CATRINA (2024), 30 (1):31-39
© 2024 BY THE EGYPTIAN SOCIETY FOR ENVIRONMENTAL SCIENCES

Potential of Egg Albumen as a Source of Amino Acids and Protein Supplement on the
Production of Silkworm Bombyx mori L.
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ABSTRACT

The mulberry silkworm is a monophagous insect that depends solely on mulberry leaves as its primary
feeding source. Therefore, the quality of mulberry leaves and nutritive supplements are significant
factors affecting silk production. This investigation was carried out to evaluate the potential of hen egg
albumen as a protein and amino acid source impacting various biological and biochemical characters
of mulberry silkworm. Larvae were reared on mulberry leaves enriched with different concentrations
of hen egg albumen (10%, 20%, 30%, and 40%) from 4™ larval instar until the spinning stage (odd
days). While hen egg albumen contains amino acids vital for silk production, excessive doses led to
reduce the production due to an abundance of non-silk-producing amino acids or those not involved in
silk structure, resulting in silk metabolism disorders. Larvae reared on leaves fortified with (10 %,
20%) concentrations showed improvements in all biological and biochemical parameters, with no
significant differences observed between the two concentrations in cocoon criteria. However, 20%
concentration treatment exhibited a significantly higher shell ratio percentage, 5" larval weight,
growth index, cocooning and pupation ratios. The results also showed that higher concentrations of
hen egg albumen were significantly inversely related to cocoon production.
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Mulberry silkworm.
INTRODUCTION

Sericulture is one of the most important industries
that have attention in Egypt, recently. Silk is used to
produce a wide range of products, including clothing,
accessories, and home furnishings, also, in the (bio)
medicine sector, silk is being used to develop new and
innovative medical treatments Holland, et al. (2019).
The economic significance of silk is primarily
determined by the enhancement of silk gland growth
and silk protein production Chang, et al. (2015) and
Peng et al. (2019).

Mulberry silkworm is an herbivorous insect that
feeds on mulberry leaves only to produce silk
worldwide so it has attention in the countries that
interested silk production, Aswartha et al. (2017) and
Chauhan and Tayal (2017). Although mulberry leaves
variety is very important to produce good silk but some
additives may be required to produce silk with high
quality. All scientific reviews that are interested with
food supplementation of silkworm larvae referred to
the improvement of commercial and biological aspects
of silkworms Ahsan et al., (2013) Kanafi et al., (2007).

Nutritional supplements that can help to improve the
efficiency of food consumption and utilization by
silkworms, lead to higher silk quality Pawar, et al.,
(2017). All nutritional additives that have vitamins,
amino acids and proteins play a vital role in increasing
the economic traits of silkworm Amalarani et al.
(2011). Also, the progression of silk gland growth
depends on the healthy nutrition of silkworm and its
status (Kumar and Gangwar 2010). Enhancing
mulberry leaves with 1% of glycine have beneficial
effects on the silk production and economic traits saad
et al. (2014). The green and sustainable way to modify
silk fibers by directly feeding silkworms with various
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additives such as amino acids Teramoto and Kojima
(2014). These additives are mainly distributed in silk
fibroin and can improve the thermal and mechanical
properties of silk fibers. It's a fascinating approach to
in-sit functionalization.

Bombyx mori, utilizes all amino acids in Egg
albumen especially the essentials during the growth
and development to synthesis silk fiber Islam et al.
(2020). Due to its technological properties anti-
microbial and antiviral activity egg white protein used
as a raw material for the food and pharmaceutical
industries Kovacs-Nolan et al. (2005).

Silk production involves a series of connected steps.
Initially, silkworms metabolize their food into protein,
which ultimately forms the silk fiber. Proteins are
distributed throughout various parts of insects,
including the cytoplasm, organelles fat bodies and
hemolymph, which serving as a metabolic reservoir
that stores nutrients and energy (Zhou, et al., 2015;
Hou, et al., 2010). There is no alternative resource
available for producing fibroin and sericin in the fifth
instar of silkworms aside from haemolymph protein
(Shivkumar and Subramanya, 2015). Approximately
72-86% of the necessary amino acids for silkworms are
sourced from mulberry leaves, with 60% being utilized
for silk production, while the remaining amino acids
are derived from the tissues and blood of the silkworm
(Bhattacharyya et al., 2016; Lu and Ziang, 1988). The
synthesis of silk proteins necessitates the presence of
free amino acids in the hemolymph (Mahmoud et al.,
2013). Egg yolk, known for being a crucial source of
proteins, essential fatty acids, vitamins, and minerals, is
distinct from egg albumen (Gray and Griffin, 2009).
Egg white protein serves as a valuable source of dietary
protein (Yin et al., 2014).

