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ABSTRACT 

Stinging Nettle, also known as Bichhu ghass, is obtained from stems of plant. Stinging Nettle is a perennial plant found 

in temperate and tropical wasteland areas in Himalayan foot hills. It is largely available in forest and in outskirt of the 

villages of Uttaranchal. Nettle is one of the most undervalued economic plants with potential application in wide range 

of usage. In this, study has been carried out to investigate the structural, mechanical, physical and chemical properties 

of Stinging Nettle fibre. The tensile properties were also studied. The stress/strain curve of stinging nettle shows they 

have a linear behaviour.  
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1. INTRODUCTION 

Demand for eco-textiles in the clothing remains high despite the current economic environment. Buyers are 

concerned about global climate change and the impact of product’s production on the planet. They are more aware 

and better informed, and want to buy garments made from sustainable fibres. Fair trade is of less concern but does 

play a part in buying decisions and trends. According to Marwaha (2007), the growing concerns for the degrading 

environmental conditions have led to the search and development of eco-friendly and biodegradable fibres. These 

fibres, being eco-friendly, do not pose the toxicity and waste disposal problems. Eco-friendly fibres are natural 

fibres, sub-divided into organic (vegetable and animal) and inorganic (mineral) fibres. Globally, there is a shift 

away from the synthetic and a move towards the natural. Uttaranchal became the 27th state of the country on 9th 

Nov’ 2000. The new state represents the high aspirations of its people for their all-around socio-economic 

development. The state forms a part of Central Himalayas. Uttaranchal has an area of 53,483 sq.km (which is 

1.67% of the total land-area) spread over 13 districts having a total population of 85 lakhs (Uttaranchal Bamboo and 

Fibre Development Board, 2009). The state has 92.57% area as hilly and only 7.43% as plains. 

 
Figure 1: Nettle Plant. 
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The nettle stinging (Urticadioica L.) is a perennial plant that contains unlignified, sclerenchyma tic fibres in the 

bark. Several species of the nettle family (Urticaceae) produce bast fibres similar to flax, and many of these species have 

been used to produce fibre for making textiles and clothing for thousands of years. The three main fibre producing species 

are European nettle, Ramie and Himalayan nettle. European nettle is difficult to grow commercially. Ramie, on the other 

hand, produces a fine fibre that is produced commercially in China and Japan. Himalayan nettle is a large nettle grown 

mainly in the Himalayan region. In all these species, the fibre comes from the stem and, incidentally, there is no sting left 

in the extracted fibre. 

It is thought that nettle fibre has been used to make thread and fabric as far back as 2000 years. Before the 

discovery of cotton, nettle has been used throughout Europe as the fabric of choice for better garment and linens. 

Inventions of manmade fibres have led to its abandonment as a source of textile. Dunsmore (2003) has opined that 

European nettle was used in the early world wars because of its similarities to cotton, which was unavailable at the time. 

As it is a potential replacement for cotton, it has a wide variety of uses. It is produced via the same method as cotton which 

is called "cottonising" and this is a physio-chemical method. 

In India, it is found in Himalayan foot hills largely available in forest and in outskirt of the villages of Uttaranchal. 

Nettle is dull-green in colour when mature, 25-150 cm in height, armed with minute prickles on the stem and under the 

leaves that release an acid, skin irritating juice when pressed or broken. The stem is 4-angled and branching, arising from a 

creeping and branching rhizome. The extraction of nettle fibres is of great importance since the quality as well as quantity 

of extracted fibres is strongly influenced by the method of extraction employed. Extraction of fibre means separation of 

fibre from the cementing substances such as pectin or lignin, wax, resin, fats, and other carbohydrates. Fibres are extracted 

mechanically. 

Nettle has several qualities that are of great interest to fabric and clothing manufacturers. Length of the fibre is 

greater than any other plant fibre known to man, which increases spinning options and, hence, fabric possibilities. Fibre has 

remarkable high tensile strength, fineness, and specific weight. This allows production of fine fabrics and technical 

applications (Bodros and Baley, 2007). According to Crebas (2012), tensile strength of nettle fibre is 7-8 times that of 

silkand cotton and; this is improved by wetting. 

