RESULTS AND DISCUSSION

¢ Biological parameters:

Data obtained in Tables, the 4™ and 5" larval weight
significantly higher in 2.5% of Aleo vera gel that recorded
(0.904, 3.952yy) respectively, followed by 2% of Moringa
oliefera extract that recommended (0.878, 3.740gm) but
control recorded the least value in two instars(0.707, 3.038¢m)
as shown in Table (1). These results are in agreement with
(Rajasekaragouda et al. 1997), who noticed that, effect of
water and ether extracts of plants such as, Tribulus terrestris
and Psoralea corylifolia on promoting growth. Also,
(Subburathinam and Krishnan, 1998) concluded that the
Soybean meal accelerates larval growth significantly.
Sundarraj et al. (2000) observed high significance larval

Table 2. Effect of different extracts on some cocoon traits.

weight when reared on leaves fortified with soybean flour.
Rajeswary and lsaiarasu (2004) recommended that, the
fortification of flower, leaf and pod extract with 1%
concentration of Moringa oleifera effect on the response of
grown larvae. Also, Verma and Atwal (1968) observed the
slightly increased in the weight of larvae during feeding with
leaves sprayed with distilled water alone.

Kanafy et. al., (2007), reported that, the nutrition
plays an important role in improving of growth and
development silkworm Bombyx mori L., and Sarker (1993),
mentioned that, the growth of silkworm larvae improved
significantly when feeding them with mulberry leaves
fortified with different nutrients.

Table 1. Effect of different extracts on the larval weight
of silkworm Bombyx mori L.

Treatments Sub 4th larval 5th Larval
treatments Weight Weight
1% 0.787 ed 3.490d
Aloe vera 2% 0.823dc  3.759 chd
2.5% 0.904 a 3.952a
Moringa 1% 0.867 bac  3.362ch
oleifera 2% 0.878 ba 3.740 b
2.5% 0.813¢c 3.615c¢ch
T1 0.756 e 3.362d
Taurine T2 (Recommended dose) 0.840bc  3.618ch
T3 0.756 e 3.577 chd
Control 0.707 f 3.038e
F value 16.42 177
P value 0.0001 0.0001
L.S.D 0.040 0.206
Means with the same letter are not significant.
Cocoon traits:

Data obtained in Table 2., assured that, Cocoon
weight, shell weight and shell ratio of larvae fed on 2.5% of
Aleo vera as food additives showed positive impact
significantly followed by Moringa oleifera with two
concentrations 2 & 1% with no significant variance between
them in male and female but control recorded the least value
in all traits. The results arranged as follow (1.946, 1.912 and
1.88 ng) in female (1.50, 1.490 and 1.458 ng) in male for
C.W. For C.S.W (0.446, 0.428 and 0.422 1) in female and
(04, 0.390 and 0.378 mg) in male. In S.R% the results
arranged as the previous arrangement as follow(22.89, 22.38
and 22.43 %) in Female and (26.71, 26.15 and 25.72%) in
male. It could be due to the existence of biochemical factors
in the phytochemical extract that improves cocoon traits.

treatments Sub treatment Female Male
CWmg C.S.W mg C.S.R% C.W mg C.S.W mg C.SR%
1% 1.852 abc 0.398 be 21.49 bac 1432a 0.370 ba 25.34 bac
Aleo Vera 2% 1.764 bc 0.372dc 21.11 bdc 1.426 ab 0.350 be 24.50 bc
2.5% 1.946a 0.446 a 22.8% 150a 04a 26.71a
1% 1.88ab 0.422 ba 22.43ba 1.458a 0.378 ba 25.72 bac
Moringa oleifera 2% 1912 ab 0.428 ba 22.38 ba 1490a 0.390a 26.15 ba
2.5% 1.788 bc 0.376 dc 21.03 becd 1440a 0.370 ba 24.65 bc
T1 1.704 dc 0.354 de 20.76 edc 1.426 ab 0.350 be 24.50 bc
Taurine T2 1.556 ed 0.310f 19.93ed 1.244¢ 0.30d 2412¢
T3 1.566 ed 0.318 fe 20.29 edc 1.334 bc 0.324 dc 24.31bc
C 1.458¢e 0.286 f 1961e 1248 ¢ 0.294d 32.89c
F value 11.46 15.83 5.80 9.07 11.67 2.36
P value 0.0001 0.0001 0.0001 0.0001 0.0001 0.030
LS.D 0.141 0.038 1.313 0.080 0.030 1.752

