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ABSTRACT:

The present investigations were carried out during two spring
seasons, 2015- 16 in the silkworm laboratory of Sericulture Department
of Plant Protection Research Institute, Sharkia Branch to investigate the
effect of 4 concentrations of lemon, sweet orange juice and ascorbic acid
(1%, 2%, 3%, 4%) on silk production of mulberry silkworm Bombyx
mori L.

The obtained results cleared that the highest concentration (4%),
for lemon juice sweet orange juice and ascorbic acid gave the highest
mean of fresh cocoon weight, shell cocoon weight and silk ratio. On the
other hand, the high concentration of sweet orange (4%) recorded the
highest mean of silk filament weight and size, whereas the highest
concentration (4%) of ascorbic acid and lemon gave the highest mean of
silk filament length. Lemon juice, sweet orange juice and ascorbic acid
improved cocoon indices and silk filament characters as a profitable
supplementary diet for silk worm Bombyx mori L.

Conclusively, the highest concentration (4%) of ascorbic acid
and lemon gave the highest mean of silk filament length. Lemon juice,
sweet orange juice and ascorbic acid improved cocoon indices and
silk filament characters as a profitable supplementary diet for silk
worm Bombyx mori L.
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INTRODUCTION

Mulberry silkworm, Bombyx mori is one of the most economically
important insects not only on the national level but also internationally. The
development of sericulture is directly related to the mulberry cultivation as the
mulberry silkworm is an insect of monophagous characteristics that eats only
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mulberry leaves. Therefore, much efforts and researches must be involved in
the quantitative and qualitative production of mulberry leaves for silkworm
rearing and cocoon production (Raman et al., 1995).

Silk production depends on the quality and nutritional status of the
mulberry leaf. Recently, the enrichment of mulberry leaf with a multitude of
exogenous factors. Such as vitamins, minerals, antibiotics and hormones and
study mandated the order of traditional in sericulture. One important nutrient that
attracts the attention of researchers in this field is vitamins C or L- ascorbic acid.
This vitamin is present in the mulberry leaf and plays many vital roles in Bombyx
mori (Lombardi, 1964). It has been identified as a powerful anti-oxidant,
potential phage stimulant, efficient growth promoter and booster of silk
production in the silk worm (Ito, 1961; Javed and Gondal, 2002; Hussain and
Javed, 2002; Prasad 2004; Etebari et al., 2004, Etebari and Matindoost 2005).

It is known that there is a high correlation between the leaf protein level
and production efficiency of the cocoon shell, which means the cocoon shell
weight of the total amount of mulberry leaves consumed by the silkworm
(Machii and Katagiri, 1991). Therefore, an increase in the protein level of
mulberry leaves may lead to improvements in silk productivity.

Egypt produces 3 tons of raw natural silk each year, while the local
market needs more than 300 tons that must be imported from abroad, so a
considerable attention has been given recently to improve rearing of this insect
and to increase the production of raw natural silk. Also, the production of high
quality and quantity of natural silk depends mainly on larval feeding (Parra,
1991), suitable environmental conditions (Saha and Khan 1996), and protection
from diseases (Dechu et al., 1997).

Literature review reveals that the nutritional- enrichment studies were
based largely on the application of expensive commercial sugar, proteins,
vitamins and minerals. The combined effects of most of these exogenous
nutrients could be achieved through a single natural nutrient, called the lemon
juice, which is a rich source of multiple vitamins and minerals (Markus and
Sass, 2003). Further, lemons are perennial and inexpensive fruits, readily
available in all seasons. Despite its high nutritional value, their impact of lemon
juice has not been examined with reference to silkworm growth and economic
parameters of sericulture. Citrus flavonoids have a large spectrum of biological
activity, including antibacterial, antifungal, antidiabetic, anticancer and antiviral
activities (Ortuno et al., 2006).

Therefore, the present study aimed to evaluate the effect of the lemon
juice, sweet orange juice and ascorbic acid as nutritional additives on silkworm
Bombyx mori to improve its growth and productivity as health maintenance or
growth promotion.
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MATERIALS AND METHODS

The present investigations were carried out during 2 spring seasons,
2015 and 2016 in silkworm laboratory of Sericulture Department of Plant
Protection Research Institute, Sharkia Branch.

