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EVALUATION OF SOME DIETARY COMPONENTS ON
CERTAIN BIOLOGICAL ASPECTS AND DIGESTIVE EFFI-
CIENCY OF ERI SILKWORM. 1. BIOLOGICAL STUDIES

[66]

Abdel-Khalek®, Azza A,

ABSTRACT

The different components of artificial diet offered the late larval instars of the Eri
silk worm, Philosamia ricini (Boisd.) were evaluated to select the most appropriate
components, which gave normal biological values, high amounts of natural silk and
the maximum fecundity of mated female moths. The highest larval and pupal
weights, the heaviest silk gland, the maximum weights of fresh and dry cocooris and
cocoon shell as well as the high cocoon ratio were recorded after rearing the larvae
on the artificial diet suggested by Kaleemurrahman and Goari (1982) afier re-
placing tapioca leaf powder with castor leaf powder and adding sucrose, ascorbic
acid (D3), followed by the same diet after replacing soybean powder with bran
powder (D1), and the same diet after adding casein, sucrose, and ascorbic acid (D6).
Therefore the first diet (D3) was recommended as a simple artificial diet for rearing
this beneficial insect to obtain the highest fecundity and silk production.

Key words: Eri silk worm, Philosamia ricini, Artificial diets, Biological aspects.
Silk production, Fecundity, .

INTRODUCTION produced by both B. mori and P. ricini

depend upen the chemical composition of

The Eri silk worm, Philosamia ricini
Boisd. fanks next to the mulberry silk
worm, Bombyx mori L. for producing
natural sitk. It produces a very white silk
known as er silk; the cocoons are not
reeled but spin as yamn.

According to Martchenko (1960);
Kafian (1969); Sidhu et al (1969) and
El-Shaarawy ef al (1975 a & b), the
weight of cocoons and the raw silk yield

the mulberry leaves offered as food to the
former species, and castor bean leaves
offered the later species.

The aim of the present work is to evaluate
the different components in the artificial
diet on certain biological aspects and silk
produced by the Eri siik worm for the
purpose of finding out the most appropi-
ate components for rearing this insect in
the laboratory.
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MATERJAL AND METHODS

The Erni silkworm cocoons, Philo-
samia ricini Boisd. were obiained from
the institute of Genetic Engineering, Ag-
ricultural Research Center (ARC), Min-
istry of Agriculture, Dokki, Cairo.

The artificial diet recommended by
Kaleemurrahman and Gouri (1982)
which is referred to as D2 in Table (1)
was chosen as control artificial diet after
replacing tapioca leaf powder with castor
leaf powder. According to Hosay ef ol
(1986), castor leaf powder was the most
favourable source to be added to the
seni-synthetic diet for rearing P. ricini
larvae. This control diet was sclected to
study the effect of replacement of dietary
component (D1) or addition of certain
components (D3, D4, D5 and D6) on
certain biological aspects, fecundity and
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silk production by feeding the late larval
instars (fourth and fifth) on the different
types of arntificial dicts. Such late larval
instars are considered a good indicator for
the following stages (Gomaa et al 1977).

The different types of tesied artificial
diets were prepared by weighing the ex-
act weights of different ingredients of
each diet (Table, 1). Each diet was pre-
pared as follows:

The half amount of distilled water was
heated up to 96°C. Agar agar was sofved
in the hot water by stirring in one direc~
tion and then cooled to 60°C. Glucose or
sucrose, whenever used, was added, but
castor bean leaves and soybean were
dried on 60 °C and grinded before adding
them, All other ingredients, except vita-
min C and Chloramphenicol (antibiotics),
were mixed together by using an efectric
whipper.

