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ABSTRACT

Jute, an important ligno-cellulosic rich natural bast fi bre, is the second only after cotton in production. It is obtained
from the plant belonging to Malvaceae. The advantages of the fi bre lies in its properties i.e. environment-friendly, good
insulating, antistatic properties, low thermal conductivity and moderate moisture regain.High lignin content of jute
fi bre hinders its utilization in textile industry and diversifi ed value-added products. To make jute suitable for diverse
use, especially in textiles, many efforts were made to modify its chemical composition and physicochemical character-
istics. With the aim of developing jute fi bre with reduced lignin content, the comparative histobiochemical and phys-
icochemical parameters were studied between normal jute and a stable mutant jute line with decreased lignin content.
An x-ray-induced mutant line (CMU 013) of jute (Corchorus capsularis) was histobiochemically and physico-chemically
evaluated along with its normal parent (JRC 321). The anatomy and morphology of mutant jute differ from normal jute
in regard to fi bre formation and deposition of fi bre forming materials. The primary and secondary vascular bundles
are normal in both JRC 321 and CMU 013 but bast fi bre formation is less pronounced in mutant jute. The percentage
of lignin content is reduced from 19.27% (JRC 321 jute) to 8.627% and cellulose content increased from 48.237% (JRC
321 jute) to 6.397%. X-ray diffraction analysis revealed that the mutant jute has less rigidity and is brittle in nature.
Histobiochemical evidence of jute stem of JRC 321 demonstrates that the bast fi bre contains decent amount of cement-
ing material, i.e. lignin which is validated by the biochemical analysis of the fi bre. Deposition of the lignin was found
to be prerequisite for generation of well-developed fi bre as corroborated by SEM. The fragile nature of the fi bre as seen
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in the SEM of CMU 013 jute was validated by the X-ray diffraction analysis and tensile strength. This mutant may serve
as a model to understand the molecular mechanism that organizes the development of secondary wall thickening in

jute bast fibre cells.
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INTRODUCTION

Jute, a lignocellulosic natural bast fibre obtained from
the plant Corchorus sp. is a dicotyledonous annual crop
belonging to the family Malvaceae. The fibre originates
from the secondary phloem tissue of the stem. It consists
of long extraxylary cells which mechanically support
the phloem (Guerriero et. al. 2017), also known as bast
fibre. The jute fibre is one of the most versatile natural
fibres and it has considerable commercial significance
for the generation of diversified value-added industrial
products i.e. immense potentiality for industrial produc-
tion of packaging, textiles, non-textile, construction,
and agricultural sectors. Advantages of jute include
environment-friendly, renewable resources (Gorshkova
2012), good insulating and antistatic properties, as well
as having low thermal conductivity and moderate mois-
ture regain. Of late, it has been well established that
a score of value-added commercial products of great
utility can be produced based on diverse utilization of
jute fibre due to its high strength, high modulus, and
high flexural rigidity. However, some problems have
been encountered with the quality of jute fibre that fig-
ures as critical for their suitability for generation of its
value-added textile industrial end products. Utilization
of natural fibres including jute depends on its physi-
cal and chemical properties. An extensive comparative
study has been made on different physical and chemi-
cal properties of different natural fibres (McGovern et
al., 1983 and Young, 1993) and those properties have
been found to be the basis of the historical utilization of
the natural fibre. It has also been shown that strength,
stiffness, and extensibility of jute fiber decrease with
gradual removal of lignin. The deposition of lignin into
cellulose and other cell wall materials might be one of
the reasons behind the strength and stiffness of natu-
ral fiber like jute (Roy, 1953; Meredith 1956). Lignin is
a secondary plant metabolite which hinders high-end
industrial applications of several plant products includ-
ing jute (Choudhary et al 2017).

Anatomical studies on jute fibre showed that the
strength and fineness of the fibre are correlated with
number of cells per bundle, length-breadth ratio of
fibre cells and cross-sectional area of the fibre cells. The
crystallinity of cellulose has a large influence on the

