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ABSTRACT
The sericultural productivity could be effectivehydulated by enriching the silkworm diet wi
exogenous protein-rich nutrients like the Amwayrilitet The minimum effective dose (MED) of
nutrilite that promotes optimal larval growth, agdites metabolism and improves silk productio
Bombyx mori has been determined, by a step- dowoeps starting from higher dose (5%) tofa
lower dose (1%) together with a parallel zero-dasmtrol. The MED for larval growth wa
determined by analyzing changes in the body weigtitthat of metabolism and silk production Ry
assaying protein levels of the silk gland, fat badg haemolymph. The findings were meaningfilily
interpreted in terms of compound periodical growdtes. The study demonstrated that the MED] of
nutrilite differs from tissue to tissue. Nutriliéd 1% dosage level (1 g in 100 ml/100 worms) evoked
greater response in the larval body growth and mjti protein synthesis in the silk gland and
body. Hence, 1% dose of nutrilite in distilled arats recommended as the MED for positiye
improvements in the larval growth, metabolism aild production in the mulberry silkwor
Bombyx mori.
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INTRODUCTION

Nutrition is the single most factor that contritaite the growth and developmentBrmori2 A variety

of nutrients, minerals, antibiotics, vitamins, hamas and other exogenous modulators were sucdgssful
applied in sericulture with a view to stimulate wtb, metabolism and silk production Bi mori ***,
Most of these nutritional-enrichment studies wemEsdn largely on indiscriminate application of
commercial and expensive nutrients. The applicabbAMWAY nutrilite has not been explored in the
field of sericulture so far. The present studgimis to determine the minimum effective dose (MBD)
Amway nutrilite and to recommend that dose foritgsits nutritive role orBombyx moriwith special

reference to larval growth, metabolism, silk prathurcand economic traits of sericulture.

MATERIAL AND METHODS
The present investigation was carried out on Pugsdwe x CSRhybrid strain ofBombyx morireared
under 28C and 85% RH as per KrishnaswamiThe silkworm larvae were fed with JWariety of
mulberry leaves at 6 AM, 10 AM, 2 PM, 6 PM and 1d,Runder normal 12 hr light and 12 hr dark
conditions. After the third moult, the fourth instarvae were divided into five batches (one cdrarad
four experimental) of 100 worms each. The wormshef control batch were fed with normal mulberry
leaves and designated the zero-dose control (ZD@tlose of the experimental batches were fed with
nutrilite-enriched mulberry leaves once in a day.@0 PM, while normal feeding pattern continued at
other timings in the day.
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Before feeding, the nutrilite-enriched mulberry Vea were prepared by dipping them in different
concentrations (viz., 5%, 3%, 2% and 1%) of theient and dried under cool weather conditions.

The minimum effective dose (MED) of nutrilite wastdrmined by step-down process, starting from a
higher concentration of 5% to a lower concentratbri% along with the zero-dose control (ZDBCY.

The MED of nutrilite for larval growth was deterreth by recording the body weight of 25 randomly
selected silkworms in an electronic balance (ELIGEDDEL BL-220H) during fourth and fifth instar
stages and the same was expressed in grams. Bherttein content was estimated in 1% homogenates
of silk gland (SG) and fat body (FB) and 1:9 ditlteaemolymph (HL) in distilled water by the method
of Lowry et al'®., and the same was expressed in mg protein /granweight of tissue (or) mg/ml of
haemolymph. The experimental data were statisficahalyzed online by using Graphpad
(www.graph.pad.com/quickcalcs/indexgtrand percent change (www.percent-change.com)/ipdex
packages and meaningfully interpreted in termsafputing compound periodical growth rates (CPGR)
as per Sivaprasid

