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Studies on Effects of Nutrient Supplements fortified
with Phagostimulants Formulation H1 on growth
and development of indoor reared Antheraea
assamensis Helfer (Lepidoptera : Saturniidae)
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Abstract=A phagostimulant formulation H1 was fortified with
different combinations of ascorbic acid, proline and Na
cyclamate to study their effect on growth and development of
Muga silkworm under indoor rearing. All the chemicals
fortified with formulation H1 had positive effect on body tissue
growth of Muga silkworm, the best fortified combination being
ascorbic acid-proline that gave highest average tissue growth of
2.8861 g against the average tissue growth of 2.55934 g in
control. In larval survivability, the fortified nutrient
combination ascorbic acid — proline and ascorbic acid — Na
cyclamate had profound effect in all the instars. In respect of
cocoon qualities, measured as cocoon weight, shell weight and
silk ratio, all the nutrient combinations with phagostimulant
formulation H1 were high in contrast to control. Leaf extract of
Som plant has positive effect if used in the spray solution as
substitute of blank water.
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L INTRODUCTION

Being heterotrophs insects must consume other
organisms either plant or animal in order to acquire
energy-rich molecules needed. Findings of a good number
of workers depicted insect’s dietary requirements as
carbohydrates, proteins, lipids, nucleotides, vitamins,
minerals besides water as essential component.
Carbohydrates requirements include polysaccharides such as
starch, glycogen, chitin, celluloses; oligosaccharides
including sucrose, trehalose and, simple sugar like glucose,
galactose, and fructose. Complex carbohydrates as chitin,
celluloses are digested by enzymes secreted by symbiotic
bacteria and protozoa living inside their digestive tract.
Motoyuki Sumidaer a/ (2007) found that dietary sucrose
functions as an effector molecule to midgut cells in the 5th
instars B. mori larvae and as an output response, produces
suppressed sucrase protein. The highest activity was
observed with 3% sucrose diet and it was higher than the
control, indicating apparent activation. Phytophagous insect
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must process large volumes of plant sap in order to extract
enough proteins to meet their metabolic needs. Protease
enzymes in insects digestive system break down proteins
into constituent amino acids which are in turn used by cells
to build enzymes and hormones as well asproteins needed
for muscle, egg yolk, ribosome, cuticle and many other
purposes. As ten essential amino acids like lysine,
tryptophan, histidine, phenylalanine, leucine, isoleucine,
threonine, methionine, valine, and arginine that cannot be
synthesised from other amino acids or similar chemical
building blocks, must be supplemented in insect feed.
Proteins required by insects are actin, myosin, resilin,
arthropodin enzymes, hormones, ribosomes and peptides
like brain hormone, bursicon, et al. It is usually true with the
insect larvae that the nitrogen content of the early stages is
greater than later stages. Lipids are important in the later
larval stages for survival, reproduction, and development
(Nation, 2001; Chapman, 1998). Lipid compounds for insect
growth and development are fats, fatty acids and steroids.
The fats molecule through enzymatic breakdown by lipase
in the mid gut releases energy required by insect body for
various life processes. Fatty acids also serve as building
blocks for cuticular waxes and the glandular synthesis of
certain pheromones and defensive compounds. Insects
appear to lack enzymes for metabolic pathway of steroid
synthesis and they must obtain steroid compounds especially
cholesterol, directly from their diet. Steroid building blocks
are used to make hormones like ecdysteroids and growth
factors. Insects feeding on steroid-deficient diets generally
survive as immatures but fail to moult properly into the
