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ABSTRACT: Natural fibres have wide scope of application in textile field, particularly due to recent tilt towards ecofriendly textiles.
Uttarakhand, located in the northern part of India, is an incredible abode for sourcing of underutilized fibres owing to large forest cover.
Sesbania aculeata locally known as dhaincha yields harsh, coarse and shiny fibres that has potential to find use in the different sectors.
The stems of S. aculeata (dhaincha) plants were collected at three different intervals viz., 2½, 3 ½ and 4 ½ months for extraction of fibres.
Then the extracted fibres were scoured with one enzyme, pectinase and four different scouring agents viz., ammonium oxalate, EDTA,
sodium hydroxide and sodium carbonate for removing impuritires. The S. aculeata (dhaincha) fibres procured at all three stages exhibited
good physical properties when treated with ammonium oxalate as compared to other scouring agents. The fibres obtained after I stage (2½
months) scoured with ammonium oxalate exhibited better moisture regain, fineness and whiteness index than the fibres of II (3½ months)
and III (4½ months) stages. However the fibres of II stage had maximum elongation as compared to fibres of I and III stages. S. aculeata
(dhaincha) fibre of III stage possessed excellent tenacity as compared to I and II stages.
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In the 21st century, it has become essential to
emphasize the use of natural and biodegradable raw
material for the production of textiles and other articles
use in daily life. For the reasons of environment
friendliness and health support, natural fibres are
preferred more by consumers over synthetic fibres.
Textile technologists are also constantly concentrating on
the natural alternatives to synthetic filament. Therefore,
to meet the demand of ecological products, the innovative
unconventional fibre resources are being explored day by
day (Jan, 2009). Such fibres are available in abundance
and till now, have not received any economic importance
owing to the harshness, brittleness and coarseness of
fibres (Wealth of India, 1954). These undesirable
properties are associated with the presence of impurities
in form of oils, fats, waxes, vegetative matter and colour
matter. The chemical processing, viz., scouring,
bleaching, and dyeing may results in the improved
quality and appearance of the natural fibres and can turn
into an ecological source of textile production (Trotman,
1954). The splendid physical quality of natural fibres
have attracted many industrialist to shift towards the
exploitation of agricultural resources for the production
of wide range of traditional and novel product ranging
from rope, twin and carpet to technical textiles.
The hills of Himalayas and Tarai region of Kumaon

in Uttarakhand state are endowed with indigenous flora
rich in natural fibres. The plants grow widely due to
favorable climatic conditions. Amongst numerous
underutilized natural fibre sources, a potential source of
textile fibre is dhaincha which is being used in cordages
making.
Dhaincha is a green manure useful in nitrogen
fixation and wind barriers. This plant is grown prior to
paddy cultivation and is one of the most valuable herbs
(Jahan et al., 2009). Botanically this plant is known as
Sesbania aculeata and commonly used names include
dhaincha, danchi, dunchi, danicha in different parts of
India. It is an annual shrub, belongs to leguminacea
family that grows to one - two meters in height. The stem
can be explored to extract fibres to prepare biodegradable
textile product of natural origin (Green manure crop,
2011).
The fibres obtained from plant are harsh and coarse
which can be processed for promising end uses in various
fields of application. Therefore, the work was planned to
extract and process Sesbania aculeata (dhaincha) fibres
from plants of three different stages and to compare
physical properties of the fibres of different stages to find
out the stage of plant at which best quality fibres can be
obtained.
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28°C to 30 °C at the time of retting. Relative humidity
was in the range of 28 % - 38 % (minimum) and 80 % - 84
% (maximum) recorded from Department of
Agrometeorology, College of Agriculture, Pantnagar.
The fibres from water retted stems of S. aculeata
(dhaincha) were separated by hand. Finally fibres were
washed and laid on flat surface for drying in the open air
(Fig.3).
The dried fibres of S. aculeata (dhaincha) were
combed manually using hand combing brush (Fig.4) to
open the fibre bundles, and to remove vegetative matter