Stinging nettle has hollow core which is useful for creating fabrics with thermal properties, both warm and cool. It 

has good wrinkling recovery properties. In addition, it is reputed to be antimicrobial, antibacterial and fire retardant and 

moth proof. It contains 7.3% moisture and 1.5% ash. Fibre resembles flax in length, firmness and microscopic structure but 

is softer, more open and downier. Tests on nettle fibre extracted from wild plants growing in Darjeeling have shown that it 

can be spun into long filaments; the density and the tensile strength of the fibre are higher than those of flax (Uttaranchal 

Bamboo and Fibre Development Board, 2009). 

One more factor in favour of nettle is that it is environmentally sustainable. It can be grown very easily. It requires 

very less water and rare utilization of pesticides. In comparison, Cotton uses more hazardous pesticides than any other 

crop. Cotton even though is natural fibre, but growing cotton is not at all environment friendly. 

It is a well-known fact that natural fibres especially minor fibres such as nettle, alone cannot cater to the 

increasing demand of clothing and other items. Himalayan nettle will always be a very small part of the overall finer 

market and a small player in the sustainable fibre market segment.  
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Today’s fashion conscious consumer demands variety in textile products. Moreover, textile consumer is 

concerned with high performance, low cost and aesthetic appearance of fabric. Fibre properties determine the behaviour of 

the textiles at all stage of processing and manufacturing. It also determines the performance characteristics of yarn and 

fabric in use. There are a number of fibre properties which can influence the quality of the yarn. Fibre testing becomes all 

the more important for natural fibres because a lot of variation is found in these fibres affecting the quality of yarn as well 

as fabrics. In the present study, an attempt to test the properties of nettle fibre for apparel use to create better product in 

various aspects such as aesthetic appeal, ease in availability, ease in care as well as cost effective.  

2. MATERIAL AND METHODS 

Stinging Nettle fibre was purchased from Uttaranchal Bamboo and Fibre Development Board, Uttarakhand.  

2.1 Fibre Fineness (ASTM D-1577) 

Fibre fineness was measured with help of Vibroskop-400. This is an instrument which works on vibration method. This is 

the most advanced technique for measurements of linear density of single fibre. Percent coefficient of variation values are 

also given by the instrument. The single fibre was placed in the machine with the help of the tweezers. The vibration was 

set on the fibre through electronic impulse and the frequency ofvibration was measured by opto-electronic device and 

directly converted into the value of denier. Thirty samples were tested in this way and results were obtained in the form of 

computer printout. It also provides coefficient of variation percent and standard deviation values. 

2.2 Fibre Diameter (IS: 744-1977) 

Profile method was used to measure diameter. In this method, profile images of short pieces of the fibres are projected on 

to screen and the diameter of these images is measured by means of graduated scale. Single fibre was taken and transferred 

on to a slide. A few drops of suitable mounting medium (Cedar Wood Oil) was put and cover glass was placed over the 

fibre. Slide was mounted on the stage and focused. Diameter of both the fibres was measured with the help of projection 

microscope and recorded. The readings were taken on 500 magnification and results were obtained in milli meter which 

were later on converted to microns as follows: 

1 micron = 10ˉ6 meter 

1 mm = 10ˉ3 meter 

Thirty readings were taken for each of the fibre and their mean value was calculated along with coefficient of 

variation. 

2.3 Tenacity (ASTM D: 3822) 

Tenacity was measured with help of Vibrodyn-400. This is computer controlled automatic single fibre tenacity tester 

which works on the principle of Constant Rate of Elongation. This instrument gives tenacity at break and elongation 

percentage. Instrument also gives stress-strain curves of fibres. The single fibre was fixed between the two jaws in 

the machine. The gauge length was 20 mm. The lower jaw moved at a constant rate of elongation. When the fibre 

broke, the instrument gave reading of tenacity at break in g/d and elongation percentage. Thirty fibres were tested in 

this way and results were obtained in the form of computer printout. It also provided standard deviation and 

coefficient of variation percent. 