Proteins found in egg albumen are glycoproteins
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(Harvey et al., 2000; Raikos et al., 2006). Egg white
constitutes 58% of an egg and contains approximately
10-12% protein content, which is rich in ovalbumin,
ovotransferrin, ovomucoid, globulins, and lysozyme
(Mine, 2002). Egg albumen contains 18 amino acids,
including all the essential amino acids required for silk
production (Powrie, 1985). Egg whites are nutrient-
rich, supporting healthy embryo growth and providing
protection against harmful microorganisms (Cook et
al., 2005; Alabdeh et al., 2011). In less than half a cup,
which represents hundreds of grams, there are 5.5 gm
of alanine, 2.9 gm of glycine, 6 gm of serine, and 1.9
gm of cysteine, along with about 4 grams of protein
and 55 mg of sodium (Tajamul et al., 2020).

This study aimed to investigate the impact of hen
egg albumen, a natural and cost-effective additive rich
in proteins and amino acids, on silk production, part-
icularly during the summer season when the quality of
mulberry leaves is typically low. The objective was to
explore the potential of using egg albumen as a
supplement to enhance the rearing of silkworms fed on
mulberry varieties with lower quality.

MATERIALS AND METHODS

The experiment was carried out on Sericultural
Research Department, Plants Protection Institute, Agri-
cultural Research Centre in Giza.

Preparation of stock culture

Silkworm seeds were imported from India (PM X
CSR2) then incubated at 27 = 1°C and 80 + 5% RH till
hatching. Rearing was carried out under hygienic
conditions according to Uma (2003). Newly hatched
silkworm reared in the summer season at 29-32 °C and
relative humidity 80-90% RH . Silkworm fed on clean
mulberry leaves from hatching till the end of the 3"
larval instar.
Egg White Sampling

Fresh eggs of hen were collected from the farm of
Poultry Department, Faculty of Agriculture, Cairo Uni-
versity, Egypt.

Experimental Design

At the beginning of 4" larval instar, the larvae
divided to 4 groups each group consists of three repl-
icates each one consists of 50 larvae. All groups fed on
sprayed mulberry leaves with aqueous solution of
freshly hen egg albumen at different concentrations
(10%, 20%, 30%, and 40%). The sprayed mulberry
leaves were kept in the shade for half an hour to
remove excess moisture. Subsequently, the leaves were
fed to the larvae from the first day of the fourth instar.
The silkworms were fed hen egg albumen-treated
leaves once and normal mulberry leaves three times on
alternate days until the spinning stage of cocoons.
Biological analysis

The study involved the measurement of larval
weight at the end of the 4™ and 5" instars, overall
growth index for the 4™ and 5" instars, pupation ratio,
cocooning percentage, pupal weight, as well as the
weights of single cocoon and single shell. Additionally,
the single cocoon shell ratio percentage was calculated.
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Biochemical Analysis

Hemolymph was collected from treated larvae at 6"
day of 5" larval instar by removal of thoracic leg in 1.5
ml Eppendorf tubes with small amount of phenyl
thiourea crystal (PTU) as an anti-coagulant substance,
Mahmoud (1988). The tubes were kept at -20°c, the
blood samples were centrifuged at 10000 rpm for 10
minutes at 5°C. The supernatant was collected and
assayed to determined different parameters as follow:

Total protein

Total protein was determined using the method of
Bradford (1976).

Total carbohydrate

The total carbohydrate content was determined in the
acid extract of the sample using the phenol-sulfuric
acid reaction method established by Dubois et al.
(1956). The extraction and preparation of total carb-
ohydrates for the assay were conducted following the
protocol defined by Crompton and Birt (1967). The
total carbohydrate content is expressed as pg of
glucose/g of fresh weight.

Total free amino acids determination

Total amino acids were colorimetrically assayed by
ninhydrin reagent according to the method described
by Lee and Takabashi (1966).

Data analysis

The values of the measured parameters were
presented as Mean + SE. One-way analysis of variance
(ANOVA) was conducted using SAS software
(SAS/STAT® 9.1, 2004). The Least Significant Diffe-
rence (LSD) test was performed at a significance level
of p <0.05 within the same program.

