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ABSTRACT

In this present work, graphene oxide (GO), nano zinc oxide (nZn0O) and silk serine (SS) were used for the fabrication of nanofibres by
electrospinning technique. Silk serine is a natural polymer and it was prepared from the silk cocoon, which served as an adhesion
material. The optimum condition for fabricating SS/GO/nZn0O nanofibers by electrospinning was studied. The prepared nanofibres
were analysed for their physical and structural characteristics using Scanning Electron Microscope (SEM), Fourier Transform Infra-
Red spectroscopy (FTIR), and X-Ray diffraction (XRD) and antibacterial properties. The mechanical properties and water absorption
capacity of the electrospun fibres were examined. The presence of nano zinc particles was confirmed from the SEM. The work
highlights the great promises of using GO-ZnO-SS biocomposites nanofibres as a highly effective antibacterial property and water
absorption capacity, and can be used as a potentional wound healing nanomaterials.
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INTRODUCTION

The wound dressing is one of the most promising medical
applications of biomedical industry. Nano biomaterials
offer interesting physiochemical and biological properties
due to their small size, large surface area and ability to
interact with cells and tissues. Wound infection is the
major challenge in the field of wound care management
since such infections can delay the wound healing, and
facilitate improper collagen depositionl. Microbes like
Staphylococcus aureus (S. aureus) and Escherichia coli (E.
coli) are the major reason for infection which present in
high numbers all around us’. At times, even a wound
dressing can cause infection, because of the wound
dressing-exudate interface, and non-sterility of the
wound dressing3. Therefore it's necessary to create a
wound dressing material that possesses all the necessary
properties, such as hemostasis, the moist environment at
the wound, allow water and air permeation and prevent
from external factors like dust and bacteria and also,
promote epithelisation by releasing biological agents to
the wounds”. Electrospinning is known to be a simple and
versatile spinning method to generate polymer or
composite nanofibers with diameter ranged from 2nm to
several micrometers. They can yield a three-dimensional
porous network of nanofibers with high aspect ratio and a
large specific surface area by stretching and splitting
polymer solution under the high voltage electric field®.
Because of the high surface area to volume or mass ratio
of electrospun fibers, the potential applications of these
fibrous materials are wound healing, tissue engineering,
and drug delivery in the biomedical area’. Ultrathin fibers
are produced from a rich variety of materials including
polymers, composites, ceramic materials and cellulose
acetate via electrospinnings. Sericin is a natural,
hydrophilic, macromolecular silk protein derived from

silkworm bombyx mori. It is found to have antioxidant,
antimicrobial, UV-resistant properties, promote wound
healing and support cell proliferation even in serum free
media. The components of silk cacoon is shown in the Fig.
1.The cocoon filament of the Bombyx mori silkworm is
composed of two silk proteins: silk fibroin (SF) and silk
sericin (SS)°. SS is a hydrophilic “glue-like” protein that
serves as a binding material for the SF monofilaments™.
SS is obtained as a waste product from silk industry with a
worldwide yield up to 50,000 tons'. The sericin protein is
made of 18 amino acids most of which have strongly
polar side groups such as hydroxyl, carboxyl, and amino
groups12 that enable easy cross-linking, copolymerization,
and blending with other polymers to form improved
biodegradable materials”. SS is a family of proteins
synthesized in the middle silk gland of silkworms and
stored as an aqueous solution™. SS content is 20-30 wt%
of the cocoon filament™. SS plays important roles in the
spinning process of the silkworm and the construction of
a robust cocoon shell’®. More recently, SS-based
biomaterials have attracted considerable attentions in the
field of research in biomaterial science. These can be
easily processed into different forms including films*’, 3D
porous scaffolds'®, hydrogelslg, as well as fibers via wet
spinningZO or electrospinning9 and also have diverse
functional groups and variable amino acid compositions
which confer many useful bioactive propertie521. It is a
degradable biomaterial with different physiological
properties, such as antibacterial activity, antioxidant,
ultraviolet  protection, moisture absorption, and
biocompatibility propertieszz. Both naturally derived and
synthetic hydrophilic polymeric materials, which have
good biocompatibility, have been intensely researched as
biomedical materials®. Recently, the electrospun sericin
nanofibers are of great interest to be developed as
biomedical materials®*. Unfortunately, despite all these
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properties and easy availability, SS is not widely used as a
biomaterial due to its major inherent drawbacks. The
biggest difficulty of them all is the brittleness of the
sericin film**. Various efforts have been made to
overcome this problem, such as refining the sericin ,
blending the sericin with other polymerszs, grafting the
sericin with synthetic polymers26 or adding a plasticizer27.