RESULTS AND DISCUSSION
Minimum effective dose (MED) is the lowest dosageel that yields a response greater than thateof th
zero-dose control. In growth related studies inv@\treatment conditions, it is used as a powedal
for tracing the dose-response relationhip The Amway nutrilite, which is a prime source @iya
protein (80%) and 9 essential amino acids, couwdg plvital role in the larval growth and developineih
silkworm and could potentially improve the econormiits of sericultur® Its impact in this area could
vary as a function of its dosage in the diet ane thage of development of silkworm and the
physiological condition of the tissues under stuHience, it is essential to determine its minimum
effective dose for different economic parametersesfculture. The findings of the present invesiaya
are expected to achieve this objective (Tables 2akigures 1and 2).
Nutrilite versus larval body growth
During the fourth instar development, the larvalypaveight of ZDC batch showed an overall growtle rat
(OGR) of ~168.9% and a compound periodical grovetie (CPGR) of 39.03% (Table.1A). When the
silkworm larvae were fed with 5% nutrilite the grtbwrates remained un-affected and the larvae
maintained growth trends at par with those of ZDidowever, the nutrilite evoked positive response in
larval growth rates at three other dosages (i%.,, 3% and 1%). As shown in table 2A, the larvalypod
weight recorded an OGR of ~181% and a CPGR of 44.G6der the influence of nutrilite uniformly at
these three dosages (Table 1A and Fig. 2). Theahgdanutrilite on fifth instar larvae is quite thfent. It
evoked varying levels of positive response at dhifit dosages that culminated in significant elevetiin
both OGR and CPGR values. As shown in table 1Blaihval body weight of the ZDC batch recorded an
OGR of ~206% and a CPGR of 20.52%. When fed withilita-enriched mulberry diet, the OGR and
CPGR values were elevated respectively by~243% 22hd8% at 5% dosage level, ~247% and
23.03% at 3% level, ~253% and 23.41% at 2% landl 266% and 24.14% at 1% level (Table 1B and
Fig.1).
The study highlights that the growth rates showainspecificity in the silkworm. The silkworm grows
steadily at a faster rate in fourth instar (CPGR.03%) compared to fifth instar (CPGR: 20. 52%).
Contrarily, the impact of nutrilite on larval grdwtwas almost negligible in fourth instar but more
pronounced in fifth instar. While, the nutrient sad no change in its growth rates at 5% dosagé ieve
affected same levels of elevation in growth rates3%, 2% and 1% levels during fourth instar
development. At these three doses, the nutrilitesed elevation in fourth instar larval growth rabgs
12.5 additional percentile points (181.3-168.8) GGR and 2.13 percentile points (41.16 — 39.03) in
CPGR (Table 1A). On the other hand, the nutriehbaned the fifth instar growth rates in a linehfas
with an inverse relationship; the lower the dosageutrilite the greater will be the enhancement in
growth rates. For instance, the nutrient boostedRs and CPGRs respectively by 36.2 (242.6-206.4)
and 2.26 (22.78-20.52) additional percentile poatt$% level, 40.4 (246.8-206.4) and 2.51 (23.03—
20.52) additional percentile points at 3% level,846253.2-206.4) and 2.89 (23.41-20.52) additional
percentile points at 2% level and maximally by 5@66.0-206.4) and 3.62 (24.14 — 20.52) additional
percentile points at 1% level (Table 1B and Fig.1).
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Thus, the effect of nutrilite is specific and diext towards boosting the growth rate in the silkwor
larvae during fifth instar development. Selectivalye nutrilite stimulates growth in slow growinigth
instar worms, but doesn't affect that in fast-gnogvifourth instar worms. Though, the reason fer th
growth stimulating effect is not clear, it is dtutable to the phago-stimulant activity of nutrgnit
containé’. Thus, the potency of nutrilite has been demotesirat 1% dosage level (i.e., 1 g of nutrilite in
100ml/100 worms). Hence, this dose is strongly moended as the minimum effective dose (MED) for
larval growth inB. mori

Nutrilite versus tissue proteins

The analysis of tissue-based proteins under tredtommditions could be considered as an index of
metabolic rate ifB. mori'°. Obviously, the MED of nutrilite that positivelgnpacts the larval metabolism
in the silkworm could be determined by analyzing pinotein profiles of SG, FB and HL.