RESULTS

Biological Analysis

Feeding silkworms on mulberry leaves enriched with
different concentrations of egg albumen, showed
adverse effect on 4" larval mean weight as, control
larvae was the highest significantly mean weights
(0.509 g) while the minimum mean weight was (0.406
g) for 40% treatment as recorded in Table (1).
Whereas, the data elevated in 5" larval instar, the
weight of larvae was affected significantly with
supplementations. Since, treatment (20%) showed the
maximum mean weight with (3.582g.) that represents
about 47% over control. The minimum weight was
recorded for treatments (30% and 40%) that were
recorded (2.218 g. and 2.166 g.) respectively. There
was a decline in larval mean weights with high concen-
trations of egg albumen.

The overall growth rate showed a similar pattern in
the 4th larval weight, with the control treatment
recording the maximum rate at 424.5%, significantly
higher than the minimum result of 318% for the 40%
treatment. In contrast, the data varied in the 5th larval
stage, showing an increase as a result of feeding on
mulberry leaves enriched with different concentrations
of egg albumen. The highest results were recorded for
the 20% and 10% treatments at 671.6% and 681.4%,
respectively, with no significant variance between them
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but significant differences from the other treatments.
The control and 30% treatments recorded the lowest
values at 379.2% and 377.1%, respectively. The
highest significant cocooning and pupation ratios were
recorded for the 20% treatment, at 100% and 100%
respectively, while the least results were recorded for
the control at 93.60% and 98.166%, respectively.
Cocoon Traits

The data concerning the cocoons produced by larvae
fed on various concentrations of hen egg albumen are
documented in Table (2). The highest mean cocoon
weights were 1.786g and 1.735g, for 10% and 20%
concentration, respectively. While the cocoon shell
weights were 0.312g and 0.324g, and pupal weights
were 1.472g and 1.414g for larvae fed on mulberry
leaves with 10% and 20% hen egg albumen treatments,
respectively. There was no significant variance bet-
ween these treatments, but significant differences were
observed between them and the other treatments. In
contrast, the control group exhibited the lowest weights
for cocoon, cocoon shell, and pupa at 1.290g, 0.208g,
and 1.084g, respectively. Regarding the cocoon shell
ratio percentage values, the maximum value was 18.7%
for the 20% treatment, which significantly differed
from the other treatments in females.

In male the data recorded as follow: 1.462, 1.290 g
for cocoon mean weight and 1.146, 1.015g. for pupal
mean weight with significant variance between 10%
and 20% treatments respectively, but cocoon shell
mean weight results were (0.297,0.310g.) without any
variance between them, respectively. Whereas, cocoon
shell ratio values were 24.10, 20.30, 18.20, 17.81,
17.10 % for 20%, 10%, 30%, 40% and Control,
respectively with significant difference among them.

Biochemical Analysis

Total protein and free amino acids

The results regarding the total protein and total free
amino acids in 5" instar silkworms reared on mulberry
leaves enriched with various concentrations of hen egg
albumen are presented in Table (3). The mean total
protein values in the larvae hemolymph were 71.56,
66.76, 62.23, 57.13, and 54.56 mg/ml for larvae fed on
mulberry leaves treated with 30%, 40%, 20%, 10% hen
egg albumen, and the control, respectively. There was a
significant difference between the maximum and
minimum values. In meantime, the differences in total
protein content among treatments were statistically
significant at level of p < 0.0005.

For the mean value of free amino acid, the treatment
with 40% hen egg albumen exhibited the highest total
free amino acid levels (3603.33 pg alanine/ml), while
the 10% treatment had the lowest level (3007.33 pg
alanine/ml). There was a significant difference in total
free amino acid levels among the treatments (p <
0.0001).

Total carbohydrate content

Total carbohydrate content of silkworm, fed on
enriched mulberry leaves with different concentrations
of egg albumen, was expressed in Table (3). The data
showed that the 40% treatment had the highest total
carbohydrate content (22.300 mg/ml), followed by the
30% treatment (20.966 mg/ml). The 10% treatment
showed the lowest total carbohydrate content at 16.100
mg/ml. However, there was no significant difference
between the 40% and 30% treatments in terms of total
carbohydrate content, but both were significantly
higher than the 10% treatment (p < 0.0001). The L.S.D
values for total protein, total free amino acid, and total

Table (1) Impact of fortified mulberry leaves with different concentrations of hen egg albumen on some biological

parameters of silkworm (Bombyx mori L).

