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Natural fibres are biodegradable and more environment friendly in terms of production, processing 
and waste disposal. They are the raw materials for the textile industry which is the backbone of the 
Indian economy. Flax/linseed (Linum usitatissimum L.) plant is a fibre crop that is mainly cultivated 
for the extraction of linseed oil from the seed. Retting, scutching and hackling are the important unit 
operations to obtain flax fibre from its stalk. Flax fibre has unique properties like soft, lustrous, flexible 
and high breaking strength. Flax fibre can be blended with jute and other allied fibres to produce various 
diversified value-added technical textile products. The developed flax fibre extractor is operated by a 1 
hp motor with an extraction capacity of 150 kg hr-1 dry stalks. The efficiency of the extractor is 80-85% 
with a fibre yield 7.0-8.0 kg hr-1. Sisal (Agave sisalana) fibre is a leaf fibre that belongs to Agavaceae 
family. The leaves are long, straight, dark green, pointed often covered with waxy bloom which contains 
90% moisture and 3-5% fibre depending on the age of the plant. The developed sisal fibre extractor is 
operated by a 2 hp motor with an extraction capacity of 50 kg hr-1 green leaves. The efficiency of the 
extractor is 80-85% with a fibre yield of 1.5-2.0 kg hr-1. The whole length of the green sisal leaf can be 
fed continuously and there is no requirement of manual dragging of the processed leaves. The leaf is 
mechanically scrapped, then washed in water and sun-dried. The fibre obtained is fairly coarse and 
inflexible which can be blended with other natural fibres to produce different textile products.  
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Flax/linseed (Linum usitatissimum L.) belongs to 
the genus Linum and family Linaceae and is well known 
for its fibre and oil yield (Debnath et al., 2018). It is 
commonly known as alsi, tisi, oama, kshuma, linseed, lin 
and linen. The plant produces less seed and has flexible 
straw when it is cultivated for the extraction of fibre but 
when it is grown as oilseed, the height of the plant is 
shorter with flower and fruit bearing lateral branches, 
yielding more quality seed with high oil content. In India 
flax is mainly grown in Madhya Pradesh, Uttar Pradesh, 
Maharashtra, Bihar, Rajasthan, Karnataka, Andhra 
Pradesh, and West Bengal as an oilseed.  The most 
favourable and ideal place for the successful cultivation 
of flax in India lies on the valleys of the Himalayan 
ranges, where the winter simulates a European summer 
(Naik et al., 2012).  During the growing period, a cool 
humid climate with temperature from 10 to 27°C, a 
diurnal fluctuation of relative humidity of 30% to 95% 
and cloudy weather is desirable. The flax plants tend to 
branch and grow as linseed during hot and dry climate.

Linseed oil and flax fibres are of different varieties 

while some varieties excel in both where they are 
harvested when the capsules are immature. Flax is 
relatively non-lignified, soft, flexible, lustrous and pale 
yellow. Its fibre is superior to jute for spinning as its 25-
50 mm long fibres are free of meshwork. Flax spinning 
is not different from a jute spinning system although it 
does not require breaker-carding.  Flax may, however, be 
spun on a cotton system, if properly blended with cotton. 
Flax fibre is a cellulosic polymer, which is stronger, 
crisper and stiffer to handle as compared to cotton. It is 
mainly used for making linen which can also absorb and 
release water quickly, making linen comfortable to wear 
in hot weather. About 70% of the linen manufactured is 
used in the textile industry, which includes fabrics and 
high quality household textiles (Debnath et al., 2018). 
Lower grade fibres are also used as reinforcement and 
filler in thermoplastic composites. Fine and regular 
long flax fibres are spun into yarns for linen textiles. 
Linen fabric maintains a strong traditional niche among 
high quality household textiles - bed linen, furnishing 
fabrics, and interior decoration accessories. Shorter flax 
fibres produce heavier yarns suitable for kitchen towels, 
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sails, tents and canvas. Lower fibre grades are used as 
reinforcement and filler in thermoplastic composites and 
thermoset resins used in automotive interior substrates, 
furniture and other consumer products. 

