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ABSTRACT

Background: The objective of this study was to analyze the chemical composition of Eri silk cocoons that were reared on various
combinations of host plants. The primary host plant castor and secondary host plants such as kesseru, tapioca, gulancha and
papaya were utilized in various combinations for different instars.

Methods: The present analysis was conducted in lab at Department of Entomology, Institute of Agricultural Sciences, Siksha ‘O’
Anusandhan, Bhubaneswar, Odisha, India during spring season of the year 2022-23. SEM/EDX was used to investigate the
cocoons metal elements. Each sample was examined separately to evaluate metal content. Conductive carbon tape attached
specimens to stubs. The metal elemental analysis of the scaffold was performed by EDX attached to the scanning electron
microscope.

Result: For silk cocoon inner surfaces, the metal elements were ordered as follows: C>0>Mo>K>C|>Ca>Si>Na>Mg>Al. Some Eri
cocoons were produced on different host plants and had somewhat different exteriors, but all had evenly distributed components.
C and O were abundant on all silk cocoons’ inner and outer surfaces. Cocoons produced on many host plants have higher chemical
metal element levels on their exterior and interior surfaces than those raised on a single host plant. The study suggests that chemical

factors have a role in silk cocooning, encouraging the creation of B-sheet structure.

Key words: Host plant, Inner surface, Metal elements, Outer surface.

INTRODUCTION

Samiaricini, eri silkworm belongs to the family Saturniidae,
is multivoltine (more than two broods of offspring in a year)
and the only completely domesticated silkworm other than
Bombyxmori; (Kom et al., 2023). Silk fiber is among the
earliest natural protein fibers utilized by humans and is
produced and excreted by the Lepidoptera silkworm, which
has become a significant economic insect (Dash et al.,
2006). Silk is a protein fiber of significant interest in
biomedical and industrial science (Wen et al., 2021;
Omenetto and Kaplan, 2010; Herold and Scheibel, 2017).
Silk fiber is a kind of fibrous protein which is having
remarkable record as second strongest fiber in the world.
Silk fibers consist of three protein constituents: fibroin,
sericin and more tiny molecular proteins (Xia et al., 2014).
Fibroin can be further categorized into silk heavy chain. FibH
protein, FibL silk light-chain protein, P25 protein and P25-
like protein (Zhou et al., 2001). The conversion of soluble
animal silk protein into solid silk fiber is the outcome of a
complicated interaction between biological and physical
processes (Koh et al., 2015; Heim et al., 2009). There are
many reports about the factors affected on the mechanical
strength of the silk fiber such as host plants and
environmental effect including silk varieties (Shao and
Vollrath, 2002). In sericulture, role of environmental
conditions for silkworm is of utmost importance and
contributes 37.8% for successful cocoon crop. Cocoon crop
productivity declines considerably due to slight fluctuations
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in temperature and humidity (Chanotra and Angotra, 2022.
On the other hand, silk processing method like spinning
and reeling is also a major factor on the silk fiber strength
(Zhou et al., 2003). The fibrillation of silk proteins
constitutes an intricate procedure encompassing
numerous endogenous and exogenous variables (Qiu
et al., 2019). Silk protein is formed by linking of amino
acids together through peptide bonds. The chain contains
carbonyl and amino groups, as well as additional side
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chains that are connected it through amino, hydroxyl,
carbonyl, guanido, imidazole and mercapto groups. These
groups can be synchronized with transitional metal ions
(Chen et al., 2005). The qualities of silk fiber are greatly
influenced by various factors, including metal ions (Chen
et al., 2002; Li et al., 2001; Hossain et al., 2003), viscosity
and pH (Zhou et al., 2004). Metal ions trigger conformational
changes in silk proteins (Zhou et al., 2003).

