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ABSTRACT

Prosperous silk production as well as quality of silk cocoon depend on the nutritional value of mulberry leaves and larval
growth. The present study is carried out to evaluate the efficiency of whey protein on economic traits for silkworm, Bombyx mori
L. Three concentrations from liquid whey protein (4, 6, and 8 %) were sprayed on mulberry leaves, also five grams from raw
whey protein (powder) were used in feeding of 5™ instar larvae. Control larvae were feed on untreated mulberry leaves. Result
showed that, the highest mean of shell weight were (0.221, 0.216 and 0.203 g) recorded at concentration 4, 6 and 8% for liquid
whey protein, respectively. The lowest mean of shell weight were (0.199 and 0.195 g) in raw whey protein and control,
respectively. Highest growth index of larval of 5™ instar was recorded in liquid whey protein were (5.009, 3.901 and 3.364) at
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concentrations 8, 4, and 6% respectively.

Keywords: Whey Protein, Growth index, Cocoon characters, Mulberry Silkworm, Bombyx mori.

INTRODUCTION

Silkworm, Bombyx mori L. (Lepidoptera:
Bombycidae), is a local insect which produce silk through
spinning. Nutritional value of mulberry leaf depends on
prosperous silk production, as well as quality of silk
cocoon. By nutrient supplementation is one of the ways
to ameliorate growth rate in silkworm, B. mori . though
only mulberry is nutrition for silkworm (Triubhuvan,
1989; Sengupta et al., 1992 and Hossain et al, 2015).
The feeding efficiency of B. mori in presence of casein in
a diet has enhanced the growth rate of Manduca sexta
caterpillars. Ito (1960) and Woods (1999). For best get
production and higher quantity and quality of cocoons
through study the fortification of nutrient supplements
such as carbohydrates, proteins, vitamins, amino acids,
sterols, antibiotics and hormones etc., on silkworm,
Sannapa et al. (2002). Feeding B. mori on mulberry
leaves treated with bovine milk containing carbohydrates,
protein and fat, which would increase the growth rate and
production of silk (Masthan ef al., 2011 a and 2011 b).
Widely used in the food industry uses whey protein
products due to excellent functional and nutritional
properties and whey proteins are quickly and easily
digested, such as whey protein concentrates and whey
protein isolate (Jovanovi¢, et al., 2005 and Shankar
Pancell, 2013). Whey protein contains casein existing in
whey protein contains fatty acids, cholesterol, vitamins,
minerals, sugars and fatty acids (Vanderzant, 1966).
Found a positive effect of cholesterol led to increased
food efficiency in B. mori (Ito et al., 1963). Whey protein
contains fat, lactose, vitamins, minerals, immunoglobulin,
essential amino acids (EAAs), including three branched
chain amino acids (BCAAs) (Ha and Zemel, 2003). The
study of dietary supplements such as the effect of
enriched amino acids on mulberry leaves led to the
growth of B. Mori, one of the ways to improve the
growth rate in B. Mori (Khan and Suha, 1995; Nirwani
and Kaliwal, 1998 and Rajabi, 2010). It is known that the
rich sources of food proteins improve the economic
characteristics and promote the growth of silkworm such
as soy protein (Ito, 1980 and Krishnan et al., 1995). In
recent years, to improve the quality of the cocoon crop
has been using beneficial nutrients such as, Hormones
(Magadum and Hooli 1988), Proteins (Subburathinum
and Krishna, 1992 ), Amino acids (Kabila, et al., 1994),
chemicals and salts (Balamani, et al, 1995),

carbohydrates Goudar and Kaliwal (1999),
combination of nutrients (Rajegowda, 2002).

The aim of this study was to determine the of effect
mulberry leaves fortified with whey protein on the growth
index of larval during 5™ instar, cocoon characters, gland
weight and also percentage of gland body ratio and total
soluble solids of mulberry silkworm B. mori.