Table 1 Components of artificial diets for rearing P. ricini fourth and fifth instar larvae

Co of Weight of diet components (g)

mp"m:l"ms, D1 D2+ D3 D4 D5 D6

Control

Dry castor bean
Jeaf powd 6.0 6.0 6.0 6.0 6.0 6.0
Soybean powder - 10 . 1.0 1.0 10 10
Bran 1 - - - . .
Casein - - - . - 10
Sucrose - - - 10 1.0 10
Fructose - - 1.0 . - -
Ascorbic acid - - - . 009  0.090
Solf‘"a‘“"h"'“i' 0025 0025 0025 0025 0025 0025
Agar-agar 1.0 1.0 1.0 1.0 1.0 1.0
Water 25 25 25 25 25 25

*According to Kaleemurrahman and Gouri (1982)
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The diet was packed into polypropyl-
ene bags, put into a sterilized stainless
steel tray and cooked in anautoclave at
100°C for 50 minutes. Steaming of the
diet mixture is a process in order 1o re-
duce the number of microorganisms
present in the food, to affect soflening
and slight decomposition, and to improve
the physical properties of the diet (Miyo-
shi, 1975). According to Genova (1994),
sterilization of an artificial diet was nec-
essary for 20-30 minutes at 100°C, then
poured inic petui dishes and stored at 5°C.
In the present work the diet was cooled
under room temperature and the other
components (Vitamin C and antibiotics)
were added to the remaining quantity of
water and the whole diet components
were mixed together by using an electric
whipper and kept at 5°C. According to
Eid ef al (1989) an addition of low doses
of antibiotics to larval food increased the
activity of transaminases in the silk
glands of P. ricini, cocoon, silk and silk
gland weights. Therefore, it is necessary
to add an antibiotic compound to the
larval diet This diet was valid for larval
feeding for 4 days.

Larvae of P. ricini were reared on
fresh and clean castor bean leaves during
the first three successive instars, At the
beginning of the fourth instar, larvae were
offered semi-synthetic diet till pupation
and spinning the cocoons. Generally, the
experimental larvae were reared in the
Iaboratory under controlled conditions of
25 £ 2 °C, 70 £3 % R H. and the daily
photoperiodic regime of 16: 8, L. D.
Larvae were reared in plastic dishes each
measured 15 x 20 x 5 cm. (width, length
and height, respectively) covered with
muslin  The number of larvae per dish
was 5 individuals and replicated 10 times
for each instar and diet.
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The dutations of the fourth and fifth
instar larvae as well as the mortality per-
centages of larvae reared on all diet types
were recorded. Five larvae from each
treatment were dissected and the silk
glands were picked up, weighed and re-
corded. Afier pupation, the pupal dura-
tions and weights were recorded. Fresh
and dry cocoons as well as cocoon shell
were aiso recorded. In this case, thirty
fresh cocoons and after their dryness for
each treatiment were weighed separately
and the cocoon shell ratio was calculated
according to the formulation of Krish-
naswant e al (1972) as follows:

Weight of cocoon shell

Cocoon skell ratio = X 160

Weight of fresh cocoon
After emergence, the number of eggs
laid by each mated female moth resulted
from larvac fed on different diet types
were recorded. The obtained data were
statisticatly analysed.

RESULTS AND DISCUSSION

1. Durations of different developmental
stages

1.1. Fourth and Fifth larval instars

As shown in Table (2), the mean du-
rations of the fourth and fifth instar larvae
of P. ricini fed on fresh castor bean
leaves (natural food) were 10.12 and
13.20 days, respectively.

The mean durations of larvae fed on
control artificial diet {D2 of Kalcemur-
rahman and Gouri (1982)} were 11.60
and 10.20 days for the fourth and fifth
instars, respectively. These larval dura-
tions did not differ from those of fourth
and fifth instar larvae fed on arificial
diets D1, and D5.
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Table 2. Mean durations of the fourth and fifth instar larvae of P. ricini fed on different
types of dieis and the accumulative mortality

Duration (days) of the following larval Corrected accu-
Type of diets instars mulated mortality
Fourth Fifth Total %)
Fresh 10.12+1.36 1320£1.59 2320+1.46 -
| castor 5. 1 20£1 201,
D1 11604145 12.00£155 22.60%1.50 6.93
D2 (Comtrol) 1, 04132 10204168 21.80+225 7.90
D3 9804153 1480171 24.60+1.62 8.55
D4 9.60+161 1400£201 23.60+181 8.61
D5 11004174 1020198 21.20+ 1.86 7.70
D6 940£151 13204173 22.60+1.62 521
Mean of artifi-
cial diet 10334178 1240+£189 2273+ 178 7.32
LSD. at005 2.22 3.09 2.98 2.81

On the other hand, the shortest dura-
tions of fourth instar [arvae and the long-
est ones of fifth instar larvae were ob-
tained after feeding them on D3, D4 and
D6. The L.S.D. values for both instars
(2.22 and 3.09 days) emphasize the ob-
tained results.