The silk-producing glands and silk of silkworm and
spider proteins comprise of different metallic elements,
including potassium, sodium, calcium, copper,
manganese, magnesium, zinc and iron. Moreover, metal
ions are particularly efficient in modifying the structure
and characteristics of silk proteins (Cheng et al., 2018).
The metal ions were reported to help in some way to
refold the silk protein molecules (Knight and Vollrath,
2001). Metal ions such as Cu,+ (Ochi et al., 2002), K+,
Ca,+ and Zn_+ were reported to promote the random coil
to a-sheet structure transition on the secondary structures
(Li et al., 2001). Calcium ions (Ca,+) can facilitate the
formation of a stable protein network structure from silk
proteins in vitro (Laity et al., 2019) and Cu,+ can cause
the conformational alteration of silk protein solution into
B-sheet crystallization (Qiu et al., 2019; Zong et al., 2004).
Fe,+ can induce a conformational shift in regenerated
silk. Protein solution transitions from a helix to a B-sheet,
but Fe,+ is incapable of this transformation (Liu et al,
2018). Na+ inhibit silk protein from fibrillation in advance
preserves silk protein in a dissolved state during storage;
a high concentration of K* may stabilize the intermolecular
hydrogen bonds of silk fibroin. bond network (Wang et al.,
2017). On the other hand, mechanical properties of silk
are influenced by both primary structure amino acid
sequence and spinning conditions such as temperature,
pH, ionic strength, solvent composition and mechanical
stress (Shao and Vollrath, 2002; Chen et al., 2001). During
the cocoon spinning, a combination of active dehydration,
flow-induced forces and many metal ions are involved in
the spinning process (Hu et al., 2009). Therefore, in this
study, we aimed to systematically test the metal element
content of silk fibre in different layer of eri cocoon. Many
studied about metallic ions effect on silk fibroin have been
reported. However, composition of metal after spinning in
cocoon or fiber was rarely published. Hence, it is
considered interest to investigate about the metal ions on
silk fibre/ cocoon.

Thus, the aim of this study was to analyze the metal
content of Eri cocoons which was reared with different
combinations of host plants and also to examine the metal
composition and its quantity. The findings may provide
insight into the metabolic connection between metals and
silk fibres. Technology adoption is essential for the success
of the sericulture to get more production and better income
which will be inferred that better socioeconomic condition
is directly related to higher level of adoption (Beula et al.,
2016).

MATERIALS AND METHODS

The pre sent analysis was conducted in lab at Department
of Entomology, Institute of Agricultural Sciences, Siksha
‘O’ Anusandhan, Bhubaneswar, Odisha, India during
spring season of the year 2022-23. using the three host
plants: Castor (Ricinus communis L.), which is the primary
host plant of the Eri silkkworm and two secondary host plants,
namely Kesseru (Heteropanax fragrans) and Tapioca
(Manihot esculenta). In addition, two more plants, namely
Gulancha (Plumeria rubraacutifolia) and papaya (Carica
papaya), were selected as tertiary host for evaluation. The
rearing practices involved the use of five different host plants.
The experiment was replicated three times using a total of
ten treatments, specifically the host plants. The data were
recorded in Microsoft Excel and analysed using a
Completely Randomized Design in the Statistical Package
for the Social Sciences (SPSS). The standard error and
significant differences between results were assessed
using Duncan’s multiple range test (P<0.05) after
conducting a one-way ANOVA. These combinations were
evaluated to determine their effects on metal elemental
composition of Eri silkkworm cocoons.

Treatment combinations are as follows:

T,: Castor (1% to 5" instars).

T,: Kesseru (1% to 5" instars).

T,: Tapioca (1% to 5" instars).

T,: Gulancha (1% to 5" instars).

T.: Papaya (1% to 5" instars).

T,: Castor (1* and 2™ instar) + Kesseru (3" to 5" instars).
T.: Tapioca (1% and 2™ instar) + Kesseru (3" to 5" instars).
T,: Gulancha (1% and 2™ instar) + Kesseru (3" to 5" instars).
T,: Papaya (1% and 2™ instar) + Kesseru (3" to 5" instars).
T,,: All leaves mixed (1* to 5" instar).

The cocoon obtained from the different host plants
after rearing were used for the study. The initial germplasm
of Eri silkworm was acquired from the Eri Silkworm
Production Centre in Hosur, Tamil Nadu, for the purpose of
performing the research. Silk cocoons for investigated were
selected and sent to Institute of Minerals and Materials
Technology, CSIR-IMMT, Bhubaneswar, Odisha.