sencn

Silk cocoons Protein components of silk

Figure 1: Components of silk cocoon

Graphene is a new form of carbon discovered after
fullerene and carbon nanotubes *°. The perfect structure
of graphene shows a low level of chemical reactivity,
therefore, graphene oxide (GO), one of the derivatives of
graphene, which contain a range of reactive oxygen
functional groups is considered as a replacementzg.
Graphene oxide (GO), is one derivative of graphene, has
been used more frequently in the biological system owing
to its relatively higher water solubility and
biocompatibility3°. The completely oxidized compound
can then be dispersed in a base solution such as water,
and graphene oxide in the form of the solution is then
produced31 . Graphene oxide (GO) based Nanocomposites
have raised significant interest in the biomedical area due
to their unique structure and excellent mechanical and
biomedical properties. GO is produced by the oxidative
treatment of graphite by one of the principle methods
developed by Brodie, Hummers or Staudenmeir in the
year 1958. Graphene oxide’s unique structure makes it
ideal for drug delivering, anti-microbial and biosensing
processesgz. A stepwise synthesis of graphene oxide
nanomaterial from graphite is based on Hummer’s
method”®.Various type of polymers have been researched
for the preparation of nanocomposite material with GO,
including polypropyleneaa, polyvinyl alcohol*, poly(3-
hydroxybutyrate-co-4-hydroxybutyrate)as, alginate%,
carboxymethyl cellulose®’, chitosan®, starch® and others.
The expanded graphite is exfoliated into multi-layered or
even single-layered sheets®. Hummers' Method is a
chemical process that can be used to generate graphite
oxide through the addition of potassium permanganate to
a solution of graphite, sodium nitrate, and sulphuric acid.
It is commonly used by engineering and lab technicians as
a reliable method of producing quantities of graphite
oxide®®. Various inorganic nanoparticles such as Ag, Au,
Fe;0,, CdS, TiO2, Sn0,, and ZnO are used to hybridize
with GO or graphene to obtain antibacterial materials,
controlled targeted drug carriers, optoelectronic
materials, electrode materials and photocatalytic
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materials'’. Among the graphene-family nanomaterials,
GO appears the most suitable for nanocomposite because
it has a less tendency to agglomerate itself compared to
pristine graphene, and a wide range of functionalities
could be introduced **. Zinc oxide, which possesses
unique physical and chemical properties, such as high
chemical stability and high electrochemical coupling
coefficient, is known to be a multifunctional material®. It
is confirmed that the various applications of ZnO
nanoparticles depend on upon the control of both
physical and chemical properties such as size, size
dispersity, shape, surface state, crystal structure,
organization onto a support, and dispensability“. Zn0
nanoparticle is considered as one of the most promising
and novel materials because it is believed to be nontoxic
and biocompatible and also has various properties like
unique catalytic, electrical, electronic, optical and
antimicrobial properties and also enhances keratinocyte
migration towards the wound site. Also, it is quite cheap
and has extensive applications in daily life®. zno
nanoparticle exhibits excellent UV-protection and
antibacterial action, which gives rise to its promising
application in the water-based coating, ceramic and
texture finishing agent, drug carriers and cosmetics and
fillings in medical materials™. Nano Zinc oxide is well
known for its antimicrobial activity and it is used in many
cosmetic materials™*. Previous studies had shown that, on
a size scale of <100 nm and at the appropriate
concentration, nZnO possesses potential antibacterial
activity, but has no adverse effect on normal cells®. Nano
Zinc Oxide can also enhance keratinocyte migration
toward the wound site and promote healing“. However,
some experts have observed its toxicological effect on
target microorganisms46. Nanomaterials are made of
biopolymers, used for various biomedical, therapeutic
and pharmaceutical properties due to its unique small
size and a large surface area and ability to interact with
tissues and cells”. These properties, find several
biomedical applications in tissue engineering48'49, wound
healingso, as excipients for drug delivery51 and also in
gene deIiverySZ. Various biopolymers have been used as
nanocomposites like chitosan53, PVP54, silk fibroin 55, silk
sericin®® etc. SS has been used as a nanocomposite
material by the addition of various nanoparticles to
enhance its properties and to rectify the drawbacks of
sericin. In most of the previous studies, SS has been
electrospun with various nanoparticles like
ponacryIamideSG, chitin whiskers®’, cellulose®®, titanium
oxide’, calcium ions®, graphene oxide®® and others. One
of the important material options for biomaterials such as
SS is the formation of Nanofibrous materials®. Polymer
nanomaterial formed with silk sericin as a base material
can have various practical applications in cosmetic
industries, biomedical purposes, medical, and textiles and
as coating and absorbent membrane®’. SS is fabricated
into nanocomposites along various nanoparticles by
electrospinning process’. Silk sericin/Graphene oxide
Nanocomposites have improved mechanical properties
like increased tensile strength, thermal stability along
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with enhanced antimicrobial activity24. Finding a good
solvent for the fabrication of natural polymer is a crucial
step for its application. In the case of SF, HFIP or formic
acid is used as a solvent °2.SS however, is highly
dissolvable in Trifluoroacetic acid (TFA) which can be
further used for electrospinning °.