4                                                                                                                                                     Shikha Bhardwaj, Suniti Sood & Kavita 

 

Impact Factor (JCC): 5.8167                                                                                                                                           NAAS Rating: 2.94 

2.4 Fibre Length (IS: 10014) 

Length of fibre was determined with the help of Baer Sorter. The fibre sorter is an instrument which enables the sample to 

be fractionalized into length groups. The operation includes reparation of fringe or tuft with all the fibres aligned at one 

end, separation or withdrawal of fibres in order of decreasing length, preparation of sorter diagram by laying the fibres on a 

black velvet pad in decreasing order of length, the fibres parallel and their lower ends aligned along a horizontal base line. 

Average or mean length was determined by finding height of the curve by diving the total area under curve by the base 

length. 

2.5 Fibre Crimp (ASTM D: 3937) 

Crimp of fibres was assessed by counting the number of ‘waves’ or ‘curls’ present in the fibre and expressed as the number 

of ‘waves’ or ‘curls’ per unit length. A random sample of 30 fibres was cut to 40 mm length. One end of each fibre was 

placed in one jaw of the instrument, while the other end was attached to a fine chain, supported by movable element. The 

numbers of crimps were counted with the help of magnifying glass against a black paper board. An average of 20 readings 

was taken and crimp was calculated by following formula. 

 

2.6 Moisture Regain (IS: 199-1973) 

Test specimen was drawn randomly from the lot and weighed. It was then placed in the drying oven at 105ºC to 110ºC for 

20 minutes and weighed. This procedure was repeated till constant weight was achieved, and is called oven dry weight. 

Percentage moisture regain was calculated as follows (Booth, 1986). 

 

Where, 

a = original weight in grams of the test specimen 

b = oven dry weight in grams of the test specimen 

2.7 Microscopic Appearance 

The microscopic appearance of stinging nettle was studied by using Nikon E 400 fluorescent microscope. The slides were 

prepared by mounting the fibre with the help of glycerine. The photographs of longitudinal and cross- sectional structure of 

fibre were taken directly from a digital camera (Cool Pix 995) attached to the microscope. 

2.8 Scanning Electron Microscopy (SEM) of Fibre Surface 

The Scanning Electron Microscopy (SEM) is a type of electron microscope capable of producing high resolution images of 

a sample surface. SEM images have a characteristics 3-dimensional appearance and are useful for judging the surface 

structure of the sample. In SEM, electron is emitted from a tungsten or lanthanum hexaboride (LaB6) cathode and is 

accelerated towards an anode. The electron beam is focused by one or two condenser lenses into a beam with a very fine 

focal spot sized 1 nm to 5 nm. The beam passes through pairs of scanning coils in the objective lens, which deflect the 

beam over a rectangular area of the sample surface. As the primary electrons strike the surface, they are scattered by atom 
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in the sample. Through these scattering events, the primary electron beam effectively spreads and fills a teardrop-shaped 

volume, known as the interaction volume. Interactions in this region lead to the subsequent emission of electrons which are 

then detected to produce an image. Samples viewed under an electron microscope may be treated in many ways. In this 

case, fibre samples were given silver coating and placed on the instrument forscanning. Images shown on the computer 

screen were stored. Surface of stinging nettle was scanned. 

3. RESULTS AND DISCUSSIONS 

3.1 Physical Characteristics 

Fibres are the smallest visible units characterized by great length relative to its cross section. They are derived from 

specific substances, are usually of a definite length and diameter, and possess identifiable microscopic, physical and 

chemical characteristics (Alexander, 1977). Fibre testing is very important since fibre is the basic unit of yarn. Table 1 

show properties of the fibre. 

Table 1: Stinging Nettle Fibre Properties 

Sl. No Parameters Mean Values Coefficient of Variation (%) 

1. Fineness(denier) 16.25 43.28 

2. Breaking Strength (g) 59.03 60.59 

3. Tenacity (g/denier) 3.81 48.93 

4. Elongation at Break% 2.93 41.32 

5. Crimp (arcs/cm) 0.8 - 

6. 