mechanical properties of natural fibres. Jute bast fibres
are composed of xylan with high degree of lignifica-
tions whereas flax, ramie and hemp bast fibres, have a
high abundance of crystalline cellulose (Guerriero et. al.
2017). Fibres like jute, hemp, flax, and ramie have their
cellulosic chains oriented nearly parallel to the fibre axis
(in the range 7-12°), and they exhibit high strength in
contrast to cotton fibre. Cotton fibres, with appreciably
lower tensile strengths, are characterized by spiraled
cellulose chains that are oriented approximately 30° to
the fibre axis (Rials et al., 1997). Moisture content and
fibre purity also influence the degree of crystallinity in
jute and mesta fibres (Ray, 1969). X-ray diffraction and
Fourier Transformed Infra-Red (FTIR) Spectroscopy are
powerful tools to evaluate the structure of jute (Bera et.
al. 2002). The bast fibre lignin is significantly different
from that of the typical ‘woody plant lignin’ (Day et. al.
2005). Development of bast fibre in jute (Corchorus spp.)
is a complex process involving differentiation of sec-
ondary phloem fibres from the cambium accompanied
by lignification of the fibre cell wall (Kundu et. al. 2012).
The formation of secondary phloem fibres starts long
after the initiation of secondary xylem (Snegireva 2015).

In the present study, comparison between an induced
mutant (CMU 013) of Corchorus capsularis having an
altered form of bast fibre and a normal jute (JRC 321)
plant was performed on the basis of the histobiochemi-
cal and physicochemical characters of jute fibres.

MATERIALS AND METHODS

Transverse sections of jute stems of 45 days after sow-
ing (DAS) normal and mutant were prepared, dehy-
drated and stained with lignin-specific stain phloroglu-
cinol-HCI (Srivastava 1966). The stained sections were
observed and photographed using Leica DM LS optical
microscope.Freehand transverse sections were prepared
of jute stems of 60 days old both normal and mutant
were prepared and dehydrated. The surface morphology
of dry jute fibers of both cultivated and mutant varieties
was evaluated by scanning electron microscopy using
JEOL, JSM 5800, at the Central Research Facility, IIT
Kharagpur. The images of scanning electron microscopy
were taken at electron volt of 20 KeV.
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Estimation of cellulose, hemicellulose, and lignin

For composition analysis, neutral detergent solution
(NDS) and acid detergent solution (ADS) were used.
Hemicellulose, cellulose, and lignin were estimated fol-
lowing the method (Sadasivam and Manickam 2008).
For estimation of these components, the jute fibers were
refluxed separately with NDS and ADS followed by
washing the insoluble part with hot water and acetone
in each case. The insoluble parts obtained after treat-
ment with NDS and ADS are termed as Neutral Detergent
Fiber (NDF) and Acid Detergent Fiber (ADF) respectively.
The hemicellulose content of jute fibers was obtained as
a difference of NDF and ADF. The cellulose content of
jute fibers was obtained as the difference of ADF and
residue after extraction of ADF with 72% sulphuric acid.
The lignin content of jute fiber was obtained as the dif-
ference of residue after extraction of ADF with 72% sul-
phuric acid and ash obtained by igniting ADF. In typi-
cal procedure hemicellulose, lignin and cellulose of jute
fiber were estimated as follows:

For determination of NDF about 1 g of jute fiber pow-
der was taken in a round bottom flask to which 10 ml
cold NDS, 2 ml decahydronaphthalene and 0.5 g sodium
sulphate were added and refluxed for 1h. The solid resi-
due was filtered in a sintered glass crucible (G-2) and
washed with hot water followed by washing twice with
acetone. The residue was collected, dried at 100°C for 8
h and stored after weighing in a desiccator. This residue
was designated as NDF. For determination of ADF about
1g of jute fiber powder was taken in a round bottom
flask to which 100ml of ADS were added. The content
of the flask was heated to boiling in a controlled way
to avoid foaming for 5 to 10 min followed by refluxing
for 1h. The residue was filtered through sintered glass
crucible (G-2), washed with hot water and acetone. The
washed residue was then dried at 100°C for overnight.
The dried residue was designated as ADF and was stored
in a desiccator.

For determination of Acid Detergent Lignin (ADL),
weighed amount of ADF was taken in a 100ml beaker to
which 25 to 50ml 72% sulphuric acid and 1g asbestos
fibre was added. The content of the beaker was con-
tinuously stirred for 3h. Then the content was diluted
with distilled water and the residue was filtered through
a preweighed Whatman No. 1 filter paper and washed
with water to remove last traces of acid. The residue of
the filter paper was dried at 100°C for 2 h. The weight
of the residue after drying on filter paper was taken.
The filter paper with the residue was transferred on a
preweighed silica crucible, which was heated in a muffle
furnace at 550°C for 3 h. The weight of ash was calcu-
lated after weighing the cold crucible with the ash. For
obtaining % ADL, a blank test was performed by tak-

ing 1 g asbestos fibre following the same procedure as
before. In this blank test, weights of two residues, one
weight after drying on filter paper at 100°C for 2 h and
the other weight after heating at 550°C for 3 h in a muf-
fle furnace in an identical way: (Protocol adopted from,
Sadasivam and Manickam 2008)