Preparation of silk fibroin blends and aspinnable solution

The SF solution was prepared with slight modifications to
a protocol previously described by (Liu et al., 2011). In brief,
eri silk cocoons were cut into small pieces and boiled in
0.5% wiw Na,CO, (aq) solution at 100°C for 60 min followed
by awash in distilled water to remove the sericin glue. The
extracted silk fibroin was air dried and dissolved in a ternary
mixture of CaCl2/H20/EtOH (1:8:2 molar ratio) for 40 min
at 80°C and dialyzed to remove salts using a Slide-A-Lyzer
Dialysis Cassette (Pierce, Thermo Fischer, MWCO 3500
Dalton, Rockford, IL USA) against distilled water for 3 days
at room temperature. The SF solution was filtered and
concentrated against PEG followed by freeze drying to
prepare a regenerated SF powder. SF powders from eri
and tasar were mixed in a weight ratio of 70:30 (w/w) with
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formic acid and chloroform (60:40 (v/v)) at a stirring rate of
300 rpm at 55°C to prepare a spinnable solution.

Preparation of a blended nanofibrous scaffold by
electrospinning

The 3D nanofibrous mat from the SF blend was prepared
by electrospinning using a 5 mL syringe and a needle
(diameter of 0.55 mm) mounted in a parallel plate geometry
by applying a high electrostatic potential of 20-22 kV. A
constant volume flow rate of 0.5 mL/hwas maintained using
a syringe pump and the tip-collector distance was
maintained at 15 cm. The fibers were collected on a
grounded parallel plate collector consisting of an aluminum
sheet mounted over a glass plate. Electrospun non-woven
mats from SF blend solutions were immersed in a solution
of methanol: water or ethanol: water (90:10 v/v) for 10 min
to induce the amorphous to B-sheet conformational
transition of silk fibroin. The fiber was then washed with
water for 24 h at room temperature to remove the
elec-trospun fibrous mat from the aluminum sheet.

Scanning electron microscope and energy dispersive X-
ray spectroscopy analysis

Scanning electron microscopy (SEM, JEM2010, JEOL) was
used to observe the morphology and fiber size of the
electrospun nanofibrous scaffolds. The nanofibrous
scaffolds were cut into small pieces (0.5 x 0.5) cm? and
attached with Carbon tape before imaging. The metal
elemental analysis of the scaffold was performed by EDX
attached to the scanning electron microscope.

RESULTS AND DISCUSSION

The results of the recent study on the metal binding capacity
of Eri silk fibers reveal significant insights into the metal
elemental composition and structural characteristics of the
fibers from different cocoon treatments. Notably, the study

employed scanning electron microscopy (SEM) with energy-
dispersive X-ray spectroscopy (EDX) to analyze the inner
and outer surfaces of cocoons, demonstrating variations
in surface smoothness and metal elemental presence
across treatments.

Surface texture variations

The SEM images show that Eri silk fibers from the inner
surface of the cocoon exhibit a more uniform surface
compared to those from the outer surface (Fig 1).
Interestingly, fibers from T3 Tapioca (1% to 5™ instars)
cocoons displayed greater surface unevenness, which was
also evident in fibers from T4: Gulancha (1% to 5" instars),
T5: Papaya (1% to 5" instars), T6: Castor (1 and 2™ instar)
+ Kesseru (3™ to 5" instars), T7: Tapioca (1% and 2™ instar)
+ Kesseru (3™ to 5" instars) and T8: Gulancha (1% and 2™
instar) + Kesseru (3™ to 5" instars) cocoons (Table 1).

Metal elemental composition

The EDX analysis indicated the presence of several key
metal elements, including carbon (C), oxygen (O), calcium
(Ca), magnesium (Mg), silicon (Si), molybdenum (Mo),
sodium (Na), potassium (K) and aluminum (Al). The inner
surface of the T8: Gulancha (1% and 2™ instar) + Kesseru
(3 to 5™ instars) cocoon had the highest carbon content at
77.075%, followed by the T9: Papaya (1% and 2™ instar) +
Kesseru (3" to 5" instars) cocoon at 74.166% (Fig 2). In
terms of metal elemental abundance, the order was C > O
> Mo > K > Cl > Ca > Si > Na > Mg > Al. Notably, the T5:
Papaya (1% to 5™ instars) cocoon lacked sodium,
magnesium and aluminum (Table 2).