adult stage. Lipids, phospholipids, triglycerides, sterols,
sterol esters and fatty acids are wusually important
phagostimulants for many different insects (Nation, 2001).
For nutrition insect body also have the requirement of
nucleic acids, purines, pyrimidines, mono-nucleotides and
di-nucleotides.In addition insects also acquire water,
vitamins, and minerals from their food. Most insects are
highly-adapted for water conservation and get most of the
water they need directly from their food. A drop of
morning dew is usually sufficient for the few insects who
actively drink water. Insects usually require a good source
of seven vitamins: thiamine, riboflavin, nicotinic acid,
pyridoxine, pantothenic acid, folic acid, and biotin, in small
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amounts, because they can’t synthesize the vitamins. The
deficiency of carnitine cause molting difficulties and fatty
acids degradation of midgut and then the beetles larvae die
(House, 1965). Insects have the dietary requirements of
minerals in very small amount such as Iron, copper,
calcium, sodium, potassium ions, phosphorus, and sulphur.
Given the known composition of insects, it is reasonable to
assume that sodium, potassium, calcium, magnesium;
chloride and phosphate are essential minerals for the
function of insects (Nation, 2001). Many phytophagous
insects need quite large amount of potassium and only trace
amounts of sodium (Nation, 2001).Host selection by
phytophagous insects is mediated principally by secondary
plant metabolites. Both larvae and adults insect herbivores
are known to be responsive to a variety of plant chemical
stimuli. Some plant secondary compounds that are produced
by different groups of plant, some of this even taxon
specific, are phagostimulatory for some insects. In some
cases phagostimulation only occurs when the chemical is
present in low concentration. Some of such secondary
metabolites are anthraquinone, caffeic acid, chlorogenic
acid, chrysophanol, cinnamic acid, quercitrin, linamarin,
Iuteonin-7-glucoside, rutin, tannic acid, catalpol, cyticine,
gossypol, hypericin, monocrotaline, morin,
nordihydrogualaretic acid, phloridzin, populin, salicin,
sinigrin, sparteine etc. Nutrients are the principal
phagostimulants and especially the sugars are stimulating
for different species, sucrose and fructose being the most
effective. Hexose sugars and sucrose are main nutrients and
phagostimulants for many leaf-eating insects (Chapman,
1998).In all cases, effectiveness of sugar increases with its
concentration at least within the limits occurring in most
plants. Although proteins are nutritionally important, there
is, as yet, no good evidence that insect can taste proteins.
But some of protein’s constituents i.e. amino acids showed
stimulating effects on insect feeding, yet their effectiveness
are lesser than sugars. It is known that adultwestern corn
rootworms express phagostimulatory responses to several L-
amino acids (Kim and Mullin, 1998). In caterpillar and
grasshopper, sucrose concentration occurring to that in host
plant is sufficient to make the insect to eat a maximum sized
meal on an otherwise neutral substrate. Lipids,
phospholipids, triglycerides, sterols, sterol esters and fatty
acids are usually important phagostimulants for many
different insects (Nation, 2001).The balance of nutrients is
very important to most studied insects (House, 1965; Dadd,
1985). Balance may be important due to small body size and
the stress placed on several physiological systems by having
to deal with excesses while attempting to accumulate
suboptimal levels of the major nutrients (Genc, 2006).
According to Spencer T. Behmer (2009) most phytophagous
insects strongly regulate their nutrient uptake and in case of
imbalanced diets, they employ regulatory rules that govern
the extent to which nutrients occurring in excess or deficit
are eaten.It has been found by several researchers that if
these nutrient chemicals are synergised by other constituents
that enhance their phagostimulatory effect well above that of