NDF = Hemicellulose + Cellulose + Lignin + Minerals
ADF = Cellulose + Lignin + Minerals

Hemicellulose = NDF - ADF

Cellulose = ADF - Residue after extraction with 72% H,SO,
Lignin = Residue after extraction with 72% H_SO, - ash

The tensile strength of normal and mutant jute fib-
ers was determined by subjecting the fibers to Houns-
field Universal tensile testing machine with the follow-
ing parameters: load range =10.000N, extension range =
3.000mm, speed = 0.0500mm/min, temperature = 25°C,
relative humidity = 70%. Clean and dry strands col-
lected from the middle portion of the fiber reeds were
used for the measurement after proper gripping through
paper boards. Before testing, the specimens were kept
in desiccators for 2 days. A stress-strain curve of the
cultivated and mutant jute fibers was plotted.IR study
of both normal and mutant jute fibers was done using
a Nexus 870 Nicolet FTIR spectrophotometer (Edwards
et al., (1997), Samal et al., (1995), Rana et al., (1997),
Pan et al., (1999). Jute fibers were crushed with liquid
nitrogen into a fine powder and dried in desiccators. An
equal weight of both cultivated and mutant fibers was
taken and made pellet with potassium bromide and sub-
jected to IR spectrophotometer.

X-ray diffraction (XRD) analysis: XRD of dry jute
fibres were carried out by Philips PW 1729 X-ray gen-
erator using Co target (y=0.179 nm) at a scanning speed
of 2° [ min and the data recorded every 0.02° (20) for
the angular range of 260 = 10-50° (Varma et al., 1984).

RESULTS

Anatomical study of jute stems

The morphological differences of the mutant (CMU-013)
having discontinuous fibre directed to study the devel-
opmental pattern in fibre formation in its stem compared
to cultivated variety JRC 321. Thus, jute stem of 60 days
old from both the JRC 321 and CMU 013 was sectioned
transversely and stained with phloroglucinol-HCl and
analyzed microscopically. It was revealed that the bast
fibre (secondary phloem fibre) was poorly developed in
CMU 013 (Figure 1) indicating a weaker deposition of
the fibre forming components.The comparison was also
studied by scanning electron microscopy (SEM) to meas-
ure the fiber-forming zone in both the CMU 013 and JRC
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FIGURE 1. Anatomical differences of normal and mutant jute stems. Stem sec-
tions at 60 days after sowing (DAS) stained with phloroglucinol-HCl and viewed
under optical microscope A: JRC 321 (40X magnification), B: CMU 013 (20X
magnification). BF - Bast Fibre

321. It was found that the thickness of the bast cell wall than the JRC 321 (2.25 pm), which indicated further lack
in JRC 321 was 4.5 pm whereas it was 2.2 pm in case  of deposition of the fibre forming components in CMU
of CMU 013. Moreover, the diameter (3.65 um) of the 013 (Figure 2).

lumen in jute fibre of CMU 013 was found to be more

anamdandd BE3  DEO

FIGURE 2. Anatomical differences of normal and mutant jute stems
under SEM. A: JRC 321 and B: CMU 013 at x 40 respectively; C: JRC
321 and D: CMU 013 at x 300 respectively. E and F: Fibre cells of JRC
321 and CMU 013 at x 5000 respectively. BF - Bast Fibre, Xy - Xylem,
CW - Cell Wall, L - Lumen of the fibre cell.
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FIGURE 3. Surface morphology of the jute fibres of normal and
mutant. A and B: normal JRC 321 at x 400 and x 2000 magni-
fications respectively. C and D: Mutant CMU 013 at x 400 and x
2000 magnifications respectively. S - Smooth surface, RB - Rough
surface and Broken fibres, CL - ‘Crater Like’ Structures.

It was also observed from scanning electron micro-
graph that the surface morphology of the jute fibre iso-
lated from CMU 013 was entirely different than that of
JRC 321; the fiber of JRC 321 showed a smooth surface
compared to that of the mutant CMU 013 having a rough
surface and broken fibres. At a higher magnification,
a crater-like structure was found to be present on the
surface of the mutant jute fiber (Figure 3). Thus, it could
be assumed that the fibre formation in the mutant is
underdeveloped due to improper functions of the fibre
forming elements.

