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Abstract 
This paper describes the development of low-cost artificial diets for the silkworm 
using a linear programming method as well as the breeding of polyphagous silk­
worm races with a high adaptability to the diets. On the basis of the results of 
nutritional studies, low-cost artificial diets for the silkworm have been developed 
by applying a linear programming method to the formulation of the composition 
of artificial diets. In parallel with the development of low-cost artificial diets, 
studies on the feeding response of the silkworms to the diets and its inheritance 
have been carried out and polyphagous silkworm races with a high adaptability to 
the diets have been bred. Development of a new type of silkworm rearing system 
based on these methods is deemed important. 

Discipline: Seri culture 
Additional key words: Bombyx mori, feed ingredient, linear programming 
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Introduction 

Artificial diets were applied for the first time 
in sericulture in Japan in 1977 for the rearing 
of young larvae of the silkworm in cooperative 
rearing houses. The practical application of ar­
tificial diets in sericulture which has enabled 
to save a great deal of labor for the rearing 
and to rear young healthy larvae has rapidly 
expanded. At present, about 500Jo of the silk­
worms in their young instars are reared on 
artificial diets rather than on mulberry leaves 
(Fig. I). Although the use of artificial diets for 
the rearing of silkworms from the 1st to 3rd 
instars is important for the reasons described 
above, this practice is limited to the rearing of 
silkworms from the 1st to 2nd instars. 

It is generally recognized that the high cost 
of artificial diets is a major constraint on the 
dissemination of silkworm rearing on artificial 

diets from the I st to 3rd instars in the cooper­
ative rearing houses. The cost of artificial diets 
accounts for about 350Jo and 500Jo of the total 
expenses for silkworm rearing from the 1st to 
2nd instars and from the I st to 3rd inst a rs in 
the cooperative rearing houses, respectively. 
Consequently, it is essential to lower the cost 
of artificial diets in order to extend the period 
of silkworm rearing on artificial diets, so that 
farmers can adopt a more stable management 
system for sericulture. In the present paper the 
progress of the development of low-cost artifi­
cial diets as well as breeding of polyphagous 
silkworms with a h igh adaptability to the diets 
will be reviewed briefly. 

Characteristics of artificial diets for the 
silkworm 

Generally, commercial artificial diets for the 
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Fig. I. Changes with time in silkworm rearing on artificial diets in 
the cooperative rearing houses 

*One unit contains 20 thousand larvae. 

Table I . Composition or an artificial diet of 
the silkworm nnd cost ratio of feed 
ingredicnts 81 

Feed ingredients 
Amount added Cost ratio 

(%) (0/o) 

Mulberry leaf powder 30.0 36.4 
Defatted soybean meal 28.0 5.1 
Cellu lose powder 15.0 6.4 
Corn starch 6.1 0 .9 
Citrate 3.7 1.8 
Salt mixture 4.0 4.9 

Sucrose 4.0 1.5 
Agar 7.0 26.3 
Ascorbic acid 0.5 1.3 
Vitamin B mixture 0 .4 7.4 

Phytostcrol 0.3 2.2 

Soybean oi l refined 1.3 0.5 

Antiseptics 1.0 5.3 

Total 101.3 100.0 

silkworm used in the cooperative rearing houses 
contain 20 10 250Jo of mulberry leaf powder, 
on a dry weight basis, to achieve synchronous 
growth. About 5% of agar is added as gelling 
agent in the diets to keep the water content 
at a constant level of 70 - 750Jo, since the si'lk­
worms cannot take water unlike livestock. 

Mulberry leaf powder and agar are relatively 
expensive and account for nearly 600Jo of the 
cost of whole ingredients in the diets 
(Table I )8>. Thus, the amoum of expensive 
ingredients such as mulberry leaf powder or 
agar must be reduced or they must be exclud­
ed from the diets to lower the cost of the diets. 
It is also necessary to introduce into the silk­
worm diets some of the cheap ingredients used 
in feeds for livestock. 