Fig. 1: Standing crop of S. aculeata (dhaincha) plant

MATERIALS AND METHODS
The stems of S. aculeata (dhaincha) plants were
collected at three different periods viz., 2 ½ months, 3 ½
months and 4 ½ months from Crop Research Centre, G.
B. Pant University of Agriculture and Technology,
Pantnagar (Fig.1) in the month of October, November
and December, respectively. The collected stems of
dhaincha (S. aculeata) plants were cleaned by removal of
branches, leaves and pods. Thereafter, the stems were
further cut into short length of 12” and were tied into
bundles for ease in handling. Retting was done by
following stagnant open tank water retting method as per
procedure given by Singh, 2010. The retting was carried
out for 15±3 days in the month of October, November and
March in tubs (Fig. 2). The temperature ranged between

Fig. 3: Extracted and dried fibres of dhaincha

Fig. 2: Stagnant water retting of S. aculeata stem in plastic tubs

Fig. 4: Combing of fibre with hand comb
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present in the fibres. The combed fibres were scoured
using different chemical agents namely, ammonium
oxalate, EDTA, sodium hydroxide and sodium carbonate
and one enzyme, pectinase. The material to liquor ratio
was kept at 1:50. After scouring fibres were neutralized
with 2 % acetic acid for 1 hour and finally the fibres were
washed thoroughly in running water and dried in shade.
The recipes of ammonium oxalate, EDTA (Ethylene
diamine tetra acetic acid), sodium carbonate and sodium
hydroxide and one enzyme pectinase as used in the
experiment are given in Table1. The extracted fibres
obtained from retting were termed as unprocessed fibres
while those which were combed and scoured were termed
as processed fibres. The processed fibres were then tested
for assessing their physical properties namely, moisture
regain, and elongation, fineness, and strength and
whiteness index. The statistical analysis between the
properties was done using STPR software.
RESULTS AND DISCUSSION
The dried and combed S. aculeata (dhaincha) fibres
of three different stages were processed further by
scouring to make them soft and free from dirt and other
impurities.
Physical properties of the S. aculeata (dhaincha) fibres

fibres of three different stages i.e., stage I (2 ½ month),
stage II (3 ½ month) and stage III (4 ½ month) treated
with different scouring agents are presented in Tables 2,3
and 4, respectively.
It is clear from Table 2 that the strength of
unprocessed fibres was higher than the strength of
processed fibres, i.e., fibres treated with different
scouring agents. This may be due to the removal of
cementing content, lignin, present in between the fibres
owing to the action of scouring agents. The other
properties like moisture regain, fibre fineness, elongation
and whiteness index improved in processed fibres as
compared to unprocessed fibres. This improvement may
be due to the removal of dirt, vegetative matter, lignin and
other impurities present on the surface of the fibres during
scouring.
On comparing the physical properties of fibres of
stage I scoured with different scouring agents, it was
found that the fibres treated with ammonium oxalate
exhibited maximum tenacity (5.29 g/ d) and moisture
regain (6.65 percent) while the fibres treated with sodium
carbonate showed excellent elongation (6.47 percent)
and good whiteness index (- 6.20). The fibres scoured
with enzyme pectinase were finer (21.40 denier) than the
fibres treated with other chemical scouring agents.

The physical properties of the S. aculeata (dhaincha)

There was difference between the physical

Table 1: Parameters used in chemical and enzymatic scouring of Sesbania aculeata (dhaincha)
S.No Scouring agent
1.
2.
3.
4.
5.