MATERIALS AND METHODS
Materials Required

Mulberry silk cocoons were procured from Department of
Sericulture, Dharmapuri (TamilNadu, India).Ammonium
sulphate, Graphite Flakes (acid treated 99%, Asbury
Carbons), Sodium nitrate (98%), Potassium permanganate
(99%), Hydrogen peroxide (30% wt), Sulphuric acid (98%,),
Hydrochloric acid (35%), Sodium hydroxide, Trifluoroacetic
acid (TFA) (98%), Zinc acetate dihydrate and Methanol
were purchased from SISCON, India.

Methodology
Preparation of sericin
Degumming of raw silk fibers

5 g of silk cocoon was immersed in 100 ml of distilled
water in a 250 ml beaker. It was autoclaved for 30 min/
45 min/ 60 min at 121°C, 13 Ib. The degummed water,
thus obtained, was filtered and taken for precipitation of
sericin.

Precipitation of Silk Sericin

Ammonium sulfate (40 g) was added to every 100 mL of
the extracted solution to salt out the sericin. The
precipitated particles were filtered out and dried in a hot
air oven to obtain sericin powder. The obtained sericin
powder was preserved for further analysis.

Preparation of Graphene Oxide

Graphene oxide was synthesized by Hummers method
through oxidation of graphite. Graphite flakes (2 g) and
NaNO; (2 g) were mixed in 50 mL of H,S0,4 (98%) in a 1000
mL volumetric flask kept under at ice bath (0-5°C) with
continuous stirring. The mixture was stirred for 2 hrs at
this temperature and potassium permanganate (6 g) was
added to the suspension very slowly. The rate of addition
was carefully controlled to keep the reaction temperature
lower than 15°C. The ice bath was then removed and the
obtained grey coloured mixture was then stirred at 35°C
until it turns into pasty brownish colour and kept under
stirring for 2 days. It is then diluted with the slow addition
of 100 ml distilled water. The reaction temperature was
rapidly increased to 98°C with effervescence. The solution
was diluted by adding 200 ml of distilled water with
continuous stirring. The solution is finally treated with 10
ml of H,0, to terminate the reaction which was
confirmed by the appearance of yellow color. For
purification, the solution was centrifuged with 10% HCI
and the sediment was then washed with distilled water
repeatedly. The sediment was then vacuum dried to
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obtain the graphene oxide powder. Graphene oxide
powder was preserved for further analysis.