Means with the same letter are not different.
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These results are in line with Sujatha and Rao (2003)
who studied the application of C. longa stem extract on
fourth instar larvae that resulted in higher cocoon weight.
Subburathginam et al. (1990) showed that the fortification of
mulberry leaves with calcium chloride increase the cocoon
characters as cocoon weight, shell weight cocoon, shell ratio,
and silk proteins. Ganga and Gowri (1990) concluded that
the dietary addition of wheat and rice flours increased some
growth and cocoon parameters. Also, Quader et al., (1992)
found that the nutritional value of mulberry leaves was
directly reflected on cocoon characters of B. Mori that may
explain the difference in cocoon characteristic among
treatments. Moreover, Bentea et al., (2011) reported that the
use of some (mineral and vitamin additives) improves the
quality parameters of the cocoon. Also, Lokesh and Anantha
Narayana (2011) found that when larvae treated with
different concentrations of vitamins C and B that increased
the food consumption and conversion leading to increased
growth of silkworms.

o Biochemical Parameters:
Total Protein:

Metabolism of protein, it considered a very
important to silkworm physiology, its important role for
chemical characteristics determination of silk proteins. The
level of hemolymph protein in this study increases
significantly in larvae fed on mulberry leaves enriched with
2.5% Aleo vera followed by the recommended dose of
Taurine and 2% of Moringa Oleifera with no significant
variance between the last two as follow(36.66, 33.23 and
32.23 mg/ml). But in all cases, larvae fed on mulberry leaves
without any addition recorded the least value. A similar
trend of data was demonstrated by Manoharan (1997) who
found that the addition of hydrolyzed soybean increases the
total hemolymph proteins of the B. Mori fifth instar larvae.
Also, the importance of vitamins in silkworm nutrition such
as nicotinic acid, thiamin, riboflavin, and niacin, was
reported by Govindan et al. (1998). Quraiza et al., (2008),
protein contents of silk gland, muscles and fat body,
increased significantly when larvae fed with ascorbic acid 1
and 2%. Increase in protein concentration in silkworm body
after fourth moult is due to the regular feeding activity
krishnaswami, et al. (1978).

Amylase:

The large biological molecules responsible for
thousands of biochemical reactions that sustain life are
Enzymes. Without Enzymes, metabolism would neither

progress through the same steps nor be fast enough to serve
the needs of the cell. Amylase is one of the key enzymes
involved in digestion and carbohydrate metabolism in insects
Daone et al, (1975); Buonocore et al, (1976) and
Horie&Watanabe, (1980). From the previous results, there
was increasing in the activity of Amylase Enzyme in all
treatments over control significantly. The activity recorded
(32.53, 23.6 and 23.06 glucose/min/ml) for 2.5% Aleo vera,
Taurine (recommended dose) and 2% Moringa oleifera
respectively, with the significant variance between Aleo vera
and other treatments. These results are in agreement with
Christopher and Mathavan 1985, who concluded that rational
food consumption by a lepidopteran larva was correlated
directly with the activities of amylase and invertase. The
amylase activity increased with an increase in age during the
fifth instar in EMS treated batches of silkworm with 1.1
mg/g/min, (Mahesha and Honnaiah, 2002).

