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Abstract

The importance of various stages of the silkworm, Bombyx
mori viz., eggs, larvae, pupae, moths and its products, by-
products and waste products as a potential medicinal source
has been indicated. Larvae have been identified as a possible
source of adipokinetic hormone (AKH), chymotrypsin
inhibitors, b-N-acetylglucosaminidase, sex pheromone bom-
bykol, amino acids, etc., apart from their value as health 
food especially for cardiac and diabetic patients, bronchial
asthma, primary trigeminal neuralgia, vocal nodules and
polyps and in the treatment of facial palsy and pain. Pupae
are a source of proteins, vitamin B1, B2 and E, diapause
hormone, amino acids, etc., and form a part of antibacterial
and antihistaminic preparations. Male moths are used to treat
sterility. Paste chlorophyll, pectin, phytol, carotene and tria-
contanol, solanesol, etc., extracted from silkworm feces are
used in the treatment of various diseases such as hepatitis,
acute pancreatitis, chronic nephritis, stomach and gastric 
disorders, leukocytopenia, blood cholesterol, etc. Phytol is
used in the preparation of vitamin E and K while carotene 
in vitamin A. Pelade obtained from reeled cocoons is read-ily
digestible and forms a valuable ingredient of food. It reduces
cholesterol and blood sugar. Chrysalises separated from
pelade contain palmitic, stearic, oleic and linoleic acids and
serve as a food additive and in pharmaceutical preparations.

Keywords: Bombyx mori, larvae, pupae, pupal skin, exuviae,
feces, sericin, pectin, phytol, paste chlorophyll.

Introduction

The silkworm, Bombyx mori L. (Bombicidae: Lepidoptera),
basically a nocturnal moth, is a native of China but has long
been domesticated throughout the world largely in the tem-
perate and sub-tropical regions for its fine cocoon filaments.
It is a monophagous insect, which derives required nutrients

from mulberry (Morus alba L., Moraceae) leaves. Supple-
mentation of minerals such as Mg, Zn, Ca, P, K, Fe and 
Mn improve larval development and cocoon characters
(Rathinam & Chetty, 1991; Sarkar et al., 1995). B. mori
exibits voltinism (frequency or number of annual broods) –
uni-, bi- and multi-voltines, influenced by environmental
factors, such as temperature, light, humidity, nutrition, etc.
High quality exotic races/breeds imported from Japan,
China, France and Italy and indigenously developed high
yielding breeds are maintained at special centres, such as the
Silkworm and Mulberry Germplasm Centre, Hosur, Tamil
Nadu (Singh & Jayasomu, 1999).

In sericulture, apart from silk, there are many other by-
products and waste products obtained at different stages of
silkworm rearing. Eggs, larvae, pupae and feces find their use
in pharmaceuticals, cosmetics and the paper and leather
industry (Anon., 1996). In China, sericulture products are
exploited considerably. Silk is made up of mainly two pro-
teins, fibroin and sericin. Fibroin is secreted in the posterior
part of the silk gland while sericin is from the middle part
(Qader & Haque, 1996). Fibroin consists of many fine fib-
rillae bound together by sericin (Taraporewala & Shah,
1995). Silk fibroin is reported to have a high proportion of
the amino acids, glycine, alanine and tyrosine. The mulberry
silkworm, Bombyx mori is reviewed in this paper as a poten-
tial medicinal insect providing a variety of products with
wide applications (Majumder, 1997; Raju, 1996).

Products

Eggs

The silkworm eggs are shown to contain chorionins, cysteine
proteinase (Xia & Ding, 1989). The eggs are also used exten-
sively in transgenic studies (Joy & Gopinathan, 1994).
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Larvae

Several chemical constituents, such as insulin-like growth
factor-II (IGF II), adipokinetic hormone (AKH), chy-
motrypsin inhibitors, b-N-acetylglucosaminidase, DOPA,
quinone amine conversion factor and sex pheromone bom-
bykol [(10E, 12Z)-10,12-hexadecadien-1-ol] have been
reported from the larvae (Marumoto et al., 1992; Ishibashi
et al., 1992; Shinohara et al., 1993; Nagamatsu et al., 1995;
Ozawa et al., 1993; Aso et al., 1995; Matsumoto et al., 1996).
Interleukin-3 produced from the silkworm is reported to 
be biologically identical to IL-3 produced from mammalian
cells (Datta, 1994). A lutein binding protien has also been
purified from fifth instar larvae (Jouni & Wells, 1996).
Healthy silkworm larvae are sterilized and vacum dried and
sold as commercial food in Hong Kong, China, Korea and
Japan. In powder form it is used as a common source of
animal protein in soups and sauce preparations (Ramakanth
& Raman, 1997).