Consistency across surfaces

The metal elemental composition of the outer surface
mirrored that of the inner surface, with the same order of
abundance. T8: Gulancha (1%t and 2™ instar) + Kesseru

Table 1: Types and contents of metal elements founded in the outer surfaces of Eri cocoon.

Types of metal element and contents (weight %)

Silk cocoon
C O Na Mg Al Si Cl K Ca Mo

T,: Castor (1 to 5" instars) 68.10 17.466 0.033 0.033 0.133 0.366 0.633 1.233 3.20 12.30
T,: Kesseru (1 to 5" instars) 71.33 20.033 0.166 0.10 0.10 0.166 1.40 1.70 0.20 4.76
T, Tapioca (1% to 5" instars) 76.70 20.366 0.233 0.233 0.066 0.133 0.166 1.233 0.233 1.833
T,: Gulancha (1% to 5" instars) 68.416 22.366 0.166 0.15 0.30 0.70 1.35 1.86 0.31 4.366
T, Papaya (1 to 5" instars) 73.533 18.833 0.20 0.10 0.133 0.30 1.266 1.70 0.36 3.63
T, Castor (1 and 2™ instar) 73 18.80 0.025 0.025 0.025 0.20 0.25 0.35 0.125 7.175
+ Kesseru (3 to 5" instars)

T,: Tapioca (1% and 2™ instar) 74.33 17.033 0.133 0.133 0.133 0.266 1.067 0.933 0.40 5.567
+ Kesseru (3 to 5™ instars)

Tg: Gulancha (1% and 2™ instar) 74.525 19.40 0.15 0.125 0.35 1.0 0.20 0.70 0.45 3.075
+ Kesseru (3 to 5™ instars)

T, Papaya (1% and 2™ instar) 72.533  21.933 0.20 0.166 0.10 0.266 0.166 0.433 0.433 3.767
+ Kesseru (3 to 5™ instars)

T, All leaves mixed (1° 73.34 18.12 0.32 0.32 0.16 0.36 0.20 1.0 0.50 5.66

to 5" instar)
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Ltankon  wnR e
(a) T1: Castor (1%to 5™ instars), (b) T2: Kesseru (1% to 5" instars), (c) T3: Tapioca (1% to 5" instars), (d) T4:Gulancha (1%to 5"
instars), (e) T5: Papaya (1% to 5" instars), (f) T6: Castor (1 and 2™ instars) + Kesseru (3 to 5" instars), (g) T7: Tapioca (1% and 2™
instars) + Kesseru (3™ to 5" instars), (h) T8: Gulancha (1% and 2™ instars) + Kesseru (3" to 5" instars), (i) T9: Papaya (1% and 2™
instars) + Kesseru (3™ to 5" instars), (j) T10: All leaves mixed (1% to 5" instars)

Fig 1: Longitudinal view of Eri silk fiber from outer surface of cocoonby scanning electron micrographs.
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(a) T1: Castor (1% to 5th instars), (b) T2: Kesseru (1% to 5" instars), (c) T3: Tapioca (1% to 5" instars), (d) T4:Gulancha (1% to 5" instars), (e) T5:
Papaya (1% to 5" instars), (f) T6: Castor (1% and 2" instars) + Kesseru (3" to 5" instars), (g) T7: Tapioca (1% and 2" instars) + Kesseru (3 to
5" instars), (h) T8: Gulancha (1% and 2™ instars) + Kesseru (3" to 5" instars), (i) T9: Papaya (1% and 2™ instars) + Kesseru (3™ to 5" instars),

(j) T10: All leaves mixed (1% to 5" instars)

Fig 2: Longitudinal view of Eri silk fiber from inner surface of cocoonby scanning electron micrographs.
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Table 2: Types and contents of metal elements founded in the inner surfaces of Eri cocoon.