Preparation of Zinc Oxide

Zinc oxide nanoparticles (nZnO) were prepared as follows.
0.1M Sodium hydroxide solution was added dropwise to
0.1M Zinc acetate dihydrate solution with continuous
stirring. The solvent used for the preparation was
methanol. The precipitated zinc oxide was centrifuged
and washed several times with distilled water to remove
the impurities and vacuum dried to obtain the Zinc oxide
powder.

Preparation of SS/TFA/GO/ZnO composite solution

Silk Sericin (SS) powder is dissolved in TFA to form a
uniform dilute polymer. To 10ml of TFA solution, 2g of silk
sericin is added. 0.5g of GO was first dispersed in 1ml of
distilled water and sonicated for 15mins. Different ratios
of Sericin and GO suchas 2:1, 3:1, 4:1 and 5:1 and 6:1 are
prepared with constant ZnO. The GO suspension was
added to SS/TFA solution and the final concentration was
adjusted to the ratio of 4:1 (Sericin:Graphene oxide). 0.5g
nZnO is dissolved in 1ml distilled water before adding
them to SS/TFA/GO. The SS/TFA/GO/Zn0 was obtained by
adding 0.5g ZnO solution to SS/TFA/GO solution. The
solution was kept at 25°C in an orbital shaker for 7 days.
The ratio of Sericin and grapheme oxide was chosen
based on the fibre forming capacity on the
electrospinning machine.

Electrospinning

The electrospinning setup used in this study was from
Espin Technologies Pvt. Ltd. It consisted of a syringe and
needle, a piece of aluminium collecting drum, a syringe
pump, and a high-voltage power supply. The
SS/TFA/GO/Zn0O solution was placed into a 5ml syringe
with a stainless needle (inner diameter 0.3mm), which is
connected to the high voltage power supply. The spinning
speed of the syringe pump was adjusted within the range
0.003— 0.320cm min™. A high voltage power in the range
from 0-20kV was applied to the droplet of SS solution at
the tip. A grounded drum with aluminium foil was placed
at a distance of 15 cm from the capillary tip. When there
was a SS/TFA/GO/ZnO solution droplet at the tip of the
needle, a jet was ejected with increasing voltage. The
SS/TFA/GO/ZnO nanofibres were formed on an
aluminium collecting drum.

Characterisation
FESEM

The morphology and diameter of SS nanofibers were
examined with a scanning electron microscope (Agilent
Technologies) at room temperature. Scanning Electron
microscopy provides morphology and structure of
nanomaterials. The grain size and surface morphology
were observed by the field emission scanning electron
microscope (FESEM).
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FTIR

It is a technique adopted to obtain an infrared spectrum
of absorption, emission, and photoconductivity of a solid,
liquid or gas. Also, it can be utilized to quantitative
analysis of an unknown mixture. FTIR measurement was
employed to investigate the bonding interactions in the
composite concoction. It assumes the intensities of the
peaks are directly related to the amount of sample
present. The change of the structure of the SS nanofibers
was measured using Fourier transform infrared
spectroscopy (FT-IR, Prestige-21). The spectra of samples
were acquired in transmittance mode with a resolution of
4cm™, and spectral range of 4000-500 em™.

X-Ray Diffraction

The X-ray diffraction (XRD) is the most widely used
technique for general crystalline material
characterization. It is used to measure the average
spacings between layers or rows of atoms, determine the
orientation of a single crystal or grain. The X-ray
diffraction pattern of sericin powder was recorded in the
20 range of 10-35° on an X-ray diffractometer (Almelo,
The Netherlands). Cu Ka radiation was used for the X-ray
diffraction study. The crystallinity and crystal phases
were determined by X-ray powder diffractometer (XRD)
with Cu Ka radiation (I = 1.54178 A°) with Bragg angle
ranging from 208 to 658.