MATERIALS AND METHODS

1- Rearing of silkworm:

This work was conducted in the Laboratory of
Silkworm Rearing, Plant Protection Department, Faculty of
Agriculture, Assiut University, during 2016. Local hybrid of
silkworm was supplied from Sericulture Division, Plant
Protection Institute, Ministry of Agriculture, Giza, The
larvae were reared in cardboard boxes at 23 + 1° C and 65—
70% RH. They were fed with fresh mulberry leaves until the
5™ instar.

2- Composition of whey protein:

Protein 12.5 %, fat 2 %, Lactose 63 % and ash
9.5 %. Whey protein obtained from local market.

3- Treatments:

Three concentrations from liquid whey protein (4, 6,
and 8 %) were sprayed on mulberry leaves, and also five
grams from raw whey protein (powder) were used in feeding
of 5" instar larvae. Eeach treatment was replicated three
times in three carton boxes (20.5 x 19.5 x 6.5 cm), each
contain twenty five silkworms larvae / treatment. Feeding
with treated leaves was once / day. Control was fed with
untreated leaves, according to Abdel-Rahman (2013).
= Weight of larvae, cocoons, shell, pupae and silk glands:

Weight mean of larvae, cocoons, shell, pupae and
silk glands and control of each treatment was calculated
in grams
= Cocoon shell ratio (%):

Cocoon shell ratio for each treatment was
calculated according to Tanaka (1964) as follows:

and

Weight of cocoon shell

x100

Cocoon shell ratio % =

Weight of cocoon

= Growth index:

Twenty five 5" instar larvae of one, three, five and
seven day old were weighed in gram and the following
formula was used for calculation of the Growth index:

: Finalweightof thelarvae(gmns) - Initial weightof the larvae(zms)
Growth Index= E 2 = =

Initial weightof thelarvae (gms)
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= Percentage of total soluble solids (T.S.S. %):

Determination of (T.S.S.%), was conducted by
using a hand refractometer was used. Haemolymph
samples were obtained by puncturing the larval cuticle
with a fine hypodermic needle. The exuded fluid from
wound was drawn into a refractometer, then (T.S.S.%), in
all treatment was determined 5™ instar larvae according to
(Arnold and Hinks, 1976)

4- Statistical analysis:

Data were analyzed using a one way analysis of
variance by MSTAT-C (1988) software package and
means were separated using the least significant
differences method only when a significant “F” test was
obtained.

RESULTS AND DISCUSSION

Data in (Table 1) show that effect of mulberry
leaves fortified with whey protein on economic
parameters of mulberry silkworm.

The highest weight mean of larvae (6.088 g) was
recorded at concentration 8% in liquid whey protein, while
the lowest weight mean of larvae (2.395 g) was recorded in
raw whey protein. The highest weight mean of cocoon
(1.081 g) was recorded at concentration 4% of liquid whey
protein, while the lowest weight mean of cocoon (0.960 g)
was in raw whey protein. The highest weight mean of shell
(0.221, 0.216 and 0.203 g) were recorded at concentrations
4, 6 and 8% in liquid whey protein, respectively. While the
lowest weight mean of shell (0.199 and 0.195 g) were
recorded in raw whey protein and control, respectively. The
highest weight mean of pupae was (0.860 g) at concentration
4% of liquid whey protein

Generally, statistical analysis revealed that there
were significant differences between all treatments, but
no significant difference in cocoon shell ratio.

Data in (Table 2) show the effect of treatments on
the weight of larvae and silk glands, percentage of gland
body ratio, and total soluble solids.

Table 1. Effect of mulberry leaves fortified with whey protein on economic traits of silkworm.

Treatments Mean Weight (g) + SE Shell ratio
Larvae Cocoon Shell Pupal (%)
(4%) 4.995+£1.096 AB 1.081+0.024 A 0.221+0.003 A 0.860+0.020 A 20.710+0.087 A
*L.W.P (6%) 4.342+0.238 BC 1.064+0.005 AB 0.216+0.001 A 0.848+0.004 A 20.450+0.028 A
(8%) 6.088+0.477 A 1.019+0.023 BC 0.203+0.002B 0.816+0.023 AB 20.153 +0.396 A
**RW.P(5¢g) 2395+£0.042D 0.960+0.020C 0.199+0.003B 0.762+0.017C 20.783+0.636 A
Control 3.132+0.194CD 0.960+0.017C 0.195+0.004 B 0.764 +0.014 BC 20.606+0.210 A

Means, in the same column, followed by the same letter are not significantly different at 0.05 level of probability.