1.2, Pupal stage
The data given in Table (4) clearly

show that the mean pupal duration was
15.50 days after feeding the larvac on

fresh castor bean leaves. Feeding P. ricini
late instar larvae of P. ricini on artificial

- diets prolonged the duration of the re-

sulted pupae, being 22.21 days as an
average. By applying the L.SD. value
(1.33 day) the pupal durations could be
arranged into the following three as-
cending groups according to the type of
antificial diets offered larvae;

First group: contained larvae fed on con-
trol diet or D2 (19.56 days).

Second group: Included larvae fed on D1,
D3, and D6 (22.50, 22.07 and 21.22 days,

respectively).

Annals Agric. Sci. 47(3), 2002



Biological studies on Er silkworm 1049

Third group: composed of larvae fed
on D3 and D4 (24, 25 and 23.14 days,
respectively).

1.3. Adult stage

The mean longevities of P. ricini male
and female moths fed as larvae on castor
bean leaves werc 9.82 and 8.14 days,
respectively,. Female longevity was
shorter than male The difference be-
tween both longevities praved to be sta-
tistically sigaificant (t = 0.7879). When
larvae were fed on different types of arti-
ficial diets the life span of the resuited
moths did not significantly differ from
that of moths fed on fresh leaves. This
was common for larvae fed on DI, D2,
D4, D5, and D6 i.e., mean longevities of
10.14, 9.96, 10.02, 9.84 and 9.22 days for
male moth and 8.81, 8.78, 8.45, 8.14 and
7.82 days for female moth were recorded
after feeding the late laxval instars on the
preceding artificial diets, respectively.
The longest life span of moths of both
sexes was obtained when larvae were

2. Mortality of larvae

The percentages of larval mortality
after feeding the late instars of P. ricini
larvae on different types of artificial diets
were recorded and the obtained values
were corrected and tabulated in Table (2).
The data clearly show that no significant
difference was noticed between larval
mortalities after feeding them on D1, D2,
D5, and D6, being 6.93, 7.90, 7.76 and
5.21 %, respectively. The highest mortal-
ity was, however, obtained after feeding
the larvae on D3 and D4, where death
occurred among 8.55 and 8.61% of lar-

vae, respectively,

3, Weights of different developmental
stages ;

3.1, Full grown larvae

As show in Table (3) the full-grown
larva is considered as a good indicator for
the following developmental stages of the
experimental insect. The mean weight of
mature larva fed on castor bean leaves

supplied with D1 and D3 (Table 6). was 5.03 g.
Table 3. Mean weighits of silk gland of full-grown P. ricini larvae fed on different types
of diets during the late instars
. Wei,
Type of diets Full grown larvae Silk gland

Fresh leaves 50275+ 04224 1.4492 +£ 0.2881

D1 4.7532+04621 1.3995+0.2995

D2  (Control) 4.0268 £0.3513 1.0107 £ 0.2743

D3 3.5435+£0.3948 0.6431 +£0.2594

D4 3.7412+£ 04012 0.8506 £ 0.3012

D5 4.8326 £0.3336 1.4142+0.2841

D6 45824 +04123 1.2058 £0.3123

Mean of artificial diet 4.2466 + 0.3926 1.0873 +0.2885

L.S8.D. at*0.05 0.4204 0.2112
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Feeding the late instar larvae of dif-
ferent types of artificial diets decreased
the larval weight at different degrees de-
pending on the type of dict offered them
during the fourth and fifth instars. By
applying the L.S.D value (0.4204 g), the
larval weight could be arranged into the
following three descending groups:

First group: Larvac offered D1, DS,
and D6 (4.75, 4.83 and 4.58g, respec-
tively.)

Second proup: Larvae supplied with D2 '

(Control) 4.03 g

Third group: Larvae fed on D3 and
D4 (3.54 and 3.74 g, respectively.)
Generally, the maximum weight of foll-
grown larvae was obtained afier feeding
them on D5 foowed by those fed on D1
and D6,

3.2. Pupae of both sexes

Female pupae were always heavier
than males and their mean weights were
1.89 and 2.30 g for male and female ones,
respectively after feeding them in the late
larval instars on fresh castor bean leaves.
The pupal weights of P. ricini fed as late

instar larvae on different types of diets
are given in Table (4).