Breeding of polyphagous silkworm races 

Utmost efforts arc being made to improve 
the composition of artificial diets for the silk­
worm, due to their industrial importance. Along 
with the accumulation of qualitative and quan­
titative data on the nutritional requirements of 
the silkworms, an attempt was made to formu­
late the composition of artificial diets for the 
silkworm using a linear programming method 
in order to incorporate into the diet the 
nutrients necessary for the growth and develop­
ment of the silkworms, in placing emphasis on 
the need to reduce the cost of the diet z,Jl. At 
that time, however, the new low-cost diet was 



264 

not put into practical use, since the silkworm 
races distributed commercially were repelled by 
the smell or taste of the feed ingredients in the 
diet, such as fish meal or yeast and, consequent­
ly, did not eat it easily. Thus, it was deemed 
necessary to breed silkworms that fed readily 
on diets containing fish meal or yeast, to use 
the new low-cost diet developed theoretica lly 
by the linear programming method. 

To breed polyphagous silkworm races which 
can be reared on such a diet, studies were car­
ried out on the feeding response of the silk­
worms to the diets, inheritance of the feeding 
response and method of selection of polypha­
gous silkworms 1 

••
1
-

6>. The following results 
were obtained: (I) almost all the Japanese 
strains could grow on the diet, unlike most of 
the Chinese strains, (2) genetical control of feed­
ing preference for the diet was mainly achieved 
by a major recessive gene located on the 3rd 
chromosome and by its modifier genes (Table 
2), and (3) it became possible to breed poly­

phagous silkworm races by selecting newly 
hatched larvae with a high ability to feed on 
the diet. 

Based on these findings, the breeding of new 
commercial silkworm races with a high adapt­
ability to the diets has been initiated since 1988, 
and t he hybrid designated as N 601 x C 601 
(special name; Asagiri) was recognized and 

Table 2. Inheritance of feeding res11onsc of the 
newly hatched lar1<ac of the silkworm lo 
the low cost nrtificial diet, LP- I diet, 
designed using a linear programming 
method 61 

Crossing form 

Sawa J 
C 01 
Sawa J x C 02 
C 02 x Sawa J 
(Sawa J x C 02) F2 
(Sawa J x C 02) x Sawa J 
(Sawa J x C 02) x C 02 

Rate of grown 
larvae after 48 hr 

89.3 
0.0 
0.0 
0.0 
7.7 

32.0 
0.0 
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authorized in 1991 by the Japanese Government 
as a distinctive race with a high feeding adapt­
ability to t he low-cost diet and a capacity for 
silk production similar to that of the races 
generally used 7>. Then, two hybrids, Sin­
Asagiri and Habataki were recognized and 
authorized as polyphagous races in 1992 and 
1993, respectively. 

Development of low-cost artificial diets for 
polyphagous silkworms using linear 
programming method 

The studies on the development of low-cost 
diets proceeded in parallel with the breeding 
of polyphagous silkworms. To design the com­
position of artificial diets for the silkworm us­
ing a linear programming method, tJ1e following 
aspects must be clarified: (I) contents of vari­
ous kinds of nutrients in feed ingredients, (2) 
amounts of various kinds of nutrients which 

must be incorporated into the diet, (3) limiting 
factors and optimum contents of feed ingre­
dients which affect the feeding behavior as well 
as larval growth and physical properties of the 
diet, and (4) price of feed ingredients. More 
than 50 kinds of feed ingredients and contents 
of about 40 kinds of nutrients in individual feed 
ingredients were analyzed by computer. For 
(2), a great deal of information has been ac­
cumulated on the minimal optimal levels of 
nutrients required for securing the growth and 
survival of the silkworms, and the dose require­
mems are closely correlated with the content 
of the respective nutrients in mulberry leaves. 
For determining the limiting factors for each 
feed ingredient, feeding response to the artifi­
cial diets which contained feed ingredients for 
livestock, such as fish meal, yeast, pupal pow­
der, rape bran, gluten meal and alfalfa, and 
subsequent larval growth were investigated 
(Table 3)3·91 . The polyphagous strains s howed 
a high feed ing adaptabi lity to the diets and a 
high survival rate on these d iets, which both 
increased when a very small amount of 
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Table 3. !~ceding adnJ>tability and sur.,iva.l of the newly hatched larvae of rhc silkworm 
reared on the artificial dier containing feed ingredients for livcstock9> 

