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Abstract: Improving the quantity and quality of silk produced by the silk worm, using exogenous nutrients
and minerals has been practiced as a traditional scientific method in the sericulture industry. The present
study is to search base line data of significance of some important biochemical parameters in silk yield. Bio-
chemical parameters are very essential to understand the inbuilt mechanism of any organism and silkworm

is no exceptional. The review finding prominence the roles of biochemical parameters for better yield of silk.
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. INTRODUCTION

Sericulture industry deals with the production of silk which plays an important role in the rural
economics of the developing countries like India and China. Six million people in India alone are engaged
in sericulture and the main source of improving rural economy. However, the sericulture industry mainly
faces the constraints like diseases to mulberry and silkworm and abiotic stresses which leads to poor yields
both quality and quantity wise. Nutrition is the most important and very much essential component for all
the living being. Without nutrition or nutritious food, it is impossible for any living organism to survive and
attain a healthy disease-free growth. Like other organisms’ silkworms are also very much sensitive towards
nutritional factor. It is well known that the amount and quality of leaves affects growth rate, developmental
period, body weight and survival rate of larvae, as well as influencing the subsequent fecundity, longevity,
movement and competitive ability of the adults. If the optimum required nutrients are not present in the
leaves then silkworm acquires diseases and the percentage of effective rate of rearing will be decreased as

the mortality rate increases in silkworm which is reared in poor foodstuff.
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Nutritional requirements are the chemical factors of ingested food is essential for normal metabolism
and development of the insect. In general, there is an evidence that nutritional requirements of young insects
may vary with sex, changes with developmental stage. Insects generally have the same nutritional
requirements as large animals. The balance of nutrients is very important in most studied insects. Balance
may be important due to small body size.

Insects may respond to imbalance diet in one of the three ways- They can alter the total amount of
ingested food; they can move from one food to another with a different nutrient balance; or they can
regulate the effectiveness of the nutrients. The required essential nutrients such as carbohydrates, proteins,
lipids, vitamins and amino acids, water etc., are generally present in the natural food plants of the species.

The main objective of the present review is to analyse the significance of biochemical parameters on
the quality and quantity of the silkworm.

Need for adequate nutrition

There is great need to develop resistance to biotic and abiotic stresses in mulberry and silkworm to
augment productivity and quality which can be achieved by the application of sophisticated tool like
biotechnology. Silkworm Bombyx mori is completely domesticated tiny insect with economic significance.
It mainly feeds on mulberry leaves, although Tricuspid cudrania leaves can also act as the food of the larvae
(Li, 1987). Due to centuries of this domestication, it has lost much of its natural resistance and shows
neither morphological nor behavioural adaptations to escape predators, parasites, pests and pathogens.
Diseases in silkworm Bombyx mori are fairly common in occurrence and are serious in inflicting losses.
Silkworm breeds within a voltine group also vary widely in many of the quantitative traits. The multivoltine
breeds are known for their poor productivity and higher survival. However, advancement in breeding
techniques resulted in the improvement of quantitative traits with better silk yield in multivoltine breeds and

resulted in the development of productive multivoltine breeds (Marvyn et al., 2016; Larsson et al., 2016).

The production of digestive enzymes is often dependent to a large extent upon the type of food
consumed by the insets. In the silkworm, Bombyx mori, the presence of intestinal proteinases has been
reported by Shinoda (1930) and several investigations have been done in this direction mainly in Japan

(Horie et al., 1963; Eguchi and Yoshitake, 1967; Hamano and Mukaiyama, 1970). Enzymes provide the
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energy needed for metabolic reactions essential to immune health. Enzymes have been shown to stimulate
the body’s natural defences while breaking down offending pathogenic immune complexes. This helps in
relieving stress on the body and strengthen the immune system, which can speed the healing process.
Biochemical parameters

Bio-chemical parameters are very essential to understand the inbuilt mechanism of any organism and
silkworm is no exceptional (Senthil Nathan et al., 2006; Chandrasekaran et al., 2012; Chandrasekaran et al.,
2014; Djebbi et al., 2016; Hara et al., 2016) Proteins are essential molecules used in all types of cellular
activity and life. Enzymes, antibodies, regulatory molecules, contractile molecules responsible for
movement, hormones, cellular structural components are some of a few of the proteins needed to sustain
life. Almost all proteins in the body are in continuous form of dynamic: breakdown (catabolism) and
formation (anabolism).Thus, in order to maintain vitality, viability and health the silkworm pupae must have
a supply of building blocks to help replenish the proteins that are broken down. Considering that even the
proteins involved in regulating and making other proteins need also to be made and replenished, protein in
the diet (i.e., amino acids) is an obligatory demand by the silkworm. Proteins contain different amino acids
and in various proportions.