Silk gland proteins (SGP): The silk gland is the major site of silk proteymthesis. Apart from two silk
proteins (fibroin and sericin), it synthesizes astdres 91 other proteins involved in metabolism,
immunity, heat-shock mechanism, cytoskeleton foionat protease inhibition, transport and
transcriptiod*®. The positive growth trends observed in the labwadly weight were reflected in the
protein profiles of silk gland (SG). In the ZDC tlat the SGP levels recorded an elevation of ~320% i
OGR and 104.99% in CPGR (Table 2A).When the lawaee fed with 5% nutrilite-fortified mulberry
leaves, the SGP levels recorded an OGR of ~409d/a&PGR of 125.58%. At the 3% concentration of
nutrilite, the SGP levels recorded an elevatior4f0% and in CPGR levels by 125.93%. At 2% dosage
level, the nutrilite caused an elevation in SGRelewy 430% and a CPGR of 130.66%. At a minimal
level of 1% dosage, the nutrilite caused maximavbation of ~460% in SGP levels with a CPGR of
136.70% (Table. 2A and Fig.2). Thus, under thaumice of nutrilite, the OGR and CPGR of SGP were
elevated respectively by 88. 7 (408.9-320.2) an82(125.58-104.99) additional percentile point§%t
dosage level, 90.1 (410.3-320.2) and 20.94 (125(®B99) additional percentile points at 3% dosage
level, 109.8 (430.0-320.2) and 25.67 (130.66-104@Rlitional percentile points at 2% dosage level a
maximally by 140.1 (460.3-320.2) 31.71 (136.70-20%.additional percentile points at 1% dosage level
(Table 2B; Fig.2). Though, the reasons for theangdes have not been examined in the current stiely,
positive impact of nutrilite on the protein contaftsilk gland is attributable to its mineral anitawmin
compositioR’?°

Fat Body Proteins (FBP): The insect fat body represents the major siterotfefn synthesis and amino
acid metabolism. Functionally, it is analogoustte liver and adipose tissue of higher vertebfatésB.
mori, the FB synthesizes and stores over 177 proteiptidated in larval growth and developrent.
The study demonstrated that nutrilite caused mamemising impact on FBP levels at lower
concentrations during fifth instar larval developméTable. 2B and Fig.2). In the ZDC batch, the FBP
levels were elevated significantly, showing an O®GR~58% and a CPGR of 25.83%. At 5%
concentration of nutrilite, the protein levels weateubled with an OGR of ~102% and a CPGR of
~42.02%. At 3% concentration, the FBP levels pitejg@n OGR of ~114% and a CPGR of 46.41%. At
2% dosage level, they showed an OGR of ~107% aDB@R of 43.45% and at 1% level an OGR of
~117% and a CPGR of 47.47% (Table. 2B and Fig.2isTunder the influence of nutrilite, the OGR and
CPGR of FBP were elevated respectively by 43. 6..8:88.3) and 16.24 (42.07-25.83) additional
percentile points at 5% dosage level, 56.1 (118.8)5and 20.59 (46.41-25.83) additional percentile
points at 3% dosage level, 48.3 (106.6-58.3) an@21{43.45-25.83) additional percentile points &t 2
dosage level and by 59.2 (117.5-58.3) and 21.6417425.83) additional percentile points at 1% desag
level (Table: 2B; Fig: 2). Thus, the present sthijhlights the positive impact of nutrilite on FBé¥vels

at its MED of 1% in distilled water.