Anti-Bacterial activity

The establish anti bacterial properties of SS/GO/nZnO
nano fibres, the bacterial cells were cultured aerobically
in 25ml of nutrient broth at 37°C for 24 hours. Sericin,
graphene oxide, zinc oxide, negative control and
nanofibres were experimented. Disc diffusion method
was used for screening the antibacterial activities of the
nanofibres. Nutrient agar plates were inoculated with
0.1ml of an appropriate dilution of the tested culture
(Staphylococcus aureus). SS, GO, ZnO and SS/GO/nZnO
nano fibres discs were placed on the surface of the
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inoculated plates and incubated at 37°C for 24hours. The
diameter of inhibition zone (mm) including the disc
diameter was measured.

Water absorption capacity

It is of utmost importance, if they are used for biological
applications and wound healing. It is used to measure the
capacity of film to absorb wound exudates. Preweighed
one inch film was placed in 15ml. of distilled water and
the weight of the film was noted periodically at first hour,
second hour, third hour and 24hour. Every time after
noting the weight, the film was placed in fresh water.
Water absorption capacity of the film was determined
triplicate and calculated using a formula:

%Water absorption capacity = [(final weight — initial
weight)/initial weight] x 100

RESULTS AND DISCUSSION
FTIR analysis

The IR spectrum analysis of sericin is as shown in figure
2(a). The peptide group of the proteins gives nine
characteristic bands named amides A, B, I, 11, I, IV, V, VI,
and VII. The amide A band intensity is primarily due to the
NH stretching vibration. Amide | is primarily governed by
the stretching vibration of the C=0 (70-85%) and C-N
groups (10-20%) which is found in a frequency range of
1600-1700 cm-1. Amide Il is found in the 1510-1580cm™
region. Amide Il derives mainly from the in-plane N-H
bending. The rest of the potential energy arises from the
C-N and C-C stretching vibrations. Sericin extracted by the
salting-out method showed a peak between 1600 and
1700 cm™ confirmed amide | absorption. Peaks found in
the region of 1510-1580 cm™ confirmed the presence of
the amide Il absorption band. The peaks in the region of
3000- 3500 cm™ are amide A and amide B bands
associated with N-H stretching vibrations. The other
peaks that are found in the region of 1500400 cm-1 may
be associated with the complex amide lll and V bands’.

Figure 2: FTIR characterisation of (a) SilkSericin (b) Graphene oxide (c) Zinc oxide.
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Figure 2 (b) shows that synthesized GO has a peak at 1081
cm™ which is attributed to the C-O bond, confirming the
presence of oxide functional groups after the oxidation
process. The peaks in the range of 1630 cm™ to 1650 cm™
showed that the C=C bond was remaining after the
oxidation process. The absorbed water in GO is shown by
a broad peak at 2885 cm™ to 3715 cm™, contributed by
the O-H stretch of H,O molecules. This confirms the fact
that the GO is a highly absorptive material”®.

The composition and quality of the product were
analyzed by the FTIR spectroscopy. Figure 2(c) shows the
FTIR spectrum which was acquired in the range of 400—
4000cm™. The band at 523 cm™ is correlated to zinc
oxide. The bands at 3200-3600 cm™ correspond to O-H
mode of vibration and the stretching mode of vibration of
CO is observed at 1431 and 1652 cm™ *%.