Rearing the larvac on different types
of artificial diets decreased the pupal
weights of both sexes. However, this de-
crease was not significant in case of D1,
D5 and D6 for both sexes. The iowest
pupal weights were obtained after feeding
the larvae on D3 and D4. The L.5.D. val-
ues emphasize the obtained results.

4, Silk production
4.1. Weight of silk gland

According EFShaarawy efal (1975 a
& b), the weight of silk glands picked up
from the full grown larvae of the Eri silk
worms is positively correlated with the
quantity of silk produced by these larvae.
Table (4) indicates the mean weights of
silkk glands of larvae fed on different
types of food. Feeding the larvae on fresh
castor been leaves gave the heaviest silk
gland (1.45 g). However, artificial diets
caused an obvious decrease in sitk gland
weights at different degrees.

Table 4. Mean durations and weights of P. ricini pupae (g) fed as late instar

larvae on different types of diets
. Mean dumation of pupal stage Mean weights {g) of

Type of diets (Days) Male pupa Female pupa
Fresh leaves 1550+ 1.89 1.8856+0.3214 22995+ 0.4541
D1 22.50 +3.68 18140203512  22672+04124
D2  (Control) 19.56+2.79 1.7452£02914  2.1468 +£0.5121
D3 2425+3.15 1.3458 £ 0.3112  1.9419+0.3992
D4 23.14+4.04 1.5221 £04006  2.0025+ 02812
D5 2207+3.72 1.8386 £0.3421 22764 +0.3462
D6 21.22+2.89 1.8002 £0.3356 22423 +0.4246
x;‘m of artificial 22.12£3.38 lgg‘;fl* 2.1462 £ 0.3960

L.S.D. at 0.05 1.33 0.0452 0.0367
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By appiying the L.S.D. value (0.2112
g.) the weights of silk glands could be
arranged into the following three de-
scending groups according to the type of
artificial diet offered to the late larval
instars;
. First group: larvag fed on DY, D5 and
D6 (1.40, 1.41, and 1.21g, respectively).
Second group: Larvac supplied with
D2 (Coentrol), (1.01 g.)
Third group: Larvae reared on D3 and D4
(0.64 and 0.85g., respectively).

4.2, Weight of cocoons

~The mean weight of fresh cocoon re-
sulted from larvae fed on fresh castor
bean leaves was 2.6452 g Feeding the
larvae on different types of artificial diets
decreased the fresh cocoon weights to an
average of 2.4156 g The rate of decre-
ment proved to be statistically significant.
The high weight of cocoon was recorded
when larvae were supplied with D5, D1
and D6 (2.5261, 24913 and 24846 g,
respectively), with no significant differ-
ence between these means.

The same trend could be applied for
the weight of dry cocoons. By applying
the L.S.D. value (0.0211g), the weights of
dry cocoons could be arranged into the
following four descending groups ac-
cording to the type of artificial diets of-
fered the late larval instars:

First group: larvae fed on fresh leaves
(902.3 mg.).

Second group: larvae fed on D5, D1
and D6 (872.3, 862.2 and 855.1 mg, re-
spectively).

Third group: Larvae supplied with
control diet, D2 (743.5 mg).

Fourth group. Larvae offered D4 and
D3 (701.8 and 678.9 mg, respectively).
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As in cases of fresh and dry cocoons,
the weight of cocoon shell greatly af-
fected by the type of food offered P. ric-
ini larvae. As shown in Table (5), the
heaviest cocoon shell (335.6 mg) was
obtained when larvac were fed on fresh
leaves. This weight was significantly
higher than those obtained by larvae fed
on different types of artificial diets. The
later could be divided into the following
three descending categories (L.S.D.= 20.2
mg):

First group: larvae fed on DS, D1 and
D6 (313.7, 304.1 and 298.4 mg, respec-
tively).

Second group: larvae fed on D2
(Control), and D4 (255.2 and 239.9 mg,
respectively).