Some amino acids may be absent or only in a trace amounts in a particular protein. In the synthesis
of proteins, if one essential amino acid is missing, then the cell will stop the process of synthesizing the
protein and the result is a truncated polypeptide. Vijayaragavan et al. (2010) this is because the amino acid
is not provided in the diet, and the cell cannot synthesise it. Thus, the lack of a single essential amino acid, a
potentially vital protein will not be synthesized.

Additionally, proteins are needed to help provide the nitrogen necessary for the synthesis of other
nitrogenous molecules, including the nonessential amino acids. This is accomplished by the proteins in the
diet that the body breaks down into amino acids that can be incorporated into the building process of new
molecules.

Significance of Enzymes

Enzymes are large biological molecules responsible for the thousands of biochemical inter-

conversions that sustain life. Enzymes serve a wide variety of functions, act as catalysts and help in complex

reactions occur everywhere in life. Without enzymes, metabolism would neither progress through the same
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steps, nor be fast enough to serve the needs of the cell. In the absence of enzymes, this occurs so slowly or
insignificant. Metabolic pathways within each cell depend on the set of functional enzymes that are present.
Enzymes can also reduce free radical damage, inhibit pathogens and potentially provide support for the most
challenging health disorders. The biochemical studies are highly valuable to understand the genetic variation
in natural population and have been used as useful indicator in plant and animal breeding programmes
(Tanksley et al., 1982). Among many digestive enzymes, protease enzyme in silkworm plays a key role in
converting the mulberry protein to silk protein. It has been reported that the protease enzyme activity was
observed to be higher.
Significance of Proteases

Proteases and serine proteases homologs (SPHs) are a large group of proteolytic enzymes, with
important roles in a variety of physiological processes, such as cell signalling, defence and development.
Serine proteases constitute nearly one-third of all the known proteolytic enzymes and modulate the
bioactivity of target proteins in a timely manner through proteolytic cleavage (Tripathi et al., 2008). When
these serine proteases are no longer in need, they will be inactivated by serine protease inhibitors (SPIs).
Many SPIs from insects have been purified from the integument, genital tract, salivary gland, and
heamolymph. SPIs not only play key roles in insect digestion, metamorphosis and development, but also are
important components of immune system (Abraham et al., 2005; Anderson et al., 2010; Coleman et al.,
1995). SPIs are named as trypsin inhibitors (TIs), chymotrypsin inhibitors (Cls), elastase inhibitors (EIs)
and subtilisin inhibitors (SIs) according to their different inhibitory target proteases (Friedrich et al., 1993;
Saha and Joy, 2016; Ligoxygakis et al., 2003). SPIs also can be classified into three types, namely,
canonical inhibitors, non-canonical inhibitors, and serpins based on the mechanism of action (Reichhart et
al., 2005; Otlewski et al., 1999). Canonical inhibitors are usually small proteins (14,200 amino acid
residues) and can bind to protease through an exposed convex binding loop.
Significance of Amylase

Amylase is one of the key enzymes involved in digestion and carbohydrate metabolism in insects
(Ishaaya and Swirski, 1970; Buonocore et al., 1976; Horie and Watanabe, 1980). Amylase refers to a group

of enzymes whose catalytic function is to hydrolyze sugar and starch. Chatterjee et al., (1989) reported that
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the presence of two different forms of amylase activity in digestive fluid and haemolymph. Abraham et al.,
(1992) noticed that the amylase activity of digestive fluid was 40 fold higher than that of haemolymph.

