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The structural, thermal and mechanical behavior of two types of silk fibres namely Bivoltine and Nistari were studied using
FTIR, XRD and DMTA. The chemical constituents like C=O, C-N stretching and N-H sites of these fibres were identified
using Fourier Transform Infrared (FTIR) Spectroscopy. X-ray diffraction (XRD) measurements reveal that among the two
silk varieties the Bivoltine is found to be more crystalline compared to Nistari fibre. In the present investigation we have
made use of Dynamic Mechanical Thermal Analysis (DMTA) to look into the glass transition temperature (Tg) of these
fibres and it is confirmed that the glass transition temperature (Tg) of Bivoltine silk (78oC) is higher than Nistari silk (67oC).
Also small percentage change is observed in the storage modulus of these two fibres. From their visco-elastic property and
glass transition temperature, Bivoltine silk is more suitable for silk fabrication than Nistari silk.
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1. Introduction
Natural polymers like silk fibres are a continuous high
molecular weight fibrous protein consisting of many
kinds of amino acids. These are produced by different
species of silkworm of which the principal species is
bombyx mori, or the mulberry silkworm [1-3]. It has
been shown that depending on the conditions of the
sample preparation, silk fibres in solid state exist in
different conformations. In its natural state raw silk
from silkworm contains a number of constituents other
than the fibre [4-7]. The main ones are silk grease,
water-soluble material derived from perspiration and
contaminants such as dirt and vegetable matter picked
up from the pastures [8-10]. A Nistari silk fibre is
another variety of popular Indian silk fibre dispersed
in the eastern part of India. These contaminants are
removed during processing. Clean silk with other
animal fibres belongs to a group of proteins know as

keratins. Unlike cotton and the majority of synthetic
fibres, wool and silk does not have a homogeneous
structure. wool and silk fibres have highly complex
physical and chemical compositions that have evolved
over millions of year to protect sheep and silk worm
from extremes of heat and cold [11-13]. From the
application point of view, these are excellent
biomaterials for enzyme immobilized membranes used
as biosensors. This property is due to the insolubility
of the silk and immobilization of enzyme. Motivated
by the interesting aspects of silk fibres mentioned
above and their potential application it is worthwhile
to investigate the structural changes in the silk fibres
[14-16]. The structure of silk is shown in Fig. 1.
2. Experimental
Popular Indian silk fibres strands like Bivoltine and
Nistari of required length and diameter has been reeled
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Jeol 8030, the voltage and current applied for the
instrument is 40 kv and 20 mA, target element used is
CuKα.
3. Results and Discussion
3.1. FTIR Analysis
Fig. 1: Structure of Polypeptide Chain

out using respective cocoons by mechanical method.
The filament of Bivoltine is long and usually white in
colour. The total filament of a cocoon of this race is
1200-1500m and has a higher denier compared to
Nistari. The Bivoltine and Nistari races do have higher
tensile strength [17]. The amount of sericin content
in bivoltine is less compared to Nistari races [18].
Also, Bivoltine fibre shows significant improvement
in crystalline size with annealing temperature by
rearrangement of protein molecules
while retaining its fibre features [17].
The cocoon of Nistari silk is small in
size and its characters are not as
good for reeling compared to
Bivoltine races. The total length of
the filament of a cocoon is 500-600
m and has a lesser denier compared
to Bivoltine races. The usual colour
of the filament is golden yellow and
possesses higher lustre property
compared to Bivoltine races [19].
Similar to Bivoltine fibres, Nistari
fibres show significant improvement
in crystal size value with annealing
temperature. The amount of sericin
content in Nistari fibre is more
compared to Bivoltine [18] races
(approximately 25%) suggesting that
the protection of the fibroin in this
type is more, so that it cannot be
easily damaged like the Bivoltine
fibres. FTIR and DMTA spectra
were taken from Bangalore
Analytical Research Centre, Pvt.,
Ltd., Peenya, Bangalore. XRD
measurement was done using model

FTIR spectra taken for Bivoltine and Nistari silk fibres
are present in Figs. 2 and 3. The amide-I band at
1700-1600 cm–1 is characteristic to the peptide C=O
stretching, revealing whether the carbonyl groups
participate in the bonding or not. The frequency
downshift can be explained by the decrease in the
double bond character of the carbonyl group in the
presence of bonding, i.e., an increased electronegative
character of the oxygen atom. Furthermore, the
bonding at the peptide amines can be studied based
on the FTIR amide-II band at 1500-1580 cm–1, which

Fig. 2: FTIR Graph of Bivoltine Silk Fibre

Fig. 3: FTIR Graph of Nistari Silk Fibre
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is characteristic to both C-N stretching and N-H in
plane bending. Bivoltine silk shows amide-I band at
1615 cm–1. Amide-II band occurs at 1505 cm–1. When
there is bonding at N-H site in a peptide, there will be
upshift in wavenumber. Nistari silk shows Amide-I
band at 1614cm–1. The amide-II band occurs at 1506
cm–1, when there is bonding at N-H site in a peptide
[20-24].
3.2. XRD Analysis
A typical XRD scan of Bivoltine fibre and Nistari
fibres are presented in Figs. 4 and 5. Bivoltine XRD
plot reveals that this fibre is not fully amorphous in
nature and shows semicrystaline behaviour. XRD
scan of Nistari fibre indicates a more amorphous
nature compared to Bivoltine races [1].

Fig. 5: XRD Scan of Nistari Silk Fibre

3.3. DMT Analysis
DMTA scan of the experimental samples are
presented in Figs. 6 and 7. Bivoltine is having 34
megapascal storage modulus and it is almost constant
upto 40oC beyond which it decreases as shown in
Fig. 6. It is found that Nistari has 110 mega Pascal
storage modules which is shown in Fig. 7. From the
study of graph the storage modulus decreases sharply
upto 67oC and then the change in storage modulus is
very small. It reveals that Nistari is more amorphous
than Bivoltine [10, 11, 25].

Fig. 6: DMTA Scan of Bivoltine Silk Fiber

Fig . 7: DMTA Scan of Nistari Silk Fibre

4. Conclusion
Fig. 4: XRD Scan of Bivoltine Silk Fibre

The frequency downshift can be explained by the
decreasing double bond character of the carbonyl
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group in the presence of bonding, i.e., increase in
electro negative character of the oxygen atom. The
shift of Amide-II band to higher frequencies suggests
bonding at the N-H sites of the silk. XRD scan
indicates that Nistari fibres are more amorphous
compared to Bivoltine races. From DMTA ‘Visco
elastic property of material’ and ‘glass transition

temperature’ can be found. The thermal response of
the Bivoltine silk fibres is interpreted in terms of glass
transition temperature (Tg) (78oC) and similarly for
Nistari Tg is 67oC. DMTA reflects the XRD results.
The percentage change of storage modulus of Nistari
silk is more compared to Bivoltine silk fibre.
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