Ammonium Oxalate
EDTA
Sodium carbonate
Detergent
Sodium hydroxide
Detergent
Pectinase

Amount
(g/l)
5g/l
5g/l
5g/l
2g/l
5g/l
5g/l
1g/100ml

Time
(min)
120
60
30

Temp
(°C)
100
100
80

MLR

pH

References

1:50
1:50
1:50

-

Yueping et al., 2010
Chattopadhyay et al., 2001
Dauda et al., 2003

60

100

1:50

-

Chattopadhyay et al., 2002

45

40

1:50

4

Sundar, 2007

Table 2: Physical properties of processed S. aculeata (dhaincha) fibres of stage I treated with different scouring
agents
Physical properties
Scouring agents
Unprocessed fibres
Sodium hydroxide
Sodium carbonate
EDTA
Ammonium oxalate
Pectinase

Moisture
regain
(percent)
5.03
6.27
4.99
5.38
6.65
5.18

Fibre strength
(g/denier)
5.38
4.33
3.16
4.61
5.29
4.27

Fibre
elongation
(percent)
2.01
5.40
6.47
3.75
4.34
3.76

Fibre
fineness
(denier)
35.01
35.96
34.85
25.63
32.78
21.40

Whiteness
index
-19.28
16.50
- 6.20
-8.90
-13.10
-14.80
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properties of fibres treated with different scouring agents
Significant differences were found in all the of moisture
regain of fibres treated with different reagent at five
percent level of significance. Similarly significant
difference was observed between the fineness of fibres
treated with NaOH and EDTA but non-significant
difference was found between the fineness of fibres when
treated with Na2CO3 and other scouring agents. This
implies that the NaOH and EDTA were effective in
removing vegetative matter from the raw fibres as
compared to Na2CO3 and other scouring agents. Nonsignificant difference was found in both the single fibre
strength and fibre elongation of S. aculeata (dhaincha)
fibres of stage I treated with different scouring agents at
5% level of significance. This entails that different
scouring agent have similar effect on the fineness and
elongation of fibres. Significant difference was found
between the whiteness index of fibres treated with
different scouring agents at five percent level of
significance. This can be concluded that the whiteness
index of fibres varied with type of chemical used in
scouring recipes.
Table 3 clarifies that S. aculeata (dhaincha) fibres of
stage II scoured with ammonium oxalate exhibited
maximum tenacity (5.31 g/ denier), moisture regain (6.51
percent) and elongation (5.48 percent) as compared to
fibres treated with other scouring agents. The fibres of
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stage II treated with sodium carbonate had maximum
fineness (33.74 denier) while maximum value of
whiteness index (-13.15) was observed in S. aculeata
(dhaincha) fibres treated with pectinase enzyme.
Non-significant difference was found between the
strength of fibres of stage II, treated with ammonium
oxalate and other scouring agents, as the scouring agents
used may have similar effect on the strength of fibres.
Significant difference was found between the moisture
regain of fibres treated with other scouring agents, this
may be due to the efficacy of chemical used for scouring
in removal of vegetative matter from the surface of fibres.
Significant difference was found between the
percent elongation of fibres when treated with NaOH and
Na2CO3, NH4)2 (COO)2, pectinase, But non-significant
difference was found between the elongation of fibres
treated with EDTA. This implies that the effect of EDTA
was less on fibres as compared to other agents. Nonsignificant difference was found between the fineness of
fibres when treated with Na2CO3 and other scouring
agents. Significant difference was found between the
whiteness of fibres when treated with different scouring
agents. This may be due to efficiency of scouring agent in
removal of vegetative matter from fibre surface varies
from one another.

Table 3: Physical properties of processed S. aculeata (dhaincha) fibre of stage II treated with different scouring
agents
Physical properties
Scouring agents
Unprocessed fibres
Sodium hydroxide
Processed Sodium carbonate
fibres
EDTA
Ammonium oxalate
Pectinase

Moisture
regain
(percent)
4.75
6.21
4.87
5.34
6.51
5.70

Fibre strength
(g/denier)
5.39
4.47
3.87
4.61
5.31
5.08

Fibre
elongation
(percent)
2.78
4.17
3.33
4.78
5.48
5.14

Fibre
fineness
(denier)
36.03
36.17
33.74
34.80
36.80
35.80

Whiteness
index
-22.64
-22.09
-16.39
-21.20
-13.17
-13.15

Table 4. Physical properties of processed S. aculeata (dhaincha) fibre of stage III treated with different scouring
agents
Physical properties
Scouring agents
Unprocessed fibres
Sodium hydroxide
Processed Sodium carbonate
fibres
EDTA
Ammonium oxalate
Pectinase