Processed larvae are used in special diets for cardiac and
diabetic patients because of their low cholesterol content
(Ramakanth & Raman, 1997). The silkworm larvae can serve
as a bioreactor for the production of low cost vaccines against
various infectious diseases (Datta, 1994). Processed larva of
B. mori infected with the fungus Beauveria bassiana (Bals.-
Criv.) Vuill. (anamorphic Hypocreales, Ascomycota) is one
of the constituents of various Chinese decoctions used for the
treatment of bronchial asthma, facial palsy and pain, primary
trigeminal neuralgia, vocal nodules and vocal polyps (De-zi,
1991; Sen, 1991; Xue-ping et al., 1991; Chang-xiong et al.,
1993). Male worms are used in the preparation of a Chinese
drug “pill” which causes male infertility (Hai-bo, 1989). 
The extract of B. mori has androgen like action in rats and
mice (Cai et al., 1991). Silkworm larvae are freeze-dried at
£ -30°C, made into a powder/film and incorporated into 
health food. The additive protects the liver and prevents dis-
eases among the aged (Hirabayashi et al., 1996). The extract
of larvae is one of the constituents of an anti-acne cream 
with minimal side effects and high clinical efficacy. The
larvae have also been found to contain D66b and e-human
carcinoembryonic antigen proteins (Song & Wang, 1994;
Yamanaka et al., 1996). The hemolymph of silkworms is rich
in glutamine, histadine, lysine, serine and glycine. The amino
acid content is proportional to the weight of the silk gland.
The amino acids weigh up to 140 mg/gland (Chitra & 
Sridhara, 1972). Three novel antibacterial lebocin peptides
have also been reported from the hemolymph of silkworm
immunized with Escherchia coli (Hara, 1995; Abraham 
et al., 1995).

Pupae

Silkworm pupae are used as food and as a source of oil for
medicines (Anon., 1996). The pupae contain vitamin B1, B2

and vitamin E. Important chemicals, such as chitin and tria-
contanol have also isolated from the exuviae (Majumder,

1997). Diapause hormone (DH) is reported to have been 
isolated from the pupae. Pupae contain 48.7% protein and
30% fat while spent pupae contain 26% oil and 75% protein
(Rao, 1994; Anon., 1979). Fat constitutes about 30% of the
total dry weight of pupae. Analysis of pupae shows that they
contain ether extractives 31.1%; crude protein, 51.6% in
addition to amino acids such as lysine and methionine 
(Koreleski et al., 1993). The content of oleic and linoleic
acids in the fat are similar to those of animal fats. The protein
of silkworm pupae is rated higher than the protein of soya-
bean, fish or beef. Artificial fibres and membranes are made
out of pupal protein. It is used as a raw material for prepar-
ing peptones, amino acids and flavored products with high
nutritive value. Silkworm pupal cakes of high nutiritive value
are common in Japan. The pupal odor is removed by a
process of fermentation and deodorisation (Majumder,
1997).

Live pupae are used as a medium to synthesize antibac-
terial peptides in vivo (Koul et al., 1994). Live healthy pupae
are used in antibacterial protein preparations (Lakshmi-
narayan & Rao, 1970; Rajiv & Vijayakumar, 1996). Pupal oil
is used to treat liver and blood diseases (Koul et al., 1994).
Silkworm cocoons when hydrolyzed in HCl give composite
amino acids (>75.64%) having medicinal applications with
low toxicity (Xiong et al., 1988b). A therapeutic tar is
obtained from the pupae. The bactericidal and antihistaminic
activities of the tar are superior to those from plant sources
(Kanebo Ltd., 1981). Pupal skin contains chitin, which can
be converted into various useful products like chitosan, chitin
sulphate, chitin nitrate, chitin xanthate, sodium car-
boxymethyl chitin. The pupae yield chitin up to 4% of dry
weight. Chitin and chitosan derivatives are used in wound
dressing, controlled release of drugs, and contact lenses.
They are also useful for enhancement of dissolution proper-
ties of poorly soluble drugs (Katti et al., 1996). Chrysalis oil
obtained from the spent pupae represents a potential source
of linolenic rich oil. After low temperature crystallization,
chrysalis oil is quite similar to that of linseed oil (Majumder
& Sengupta, 1979).

Moths

Adult moths are used in making wine and medicines. Male
moths are used in Chinese medicine to treat sterility (Rajiv
& Vijayakumar, 1996; Raju, 1996; Anon., 1996). A unique
lipophilic peptide (VAP peptide) has been isolated from the
heads of male moths. It acts as a bioactive material for induc-
ing egg diapause (Imai et al., 1996).