Measured Parameters

Egg albumen o m
concentration 4" larval 51 Jarval Overall 4 Overall 5 Cocoon Pupation
(%) weight (g) weight (g) growth index growth index percentage ratio (%)
(%) (%) (%)

Control 0.509+0.01° 2.427+0.04° 4.245%0.25% 3.792 +0.10° 0.936+0.44° 0.981+0.16°
10.0 0.43020.01°  3.28620.05" 3.34520.22 6.716 +0.24° 0.990+0.00° 0.99320.15"
20.0 0.463+0.01° 3.582+0.06" 3.770+0.24* 6.814+0.25° 1.000+0.00* 1.000+0.00*
30.0 0.470+0.01° 2.218+0.05¢ 3.838+0.23° 3.771+0.15° 0.982+0.14° 0.980+0.00°
40.0 0.406+0.01°  2.166+0.04° 3.180%0.19° 4.3550.14° 0.981+0.14° 0.990+0.00"

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
L.S.D 0.0188 0.104 0.649 0.523 0.68 0.318

Table (2): Effect of egg albumen concentration on measured parameters in female and male silkworm Bombyx mori L,
including Cocoon weight (C.w); Cocoon shell weight (C.S.W); Pupa weight (P.W) and Cocoon shell ratio (C.S.R%).

Egg albumen Measured Parameters
concentration Female (?) Male (J)
(%) [ C.S.W P.W C.S.R% cw C.S.W P.W C.S.R%
Control 1.290£0.03°  0.208+0.01°  1.084%0.02°°  0.161+0.32° 1.178+0.04°  0.200%0.01° 1.005+0.04° 0. 171+1.05°
10.0 1.786+0.01*  0.312+0.0° 1.47240.01*  0.175+0.35° 1.462+0.03°  0.297+0.01° 1.146+0.03* 0.203+0.04°
20.0 1.735+0.03*  0.32420.0° 1.414+0.03*  0.187#0.33%  1.290+0.03°  0.3100.01° 1.015+0.02° 0.241+0.19°
30.0 1.291+0.04°  0.194+0.0° 1.044+0.03°  0.149+0.13°  1.145+0.02°  0.208+0.01° 0.909:+0.02° 0.181+0.38°
40.0 1.394+0.04°  0.232+0.01°  1.13240.03°  0.166+0.30°  1.093+0.02°  0.195+0.01° 0.864+0.02° 0.178+0.29°
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
L.S.D 0.099 0.021 0.085 0.009 0.091 0.022 0.084 0.015
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Table (3): Impact of egg albumen concentration on protein, amino acid, and carbohydrate levels on some biochemical
parameters of silkworm (Bombyx mori L).

Measured Parameters

Egg albumen

; . Total free amino Total
COI’ICEET(]/::)I;BUOH Tozamlg;;r::)lt)el n aci d Carbohydrate
(ug alanine/ml) (mg/ml)
Control 54,567+0.78° 2382.33+34.59° 16.7330.12%
10% 57.133+0.76™ 3007.33+51.15" 16.100+0.43°
20% 62.233+0.37% 3145.67£72.77° 18.013+0.54°
30% 71.560£3.97° 2527.67+44.73° 20.966+0.54°
40% 66.760+0.78™ 3603.33+42.80° 22.300+0.36°
p <0.0005 <0.0001 <0.0001
L.S.D 5.94 160.56 1.363

carbohydrate were 5.94, 160.56, and 1.363, respe-
ctively. These values indicate the minimum difference
required to establish significant variance between the
means of different treatments.

DISCUSSION

The utilization of egg albumen as a potential source
of amino acids and protein supplement in the
production of Silkworm Bombyx mori L. presents an
intriguing avenue for enhancing the nutritional content
of silkworm feed. By incorporating egg albumen into
their diet, silkworms may benefit from a richer amino
acid profile, potentially leading to improved growth
rates and silk production. Further studies could explore
the optimal ratio of egg albumen to other feed
components to maximize these benefits while ensuring
the overall nutritional balance of the silkworm diet.
Additionally, investigating the long-term effects of egg
albumen supplementation on the health and produc-
tivity of silkworms could provide valuable insights into
its viability as a sustainable protein source in seri-
culture practices.