Sisal fibre (Agave sisalana L.) is a multicellular leaf 
fibre that belongs to the genus Agave. It occupies 6th place 
among fibre producing plants and representing 2% of the 
world’s production of plant fibres. At present Brazil is 
the largest producer of sisal fibre in the world, followed 
by China, Kenya and Tanzania. In India, sisal plants are 
found on hedges, bunds, wastelands, etc. It is grown in 
nearly 7 thousand hectares area in the country having 
nearly 10 thousand quintals of yield with a productivity 
of only 145 kg ha-1. Odisha is the most important state 
having the highest area under sisal plantation i.e., over 
3000 hectares with a production of about 5000 quintals. 
Other states with significant sisal plantations are Andhra 
Pradesh, Tamil Nadu, Maharashtra, Madhya Pradesh, 
Karnataka, Jharkhand and West Bengal (Naik, 2014).

A healthy sisal plant produces about 200-250 leaves 
during its 10-12 years life span. The harvesting of the 
plant started at the age of 2-2.5 years of its planting 
which is much beneficial for the growers since they 
can sell from second and third years up to twelve years 
(Abdullah and Jha, 2014). The sisal leaf fibre can be 
potentially used for making cordage viz., rope, twine and 
yarn), composite materials viz., automobile components, 
construction roofing and panelling materials) and woven 
materials i.e., carpets, bags and buffing cloth, etc (Nag 
and Nayak, 2009). 

Extraction of flax and sisal fibre through 
improved mechanical extractors and their chemical 
characterization was carried out at ICAR-National 
Institute of Natural Fibre Engineering & Technology 
(NINFET), Kolkata. The objective of this study was to 
evaluate the extracted flax and sisal fibre obtained from 
the improved extractor.  

MATERIALS AND METHODS

Extraction of flax fibre

Extraction is the post-harvest unit operation carried 
out to obtain or separate the fibres from the flax plant. The 
freshly harvested green flax plants (Fig. 1a) are retted 
and then sun-dried before subjecting to the extractor. 
Retting is the process through which the microbes 
penetrate into the substance and loosen the strong bond 
between the fibre and the stalk. The commonly used 

retting methodology adopted for flax is water retting, 
chemical retting, enzyme retting and dew retting. After 
retting, the wet retted straw is sun-dried and the dried 
stalk is subjected to scutching either manually or by 
using a machine to obtain the flax fibre. One flax fibre 
extractor was designed and developed by ICAR-CRIJAF, 
Barrackpore. The machine is powered by a single-phase 
1 hp electric motor. Dry retted flax or linseed stalks are 
fed manually into the machine and scutched fibre is 
collected by the same person. The machine consists of 
three sets of fluted nylon rollers through which straw 
passes for scutching action. Two men are needed for 
fibre extraction, one for feeding straw into the machine 
and the other for assisting the operator in keeping straw 
near to him, collecting machine waste and hackling the 
scutched fibre. The scutching capacity of the machine 
is about 5 kg dry fibre per hour. An improved flax 
fibre extractor was designed and developed at ICAR-
NINFET, Kolkata with the facility of more breaking/
scutching points for dried flax stalk by incorporating 
an additional pair of scutching rollers (Fig.  1b). Detail 
specifications of this flax fibre extractor (viz., capacity, 
efficiency and fibre yield) are given in Table 1. This 
facility helps in breaking of the fed dried flax stalk at 
small intervals so that the adhered stalk can be removed 
easily from the fibre. The dried stalk (Fig. 1c) is fed to 
the extractor manually which pass through the rollers 
and the scutched stalk is collected by the same person 
at the opposite end of the machine. The broken stalks 
and flax fibre obtained are shown in Figs. 1d and 1e, 
respectively. 