Christopher et al., (1985) suggested that the rational food consumped by a lepidopteran larvae
correlated directly with the activity of amylase. The larva which received 100% food found to have the
highest amylase activity, which declined as the percentage of food offered was reduced. He also suggested
that the balanced food consumption by a lepidopteran larvae correlated directly with the activity of amylase.
Significance of Lipases

Lipases are among the group of proteins that regulate several invertebrate immune defences,
conceivably acting directly against invading microorganisms. Lipase activities were also described in the fat
body of some insects, where they are important for the mobilization of stored lipids. Information on lipid
digestion and absorption in insects is scarce compared to the amount of data published on lipid requirement
or composition. Some of the analogies found between insect and mammalian lipid metabolism have
suggested that the processes of digestion and absorption in insects might be similar to those in mammals.
Triacylglycerol (TAG) constitutes a major lipid component of the diet and the main form for fatty acid
storage (Arrese et al., 2001). After a meal, TAG is hydrolysed in the mid-gut lumen, products of digestion
are absorbed and, at mid-gut epithelium, used for the synthesis of complex lipids, such as TAGsS,
diacylglycerols (DAG) and phospholipids (PL) (Tsuchida and Wells, 1988; Turunen, 1993; Turunen and

Crailsheim, 1996; Canavoso et al., 1995).

Products of the digestive process are mainly used inside the mid-gut epithelium for de novo
synthesis, via the phosphatidic acid or the monoacylglycerol (MAG) pathways (Arrese et al.,
2001; Canavoso et al., 2003; Canavoso et al., 2004). TAG-lipases are enzymes that preferentially hydrolyze
the outer ester links of TAG and act on the water—lipid interface. Available data suggest that in insects these
enzymes preferentially release fatty acids from the a-positions (Hoffman and Downer, 1979), prefer
unsaturated fatty acids (Weintraub and Tietz, 1973) and are activated by calcium ions (Gilbert et al., 1965),
thus resembling the action of mammalian pancreatic lipase(Cherry and Crandall, 1932). Information on
TAG-lipases in insects has been obtained from several species. Smith et al., (1994) showed the presence of

lipase activity in the gut of male and female flies, where it presumably acts in the utilization of dietary TAG.
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Significance of Zinc

According to Naik and Asana (1961), Zinc deficiency resulted in reduced rate of protein synthesis
and increased accumulation of non-protein intermediates in plants. Under zinc deficiency, the uptake of
nitrogen, total ash, copper and zinc was relatively less, that of phosphorus almost completely inhibited and
manganese slightly increased as compared with control. Zinc deficiency increased the activity of RNA only
in leaves. (Ishaaya and Swirski, 1976), conducted an experiment on C7al dose 76 mulberry variety using
two doses of copper, zinc and boron along with a basal dose of 300 N: 100, P 205:100, K 20 KG/hac. The
yield data showed that zinc treated plots at lower dose provided maximum amount of leaf and the increase
over fertilization without micronutrients and NPK alone was 73.9% and 95% respectively. Higher dose
treated plot with zinc also yielded maximum amount of leaf and the increase over control and NPK was
73.9% and 12.9% respectively.(Zibaee and Bandani, 2010) With regard to chemical analysis, the percentage
of protein was minimum and minerals, starch and total carbohydrates was maximum in control plots.
Significance of Boron

Patnaik (1950) studied the effect of Boron on catalase activity in plants. Carbohydrates and their
utilization in the normal physiological metabolic processes in the plants were affected by boron. All the
carbohydrate fractions decreased with the increasing concentrations of the element. The results indicate that
0.5ppm boron application in V1 mulberry variety showed better performance in context with fecundity and
egg recovery. This information from the results indicates the metabolic enzymes influencing silkworm
growth and reproductive characters.

However, the foliar application in S36 mulberry variety showed less fecundity and egg recovery
compared to V1 variety. Both the races namely CSR2 and CSR4 have performed differently with the
treatment of boron given to them, in respect to their enzyme activity. The reproductive parameters of any
living organism are dependent on the quality of food intake with appropriate nutrients.

Conclusion

Sericulture is an ancient agro based ample employment providing area irrespective of gender and
age. Research regarding silkworm nutrition experienced a real progress in recent years because of the
development and introduction of artificial diets, which lead to the achievement of important benefits in the

textile industry. Silkworm requires certain essential sugars, proteins, amino acids, fatty acid, vitamins and
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micronutrients for its growth and higher production of good quality of silk. Low productivity is mainly due
to inadequacy of nutrients. This review emphasis on the importance of biochemical parameters in silkworm
cultivation. Henceforth, the application of tools and tricks of biotechnology in sericulture will bring an

explosive growth in mulberry and silkworm and opens new prospects in silk industry.
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