4.2 XRD analysis

It has been reported in the literature that sericin is an
amorphous macromolecule. The X-ray diffractogram of
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the sericin at powder does not show any distinct peak as
shown in figure 3(a). This indicates that the extracted
sericin powder is amorphous in nature”’. The diffraction
peak at 26=10° is mainly due to the oxidation of graphite.
The diffraction peak of pure graphite is generally found
around 26°, corresponding to the highly organized layer
structure. The XRD pattern for synthesized GO by
Modified Hummer’s method. The disappearance of the
peak at 26° and appearance of the peak at 10° show that
the product is completely oxidized after the chemical
oxidation and exfoliation, indicating an increase in d-
spacing from 0.34 nm to 0.82 nm®. Figure 3(c) presents
the X-ray diffraction pattern of synthesized ZnO powder,
which confirms that the synthesized powder is single
crystalline and possesses wurtzite hexagonal structures.
No other peak related to impurities was detected in the
spectrum within the detection limit of the X-ray
diffraction, which further confirms that the synthesized
powders are pure Zno®.

Figure 3: XRD analysis of (a) Silk Sericin (b) Graphene oxide (c) Zinc oxide.

FESEM analysis

The grain size and surface morphology were observed by
the field emission scanning electron microscope (FESEM).
Sericin is an amorphous macromolecule. It has no
predetermined geometry when viewed under SEM as
seen in figure 4(a)’. FESEM images of the Graphene Oxide
(GO) have well defined and interlinked three-dimensional
graphene sheets, forming a porous network that
resembles a loose sponge-like structure as shown in
figure 4(b)’. FESEM images of ZnO nanoparticles are
shown in figure 4(c). Bulk particles with high
agglomeration are shown. This agglomeration is due to
the result of acidic and neutral pH of Zn(OH), solution
during the synthesis process. ZnO nanoparticles are

mostly spherical in shape. The average particle size of ZnO
is mostly in the range of 66.65nm to 79.98nm in
diameter®.

Electrospinning

Electrospinning  was  conducted under normal
atmospheric conditions.This study discloses the fact that
the solution properties and processing parameters affect
the morphology and diameter of electrospun fibres. In
order to obtain proper nanofiber, the following variables
including the applied electric field, flow rate of the
feedstock solution and drum speed were altered and
optimised. The concentration of silk sericin solution for
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effective electrospinning was set to be at 20%wt of sericin
TFA solution®.

=)
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(b)

(c)

Figure 4: FESEM images of (a) Silk Sericin (b) Graphene oxide (c) Zinc oxide.

Effect of applied electric field

SS/GO/Zn0O nanofibres are produced by electrospinning
with TFA at a concentration of 20wt% at different
voltages ranging from 10-17kV. SS nanofibers spun at
voltages >15kV produced smooth and continuous
nanofibers as in figure 6(b) and 6(c). It was observed that
the average diameter of nanofibre decreases with
increasing voltage. The mean diameter of electrospun
nanofiber at 17kV was found in the range of 300-600nm
thickness ®

Effect of flow rate of spinning solution

The ejecting speed of the S5/GO/nZn0 solution from the
tip of the syringe is controlled by the syringe pump. The
flow rate of the sample was adjusted from 2.1 to 2.8 ml
hr™. Figure 5(b) and 5(c) show SEM images of SS/GO/ZnO
nanofibres spun at 17kV at different flow rates.
Continuous and fine SS/GO/ZnOnanofibers can be
produced at higher flow rate conditions of above 2.5 ml
hr'.The optimum flow rate to produce fine and smooth
uniform nanofiber® was obtained around 2.8 ml hr™.

Figure 5: FESEM image of SS-GO-ZnO at constant spinning distance different voltage and flow rate (a) 10 kV; 2.1 ml /hr

(b) 17 kV; 2.5 ml/hr (c) 17 kV; 2.8 ml/hr
Morphology of SS/GO/ZnO nanocomposites
FTIR analysis