nutrient  phagostimulants.  Perhaps the  combined
phagostimulatory effect is greater than that of nutrients in
the plant. This effect could arise through the interaction of
chemicals at the insects sensory receptors so that the sign
stimulus dominates the information that the insect receives.
So in the present context of studies certain insect
phagostimulants fortified with some nutrient supplements
were attempted in growth and development of Muga
Silkworm (Antheraea assamensis Helfer

IL MATERIALS AND METHOD

Some Phagostimulant chemicals already found positive
effect on growth and development of Muga Silkworm in a
formulation termed as HI1 was fortified with different
combinations with ascorbic acid, proline, sodium cyclamate
and Som leaf extract and prepared stock solutions in
sterilizeddistilled water designated as solution-1, solution-2,
solution-3, solution-4 and solution-5. The concentration of
all chemicals including HI remained same in these
solutions. Solution-1 contained phagostimulant formulation
HI, ascorbic acid, proline and sodium cyclamate. Solution-2
had the same constituents except Som leaf extract in place
of distilled water. Other solutions were also same with
solution-1 except each one missing one chemical constituent
i. e. solution -3 and solution-4 missed ascorbic acid and
proline respectively while solution-5 did not included
sodium cyclamate. These stock solutions were kept in freeze
for 48 hours after preparation.Three years old healthy potted
Som (Litsea monopetela) plant grown separately in 6 nos.
cemented pot were selected and brought to indoor veranda
of the laboratory. These were labelled as T1, T2, T3, T4, TS
and T6 corresponding respective solution sprayed. The
potted plant labelled as T6 was treated as control. Prior to
brushing, spray solutions were prepared by diluting 10 times
of each solution separately in hand poly sprayers, so as the
concentration of ascorbic acid, proline and sodium
cyclamate became 0.5%, 0.2% and 1.0% respectively. All
the plants except T6 were sprayed with respective spray
solutions 24 hours before brushing newly hatched out Muga
Silkworm (Antheraea assamensis Helfer) larvae. Muga
Silkworm dfls were hatched by ,,Black Boxing® method.
Newly hatched out larvae were brushed on each potted
plants @ 125 nos. per treatment. Every day from the date of
brushing onwards plants were prayed two times in a day
with respective spray solutions. Plant considered as control
was not sprayed with any solution. During moulting times
sprayings were avoided. Continuous feeding by larvae was
maintained by replacing with new suitable potted Som
plants. The cultures were maintained as such up to
cocooning.

I11. RESULTS AND DISCUSSION

Results of different treatments by fortified solutions on
larval weight, larval survivability, effective rate of rearing,
cocoon weight, shell weight and silk ratio are tabulated in
table -1. From the tabulated results it has been observed that
1* instars larval weight increased significantly over T6 in all
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spray treatment except T5. In 4™ and 5™ instars larval weight
in contrast to control (T6) is significantly higher in all
treatments with fortified spray solutions. The larval weights
range within 2.680 g to 3.109 g against control weight 2.502
g in 4™ instars. The same trend of enhanced larval weight in
5™ instars has also been found in each spray treatments in
comparison to larval weight of control (T6), i.e. 9.741 g to
10.253 g > 9.280 g. The results are indicative that tissue
growth of larvae treated with fortified solutions is more than
untreated larvae. This, in turn may be assumed only because
of more feeding response to host plant leafs. Campbell, F. L.
(1927) found that nutritive liquids can be fed quantitatively
to certain insects.The spray solutions containing nutrients
like ascorbic acid, proline, and sodium cyclamate enhanced
nutritional qualities of the host Som plant leafs.Farrar J. R.
et al (1994) conducted experiments with five different
nutrient based phagostimulants on the feeding behavior of
six lepidopteron insects and found great response of larvae
in terms of attraction and arrestancy on feed used
phagostimulants in comparison to feed without
phagostimulants.The phagostimulant formulation used in
these spray solutions must have attracting and arresting
effect on feeding leafs that ultimately increased feeding rate
of Muga larvae. Further, the constituents of H1 formulation
may also be reacted as nutrient phagostimulants. According
to Nation (2001), phagostimulants are chemical compounds
having an effect on insect feeding.Further, different
combinations of fortified spray chemicals exhibited
differentialresponses on larval weight. Fortified solutions
with ascorbic acid, proline, sodium cyclamate used in T1
gave negative results whereas positive responseachieved
with the same combination mixed with host plant leaf
extract as substitute of distilled water. Host plant leaf extract
surely added some extra water soluble nutrient supplements
increasing the nutritive qualities of feed that might increase
efficiency of spray solution in T2 and, showed positive and
modified results over T1. H. L. House (1969) found that
provided all essential nutrients are present, the proportions
of essential nutrients in a foodstuff contribute more to
nutritional quality than do the absolute amounts of nutrients.
According to Spencer T. Behmer (2009) most phytophagous
insect’s performance is modified depending on food’s
nutrient composition. Again fortified chemical combinations
proline-sodium cyclamate, ascorbic acid-sodium cyclamate
and ascorbic acid-proline projected different but all positive
responses over the control T6 evidenced by their body tissue
growth, survivability, cocoon weight, shell weight and silk
ratio. The average body tissue growth in T3, T4 and TS5 were
2.77128, 2.7173, 2.886l1respectively against the average
tissue growth 2.55934 recorded in control T6. So, fortified
combination ascorbic acid-proline had more effect on larval
body tissue growth among these combinations.On the other
hand, larval survivability in the treatments was positively
significant over T6. In the table-1, larval survivability after
4th instars of all the treatments has been found higher than
that of control. However, some degrees of variation exist at
the end of 5th instars in T2 and T3, still than larval