Haemolymph Proteins (HLP): The HL plays a dual role of transportation andeage. It stores and
transports about 241 to 298 proteins involved itamerphosis, ecdysis, chitin and haemocyte formatio
growth of silk gland and reproductive org&fia
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The analysis of growth trends in ZDC batch indisatieat the total protein levels in the circulating
medium of haemolymph have shown an OGR of ~28.2% aalCPGR of 13.24% during fifth instar
development. Under the influence of nutrilite, tHeP levels recorded 32% elevation in OGR and
14.88% rise in CPGR at 5% dosage level. Likewise , HLP levels grew by 37.9% in OGR and 17.43%
in CPGR at 3% level, 39% in OGR and 17.9% in CPGR% level and 37.8% in OGR and 17.37% in
CPGR at 1% level (Table 2C). Thus, the HLP levetsenpositively modulated by nutrilite at all dossige
examined, but more significantly at 2% level. Atstltoncentration the CPGR of HLP was elevated
maximally by10.8 additional percentile points in RG39.0-28.2) and 4.66 percentile points (17.90-
13.24) in CPGR. Whereas, it caused comparativeletcelevations in HLP levels at three other doses.
For instance, it caused just 3.8 additional pdileepoints in OGR (32.0-28.2) and 1.64 percermibints
(14.88- 13.24) in CPGR at 5% dosage level, 9.7tmdil percentile points in OGR (37.9-28.2) and4.1
percentile points in CPGR (17.43-13.24) at 3% dedagel, 10.8 percentile points in OGR (39.0-28.2)
and 4.66 (17.9-13.24) percentile points in CPGRweler, at 1% dosage level, the nutrilite caused an
elevation of 9.6 (37.8-28.2) percentile points iB®and 4.13 (17.37-13.24) percentile points in CPGR
It is likely that the nutrilite-treated mulberryaees could stimulate somatic growth in the larvadiyo
during metamorphosis by selectively altering thechemical composition of haemolymph by mobilizing
hormone molecules like bombyxth***¢ This could be one potential area for further aeste in this
field.

The study demonstrates two points. Firstly, the M&Dnutrilite differs from tissue to tissue. It is
effective at 1% dosage level in the silk gland &udbody and at 2% dosage level in haemolymph.
Secondly, its tissue-based impact on protein m®fihdicate that the nutrilite modulates metabolism
either by de novo protein synthesis or by mobilizpproteins from other tissues as suggested in our

previous study. The growth trends in their levels indicate thathbthe mechanisms are likely B mori
The differential dose requirements of nutrilite different tissues, further substantiates that tiotejn
pool in the silk gland is reinforced by inputs fraime fat body- derived haemolymph proteins. The
prevalence of higher proteins in the silk gland,renparticularly in the fat body, coupled with their
declining trends in the circulating medium of ha¢ymph at 1% dosage level, indicates that protefes a
not only synthesized in the silk gland, but alsobitived from the reserve pool of the fat body. More
importantly, the decline level of proteins in hadynagph under the influence of 1% nutrilite is probab

due to transportation of proteins from the fat bamgilk gland through the haemolyniph

Table 1: Effect of different concentrations (5%, 3% 2%, 1%) of nutrilite on the body weight of Bombyx mori
during fourth (A) and fifth instar (B) larval stage s

Day Statistical| Zero Experimental (Concentration of nutrilite)
tool dose 5% 3% 2% 1%
control
(A) Growth in fourth instar larval body weight (mg/g)
Mean 0.16+0.009 0.16+0.009 0.16+0.00p 0.16+0.00p 0.1@39.
Day-1 sSD
Day-4 Mean 0.43+0.01* 0.43+0.01* 0.45+0.007F  0.45+0.0047 0.46a1*
S.D
OGR (%) 168.8 168.8 181.3 181.3 181.3
CPGR (%) 39.03 39.03 41.16 41.16 41.16
(B) Growth in fifth instar larval body weight (mg/g)
Mean 0.47+0.007 0.47+0.007 0.47+0.00f 0.47+0.00f 0.406D.
Day-1 SD
Day-7 Mean 1.44+0.01* 1.61+0.01* 1.63+£0.003F  1.66+0.0077 1.1e804*
S.D
OGR (%) 206.4 242.6 246.8 253.2 266.0
CPGR (%) 20.52% 22.78% 23.03% 23.41% 24.14%