Waste products

Proper utilization of sericulture and silk waste adds a value
of up to 40% to the silk industry. Silkworm feces act as a raw
material for variety of products such as paste chlorophyll,
sodium copper chlorophyllin, pectin, phytol, carotene and tri-
acontanol, which are used in the pharmaceutical and food
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industries (Raju, 1996). The feces have been found to contain
solanesol, a highly valued precursor for many cardiac drugs
(Babu, 1994). Chlorophyll extracted from the feces of silk-
worm is used as a medicine for gastric disorders such as ulcer
and hepatitis. It is also used to treat liver and blood diseases
(Rajiv & Vijaykumar, 1996; Koul et al., 1994). Sodium
copper chlorophyllin extracted from paste chlorophyll shows
antibacterial activity and has medicinal applications. It is
used in the treatment of hepatitis, acute pancreatitis, chronic
nephritis, stomach disorders and various leukocytopenia. A
growth hormone has also been reported from silkworm litter
(Majumder, 1997). At least two types of chlorophyll, a and
b, are obtained from silkworm litter in the ratio of 3 :1 and
are used in medicines and cosmetics in China and Japan.
Paste chlorophyll serves as a raw material for chlorophyllin.
Pectin, carotene, phytol and triacotanol are also obtained
from the left over feces after the extraction of chlorophyll.
Pectin from silkworm feces reduces blood triglyceride and
blood cholesterol (Raju, 1996). Phytol extracted from silk-
worm feces is used in the preparation of vitamin E, K, and
carotene as a source of vitamin A (Rajiv & Vijaykumar, 1996;
Koul et al., 1994).

Pelade, the inner layer of the cocoon shell obtained from
reeled cocoons is a valuable ingredient of food in China and
Japan. Reeled cocoons yield 10% of pelade. It is readily
digestible and reduces cholesterol and blood sugar
(Ramakanth & Raman, 1997). Protein and amino acids are
also extracted from pelade. Chrysalises separated from
pelade, dried and crushed and are incorporated into food for
animals (Bedi, 1996; Xiong et al., 1988a). It contains
palmitic acid, 24.4; stearic, 16.0; oleic, 27.2 and linoleic,
19.9%, and at least 8 amino acids (Lin et al., 1983). It serves
as food, food additive and in pharmaceuticals. Deodorizing
methods have also been given to remove any unpleasant odor
from the proteins (Zhang et al., 1988; Li, 1988; Xiong et al.,
1988b; Wu et al., 1994).

Silk film is used for artificial skin, blood vessel and in
surgery. As food it reduces blood pressure in human beings
(Koul et al., 1994). Fibroin extracted from the silk glands of
B. mori is used for polyacrylamide gel electrophoresis in the
presence of sodium dodecyl sulfate (SDS-PAGE) (Yu et al.,
1996). Sericin in raw silk acts as a silk allergen. It causes
contact dermatitis (Inou et al., 1997). Floss contains tannins
having potential antifungal, antibacterial and antiviral prop-
erties (Pandey & Makkar, 1991).

Discussion and conclusion

Agro-industry has its advantages especially in a developing
country like India where resources and labour are not scarce.
Advancement in the rural sector is necessary for India to
progress. Agro-products not only enhance rural development
but also provide food security, a challenge to a nation whose
population is approximately one billion. Development in the
rural sector to a certain extent addresses the social issues too.

The silk industry, as an important component of agro-based
structures, provides considerable opportunities to improve
rural livelihoods. Though there has been a lot of research
input in this industry for widening its scope and avenues, the
same has not been communicated effectively. The knowledge
investment and the prospective development in this sector
need to be propagated. The silkworm B. mori, the source of
natural silk, from eggs to adults, has been reported to have
wide potential in pharmaceutical, cosmetic and food indus-
tries. In this review an attempt has been made to highlight its
potential as a medicinal insect.

As a source of animal protein and vitamins, the larvae and
pupae are economical and abundantly available. If managed
properly, it should address if not malnutrition, protein defi-
ciency to some extent in rural areas. The larvae, pupae and
their waste and by-products serve good for common urban
ailments, such as bronchial asthma, diabetics, gastric disor-
ders such as ulcer and hepatitis, high blood cholesterol, blood
pressure, cardiac and other old-age problems. The pupal oil
serves good for liver and blood diseases, common among the
poor. Diabeties is no more uncommon in India. Pelade, the
inner layer of cocoon shell is reported to reduce cholesterol
and blood sugar. The possibility of mass production of pelade
should be explored. As an agent of male infertility, the male
worms have an urgent role to play in population control pro-
grammes. The larvae can be exploited for their antibacterial
and antihistaminic activities and cosmetic value. The genetic
analysis of B. mori, with its 400 mapped mutations, hundreds
of geographical races and genetically improved strains for
qualitative and quantitative traits, cloned genes encoding pro-
teins with diverse functions, has further explored its role as
an ideal molecular genetic resource for solving broad range
of biological problems (Nagaraju, 2000). The review, at its
level, considers the silkworm B. mori, a potential medicinal
insect whose impact awaits proper attention and exploitation
for the betterment of mankind.
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