Extraction of sisal fibre

Traditionally sisal fibre is extracted from green 
leaves by hand processing method which is tedious 
and unhygienic. The sisal leaf (Fig. 2a) is harvested 
from the second to third year of its planting. The 
leaf  is decorticated mechanically to extract fibres 
which are washed in plain water and sun-dried. A sisal 
fibre extractor was designed and developed at ICAR-
NINFET where the drudgery involved in manual 
feeding and backward dragging of leaves is completely 
eliminated (Fig. 2b). The extractor is having a multi-
leaf feeding system, where three green leaves can be 
fed at a single pass simultaneously into the feeding 
mechanism. The fibre can be extracted from the 
whole length of the green sisal leaf. The extractor is 
run by a 2 hp motor with a capacity of 50 kg leaves  
hr-1. The important operating parameters of the sisal fibre 
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Fig. 1. Extraction of flax fibre

(b) Developed flax fibre extractor

(c) Retted and dried flax stalk (d) Broken stalks after extraction of fibre         

(a) Flax plant with green stems

(e) Flax fibre from developed extractor
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extractor are presented in Table 1. In the present study, 
the freshly harvested green sisal leaves were collected 
and pruned at both ends before subjecting them to the 
developed extractor. Utmost care was taken to place 

the green sisal leaves straight and horizontal before 
feeding to the rollers. The processed leaves were collected 
and washed before sun-drying to get the desired fibre  
(Fig. 2c). 

Fig. 2. Extraction of sisal fibre

(a) Sisal plant with green leaves (b) Green sisal leaves fed to the extractor

(c)  Processed green sisal leaf showing fibres

Table 1. Detail specification of the extractors

Sl. No. Particulars
Name of the extractor

Flax fibre extractor Sisal fibre extractor
1 Capacity of the extractor 150 kg hr-1 dry stalks 50 kg hr-1 green leaves
2 Efficiency of the extractor 80 - 85 % 80 - 85%

3 Fibre yield 7 - 8 kg hr-1 1.5 - 2.0 kg hr-1

4 Motor hp 1 hp 2 hp
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Characterization of the fibres
After extraction of the fibre, its chemical characterization 

was done through different fibre parameter analyses. 

Thermo gravimetric analysis 

The thermogravimetric analysis (TGA) was done 
by using Perkin Elmer STA 600 thermogravimetric 
analyser. About 5 mg of fibre sample was placed in a 
clean platinum pan, heated from 20 to 700°C under 
nitrogen atmosphere at a rate of 10°C min-1. The 
weight of the fibre in percentage with respect to heating 
temperature was recorded and used to derive thermal 
gravimetric analysis (TGA) curves.

Scanning electron microscopy 

Scanning electron microscopy (SEM) technique 
was employed to identify the surface morphology of the 
fibre by using SEM-EDAX Joel (6390-LA) instrument. 
After conditioning at 65% RH at 25°C for 24 hours, the 
fibre samples were mounted in an aluminium substrate 
at an angle of 45° and coated with gold with a thickness 
of approximately 90 Å. The fibre topography was then 
visualized in 100 X magnification. 

Fourier-transform infrared spectroscopy 

Fourier-transform infrared spectroscopy (FTIR) 
of the fibre was undertaken using a BRUKER FTIR 
analyzer (Model ALPHA) in an attenuated total 
reflectance (ATR) mode. Initially, the fibre was dried 
at 100°C for 2 hours and conditioned in a desiccator at 
65% RH at 25°C for 24 hours. After that, the sample was 
kept in the sample gauze and the reading was taken in 
the range from 4000 to 500 cm-1 wave numbers (Heinze, 
2015).

RESULTS AND DISCUSSION

The results showed that the flax extractor has an 
output capacity of 7.0 - 8.0 kg hr-1 dry fibre (150 kg hr-1 
dry stalks) with an extraction efficiency of 80-85%. The 
extracted fibre was found to be devoid of any damage 
resulting in high yield and better quality. This is due to 
the breaking down of fed stalk at multiple points after 
coming in contact with the paired rollers (Naik et al., 
2012; Dhirhi et al., 2015; Debnath, 2020). The fibre 
obtained from the sisal fibre extractor is creamy white in 
colour and having average length of 80 to 120 cm. The 
extractor has an output capacity of 1.5-2.0 kg hr-1 dry 
fibre (50 kg green leaves per hour) with an extraction 

efficiency of 80-85%. The extracted fibre was found to 
be uniform and good in quality (Naik et al., 2013). 