Biological characters

The results of fortification were reflected in
biological aspects such as 5" larval weight, overall
growth rate, cocooning percentage, pupation ratio, and
cocoon traits. Although, the supplements did not affect
4" larval weight and overall larval growth, it differed
in the 5" instar and all criteria under studied. Despite
the use of high doses of hen egg albumen, their effect
was negative in all criteria under studied. These results
were in line with Radjabi et al. (2009) who referred to
a high level of amino acid supplementation not having
a positive effect on silkworm growth and development
whereas the fortification of silkworm diet with certain
levels may be effective for improving the growth.
Furthermore, Muzamil et al. (2023) confirmed the
addition high concentrations of amino acids in feeding
of mulberry silkworm leads to the toxicity so, it is
important to use specific concentration of amino acids
for normal growth. Helan and Zahra (2023) reported
mulberry leaves smeared with 4% honey increasing 5"
larval weight. The overall growth rate increased (8.3%)
at honey (2%) Sharma et al., (2023).

Furthermore, Helaly (2018) and Saad et al. (2014)
have noted that mulberry leaves enriched with

supplements such as hen egg and glycine have a
significant impact on full-grown larvae, silk gland
weights, and cocooning percentage. Larvae that were
fed on mulberry leaves fortified with raw whey protein,
royal jelly, and egg white showed increased weight, as
mentioned by Islam et al. (2020). Similarly, Horie and
Watanabe (1983) suggested that the highest silkworm
growth rate was observed when hemolymph protein
and amino acids increased due to feeding on mulberry
leaves treated with egg albumen. Additionally, feeding
on SERIFEED as a food supplement containing protein
and additives increased cocoon yield and 5" body
weight, as reported by Narayanaswamy and Ananthan-
arayana (2006). Zhen et al. (2021) demonstrated that
larval growth increased with certain concentrations of
lactic acid in their diet. Recent findings by Murugesh et
al. (2022) indicated that larvae fed on mulberry leaves
enriched with Glycine, Alanine, and Serine showed
improvements in biological traits and cocoon para-
meters. On the other hand, the increase in larval growth
and weight observed with 20% hen egg albumen may
be attributed to its ability to accelerate the protease
enzyme responsible for growth. These findings align
with Nirmala et al. (2001), who highlighted the
importance of increasing protease enzyme levels to
enhance silkworm weight by feeding on mulberry
leaves treated with soy protein.
Cocoon traits

Fresh cocoon weight and cocoon shell ratio are the
more important criteria for treatments evaluation. The
significant improvement of cocoon traits was due to the
suitable concentration of egg albumen that contains
adequate protein, amino acids. The present findings are
in agreement with the findings of Nalini et al. (1994),
cocoon weight increased by addition of egg albumen
source of protein. Silkworm needs a high-quality food
to produce good cocoons (Das et al., 2001, Kumar and
Vadamalai 2010). The highest shell ratio resulted from
glycine additives (Babu, 1994). Also, Mala et al.
(2017) add Aloe Vera as a source of protein on
mulberry leaves to increase cocoon traits. Others
findings confirmed that mulberry leaves supplemented
with cow milk increased cocoon shell weight by
23.33% over control Amit et al. (2015).

Similarly, Radjabi et al. (2009) supported our results
by demonstrating that a specific alanine concentration
(1%) enhanced cocoon commercial parameters
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compared to other concentrations. Tajamul et al.
(2020) illustrated a positive relationship between the
increase in shell ratio and shell weight, attributed to the
influence of egg albumen on protein synthesis in the
larval silk gland. These findings are consistent with
Hossain et al. (2015) and Amit et al. (2015), who
observed an 11% and 9.01% increase in shell
percentage, respectively, over the control group by
adding milk and waste pupal protein. Horie and
Watanabe (1983) documented the highest shell ratio
resulting from protein supplementation of mulberry
leaves with amino acids. These results align with the
perspectives of Pallavi and Muthuswami (2012) and
Rekha (2004), who concluded that an increase in
cocoon weight and shell weight occurred when larvae
were fed on soy flour and soybean.