Third group: Larvae supplied with D
(230.1 mg). :

To ensure the effect of diet type on
the quantity of natural silk produced by
P. ricini larvae, the cocoon shell ratios in
all cases were calculated and recorded in
Table (5). As shown in this Table, the
highest ratios were obtained when larvae
were fed on nataral food, D5, D1 and D6,
being 12.69, 12.42, 12.21 and 12.00 %,

respectively.
5. Fecundity of mated female moths

As shown in Table (6), the average
number of eggs laid by mated female
moth of P. ricini fed aslarvae on fresh
castor bean leaves was 289.74. When
larvae were fed on D3, D1 and D6 the
numbers of eggs produced by the resulted
mated females were 291.03, 270,36 and
261.14 eggs/ Female, respectively, with
no significant difference between them
and that of females fed as larvae on castor
leaves. The L.S.D. value (31.01 eggs)
emphasizes the obtained results.

Annals Agric. Sci., 47(3), 2002
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' Table 5. Cocoon shell ratios and mean weights of fresh and dry cocoons and cocoon
cortex (g) praduced by P. ricini larvae fed during the late instars on different

types of diets
Mean weights (g) of Cocoon
Type of diets Fresh : shell
shell ,
Dry cocoon Cocoon ratio (%)
Fresh leaves 2.6452+043 09023+0.1992 0.3356 = 0.0869 12.69
D1 2.4913 £0.52 0.8622+02612 0.3041 +0.0821 12.21
D2 (Control) 2.3622+047 0.7435+0.1781 0.2552+0.0783 10.80
D3 23018062 06789+02212 0.2301=0.0622 10.00
D4 23275041 0.7018+0.1934 0.23990.0771 10.31
D5 2.5261+ 036 0.8723+0.2023 0.3137+0.0599 12.42
Dé 24846 +0.54 0.85513:0.1853 0.2984 +0.0643 12.00
Mean of artificial
diet 241562049 0.7856=0.206% 0.2736 +0.0707 11.29
L.S.D. at 0.05 0.0522 0.0211 0.0202 -

Table 6: Life span of moths of both sexes and fecundity of P. ricini mated females fed
as late instar larvae on different types of diets

Type of diets Life span of moth (days) No. of egps /
Male Female Mated female
Fresh leaves 982+1.73 8.14+1.15 289.74 £23.25
D1 10.14 +2.45 8.81 + 1.85 270.36 + 17.94
D2  (Control) 9.96 +1.98 8.78 + 1.64 25515+ 26.18
D3 12.05+ 3.01 9.89 + 1.41 22234 19.76
D4 10.02 + 2.49 845 1.55 239.77£24.11
D5 9.84+3.15 .14+ 1.42 291.03 £25.17
Dé 9224226 7.82+0.99 261.14 + 21.44
dhf?n ofartificial 14,4456 8,65+ 1.48 256.63 +22.43
L.S.D. at 0.05 0.94 1.03 31.01

Annais Agric. Sci. 47(3), 2002
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From the aforementioned results it
could be concluded that the artificial diet
D5 followed by D6 and D1 are consid-
ered the most appropriate diets for rearing
P. ricini larvae. Such diets produced the
high amount of natural silk and fecundity.
The obtained values are relatively near
those obtained by insects fed as larvae on
fresh leaves. Therefore, these artificial
diets arc recommended for rearing this
insect species in places free from castor
bean planis or at late iarval instar (fourth
and fifth) from the economic point of
view to reduce the production cost of sitk
in case of mass rearing.

REFERENCES

El-Shaarawy, M.F.; A.A. Gomaa and
A.T. E-Garhy (1975 a). The consumnp-
tion, digestion and utilization of two cas-
tor bean varieties by larvae of the Eri-silk
worm, Attacus ricini (Boisd.). Z-Ang.
Ent (Germany) 79 (2); 123-128.
El-Shaarawy, MLF.; MLM. Ibrahim and
A. Hosny (1975 b). Effect of feeding the
Eri silkk worm on castor bean leaves
treated with soil fertilizers on silk pro-
duction. Z- Ang. Ent. (Germany) 79 (1):
21-25.