Used Materials

a) Native mulberry leaves Morus alba variety (Balady)

b) Mulberry silkworm, Bombyx mori L. (H1*KK*G2*V2).

c) Ascorbic acid 100 % (W.P.).

d) Natural products (Lemon juice, (Citrus aurantiifolia) and sweet

orange juice (Citrus Sinensis L.).
Eggs of silkworm Bombyx mori L. were obtained from the Sericulture

Research Department of Plant Protection Research Institute, Agriculture
Research Center, Ministry of Agriculture and Land Reclamation in Giza,

Egypt. _ ' _
The following experiments were carried out:

- Feeding Technique

The tested materials were used solely at 4 concentrations each as follows:
- Ascorbic acid (As) at 1%, 2%, 3%, 4%.

- Lemon juice at 1%, 2%, 3%, 4%.

- Sweet orange juice at 1%, 2%, 3%, 4%.

Three replicates of 50 silkworm larvae each were fed, throughout 4"
instar on mulberry leaves dipped on the tested concentrations of each
material for 1 minute then left to dry under laboratory conditions. As well
as 3 replicates treated with distelled water as control, larvae of each
replicate were reared on a plastic tray (100 x 70 x 15 cm) under a controlled
rearing room at 27+2 °C and 95£5 % Rh for the first three instar (1-3), while
it was changed in the last two (Fourth and Fifth) instar to 24+2 °C and 7545
% RH. All the rearing room trays, racks and tools, rearing rooms as well as
the rearing places were sterilized with formalin (5%) one week before the
beginning of the experiment. The test larvae were offered to feed/day at 8
am, 12 noon, 4 h and 8 pm. The survived larvae were fed during their 5"
instar on untreated mulberry leaves.

Mature larvae were handily transferred to carton paper (that used
wrapping Table eggs), Zannon and Shadia (1994) for mounting process. The
cocoons were harvested seven days later. Five fresh cocoons of the resulted
cocoons of each replicate were taken for measuring the cocoon indices
(fresh cocoon weight, cocoon shell weight and silk content ratio) whereas,
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dried in an oven (oven temperature was raised gradually until it reached 80
C° for 6 hours). The rest of the cocoons were dried to study filament
characters{filament length (m), filament weight (g) and filament size (dn)}.

Dipping leaf technique:

On this trail, the leaf dipping technique was used to evaluate the
effect of doses of some concentrations of the tested products on the 4™ instar
larvae. The dipped leaves were left to dry and provided to larvae (50 larvae)
in three replicates for each concentration treatments and control. Therefore,
the survived larvae were fed on untreated mulberry leaves. The productivity
measures were investigated.

Measurements:
The following technological parameters were measured in both
experiments as follow:

1-Cocoon indices:
The following parameters were measured:
A- Fresh cocoon weight (g).
B- Cocoon shell weight (g).

C- Silk ratio = % x 100 (Krishnaswami, 1978)

2-Reelable silk filament parameters:
The weight (mg) and length (m) of reeled silk filament were
measured and recorded.The size of the reeled filament (denier) was
estimated according to (Krishnaswami, 1978) formula:
weight of reeled filament (mg)

Length of reeled filment (m)

Data obtained were statistically analyzed according to Snedecor and
Cochran (1982) methods using the software COSTAT program.

The size of reeled filament = x 9000

RESULTS AND DISCUSSION

I.  Cocoon indices
Fresh cocoon weight (g):
Data presented in Table (1), cleared that the heaviest weight of fresh
cocoon was gained from the larvae fed on mulberry leaves enriched with
Lemon (4%), as it recorded 2.10 and 2.05g in 2015 and 2016 seasons,

respectively (4 = 2.08g). Meanwhile, control cocoons recorded a two years



139

J. Product. & Dev., 23(1),2018

N «OET 8000 SO #8510 5T e 108 0" 0aST
e E T T hnTTT 8000 han 1600 w510 | wun€8T0 | UOIIOFEOAST
6F 1T L9T7 | 01T £ED 0 FEQ 6F 1 91 [0ju07)
8617 EETT | 1970 680 680 6E0 £01 1L e[y
88T 80TT | L91T 5770 8¥0 r0 0Tt £6°1 YoF
61T L6007 | T971T 0F0 fhd) 8E0 T LT Yot asuelo
65°TT 18710 | 9¢ET LED £ED 0F0 £CT ILT %t Jomg
ST SF 0T | S§ET £E0 0 FEQ LS 3! %1
Fit 0617 | £60T 8t0 6e 0 LED 081 LT Heay
66 1T (07T | S61T 9¥0 5710 oF 0 §0¢ 0re Y%¥
ST 51T | SFOT 9¢0 £E0 LEQ a1 081 Yot LW
5P 0T 8007 | T80T £E0 680 TE0 261 6F 1 %t
LOTT EQET | 0508 9e0 LE0 FEQ LS 691 %1
007t LUTT | ST T 880 LE0 8¢0 ELT 891 e[y
o107 8881 | EFIT 170 0¥ ) ITT 061 YoF
SLTT 1717 | 60°TT 8E0 LE0 8E0 FLT ST Yot plae
[ LOTT | 961X £E0 £ED 9t0 0%l £CT 651 Upf | QL0
I18°€C ILFC | 1670 LED 80 £E0 051 51 iFl %1
s1Eai sIEai SIEaL 0M)
ogurag | 9107 | STOT | o upare | 9107 | STOT || 90T | STOT |y
(05) onyel FHIH0S G (5) Jy51aM [[2ys m0020) (5) Jy51aM 10020D gsAI] JIALEL