Biochemical analysis

Biochemical analysis suggests that the quality of silk
production is closely linked to the nutritive content of
mulberry leaves and supplements, particularly those
rich in pure protein and essential amino acids. While
the 20% treatment emerged as the most effective
dosage in terms of biological and cocoon charac-
teristics, it did not demonstrate elevated levels of
hemolymph components (total protein, amino acids,
and carbohydrates) as presented in Table (3).
Nonetheless, this concentration likely provides a
sufficient amount of protein essential for synthesis and
utilization processes. These results align with the
observations of Horie (1961), emphasizing the signif-
icant impact of food quality and utilization on the
biochemical profile, including protein, carbohydrates,
and amino acids, in silkworms. Moreover, Nagata and
Kobayashi (1990) showed that the protein content in
the silkworm diet has a significant impact on
hemolymph storage protein. The notable increase in
protein levels observed may suggest a positive nitrogen
balance accumulation, a hallmark of the growth phase.
Similarly, a study conducted by EI-Gendy (2021)
found that protein content plays a crucial role in worm
growth. Studies by Venkataramana et al. (2003) and
Krishnan et al. (1995) have suggested that hemolymph
proteins are enhanced when larvae are fed with soy
protein (2-2.5%).

Mulberry leaves sprayed with (2.5%) of Aloe Vera
increased the level of hemolymph protein that affect
positively on silk production marwa, (2020). On the
other side, it was noticed the excess dose of hen egg
albumen (30% and 40%) increased hemolymph
protein, amino acid and carbohydrate level but affect
negatively on the silk production. Due to its cont-
aining a high amount of non-essential amino acid that
not required for silk production which leads to
imbalanced amino acid. Also, may hyper-proteinemia
and extra amino acids affect protein gene expression,
silk gland growth progression, which led to the
toxicity. These results are in conformity with Wani et
al. (2021) who referred to the variance concentration of
hemolymph protein may be as a result of the variance
of protein metabolism and synthesis on seventh day of
fifth instar.
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High dose of ascorbic acid cause elevation in
hemolymph total protein that reduce cocoon production
Thulasi and Sivaprasad (2013). Zhou, et al. (2008) was
in line with our suggestions formula contains extra
amino acids affect negatively the hemolymph protein
expression that responsible for silk synthesis in silk
glands. Younus, et al. (2021) confirmed that total
protein concentration differ as a result of different rates
of metabolism and synthesis of proteins. Xuedong, et
al. (2022) reported, larvae fed on formula enriched
with high protein levels have imbalanced amino acids
in the hemo-lymph protein that led to an increase of
uric acid and amino acid levels which affect negatively
on silk production. Dong, et al. (2017) and Qin, et al.
(2020) referred to the disturbance of amino acid
metabolism increased nitrogen metabolism that
produced urea and uric acid that led to silk reduction.
Chen et al., (2018) and Wang et al. (2022) concluded
that excessive high protein or amino acid levels in
hemolymph caused developmental disorders. Balanced
hemolymph amino acids in protein are easily digested,
absorbed, and used by insects (Watford and Wu, 2018,
Weekes et al. 2006).

Our results also coincide with Smitha et al, (2006)
who exhibit that larvae exposed to a certain amount of
selenium activate the synthesis of protein which effects
on physiological state of larvae and leads increase in
the silk production. Therefore, a specific dosage of
protein and amino acids that enhance silk production is
essential. Carbohydrates serve as the primary energy
source, and therefore, when silkworms feed on
mulberry leaves enriched with egg albumen, noticeable
fluctuations in carbohydrate levels are observed, as
depicted in the data presented in Table (3). The highest
value was recorded for the 40% treatment, which
exhibited a decline in all biological parameters.
Excessive total carbohydrate accumulation can lead to
metabolic disorders that hinder production.

Our findings align with those of Wu et al. (2004),
who noted a conflict in carbohydrate metabolism
stemming from its increased levels. Furthermore,
Sundara et al. (2018) confirmed that an excessive dose
of vitamin C reduces hemolymph total carbohydrate
levels, negatively impacting silk production. Notably,
feeding on pollen at a 5% concentration was found to
have a positive effect on various physiological aspects
(total protein, carbohydrates, and amino acids) as well
as biological characteristics of the silkworm, as
reported by Mohanny (2022).

CONCLUSION

The study demonstrates that hen egg albumen can
serve as a valuable protein and amino acid supplement
for mulberry silkworms, impacting their biological and
biochemical attributes. While the larvae showed impro-
vements in various parameters when fed with 10% and
20% egg albumen concentrations, excessive dosages
led to reduced silk production due to an imbalance of
amino acids. The optimal concentration of 20%
exhibited superior outcomes, including a higher shell
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ratio percentage, larval weight, growth index, coco-
oning, and pupation ratios. However, a direct relation-
ship was observed between higher egg albumen
concentrations and decreased cocoon production,
underscoring the importance of maintaining a delicate
balance for optimal silk production in Bombyx mori L.
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