Eid, MLA.A; AN, El-Nakkadi and
M. A. Saleh (1989). Functional adaptation
of silk glands after administration of anti-
bictic to larvae of Philosamia ricini
(Boisd). Ins. Sci Appl 10 (2): 139-143.
Genova, E. (1994). Rearing of Bulgarian
breeds and hybrids of the silkworm
(Bombyx mori) on attificiat diet during
the first instar. J. Sithworms Seric. 34
(3): 435-442,

1053

Gomaa, A.A; M.F. El-Shaarawy; Y.5S,
Salem and Rizk, Madiha, A. (1977).
Effect of dietary constituents on biology
of silkworm. 1. Sucrose and soybean. Z.
Ang. Zool. (Germany) 63 (4): 457-468.
[Biol. Abst. Vol. 64: 6]

Hosny, A.; Mariy, Faiza, M. and A H.
Megalla (1986). Evaluation of using dif-
ferent varicties of castor leaves in a semi-
synthetic diet for the eri silkworm Philo-
samia cynthia ricini (Boisd). Annals Ag-
ric. Sd., Moshtohor, Zagazig Univ,,
Egypt. 24 (4): 2237-2247,

Kafian, A.G. (1969). Interrelationships
between the number and quality of mul-
berry tree leaves and the productivety of
the silk worm, C.F. Biol Abst., Mayl$,
1969: 50)

Kaleemurrahman, M. and G. Gouri
(1982). Foliar constituents of the food
plants of Er-silk worm (Philosamia
cynthia ricini). Indian Biol. Sci, 25:
191-197.

Krishnaswami, S.; N.R. Madhava and
S.K Saryanarayan (1972). Sericulture
manual. 3-Silk reeling. FAO. Agric. Serv.
Bull. 15 (3): 8-20 '

Marichenko, MLLP. (1960). Changein
the special and the fertilizers agents of
improvement of productivity in the
planiation. Revsee du Ver a Soie, 2 (12):
89-94,

Miyoshi, T. (1975): Rearing silkworms
on attificial diet. Indian Sik. 14 (7):17-
29 ’

Sidhu, N.S.; K. Kastvisivanathan and
ML.N. Sitaramaiyengar (1969): Effect of
feeding leaves grown under N.P.K. fer-
tilization on the larval development and
cocoon characters of sitkkworm. Indian J.
Seric. 8: 55-60.

Annals Agric. Sci., 47(3), 2002



1054

Abdel-Khalek, Azza

Yo (4 0fm)  £0((T)E (EY) p AL (i 5 sl <R, 1 3IS7 cicsl, 1 p gl DU e
pagh BpUS 3 T gl gl () 31 ity (I T3 Sl oty g
EIAN Habag A
o ¢l gaall bl yalt ~ o

[V1]

AN 4o (PN 40 58
sta = T AN~ Ly el = sl panal Sigay Epa — ChSR Ltky audd N

ol goe B8 055 gl y pad 338 )
— Al o3 38 ¢ Adly ) da e il
A cliall gl o dly yall iyl Al
S as=2 g Ot gl Al e s & Al
Lol 18 a3, 50 Jagiaad amy (Y 4AY)
Ldtal g g )il Glysl— igakad
ey )y S dill g A akadly
Al Gl Ll ¢ (DS) 3yl ol <)
= (DD 30 g Lgall Jgb Al o
3905y (S (o s il T Bl Ly
-y SN (nan y

sl haas LAyl ey
eV s i (D5) diad
Jo—aall t_,_,_-';.llh_,ac;li_,jw
ey il seliS i ke
- = al

ey il (A jall 230 gl
3392 1A _elnadll 4 laall d3ll U gSa
=l e e g g A yum
it (I o il 5 351 Lgd Ay gl
daltly e o5 o oSe Aiae Ay
I G LSSl (e 3 Cume
e oualsB g s i yand i g5l
Oy i AW il 5ad o el
i B mdall Bl S5 yigga o o4
S Ruaad 0 9SE 23 g ¢ AN i 4k
Tminaal! Bl ) LYl Laicas 3332
2005 IS g 4 liaS aad jall e 335akA
Chgi 3)3) rpb oli2 Jo il
(g 250
N ele Jrasidl 2 Ciaua gl aiy
By 5 Ja—ally 5l o3y o

A.M;.L,Jcmia.izenﬁﬂ

.1;‘_‘;.;4;|_}Aud.|

Annals Agric. Sci. 47(3), 2002