*L.W.P: Liquid whey protein. **R.W.P: Raw whey protein.

Table 2. Effect of mulberry leaves fortified with whey protein on larval weight, silk glands weight, percentage
gland body ratio and total soluble solids (T.S.S) of silkworm.

Mean + SE
Treatments Weight (g) %
Larvae Silk gland Gland Body ratio T.S.S.

(4%) 2.488+£0.037 A 0.593 +£0.013 AB 23.889+0.372 A 14.580+0.238 B
*L.W.P (6%) 2.425+£0.025 A 0.581+£0.007 B 24.025+0.525 A 15.156 £0.263 B

(8%) 2.379+£0.099 A 0.582+0.007 B 24.614+1.238 A 15.866 +0.662 B
**RW.P(5g) 2.542+0.039 A 0.636 £0.012 A 25.119+0.892 A 17.880+£0.024 A
Control 2.145+0.092 B 0.573+£0.024 B 26.875+1.778 A 16.220+0.325 AB

Means, in the same column, followed by the same letter are not significantly different at 0.05 level of probability.

*L.W.P: Liquid whey protein. **R.W.P: Raw whey protein.

The highest weight mean of larval and silk glands
were (2.542 and 0.636 g) in raw whey protein, while the
lowest were (2.145 and 0.581 g) in control and at
concentration 6% of liquid whey protein, respectively.
The highest percentage mean of gland body ratio and
total soluble solids were (26.875 and 17.880 %) in control
and raw whey protein, while the lowest percentage mean
of gland body ratio and total soluble solids were (23.889
and 14.580 %) in liquid whey protein at concentration
4%, respectively.

Data in (Table 3) show the effect of tested
treatments on growth index of larval 5" instar. High
growth index of larval 5™ instar were recorded (5.009,
3.901 and 3.364 g) at concentration 8, 4, and 6% of
liquid whey protein respectively, while the lowest
growth index of larval 5™ instar were (0.199 and 0.195
g) in raw whey protein and control.

Konala ef al. (2013) found that bovine milk had a
positive effect on cocoon and body weight of B. mori
larvae, when silkworm was fed with protein rich food like

SERIPRO higher shell weight and cocoon, was obtained.
For better larval weight mulberry leaves should be dipped
in cow milk and feed larvae of fifth instar (Hossain et al.,
2015). Feeding the larvae on dietary protein supplements
increases their weight (Etebari and Fazilati, 2003). also on
soy a protein supplementation in the larval period may lead
to an increase in the amount and quality of the silk cocoon,
as well as increased larval growth (Kamaraj et al., 2017).
Enzyme betaglucosidase was found in larvae of B. mori
activates in the presence of lactose is one of the main
components of carbohydrates in milk, does not show any
problem of digestion and can be fed silkworm larvae with
milk (Ito, 1960 and Byeon et al., 2005). It was found that
feeding silkworm larvae of 5™ instar on folic acid has a
significant effect on the growth of larvae and silk glands
and also affects the economic characteristics such as
weight of cocoon, shell, shell ratio and quality of silk
(Rahmathulla et al., 2007). Larvae feed on dietary protein
like soybean, black gram, mushroom, and mixture of them
causing increased weight larvae, silk gland and improved
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of cocoon characters (Mahmoud, 2013). There was an
increase in the growth of larvae and improvement of the
characteristics of the cocoon through addition extra
nutrients such as glycine, glucose, molasses and egg
albumin (Sengupta ef al., 1972). Feeding on some fatty

acids, amino acids, proteins, vitamins and essential sugars
due to increase production and silk quality high (Rajabi et
al., 2006). Devi and Yellamma ( 2013) found gradually
increase of body weight, silk gland weight and silk gland-
body ratio when silkworms feed on Pyridoxine.