Fiber length 

Minimum length 
Maximum length 

65.97 

16.0 
171.0 

56.16 

7. Diameter (microns 68.57 38.20 

8. Moisture Regain (%) 7.56 - 

3.1.1 Fibre Fineness 

The fineness of the fibre directly affects the properties of resultant yarn and fabric. In natural fibres, fineness is often an 

important aspect of quality. In general, thinner fibres are of higher quality because they are softer, more pliable and have 

better drapeability (Tortora, 1982).  

It can be observed from Table 1 that mean fibre fineness of stinging nettle was 16.25 denier with 43.28 percent 

coefficient of variation. The high value of coefficient of variation suggests that a lot of variation existed in the fineness of 

stinging nettle. It may be attributed to one reason that it is a natural fibre. Hollen and Saddler (1973) stated that natural 

fibres are subject to lack of uniformity and variation in quality because they are affected by weather, nutrients, insects and 

disease. 

3.1.2 Fibre Diameter 

In natural fibre, the diameter usually varies from one part of the fibre to another because of irregularities in fibre size. It 

influences spin ability and processing technique (Parthasarthy, 2009). Fibre diameter was measured in micron. Table 1 

reveals that diameter of nettle fibre was found to be 68.57 microns with 38.20 percent of coefficient of variation.  

3.1.3. Fibre Length and Crimp Frequency 

Fibre length is one of the factors on which the spinning efficiency and quality depend. Crimp affects fibre friction and 

cohesion which gives bulkiness and warmth. It also plays important role in resiliency and elasticity of fibres. 
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Table 1 shows that the average length of nettle fibre was found to be 65.97 cm with 56.16 percent of coefficient of 

variation. Parthasarthy (2009) opined that the Staple length of natural fibre is governed primarily by inheritance but also 

depends on environmental condition during the growth of the fibre. Higher CV% of nettle fibre indicates high variation in 

its length. 

It is clear from Table 1 that the number of crimps per cm in stinging nettle was 0.8, the higher crimp indicates 

finer fibre. Gunti (2014) stated that generally higher crimp indicates finer fibre. The crimps imparts bulk, minimizes fibre 

breakage during processing. Crimp is an important parameter for spinning. Bliss (2005) observed that the fibre diameter 

was inversely related to crimp frequency (crimp/unit length). Same phenomenon was observed in case of nettle fibre. 

Crimp per unit length has been considered a good visual indicator of relative fineness. Debnath (1975) stated that the fibres 

with higher crimp value behave well during processing. Bhawana et.al (1998) also reported that crimp increases 

cohesiveness, resiliency and resistance to abrasion. 
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Figure 2: Frequency distribution of Length of Nettle Fibre. 

3.1.4. Breaking Strength, Tenacity and Elongation 

Tensile strength and elongation are two prime characteristics of most of the raw materials. These two properties often play 

a major role in determining the suitablity of any raw material for any specified application. It is therefore of utmost 

importance to determine these characteristics accurately. The tensile properties such as tenacity and elongation at break of 

fibres were determined. The strength of fibre is referred to as tenacity. Strength of fibres differing in fineness is measured 

and compared in term of tenacity. Tenacity of fibre was measured in gm/tex where gram per tex is the grams of load 

required to break a fibre of tex count. Elongation is the stretching or lengthening of a fibre on application of load. 

Measurement of elongation is commonly made as “elongation at break”. Breaking elongation is the amount of stretch a 

fibre undergoes to the point at which it breaks. 

It is evident from Table 1 that average tenacity of stinging nettle fibre was found to be 3.81 g/d with 48.93 percent 

coefficient of variation, 2.93 percent elongation at break with 41.32 percent coefficient of variation. On the basis of result, 

it can be said that tenacity of nettle was better. The strength of fibre is referred to as tenacity. Strength of fibres differing in 

fineness is measured and compared in term of tenacity.  