The results of the analyses using SEM, TGA and 
FTIR for the extracted flax fibre have been presented 
respectively in Figs. 3a, 3b and 3c and for sisal fibre 
in Figs. 4a, 4b and 4c, respectively. Fig. 3a shows that 
each flax fibre in a bundle is bonded to neighbouring 
fibres through epidermal tissue, adhesive pectin, and 
hemicellulose. In the case of sisal fibre, it was observed 
under SEM, that the fibre appeared as a bundle of 
filaments of dimension about 200μ in size and surface 
of the fibre is covered by a layer of lignin material 
and waxy substances which bond to its neighbouring 
fibres (Fig. 4a). Each fibre also has intermittent nodes 
at regular intervals. The results corroborate the earlier 
findings for jute and other natural fibres as reported by 
Nayak et al. (2016), Ammayappan et al. (2017) and 
Mohan et al. (2018). 

Fig. 3b shows three peaks in which the first peak 
is at around 100°C which is attributed to the removal 
of moisture present in the flax fibre; the second peak 
is attributed to the degradation of cellulose and 
hemicellulose polymers in the temperature range of 
185-385°C and third peak resulting from degradation of 
non-cellulosic substances i.e., charred mass. Similarly, 
for sisal fibre, Fig. 4b shows three peaks in which the 
first peak at around 100°C attributed to the removal of 
moisture present in the fibre; the second peak related to 
the degradation of cellulose and hemicellulose polymers 
in the temperature range of 185-385°C and third peak 
responsible for gradual degradation of the charred mass. 
The distinct peak at 312.5°C indicates the presence 
of the hemicellulose portion in the sisal fibre and the 
thermal stability of the raw sisal fibre which attributed 
to the extraction of good quality fibre. These results are 
in line with the findings by Ammayappan et al. (2019), 
Ammayappan et al. (2020a) and Ammayappan et al. 
(2020b).

The FTIR data as presented in Fig. 3c revealed 
the peaks for different groups at different wavelengths 
i.e., free hydroxyl groups of cellulose polymer (3429 
cm-1 and 1642 cm-1), methyl groups (2918 cm-1), 
carbonyl (>C=O) stretching of acetyl groups of 
hemicellulose (1731 cm-1), -CH3 asymmetric (1433 
cm-1), C-H symmetric deformations of lignin (1369  
cm-1) and pyranose ring of cellulose polymer (1063 
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(a) SEM micrograph of flax fibre (a) SEM micrograph of sisal fibre

(b) TGA curve of flax fibre (b) TGA curve of sisal fibre

(c) FTIR spectra of flax fibre

Fig.3. Analysis of extracted flax fibre

(c) FTIR spectra of sisal fibre

Fig.4. Analysis of extracted sisal fibre
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cm-1), respectively in flax fiber. In case of sisal fibre, Fig. 
4c shows the peaks of a conventional cellulosic fibre i.e., 
free hydroxyl groups of cellulose polymer (3434 cm-1 
and 1627 cm-1), carbonyl (>C=O) stretching of acetyl 
groups of hemicellulose (1731 cm-1) and pyranose ring 
of cellulose polymer (1114 cm-1), respectively. Similar 
results have been found by Ammayappan et al. (2017), 
Ammayappan et al. (2020a) and Ammayappan et al. 
(2020b). 

The flax and sisal fibres obtained were of good and 
uniform quality which can be blended with other natural 
fibres for diversified value-added products. Continuous 
and assured supply of these fibres can stop the import 
of these fibres from foreign countries to Indian 
textile industry thus saving the exchequers. Also, the 
availability of these fibres can help in developing a large 
range number of diversified value-added products. The 
cost of the developed flax fibre extractor and sisal fibre 
extractor is ` 95,000 and ` 1,50,000 respectively. The 
cost of operation for these extractors is highly reduced 
than in comparison to the manual process. The developed 
machine can also play a key role in establishing custom 
hiring centres comprising of natural fibre extractors thus 
helping in the establishment of agri-business start-ups 
in the rural level and uplifting the economical status of 
resource-poor farmers.
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