Table 3. Effect of mulberry leaves fortified with whey protein on growth index of larval 5" instar of silkworm

Mean = SE Growth

Treatments Larval weight during Sth instar (g) at days .
1 3 5 7 9 index
(4%) 1.019+0.004 A 1.529+0.022B 2.147+0.032A 2.280+0.054A 4.995+1.096AB  3.901
*L.W.P (6%) 0.994+0.012B 2.080+0.028A 2.080+0.028 AB 2.200+0.025A 4.342+0.238 BC  3.364
(8%) 1.013+0.005 AB 1.530+0.047B 1.999+0.095B 2.161+0.040 A  6.088+0.477 A 5.009
*RWP(Sg) 1.024+0.001 A 1.198+0.015D 1.603+0.013C 1.907+0.018 B  2.395+0.042D 1.336
Control 0.994+£0.008 B 1.347+0.036C 1.693+0.058C 1.995+0.046B 3.132+£0.194CD  2.147

Means, in the same column, followed by the same letter are not significantly different at 0.05 level of probability.

*L.W.P: Liquid whey protein. **R.W.P: Raw whey protein.

Studied on the effect of different vitamins on the
nutritional enrichment of mulberry leaves and it was
found that all the vitamins showed a positive effect on
B. mori growth and development (Kanafi ef al., 2007).

In this study addition of whey protein on
mulberry leaves to the larvae of B. mori, showed that
increase the body weight and cocoon weight, but a
higher level of supplementation doesn't have a positive
effect on silkworm growth and development.

REFERENCES
Abdel-Rahman, Y.A. (2013) Effect of honeybee
products and some plant materials on

productivity of mulberry silkworm. Ph.D. Thesis,
Plant Protection Dept., Fac. Agric., Assiut Univ.,
Egypt. 189 pp.

Arnold, J.W. and C.F. Hinks (1976) Haemoposiesis in
Lepidoptera. 1. The multiplication of circulation
ghaemocytes. Canada J. Zool., 54: 1003-1012.

Balamani, R.; S.P.M. Prince and W.V. Subbbram ( 1995)
Effect of zinc on the nutritional indices, economic
characters of cocoon and quality of silk Bombyx
mori L. Ind. J. Sericulture, 34 (1): 69-71.

Byeon, G.M.; K.S. Lee; Z.Z. Gui; I. Kim; P.D. Kang; S.M.
Lee; HD. Sohn and B.R. Jin (2005) A digestive
beta-glucoside from the silkworm, Bombyx mori:
DNA cloning, expression and enzymatic
characterization. Com-parative Biochemistry and
Physiology. Part B, Biochemistry and Molecular
Biol., 141 (4): 418-427.

Devi, K.L. and K. Yellamma (2013) The Promontory
role of trace element and nutrients on
morphometric traits in the silkworm, Bombyx
mori L. Int. J. Pure App. Biosci., 1 (5): 11-18.

Etebari, K. and M. Fazilati (2003) Effect of feeding on
mulberry's supplementary leaves with N, P, and
K on some biological and biochemical
characteristics of silkworm, J. Sci. Technol.
Agric. and Nat. Res., 7: 233-244.

Goudar, K.S. and B.B. Kaliwal (1999) Effect of
cortisone on the economic parameters of the
silkworm, Bombyx mori L. Sericologia, 39 (4):
555-556.

Ha, E. and M.B. Zemel (2003) Functional properties of
whey, whey components, and essential amino acids:
mechanisms underlying health benefits for active
people. J. Nutritional Biochem., 14: 251-258.

Hossain, Md. S.; Md.A. Uddin; Md.S. Islam and Md.A.
Alim (2015) Effect of cow milk on the growth and
economic traits of silkworm, Bombyx mori L. Int. J.
Scientific & Engineering Res., 6: (3): 517-520.