Moisture
regain
(percent)
4.49
5.95
4.45
5.34
6.36
5.73

Fibre strength
(g/denier)
5.64
4.50
4.22
4.80
5.41
4.50

Fibre
elongation
(percent)
2.70
3.09
3.51
2.82
4.78
3.30

Fibre
fineness
(denier)
40.55
39.99
38.94
37.79
40.03
29.23

Whiteness
index
- 23.88
-22.86
-16.49
-21.21
-13.19
-13.17
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It can be envisaged from the data given in Table 4 that
S. aculeata (dhaincha) fibres of stage III, scoured with
ammonium oxalate, exhibited maximum tenacity (5.41g/
denier), highest elongation (4.78 percent) and moisture
regain (6.36 percent) whereas the fibres treated with
pectinase exhibited better fineness (37.79 denier) and
whiteness index (-13.17).

were more noticeable in case of unprocessed fibres while
fissures were reduced remarkably in processed fibre
owing to the removal of gum and impurities from surface
of fibres. The cross sectional microscopic view of S.
aculeata (dhaincha) fibres showed that both processed
and unprocessed fibres were irregular in shape with
serrated edges.

Non significant difference was found between the
strength of fibres treated with different scouring agents.
The effect of scouring agent was almost same on the
strength of fibres. Non-significant difference was also
found in the elongation, fineness, whiteness index of
fibres treated with different souring agents. This
concludes that the efficiency of scouring agents in
removal of colouring matter, waxes and vegetative matter
from the surface of the fibres was similar. Significant
difference was found between moisture regain of fibre
treated with other scouring agents. This concludes that
the scouring recipes differed in removal of hydrophobic
matter from the fibres.

Comparison between unprocessed and processed fibers
of different stages treated with selected scouring agent
i.e., Ammonium oxalate

On comparing the physical properties of dhaincha
fibre of stages I, II and III treated with different scouring
agents, it was noticed that the fibres treated with
ammonium oxalate in all three stages exhibited best
properties as compared to other.
The longitudinal view of retted and scoured samples
of S. aculeata (dhaincha) fibres of three stages as
observed under microscope (magnification 40X) are
given in Figure 5 a and b. It is clear from the figures that S.
aculeata (dhaincha) fibres have cylindrical structure
without any node. The surface of fibre appeared rough
due to presence of longitudinal fissures. These fissures

The physical properties of Sesbania aculeata fibres
of all three stages treated with ammonium oxalate
exhibited excellent properties so it was considered as the
best scouring agent for the processing of S. aculeata
(dhaincha) fibres. Therefore to observe the effect of
selected scouring agent on all three stages, the physical
properties were compared to see the variation in relation
to three different plant stages. The results were compared
with the help of graphs (Figure 6).
Figure 6a showed that the strength of unprocessed
fibres is greater was compared to processed fibres and
also the strength of fibre obtained from older plant is more
as compared to fibres from younger plants. Kundu (1996)
had also reported that the unprocessed fibres obtained
from stem of old plants contained more non cellulosic
content as compared to those extracted from young
plants. Further on comparing the strength of processed
fibres of three stages it was found that, strength of
processed S. aculeata (dhaincha) fibres of stage III was
slightly higher (5.41 denier) as compared to fibres of I and
II stages, which had strength as 5.29 g/ denier and 5.31 g/
denier, respectively. The results are in consonance with