Feed ingredients Commercial siilkworms Polyphagous silkworms 

(50/o added) Asa • Hi x To • Kai N 0 1 x C 01 N 601 x C 601 CSJ 01 x NSJ 01 

Fish meal o•> Ohl 0 0 66 84 38 82 

Yeas1 0 4 8 10 92 98 90 94 

Si I k worm pupal powder 0 4 0 0 10 70 2 16 

Rape bran 2 36 12 22 94 100 80 98 

Gluten meal 2 28 28 42 86 100 80 94 

Alfalfa 0 0 0 0 86 98 94 98 

a): Rate of grown larvae aflcr 24 hr, b): Rare o f larvae surviving after 5 days. 

Table 4. Composition of the low-cosr diets, LPY - 141 diel and LPY -SO I diet, 
l'or the silkworm designed using a linear progmmming method io, 1

1> 

LPY- 141 diet for LPY -501 die! for 

Feed ingredients 1st 10 2nd 3rd 4th I st 10 2nd 3rd 4th 

insrars instar insta r instars instar insrar 

Mulberry leaf powder 4 .000 4.000 4 .000 4.000 

Dcfaued soybean meal 31.983 35. 566 36.782 35.000 38.000 38.000 

Corn meal 30.000 30.000 30.000 40.702 46.506 46.608 

Defatted rice bran 18.333 9.763 11.423 
Rape bran 5.000 8.000 4 .000 

KCI 0.431 0.409 0.5 15 0.664 0.194 0.349 

K2HPO. 0.108 1.085 1.483 1.317 

MgHPO• • 3H20 0.460 

MgSO. 0.318 0.909 0.844 

CaCOJ 1.987 1.935 2.068 2. I 14 2.098 2.221 

FePO. • 41-120 0 .084 0.085 0.086 0.094 0.069 0.096 

Vitamin mix. for chick 0.172 0 .173 0.177 0. 174 0. 128 0. 182 

Vitamin mix. for eel 0.016 0.200 

Choline , CI 0.020 0.043 O.D35 0.009 

Inosi tol 0.0 19 0.030 0.043 0.078 0.07 1 0.092 

Ca-pantothenate 0.012 0.013 0.013 0.014 0.0 13 0.014 

Niacin 0.008 0.006 0.007 

Pyridoxine-HCI 0.001 0.002 0.002 0 .002 0.002 0.002 

Ascorbic acid 1.000 J.000 1.000 1.000 1.000 1.000 

Citrate 4.000 4 .000 3.000 3.000 3.000 3.000 

Soybean oil refined 1.855 1.806 1.779 1.153 1.209 I . 177 

Phytostcrol 0. 194 0.200 0.204 0. 165 0.167 0 .172 

Carraghccnan 5.000 5.000 4.000 

Antiseptics 0.910 0.910 0.9 10 0.910 0.910 0.910 

Total 100.001 100.000 100.002 100.000 100.000 100.000 

mulberry !car powder was added to the diets, larvae were unable to survive on the diets . 

whereas the commercial races showed a very In taking account or the limi ting factors of 