survivability was significantly high in T4 and TS5 (Fig. 3).
Therefore, all the combinations of fortified chemicals
including host plant leaf extract have positive effect on
larval survivability at different growth stages of Muga
silkworm. While studying on ,nuptial gift’ produced by
male insect that mixes with feed to attract females, Stuart
Warwick et al (2009) found free amino acids particularly
proline and glycine as main phagostimulatory chemicals that
restrict movement of female insects. Chapman R.F. (1998)
reported that proline is essential for development and as
energy sources in certain insects. Nation (2001) found
ascorbic acid is essential to maintain normal growth and
development of some insects, particularly required by
phytophagous insects. Although the final product of rearing
of different treatments strictly correspondence with
respective larval survivability, the cocoon qualities
measured as cocoon weight, shell weight and silk ratio were
found different in each treatment. Cocoon qualities of all
treatments with differently fortified spray solutions were
significantly higher in respect of all parameters of cocoon
over T6 (table-1). Cocoon weight and shell weight in the
treatments with fortified chemical solutions distributed in
the range of 4.572 g 5.391 g against 4.219 g of T6 and,
0.446 g 0.627 g against 0.358 g respectively. Similarly, the
distribution of silk ratio of these treatments falls within9.637
12.496 in contrast to 8.491 of T6. In silk industries, the yean
outcome is determined by numbers of cocoon production
measured by effective rate of rearing (ERR) and silk ratio
(SR) higher the ERR and SR, yarn production is also
more. From the table-1 it is obvious that the phago-stimulant
formulation (H1) fortified with ascorbic acid and sodium
cyclamate gave higher number of cocoon production with
more yarn yield of Muga crop. It has been concluded that
the supplemented nutrients with phagostimulants works
synergistically that Muga silkworm larvae responded
positively in their growth and development. All the
supplemented nutrients ascorbic acid, proline and Na
cyclamate responded positively and may be the constituents
in a nutrient supplemented phagostimulant spray
formulation in their best combination for Muga silkworm.
The nutrient combination ascorbic acid-proline has strong
synergistic response in larval tissue growth while ascorbic
acid-Na cyclamate combination has synergistic effect on
cocoon production e.g. ERR. Thus, ascorbic acid is an
essential nutrient supplement for both body tissue growth
and survivability. Above all, it can be inferred that if host
plant leaf extract is used as substitute of water in a nutrient
spray solution, better yield of Muga silkworm (A.
assamensis Helfer) crop may be expected.
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TABLE - 1: Results of different treatments with different spray solutions measured in terms of larval weight, larval
survival, ERR, cocoon weight, shell weight and silk ratio.
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Tl |HI* D265 |97 0.120 74 0.740 63
Ascorbicacid
Proline
Na cyelamate
T2 [HI= 0.0314 | 100 [0.144 BB 1.444 79 2.680 39 9.741 650 | 4.84 4572 0446 9.637
Ascorbicacid
Proline
Na cvclamate
Lzaf sxtract
{Som)
T3 [HI*® 0.0384 | 100 |0.143 97 0.814 80 2875 40 9984 4584 (403 5.391 0.601 11.148
Proline
Na cvclamate
T4 [HL® 0.0322 | 100 |0.1273 |99 0.744 87 1.816 47 9.867 17.00| 1432 3.018 0.627 12496
Ascorbic acid
Na cveclamate
T3 [HIL*® 0.0235 | 100 |0.136 99 0.907 83 3.109 43 10.233 (1430|1290 3.146 0.323 10.159
Ascorbic acid
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T6 | Control 0.026 100 [0.1397 |89 0.829 80 2502 38 9.280 6.30 | 5.63 4119 0.358 8491
HI1*: Phagostimulant Formulation.
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FIG- 1: Pictures of six different treatments given in potted plants of Som (Muga silkworm host plant).
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FIG-3: Graphical representation of larval weight and survivability up to 3th instars in six different treatments.
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