The SS nanofiber spun from SS solution showed
absorption peak at 1728 cm™" (amide 1), and 1566 cm™
(amide 1), assigned to the random coil conformation
(figure 6). In addition, a sharp absorption band exhibited

for SS nanofiber at around 1200 cm™ was due to the TFA.
These FTIR results suggest that the B-sheet structure of
sericin powder breaks in the dissolution process with
TFA’. The FTIR spectrum also reveals the formation of GO
in the SS/GO/nZnOfibersg, as functional groups such as -
OH (3434 cm™), epoxy -C-O (1384 cm™) and alkoxy -C-O
(1080 cm™) can be found in figure 6. These results
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indicate that the exfoliated GO prepared by the modified
Hummer’s method was successfully fabricated into the
nanofibers along with SS and ZnO. The FTIR spectrum of
nanofiber also showed the presence of ZnO at a peak at
496 cm™ which are due to the stretching vibration of the
Zn-0 bond in ZnO particles. Furthermore, the vibration of
the Zn-0 bond is interfered with by the SS peptide coating
of ZnO particles®, leading to the distinct peak of 548cm™.

Sericin-ZnO-GO Nanofbre
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Figure 6: FTIR analysis of SS-GO-ZnO Nanofiber
XRD analysis

XRD patterns of SS/GO/nZnO nanofibers were shown in
Figure 7. No apparent characteristic peaks were observed
in the pattern of composite nanofibers.The crystallization
found in GO and nZnO as of Figure 7 was hindered during
the electrospinning process and both of the polymers
were in the amorphous forms in the composite
nanofibers®.
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Figure 7: XRD characteristics of (a) Graphene oxide (b)

Nano Zinc Oxide (c) SS-GO-ZnO Nanofiber.
Antibacterial assay

Growth inhibitory property of SS/GO/nZnO was tested on
a bacterial species (Staphylococcus aureus). The results in
figure 8 and table 1 showed that Silk Sericin, Graphene
oxide, nanoZinc oxide and SS/GO/nZnO nanofibers
possess antibacterial activity, which was confirmed by the
appearance of a clear zone around the loaded sample.
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The table below represents the zone of inhibition for
67

corresponding microbe

Figure 8: Anti-microbial activity of Staphylococcus aureus

Table 1: Table representing antimicrobial activity (zone of
inhibition)

Samples Zone of inhibition (dia in cm)
a) Sericin 0.6
b) Grap'hene 0.7

oxide

c) Zinc oxide 1.2
d) Negative 0

control
e) Nanofiber 1.7

Water Absorption Capactity

The water absorption capacity of composite films was
significantly increased with increase in serincin
concentration, which may be due to hydrophilicity and
swelling properties of sericin®. A composite fibres of 4:1
ratio of SS/GO with constant of 0.5ml of ZnO has shown
maximum water absorption capacity among all the
prepared film (Fig.9). The biocomposites showed nearly
100% water absorption after 24 hours and depending
upon the ratio of sericin and grapheme oxide, the rate of

140

120
100
80
60
40
20
0 : .
) DQ;‘Q
&

o
& o
& & A

N o o

absorption varies.
D\b’;\

160
Figure 9: % Water absorption of Sericin biocomposites
after 24 hrs. All results were given in meanSD.
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CONCLUSION

Extraction of Silk Sericin from Silk cocoon and synthesis of
Graphene oxide from Graphite and Nano Zinc oxide from
Zinc acetate dihydrate were performed. Their structural
and physical properties were studied by FTIR, XRD,
FESEM. Then Sericin/Graphene oxide/Nano Zinc oxide
Nanocomposites were fabricated by electrospinning
process to form nanofibers. The optimum conditions for
fabricating SS/GO/nZnO nanofibers were found to be at
20 wt% Sericin TFA solution, the voltage of 17,000V,
Syringe distance of 12cm, drum speed of 600rpm and a
flow rate of 2.8ml/hr. The presence of SS, GO, and nZno in
the electrospun nanofibers was confirmed using FTIR and
XRD. The mean diameter of the electrospun nanofibers
was found in the range of 300nm-600nm from the FESEM
analysis. In this study, the prepared SS/GO/nZnO
nanofibers showed increase in the physical properties for
silk sericin based composite material. The fabricated
SS/GO/nZnO nanocomposite could be used as a
biopolymer nanomaterial in wound dressing, scaffolds
and in the biomedical applications.
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