Ito, T. (1960) Effect of sugars on feeding of larvae of the
silkworm, Bombyx mori L. J. Insect Physiol., 5: 95-
107.

Ito, T. (1980) Dietary requirements of the silkworm,
Bombyx mori L. and its artificial diets., XVI Int.
Cong. Entomol. Abr., Tokyo, Japan, 448.

Ito, T.; K. Kawashima; M. Nakahara; K. Nakanishi and
A. Terahara (1963) Effect of sterols on feeding and
nutrition of the silkworm, Bombyx mori L. J. Insect
Physiol., 10: 225-238.

Jovanovi¢, S.; M. Bara¢; and O. Macej (2005) Whey
proteins-Properties and Possibility of Application
Mljekarstvo, 55 (3): 215-233.

Kabila, V.; K.M. Subburathinum and J.S. Chetty (1994)
Growth and economic characters of silkworm,
Bombyx mori L. on feed enriched with neutralized
asportic acid, Ind. J. Sericulture, 33 (1): 80-81.

Kamaraj, S.; T. Pandiaraj; I. G. Prabhu; S. Kumari and
A K. Sinha (2017) Effect of soya protein enriched
fortified feed of tasar silkworm (antherea mylitta,
Drury) on rearing performance and economical
cocoon characters.7 (1): 61-64.

Kanafi, R.R.; R. Edabi; S.Z. Mirhossieni; A. R. Seidavi;
M. Zolfaghari and K. Ete-bari (2007) A review on
nutritive effect of mulberry leaves enrichment with
vitamins on economic traits and biological
parameters of silk-worm Bombyx mori L.
Invertebrate Survival J., 4: 86-91.

Khan, M.D. and B.N. Saha (1995) Growth and
development of the mulberry silkworm, Bombyx
mori L. on feed supplemented with alanine and
glutamine. Sericolgia, 35: 657-663.

Konala, N.; P. Abburi; V.R. Bovilla and A. Mamillapalli
(2013) The effect of bovine milk on the growth of
Bombyx mori L. J. Insect Sci., 13: 1-7.

275



Abdel-Rahman, Y. A.

Krishnan, M.; K.M. Subburathinam and S. Janarthan
(1995) Effect of hydrolyzed protein (PSoyatose)
on haemolymph protein profile, larval and pupal
characters of the silkworm, bombyx mori L.
(Lepidoptera: Bombycidae), Sericologia, 35:
227-235.

Magadum, S.B. and M.A. Hooli (1988) Effect of
thyroxin on the polyvoltine silkworm, the pure
Mysore breed of Bombyx mori L. Environ. Ecol.,
64: 863-868.

Mahmoud, M.M. (2013) Effect of various kinds of
dietary proteins In semi — artificial diets on the
mulberry silkworm, Bombyx mori L. Egypt.
Acad. J. Biol. Sci., 6 (1): 21-26.

Masthan K.; T. Raj Kumar; Ch. Usha Rani and C.V.
Narasimha Murthy (2011a) Use of Lactobacillus
acidophilus as a Probiotics to improve Cocoon
Production of Mulberry Silkworm, Bombyx mori
L. J. Curr. Sci., 15 (2): 445-449.

Masthan, K.; T. Raj Kumar and C.V. Narasimha Murthy
(2011b) Beneficial effects of blue green algae
Spirulina and Yeast Saccharomyces cerevisiae on
Cocoon quantitative parameters of silkworm,
Bombyx mori L. Asian J. Microbiol. Biotech.
Environ. Sci., 13 (1): 205-208.

MSTAT-C (1988): MSTAT-C, a microcomputer
program for the design, arrangement, and
analysis of agronomic research experiments.
Michigan State Univ., East Lansing, USA.

Nirwana, R.B. and B.B. Kaliwal (1998) Effect of
thiamine on commercial traits and biochemical
contents of the fat body and haemolymph in the
silkworm Bombyx mori L. Sericolgia, 38: 639-
646.