The chemical components of cultivated and mutant
jute fibers were estimated by gravimetric method. It was
found that cultivated type fibers have more lignin and
less cellulose compared to that of the mutant. Mutant
has 28.42 % more cellulose than the cultivated fiber and
whereas the cultivated fiber has 55 % more lignin than
the mutant fiber.

The jute fibers of both the cultivated variety (JRC 321)
and the mutant (CMU 013) were assessed for its tensile
strength. The tensile strength of the jute fibers was meas-
ured by a Universal Tensile Testing Machine (Houns-
field) with a load cell 10,000 N, extension range = 30
mm, speed = 0.0500 mm/min, temperature of 25 °C and
70 % relative humidity. Clean and dry strands collected
from the middle portion of the fiber reeds were used for
the measurement. It was observed that the fibre of the
cultivated variety showed to be stronger (tensile strength
of 952.4 MPa) with an elongation percentage at break of
2.51 % than the mutant jute (tensile strength of 600.8

MPa) with an elongation percentage at break of 1.67 %. It
was found that the jute fiber of JRC 321 covered a higher
total area under the stress-strain curve compared to that
of the mutant CMU 013 (Figure 4). This indicated that the
jute fiber in the cultivated variety was stronger than that
of the mutant. From a calculation of the area under the
stress-strain plot it was found that the jute of the culti-
vated variety needs more energy than that of the mutant
for breaking the fibre under a tensile load.

FTIR vibrational bands of the cultivated and mutant
area are shown in Figure 5, and Table 2. In the mutant
type of fibre shifting of H bonded -OH stretching fre-
quency value to higher region indicates that intermo-
lecular H-bonding decreases and whereas in case of cul-
tivated type of fibre shifting of H bonded -OH stretching
frequency value to lower region indicates that intermo-
lecular H-bonding increases. Peaks at 2903.76 cm™ and
2916.84 cm™' correspond to C-H stretching in methyl
and methylene groups (in cellulose and hemicellulose)
in jute. Asymmetric C-0-C stretching bands at 1110.67
cm™' and 1111.85 cm™! indicates the presence of the chain
of anhydroglucose ring, i.e., cellulose. The 1427.11 cm™
and 1426.78 cm™ may be due to the presence of lignin
on both cultivated and mutant jute fibres.

The fibres of both the cultivated and mutant jute were
subjected to analyze by X-ray diffraction study within
the angular range of 10° - 50° to measure the percent-
age crystallinity of the fibre. It was revealed from figure
6 that the percentage crystallinity of the fibre in cul-
tivated variety was found to be 20.53 % whereas that
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FIGURE 4. Stress-Strain curve of wild and mutant jute fibers.

of the mutant fibre was 13.9 % indicating more rigid-
ity and brittle nature of the jute fibre in the cultivated
variety.

DISCUSSION

The present study constitutes the first attempt to under-
stand the physico-chemical differences between normal
jute fibre and its mutant fibre. Jute (Corchorus capsu-
laris) is the most important fibre producing crop in the
world next to cotton in terms of yield. Anatomically,
jute fibres, also known as bast fibres, are sclerenchyma

cells with secondary cell wall thickening and are rigid in
structure (Kundu, 1944; Fahn, 1990; Evert 2006, Crang
et. al. 2018). Proper utilization of this fibre is hampered
due to its coarse nature. Any attempt to improve the
quality of the phloem fibre of jute would be valued for
potential diversification of jute usage (Palit, 1999, 2001).
Continuous attempts through breeding processes, X-ray
induced mutation for generation of improved jute vari-
ety and also in improved retting process (Kharkwal et.
al. 2004; Das et. al. 2018), to get the improved quality of
jute fibres are being made without any significant out-
come. Here, an induced mutant of Corchorus capsularis
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FIGURE 5. FTIR spectra of the JRC321 and CMUO13 jute fibers.
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FIGURE 6. XRD of the wild and mutant jute fibers.

having an altered bast fibre was compared with a nor-
mal jute plant and identify some of the histobiochemical
and physicochemical characters of jute fibres.
Histobiochemical evidence of jute stem of cultivated
variety JRC 321 demonstrates that the development of the
secondary cell wall in phloem was initiated at a particular
stage of development of jute plant and matured well with
deposition of cementing materials, particularly lignin
(Figures 1 and 2) as evidenced in our previous studies
(Samanta et. al. 2015). This deposition of the cementing
materials was found to be prerequisite for generation of
well-developed fibre revealed from the comparative study
of the normal with mutant by SEM (Figures 3 and 4).
These data are supported by previous study of Mesh-
ram and Palit (2013) where the authors found that the
cell wall thickness, strength of fibre and lignin content
goes together and the high cellulose content results fibre
fineness. Compositional analysis of the fibre forming
components indicated that the fibre of normal jute con-
tains 57% more lignin than mutant. The data are also
supported by the earlier evidence that the secondary wall
development and formation of compact group of the bast
fibre cells involve deposition of lignin over the cellulose
matrix (Priestley and Scott, 1936; Kundu et al., 1959;
Preston, 1974; Grabber et al., 1991) though the presence
of high amount of lignin was believed to be undesirable
for fibre quality (Harlley, 1987). In contrast, the mutant