low feeding adaptability and almost a ll or the the feed ingredients, nutritional require ments 
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for larval growth and the content of nutrients 
of feed ingredients, the optimum formulat ion 
of the diets for the 1st to 2nd, 3rd, and 4th 
instar larvae of polyphagous si lkworms, respec­
tively, was designed by applying a linear 
programming method. One of these diets was 
designated as the LPY-141 diet (Table 4) 10>. 
The content of mulberry leaf powder was 
reduced or the ingredient was excluded al­
together from the diets. Mulberry leaf powder 
was added only as a feeding stimulant, and the 
nutrients, such as amino acids, B vitamins and 
inorganic compounds, necessary for the growth 
of the silkworm were supplied from dcfaned 
soybean meal, corn meal and rape bran. The 
deficiencies in nutrients, such as B vitamins and 
inorganic compounds, were adjusted by adding 
to the diets respective substances or mixtures 
used for livestock . The larvae of the polypha­
gous races reared on the diets and transferred 
to mulberry leaves in the 5th instar produced 
a large amount of cocoons of good quali ty, 
whereas the larvae of the commercial hybrids 
were unable to survive normally on the diets 
(Table 5). It is assumed that the cost of the 
feed ingredients in the LPY -141 diet could be 
lowered by about one half of that of the com­
mercial diet for the commercial hybrid race of 
the si lkworm. Based on this information , com­
mercial diets for the polyphagous silkworms 
were developed. 

Subsequently, a diet, from which agar was 
excluded, was developed for polyphagous silk­
worms (Table 4) 11>. The diet designated as the 
LPY - 50 I diet consisted mainly of clefaned soy­
bean meal and corn meal. The cost of the 
LPY -501 diet was further lowered by removal 
of agar, as compared to that of the LPY - 141 
diet. 

D evelopment of artificial diets for simplify­
ing the manufacturing process 

The processes used for the manufacturing of 
the artificial diets of the silkworm consist of 
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Table 5. Cocoon qualify a nd a mount J>roduccd 
by the polyphagous silkworm race, 
N 60 I x C 60 I , reared o n low-cost 
dicts 11

' 

LPY- 141 LPY-501 
diet diei 

Rate of survivia l of 
95.8 95.3 pupae (%) 

Weight of cocoon {g) 1.87 1.82 
Weight of cocoon 

0.43 0.42 layer {g) 
Rate of cocoon 

22.2 23. 1 layer (0/o) 
Length of cocoon 

1,049 1,034 
filament (m) 

Weight or cocoon 
0.40 0.38 filament (g) 

Size of rilament (d) 3.50 3.36 
Rate of reelability (%) 86 86 
Rate of raw si lk (0/o) 20.14 20.00 

Larvae were rc11red on the LPY- 141 and LPY-501 
diets dming the 1st 10 the end of the 4th instar, 
respectively, and the newly ecdysed 5th instar lar­
vae were 1ransfcrrccl to mulberry leaves. 

a series or steps including mixing the feed in­
gredients (namely, dried diet), m ixing water 
with the dried diets and steaming them, pack­
ing the hot and soft diets in a vinyl bag and 
cooling them in water (namely, prepared diet), 
and transferring the prepared diets to the rear­
ing areas. These diets are stored in a cold room 
until use. The price of the commercial diets 
is determined by addi 11g the cost of the whole 
process and profits. T hus, these costs as well 
as the cost of feed ingredients must be reduced 
to decrease the price of artificial diets of the 
silkworm. Recently, two kinds of artificial diets 
have been developed to simplify the process for 
the manufacturing of the prepared diets from 
the dried diets. One is the 'Pellet diet• which 
is produced by using a twin-spindle extruder 
and can be fed to the silkworms by soaking 
with a suitable amount of water just before use. 
Another is the 'Yuneri diet' which can be fed 
to the silkworms by mixing with hot water at 
around 80°C withoui steaming. 
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Prospects 

Through the breeding of polyphagous silk­
worm races and the development of low-cost 
artificial diets, it may become easier to extend 
the period of silkworm rearing on artificial diets 
until the encl of the 3rd instar. Furthermore, 
if the period of silkworm rearing on artificial 
diets could be extended until the end of the 
4th instar, farmers may rear only the 5th in­
star larvae on fresh mulberry leaves for a week 
which corresponds to the period from the be­
ginning of the instar to cocoon-spinning. This 
system was designated as One-Weck Silkworm 
Rearing System. If this system were to be ap­
plied, farmers would be able to raise silkworms 
approximately ten times each year, insrcad of 
usually three lo four times at present, and to 
enlarge their sericultural operating scale without 
any invcstmem in plam and equipment. 