Radjabi, R. (2010) Effect of Mulberry leaves
enrichment with amino acid supplementary
nutrients on Silkworm, Bombyx mori L. at North
of Iran. Acad. J. Entomol., 3 (1): 45-51.

Rahmathulla, V.K.; M.P.D. Ramesh and R.K. Rajan
(2007): Growth rate pattern and economic traits
of silkworm, Bombyx mori L. under the influence
of folic acid administration. J. Appl. Sci.
Environ. Manage., 11 (4): 81-84.

Rajabi, R.; R. Ebadi; M. Fazilati and S.Z. Mirhoseini
(2006) The effects of mulberry leaves enrichment
with pyridoxine - HCI on economic traits and
biological parameters of silkworm, Bombyx mori L.
17" Iranian Plant Protection Congress., December,
Teheran: 391 PP.

Rajegowda, A. (2002) Impact of ‘Seripro’ on cocoon
production and productivity in silkworm, Bombyx
mori L. proceedings, National Conference on
Strategies for  Sericulture’s, Research and
Development, 16-18 Nov 2000: CSR & TI Mysore,
Ind., 264-266.

Sannapa, B.; M. Jaya Ramaiah and D. Chandrappa (2002)
Influence of castor genotypes on consumption.
Sericologia. 42: 197-203.

Sengupta, K.; B.D. Singh and J.C. Mustafi (1992) Role of
vitamins in silkworm nutrition. Ind. J. Sericulture.
11 (1): 11-19.

Sengupta, K.; RK. Dutta; B.D. Singh and J.C. Mustafi
(1972). Nutrition of silkworm, Bombyx mori L. L
Studies on the enrichment of mulberry leaf various
sugars, proteins, amino acids and vitamins for
vigorous growth of larvaec and increased cocoon
crop production. Ind. J. Sericulture. 11(1): 11-18.

Shankar, J.R. and G.K. Bansal (2013) A study on health
benefits of whey proteins. Int. J. Advanced
Biotechnol. and Res., 4 (1): 15-19.

Subburathinum, K.M. and M. Krishna (1992) The vital
role of the mineral in the nutrition of silkworm,
Bombyx mori L. Ind. Silk, 31 (3): 48-50.

Tanaka, V. (1964) Sericology. Central Silk Board,
Bangalore, Ind.

Triubhuvan, M.S.K. (1989) The morin factor in mulberry
that attracted the Bombyx mori L. Ind. Silk, 28 (5):
39-40.

Vanderzant, E.S. (1966) Development, significance and
application of artificial diet for insect. Ann. Rev.
Entomol., 19: 139-405.

Woods, HA. (1999) Patterns and mechanisms of growth
of fifth-instar Manduca sexta caterpillars
following exposure to low or high protein food
during early instars. Physiol. Biochem. Zool., 72
(4): 445-454.

Bombyx mori L. « & 3393 4lai®y) clial) o (i pdd) oyl g il

Gl zllllae oo
raa ¢ bgaaly ) Ay ¢ Ao )3 Al el A 5 andd

8o iS Al Al o2a oy pal 8 ) gy gl (315 AR Al e A8 58 e 3asa SISy g all L) aaiay

4) AN (s e I S 5 A gl Byl By & (Bombyx mori L) &) 8253 Aala®y) ciliiall e (580 Gy

288 J 4 yusl) Ll WM\)«J\&L\G%%A@E&(&}M) e\.ij\ ui)ﬂ\ugﬁj}wﬁu\)am‘gsdiuzﬁgﬁujc(/ 8 5¢6«¢

0.203 < 0.216 ¢ 0.221) P\ 48 il e ()35l dans sia e o il @ jelal Alalaall ye gl )5k il Wl

0.195 50.199) 4&i,all GMe 055l (5 sima 3 GS sl e oJidl (il gl 78 56 54 Sl vie Sasa (aa

Bl 3 (g g b mal ) peall i pai Jane e Jane WS U1 e oy S0 5 o8N il s 3 b (a
sl e 6 54«8 @l xS 5l xie (3.364 53.901 « 5.009)

276