fibre was found to contain a comparatively high amount
of cellulose (Table 1) that could be expected to improve
the quality and strength of the fibre. This observation
was supported by another study in (Corchorus olitorius
L.) mutant with low lignin (7.23%) in phloem fibre being
compared to wild-type JRO 204 (13.7%) was identified
and characterized (Choudhary et al 2017).

However, a contrary result was observed in continu-
ity and tensile properties of the fibre. The fibre generated
from mutant on retting was found to be discontinuous
or fragmented. It is difficult to conclude whether this
fragmented nature of fibre was due to less deposition
of lignin or due to poor development of the cell wall.
The fibre of the normal showed to be stronger (tensile
strength of 952.4 MPa) with an elongation percentage at
break of 2.512 9 than the mutant jute (tensile strength
of 600.8 MPa) with an elongation percentage at break of
1.676 % (Figure 4). This data was supported by a pre-
vious study in which the authors have used different
natural fibres and studied the effect of fibre morphology
on the tensile strength (Fidelisa et. al. 2013).

They found that the increased secondary cell-wall
thickness causes increase in both the fiber strength and
Young’s modulus. This observation was further sup-
ported by the FTIR analysis and XRD analysis of both
normal and mutant fibres (Figures 5 & 6). The XRD
analysis of normal fibre revealed more crystallinity than

Table 1. Chemical composition of JRC 321 and CMU 013 jute fibers

Chemical components

Cellulose (%)

Hemicellulose (%) Lignin (%)

Cultivated (JRC 321) 48.237

28.502 19.273

Mutant (CMU 013) 67.397

20.937 8.672
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Table 2. Assignment of IR vibrational bands in JRC-321 (cultivated variety) and CMU-013
(mutant jute)

JRC 321 [ CMU 013
Possible assignment of chemical groups cm’! cm’!
OH Stretching vibrations due to polymeric association 3382.98 3415.74
CH stretching in methyl and methylene groups (in cellulose and hemicellulose) | 2903.76 2916.84
CN stretching bond 2360.14 2359.41
C=0 stretching (in lignin and sugar aldehydes) 1737.95 1736.61
Aromatic skeletal vibrations 1596.15 1634.92
CC multiple band stretching aromatic 1503.64 1506.21
CH2 bending in lignin 1427.11 1426.78
Unsaturated nitrogen compound C-NO2 nitro compound 1371.89 1374.21
C-N vibrations, aromatic, primary 1321.43 1319.96
Ethers; Sulphur compound 1247.14 1246.08
S=0 Stretching vibrations due to sulfonamides 1161.47 1162.63
C-0/C-C stretching 1110.67 1111.85
S=0 Stretching vibrations due to sulfoxides 1058.16 1058.68
Alkene, distributed, cis 668.82 668.78

that in mutant. Due to higher crystallinity (20.53%) of
normal, it is stronger than the mutant jute having lower
crystallinity (13.9%), which supports the experimental
observation of strength property. This result was sup-
ported by a previous study in which the authors found
similar result (Saha et. al. 2010). Further to this, the
higher crystallinity in JRC 321 fibre can be ascribed to
the presence of more intermolecular H-bonding com-
pared to that in mutant jute. FTIR analysis results (Fig-
ure 5 and Table 2) indicate the shifting of O-H stretching
band from 3382.98 cm-1 in JRC321 to 3415.74 cm-1 in
mutant. This confirms the influence of H-bonding on the
higher crystalline nature of JRC 321.

CONCLUSION

It could be concluded that the molecular interaction of
cellular components determines the fibre quality in jute
in spite of the developmentally regulated synthesis of
lignin only as evidenced earlier (Sengupta and Palit,
2004). Moreover, it could be expected that this interac-
tion was genetically regulated as it was found to be ham-
pered in the mutant. This mutant may serve as a model
to understand the molecular mechanism that organizes
the development of secondary wall thickening in jute
bast fibre cells. The study will help in the development
of desired jute fibre through genetic modifications.
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