* Lot Xlgquiog WHOMNIS JO SAOTPT U00J0D UO PIIE J1qI0ISE PuE 20m(251e10 J2ams 20/ uowiR]

"QT07-CT(7 ‘SU0SEs 0] 31 Sulmp

1073 (DAger




140 WALAA SALLAM et al.

mean weight of 1.56g. Generally, and according to the two years mean
Lemon treatments were the superior (2.08g/cocoon) followed by sweet
orange treatments (2.07g/cocoon) regardless of the concentration.

Cocoon shell weight (g):

As shown in Table (1), the heaviest cocoon shell weight was recorded
for the cocoons spun by B. mori larvae fed during their 4™ instar on
mulberry leaves fortified with Lemon (4%.), recording 0.46 g in 2015 but
0.48 g for sweet orange (4%) in 2016 compared to 0.34 and 0.32g for the
control cocoons. Respectively, lemon treatments proved to be the most
potent, followed, in descending order, by sweet orange and ascorbic acid
treatments. However, all the tested additives improved these parameters
over the control.

Silk content ratio:

Obtained results in Table (1) cleared that the highest silk content ratio
in both seasons were recorded for the cocoon spun by B. mori larvae fed in
4™ instar on mulberry leaves enriched with ascorbic acid (1%), in the two
years means the silk content ratio attained 23.81 %. Generally, the
treatments of ascorbic acid proved to be the superior followed by sweet
orange treatments (21.98 %). On the other hand, control treatment recorded
silk ratio of 21.49%.

I1. Reeled silk filament parameters:
Silk filament length (m):

As shown in Table (2), the highest two years mean length of reeled
silk filament of cocoon spun by B. mori larvae fed during 4" instar on
treated mulberry leaves with ascorbic acid 4% (1446.40 m), followed by
lemon (4%), recording 1401.92 m. On the other hand, control cocoon gave
1106.40 m. In addition, all the tested additives caused significant
prolongation in silk filament length as compared to the control.

Silk filament weight (g):

As shown in Table (2) the heaviest two years mean reeled silk
filament weight were recorded for the cocoons spun by B. mori larvae fed
on sweet orange (4%) recording 0.37g, followed by that of the larvae
offered enriched mulberry leaves with lemon juice (4%) and ascorbic acid
(3%) recording 0.35g. Meanwhile, control silk filament weighed 0.24 g. On
the other hand, the highest mean of treatment was ascorbic acid recording
0.33¢g followed by sweet orange juice 0.32g.
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Silk filament size(dn):

Data presented in Table (2) revealed that the highest two years mean
size of reeled silk filament (2.62 dn.) was recorded for the larvae fed on
mulberry leaves treated with sweet orange (4%), followed by that of larvae
fed on sweet orange (3%), recording 2.45 dn. Control silk filament size
attained 2.15 dn. The differences between means were mostly significant in
both seasons.

Lemon juice, the extract of the yellow fruit of Citrus limen (Family:
Rutaceae), is a natural and most popular multi-factorial nutrient. It is a rich
source of vitamin-C (64%) and B-complex vitamins such as pantothenic acid
(4%) as folic acid (3%), thiamine (3%), riboflavin (2%) and niacin (1%).
Additionally, it in-cludes carbohydrates, sugars, lipids, proteins, minerals (Ca,
Fe, Mg, P, K, Zn etc) and some organic acids (Markus and Sass, 2003;
Albertini et al., 2006). Needless to say, it plays a vital role in the growth and
metabolism of organisms, a fact that has been amply demonstrated in B. mori
in its larval growth, protein profles and economic traits of sericulture.

Conclusively, the best result cleared that the highest concentration
(4%), for lemon juice sweet orange juice and ascorbic acid gave the highest
mean of fresh cocoon weight, shell cocoon weight and silk ratio and the
highest concentration (4%) of ascorbic acid and lemon gave the highest mean
of silk filament length. Lemon juice, sweet orange juice and ascorbic acid
improved cocoon indices and silk filament characters.
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