Glutathione- S- Transferase:

Glutathione-S-transferases are a group of
detoxification enzymes mainly localized in the cytosol that
catalyze the conjugation of reduced glutathione Habig et al.
(1974). The results in Table (3) cleared that, there was a
significant difference between treatments, 2.5% of Aleo vera
recorded the highest value (14.55 MI mole) significantly
followed by Taurine with a recommended dose (11.4 Ml
mole) and 2% Aleo Vera(11.2 Mi mole) with no significant
difference between them. Otherwise expected larvae fed on
mulberry leaves fortified with Moringa Oleifera extract
registered the least GST activity in all concentrations as
follows (4.1, 4.1, and 3.6 MI mole). Earlier reports suggested
that the ingestion of pro-oxidant rich food increases the
glutathione-S-transferase activity Peri- Mataruga et al.,
(1997). A higher level of phenolic content was observed in
T.tomentosa during October to December Sharan et al.,
(2005), which coincides with the feeding period of
diapausing larval generations. We can explain the observed
difference to the consumption of higher phenolic compounds
and pure amino acids by silkworms during that period.
Peroxidases:

By checking the previous Table (3), results revealed
that, the activity of peroxidases enzyme increased in larvae
fed on mulberry leaves with 2.5% of Aleo vera followed by
Taurine (recommended dose)and 2% Moringa Oleifera with
a significant variance between them and all treatments
(12.66,9.46 and 9.20 O.Dmin/ml) respectively.

Table 3. Effects of different extracts on biochemical parameters.

Treatments Sub Total protein Amylase_ Peroxi_dase G.S_.T Ml molg sub
treatments mg\ml Ug glucose\min\ml  O.D\min\ml conjugated\min\ml
1% 28.76 d 22.3 bcd 7.53¢ 8.63d
Aloe Vera 2% 315¢ 20.90 cebd 8.06¢e 11.2¢cb
2.5% 36.66 a 32.53a 12.66a 1455a
1% 25.86¢ 18.5 cebd 9.03 chd 41f
Moringa Oleifera 2% 32.23 bc 23.06b 9.20 cb 4 of
2.5% 28.76d 22.8¢ch 8.26 ed 3.06¢g
0.0004 27.46d 15.7 ed 8.36 ced 103c
Taurine 0.0002 33.23b 236b 9.46 b 114b
0.0001 32.03f 152e 6.36 f 5.13e
Control 22.33f 17.33 cebd 6.56 f 8.46d
F value 71.44 5.44 39.13 134.36
P value 0.0001 0.0008 0.0001 0.0001
LS.D 1.586 6.602 0.839 0.982

Means with the same letters are not significant.
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All organisms possess mechanisms to maintain
homeostasis which are essential for survival. Among these
mechanisms is the antioxidant enzyme mechanism which
plays a vital role in larval development and survival. These
results are in line with Wood et al.(1986); Kotze & Rose
(1987); Kostarpoulos & Papadopoulos (1998); Kostarpoulos
et al. (2001), who reported although there are few relations
between antioxidant defenses in insects to their larval
development, majority of studies are focused antioxidant
enzymes as POD; GST and catalase. Relatively relation
between components of antioxidant defense system and
extent of oxidative injury caused during development
(Aslanturk et al. 2011). The foliar consumption constituents
by larvae, which differ in quantity for larval stages, will alter
the antioxidant and pro-oxidant balance of larval tissues.
Antioxidant and pro-oxidant balance has been reported to
affect larval development and aging in (Drosophila Klichko
etal. 2004).

CONCLUSION

It was well known that feeding plays a vital role in
larval development especially by adding aqueous extracts
in leaves. Based on the present observations and above
information it may be concluded that Aleo vera is more an
important additive than Moringa oleifera for larval
development, economic parameters and physiological state
in all concentrations and the benefits increase by increasing
the concentration. Although Taurine recorded high value in
all enzymes understudied but not effect on biological and
cocoon traits maybe there is an indirect effect. The
presence of Taurine as a pure amino acid raised the level of
antioxidant enzyme system in silkworm larva that in turn
preserves larval health.
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