It was generally considered that artificial diets 
could not be used for silkworm rearing through­
out the whole instars for silk production, due 
to the cost of the diets. However, with fhe 
breeding of polyphagous si lkworms and the de­
velopment of low-cost artificial diets this prac­
tice may become possible. Both theoretical and 
applied studies arc currently in progress, includ­
ing brcecli11g of silkworms, improvement of ar­
tificial diets, development of rearing system and 
economical evaluation of the silkworm rearing 
system on artificial diets throughout the instars. 

References 

I) Asaoka, K. & Mano, Y. (1992): Breeding of 
polyphagous silkworms by early selection for 
feeding ability on LP- I artificial diet. J. Serie. 
Sci. Jpn., 61, 1-5 [In Japanese with English 
summary]. 

2) l-lorie, Y. et al. (1980): Atternpl to design the 
composition of the artificial diet for the silk­
worm by linear programming method. J. Serie. 
Sci. Jpn., 49, 100-106 [In Japanese with English 
summary] . 

3) Horie, Y. & Watanabe, K. (1983): Design of 

the composition of the artificia l diets for the 
silkworm, 80111byx mori, by linear programming 
method: application of the ingredients of feeds 
for domesticated animals and fowls. Bull. Serie. 
Exp. Stn., 29, 259-283 [In Japanese with 
Engl ish summary]. 

4) Kanda, T. (1992): Genetical study of feeding 
habits of the silkworm, Bombyx mori, to new 
low-cost diet designed by linear programming 
method and application to the breeding. /Juli. 
Na,/. Inst. Serie. £11101110/. Sci., 5, I -89 [In 
Japanese with English summary] . 

5) Kanda, T. & Tamura, T. (1991): Breeding of 
new polyphagous silkworm stocks suitable for 
low-cost artificial diet . Bull. Nall. l11s1. Serie. 
£111011101. Sci., 3, 7- 16 [In Japanese with En­
gl ish summary] . 

6) Kanda, T., Tamura, T. & Inoue, H. ( 1988): 
Feeding response or the silkworm larvae to the 
LP- I artificial diet designed by a linear 
programming method and its inheritance. J. 
Serie. Sci. Jpn., 57, 489-497 [In Japanese with 
English summary) . 

7) Mano, Y. et al. (1991): Breeding and evalua­
tion of adaptability of the silkworm, Bombyx 
mori, to the new low-cost artificial diet, LPY 
lacking mulberry leaf powder. Bull. Nall. Ills!. 
Serie. £111011101. Sci., 3, 31- 56 [In Japanese with 
English summary). 

8) Miyazawa, F. (1993): The present situation and 
prospects in the study o n art ificia l diets of the 
si lkworm. Sa11shi-Gij111su (Sericull ural Tech­
niques), 145, 6- 11 [In Japanese]. 

9) Yanagawa, 1-1 ., Watanabe, K. & Nakamura, M. 
(1989): Application of the feed ingredients for 
livestock LO an artificial diet by using polypha­
gous strain of the si lkworm. J. Serie. Sci. Jpn., 
58, 401 -406 [In Japanese with English 
summaryJ. 

10) Yanagawa, H., WaLanabe, K. & Suzuki, K. 
(1991) : Develop111en1 of a low-cost artificial diet 
-Developmcm or an artificial d iet by applying 
a linear programming method for polyphagous 
strains of the silkworm, Bombyx mori. 8111/. 
Nall. !11s1. Serie. Enlomol. Sci., 3, 57- 75 !In 
Japanese with English summary). 

11) Yanagawa, 1-1., Suzuki, K. & Watanabe, K. 
( 1992): Exclusion of agar in an artificial diet 
for polyphagous strains of the silkworm, 80111-
byx mori. J. Serie. Sci. Jpn., 61, 158 - 164 [ 1 n 
Japanese with English summary]. 

(Received for publication, April 15, 1994) 


	28-4-262
	28-4-263
	28-4-264
	28-4-265
	28-4-266
	28-4-267