The tensile behaviour of vegetable fibres mainly relies on their cellulose composition and, moreover, on the 

orientation of the microfibrils. The microfibrils in flax have a 10° angle with regard to the fibre axis. Nishiyama et al(1998) 

showed that the fibril angle of ramie fibres was estimated to be 3°. Ramie and stinging nettle are part of the same family. 
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The linear behaviour of stinging nettle fibres can be explained by the orientation of the microfibrils and reveals they have a 

small tilt angle. 

3.1.5. Stress and Strain Characteristics of Fibre 

 
Figure 3: Stress and Strain Characteristics. 

Stress and strain behaviour of stinging nettle can be observed from the tenacity-elongation curves, as given in 

figure 3, elongation percent was taken on X – axis and fibre tenacity (g/denier) was taken on Y – axis. It can be observed 

from the figures that stress/strain curve of stinging nettle fibre have a linear behaviour. It also shows that tenacity increased 

with the increase of elongation and finally the fibre broke at 3.8 g/d with 2.93 percent elongation. Bodros (2008) opined 

that the stinging nettle fibres have more linear behaviour in comparison of flax. Baley (2002) stated that stress at break and 

Young's modulus of the flax fibres decrease when the fibre diameter increases. The same behaviour is noticed for nettle 

fibres. 

3.1.6. Moisture Regain 

Moisture regain value of nettle fibre was found to be 7.56% (Table 1). The result is in accordance with the moisture regain 

value of flax fibre which is 7 percent as reported by corbman (1967). This difference in moisture regain is again due to 

difference in the morphology or polymer structure of fibres. Nettle is natural cellulosic fibre with polar groups (OH) (Gohl 

and Vilensky, 1987).  

3.2. Structural Characteristics 

A SEM image of the fibre was shown in figure 4. It clearly shows fibre strands distinctly visible with clear surface in nettle 

fibre. Ghosh (1990) found that individual fibre strands were visible, without any inter strands in SEM image of ramie fibre. 

Nettle and ramie belong to same family. 

   

Figure 4: Scanning Electron Microscopy. Figure 5: Longitudinal View. Figure 6: Cross Sectional View. 
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Figure 5 longitudinal view of nettle fibre shows a thick, regular fibre with subdued lustre. Cross marking or nodes 

are visible along the length of the fibre. Cross section structure of nettle fibre is shown in figure 6. 

The fibre bundles are located at the inner cortex that the fibres seem to have a channel in their centre called the 

lumen. Furthermore, the fibres have a polygonal shape with rounded edges in cross section. Bodros (2008) stated that the 

cross section surface of single flax and nettle fibres were measured. One can consider that they have a circular section 

which yields easier calculation of an average diameter. 

4. CONCULSIONS 

Development of sustainable fibres for high performance applications is challenging because of the high mechanical 

strength properties demanded by such fibres and the general lack of such properties in natural fibres. Stinging nettle (U. 

dioica) has many interesting properties. The whole plant can be used in either medicinal, human or cropfood, and clothing 

applications. 

The stress/strain curve of stinging nettle fibres is linear. The Young's modulus and ultimate stress depend on the 

fibre diameter. Further studies will be carried out to determine the composition/structure of the fibres (more particularly the 

cellulose percentage and micro fibril tilt angle), and the behaviour of polymers reinforced by stinging nettle fibres. The 

mean length of stinging nettle Fibre has the longest fibre length reported for any bast fibre. Nettle cross-sectional shape is 

typically much wider, flatter and oval-shaped reported for any bast fibre.  

These interesting properties present significant opportunities for nettle fibre, particularly Himalayan giant nettle 

(G. diversifolia) fibres, for use in high performance applications. High tensile properties may provide fibres with high 

strength, high resistance or significant elasticity; the large cross-sectional area combined with a large lumen potentially 

also offer a fibre with good insulation properties. These properties in a sustainable, renewable fibre must open up 

opportunities in performance apparel at least, and are certainly superior to other bast fibres where limitations in their 

properties may reduce potential in this area.  

This study proves nettle fibres have very interesting tensile properties and could also be suitable as reinforcing 

components in composite materials. Work to develop applications for these fibres is ongoing. 
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