Types of metal element and contents (weight %)

Silk cocoon

Mo

Ca

Cl

Si

Al

Mg

Na

17.25
3.033
2.95
5.58
6.60
6.25

1.15 0.325

0.70
0.575

0.15 0.825

0.233
0.225

14.25 0.025 0.0.25 0.0.25
23.76
23.825
25.95

18.733
21.85

65.95

T,: Castor (1% to 5" instars)

0.233
0.075

0.533
0.275

0.166
0.15
0.28

0.20
0.275
0.20

0.36
0.325

70.8
71.25

64.42

T,: Kesseru (1% to 5" instars)

T,: Tapioca (1% to 5" instars)

0.22
0.40
0.175

1.72
2.366
0.275

0.98
0.766

0.375

0.52
0.066
0.175

0.12
nd
0.05

T,: Gulancha (1% to 5" instars)
T,: Papaya (1% to 5" instars)

nd
0.05

nd
0.025

71.066
70.775

T,: Castor (1% and 2™ instar)
+ Kesseru (3 to 5™ instars)

0.333 0.766 1.30 0.50 6.00

0.1667

0.20 0.20

17.667

72.866

T,: Tapioca (1% and 2™ instar)

+ Kesseru (3 to 5™ instars)

3.80

17.00 0.10 0.075 0.10 0.325 0.450 0.825 0.250

77.075

T,: Gulancha (1% and 2™ instar)
+ Kesseru (3 to 5™ instars)
T,: Papaya (1 and 2™ instar)

19.966 0.4667 0.1667 0.1333 0.30 0.80 0.40 0.1667 3.036

74.166

+ Kesseru (3 to 5™ instars)

17.42 0.18 0.14 0.12 0.38 0.56 0.70 0.38 6.08

74

T, All leaves mixed (1% to 5" instar)

(3“to 5™ instars) again recorded the highest carbon content
(76.70%), while T4: Gulancha (1% to 5" instars) had the
highest oxygen content at 22.366% (Table 2).

The findings align with prior research that has
explored the role of metal ions in silk protein structure and
function. Goto and Suyama (2000) highlighted the potential
of utilizing natural protein fibers for metal binding, setting
the groundwork for exploring Eri silk’s unique properties.
Arai et al. (2001) emphasized the significance of incor-
porating metal ions into fibrous polymers, further
establishing the context for the current study.

The ability of silk proteins to interact with metal ions
has been well documented. For instance, Chen et al. (2005)
and Taddei et al. (2003) identified how the various amino
acids in silk, characterized by multiple functional groups,
can effectively bind with transition metals. This interaction
is not only crucial for the structural integrity of the fibers but
also for enhancing their functional properties. Additionally,
earlier studies have demonstrated that metal elements
such as copper (Cu) and calcium (Ca) are vital for the
formation and stability of silk proteins. Lim et al. (1999)
found that copper induces the formation of B-sheet
structures in silk, while Ruan et al. (2008) noted that magn-
esium plays a crucial role in silk fiber formation and its
structural folding. Furthermore, Ji et al. (2009) reported
that ferric ions can facilitate conformational changes in
silk fibroin, highlighting the impact of metal ions on protein
structure.

In this study, contents and types of metal elements
were greatly differed from earlier study. This may be due
the different rearing practices, host plant and location of
ericulture, since it has been reported that these parameters
were affected the silk fiber characteristics. There is one
strong evidence that metals are concerned in the silk
spinning process including the transition of the secondary
structure of silk protein. It is very interesting to about the
mechanism of those metal involved the process as well
as the action of them. Furthermore, this work was done to
know how the metal elements were scattered in each silk
variety that is significantly different.

CONCLUSION

The SEM with EDX results revealed the characteristic
spectrum of the metal elements which were arranged in
following order of C>O>Mo>K>CI|>Ca>Si>Na>Mg>Al for
inner surfaces of cocoons. For the outer surfaces, all metal
elements were distributed in all types of Eri cocoons.
Among them, C and O were found in high percentage in all
silk cocoons both inner and outer surfaces. Cocoons from
combined host plants showed higher chemical metal
element with higher percentage, than cocoons obtained
from rearing on single host plants. It is a promising fact
that metal elements may be involved the secondary
structure of silk fiber to change the helix into a-sheet form.
However, the information about the action of that metal
element has not been clear nowadays.
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