* Statistically significant; **statistically not gnificant
Each value represents the mean body weight of 2Bsve standard deviation of four individual obsetiegas (P value <
0.001). The overall growth rates (OGRs) were caltad taking the zero dose control as the base vahdecompound
periodical growth rates (CPGR) on the basis oftfisd last day values as per Sivapra€ad
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Table 2: Effect of different concentrations (5%, 3% 2%, 1%) of nutrilite on total protein levels of slk gland
(A), fat body (B) and haemolymph (C) inBombyx mori during fifth instar larval development

ISSN: 2320 — 7051

Day Statistical Zero dose Experimental (Concentration of nutrili
tool contro 5% 3% | 2% 1%
A. Growth in silk gland proteins (mg/g
Mean 16.67+0.1 16.67+0.10 16.67+0.10 16.67+0.1 16.67+0.10
Day-1 SD
Day-7 Mean 70.05+0.04 84.83+1.22* 85.09+2.92% 88.69+1.44 | 93.40+1.58*
SD
OGR (%) 320.2 408.9 410.3 430.( 460.3
CPGR (%) 104.999 125.58 125.93 130.6¢ 136.70
B. Growth in fat body proteins (mg/g)
Mean 25.9241.2! 25.92+1.25 25.92+1.25 25.92+1.2! | 25.92+1.25
Day-1 sD
Day-7 Mean 41.04+0.03 52.32+1.74* 55.56+0.61| 53.54+1.34 | 56.37+1.28*
SD
OGR% 58.2 101.9 114.4 106.¢ 117.5
CPGR (%) 25.83% 42.07% 46.41% 43.45% 47.47%
C. Growth in haemolymph proteins (mg/ml;
Mean 6.41+0.1! 6.41+0.18 6.41+0.18| 6.41+0.1¢ 6.41+0.18
Day-1 sD
Day-7 | Mean 8.22+0.02 8.46+0.03* 8.84+0.08*| 8.91+0.03' | 8.83+0.02*
SD
OGR (%) 28.2 32.0 37.9 39.C 37.8
CPGR (%) 13.24% 14.88% 17.43% 17.90% 17.37%

* Statistically significant; **statistically not gnificant
Each mean represent the mean, + standard deviaifdiour individual observations, expressed in mg/gng/ml (P value <
0.001).The overall growth rates (OGRs) were computed takire zero dosecontrol as the base value and the compc

periodical growh rates (CPGR) on the basis of first and last dalyes as per Sivapras®’.

Fig.1: Effect of different doses (5%, 3%, 2%, 1%) &nutrilite on the larval growth of Bombyx mori during fourth
and fifth instar larval stages. The growth trends epresent changes in compound periodical growth rage(CPGRs
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Fig.2: Effect of different doses (5%, 3%, 2%, 1%) énutrilite on protein levels in silk gland (SGP),fat body
(FBP) and haemolymph (HLP) during fifth instar larval development inBombyx mori. The growth trends
represent changes in compounperiodical growth rates (CPGRs
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CONCLUSION

The commercially available prote rich nutrilite, an Amway Product, has potentialktonulate growth
protein synthesis and metabolism in the silkwcBombyx mori Its potential can be realized a
minimum effective dose (MED) of 1% in distilled water. klsctively accelerates the growth rate in
silkworm larvae, at a time when it is naturallyvgés and stimulates protein synthesis, even in tileet
regions of the silk gland. As discussed earlieg nutrilite enhances the growth rate during fifthtam
larval life, more effectively than that of fourthstar. Similarly, it stimulates silk protein synsiein the
silk gland more than it does so in the fat body aadmolymph. By virtue of its accrating role on
growth and silk protein synthesis, the nutrilites lp@tential to improve the productivity and quabfysilk
produced byB. mori The possibility of its application in sericulturethe form of enriched mulberry di
can be explored afteonducting relevant field trial
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