Fig. 5: Longitudinal view of (a) retted (b) scoured Sesbania aculeate (dhaincha) fibres of three different stages.
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the findings of Bhatia (1988) who reported that the fibre
strength of the banana fibre as 5.63 g/denier. Nonsignificant difference was found between the strength of
fibres obtained from three different stages and scoured
with ammonium oxalate.
From figure 6b, it is clear that unprocessed fibres of
stage III were coarser than I and II stage fibres. According
to Angappan et al. (2002), higher the value of fibre
fineness in denier, the coarser will the textile material and
vice-versa was noticed. On comparing processed and
unprocessed fibres it was found that the value of fineness
decreased in fibres for all three stages after scouring i.e.,
the fineness increased. This may be due to the removal of
impurities from fibre surface by alkali treatment that lead
to loss in weight of fibres According to Trotman 1994, the
factors like scouring and bleaching reduces weight
without altering length leads to decrease in fiber count
i.e. fibers become finer after the treatment. Significant
difference was found between the fineness of fibres of I
and III stages and fibres of II and III stages but nonsignificant difference was found between the fineness of
fibres of I and II stage.
The figure 6c depicts that the elongation of
unprocessed S. aculeata (dhaincha) fibres of stage II was
found higher (2.78 percent) than fibres of stage I (2.01
percent) and stage III (2.70 percent). This means that the
fibre from immature and over mature plant are less
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flexible as compared to mature plant due to the absence of
optimum cellulosic content. The elongation of S.
aculeata (dhaincha) fibres in all three stages increased
after processing. Chattopadhyay et al. (2006) also
reported in their finding that alkali treatment of bast fibres
removed lignin, carbohydrate complex content which in
turn improved the fibre quality in terms of elongation.
But non-significant difference was found between the
fibre elongation of fibres obtained from three different
stages, and treated with ammonium oxalate.
It could be clear from Figure 6d that the moisture
regain of unprocessed fibres increased after processing in
all three stages. The difference in moisture regain may be
due the removal of the lignin after scouring. This has also
been reported by Lewin (2007) that the presence of lignin
decreases moisture absorption due to its hydrophobic
nature. Non-significant difference was seen in moisture
regain of scoured fibres of three different stages.
It can be seen from Figure 6e that unprocessed S.
aculeata (dhaincha) fibres exhibited higher value of
whiteness index as compared to processed fibres. The
higher negative value of the whiteness index indicated
that the fibres were not white in colour. i.e., the lower
whiteness of fibres was noticed in case of unprocessed
fibres. Significance difference was found between
whiteness index of fibres of three different stages, and
scoured with ammonium oxalate.

Fig. 6: (a,b,c,d,e) Graphical representation of values for physical properties of S. aculeata (dhaincha) fibres extracted
from 2 ½, 3 ½ and 4 ½ months
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The physical properties of S. aculeata (dhaincha)
fibres correspond to the properties of some other fibres
such as jute, hemp and coir (Table 5) that are
commercially popular.
Table 5: Comparison of physical properties of bast fibres
Properties Tenacity Elongation Moisture Fineness
Fibre type
region
(g/denier) (percent) (percent) (denier)
Jute
3-4
1.7
13.75 18.9 - 33.3
Hemp
3.67
2.73
12
18.15
Coir
1.1
30
10.5
24 - 800
Dhaincha 5.3 - 5.6 2.01 - 2.7
6
36 - 41
CONCLUSION
The awareness among people regarding
environment protection owing to enhanced knowledge
has forced the manufacturers to shift toward the
technologies that will provide good health and comfort.
Scientists and technologists have begun to look for novel
natural fibres as a constructive option to lessen the
environmental damage. Efforts, to reduce pollution are
being made by adopting techniques and materials which
are green or in other words ecological. Unconventional
fibres possess the potential to become an ecological
source for textile production in industries, if processed
properly. Attempts are being made for improving the
quality, appearance and market value of these fibres with
the help of different processing methods. One such
unconventional plant source of textile fibre is dhaincha,
used in cordages and nets, was exploited in the present
study. The extraction of S. aculeata (dhaincha) fibres of
different stages could provide possible option for
diversified product development. Negligible difference
was found in the properties of these fibres. Therefore the
fibres extracted from all the stages can be utilized for the
production of household or agro based textiles.
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