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ABSTRACT 

 This study deals with extraction of Azadirachta indica leaves using water and 

methanol. The extract was characterized by FT-IR and CIE L*a*b* colourimetric system for 

its group and colour co-ordinate values. Parameters for dyeing Lycra filament were 

standardized by using exhaust method. The dyed samples were characterized for their colour 

strength, colour co-ordinates values and fastness properties. The dyed samples show 

moderate to good washing and light fastness whereas improvement in colour strength without 

altering the tone was observed with the use of mordant. The sample treated with the water 

extract exhibits pale brown colour and pale to dark green colour with methanolic extract 

without significant loss in strength. The novel feature of this study was the use of FT-IR 

spectroscopy to identify the major chemical groups in the extract as well as its attachment on 

Lycra.  

 

KEYWORDS: Antimicrobial; Azadirachta indica leaves; Characterization; Lycra; Spectroscopy  

 

1. INTRODUCTION 

 Azadirachta indica commonly known as “Neem” belongs to Meliaceae botanical 

family and being abundantly available in nature. The principal constituents of these leave 

include protein (7.1%), carbohydrates (22.9%), minerals, calcium, phosphorus, vitamin C, 

carotene etc. [1, 2]. An extract from the leaves can be prepared as an alcoholic tincture or as 

tea and this alcohol extract has a dark green colour [3-5]. The chemical composition of the 

extract contains glutamic acid, tyrosine, aspartic acid, alanine, praline, glutamine and cystine 

like amino acids, and several fatty acids (dodecanoic, tetradecanoic, elcosanic, etc.). But 

physically the Azadirachta indica leaves have a pleasant odor and plant pigments like 

chlorophyll (shown in Fig.1) mainly responsible for green colour.   

The Azadirachta indica extract is reportedly officious against a variety of skin diseases, septic 

sources and infected burns. The most important quality of these compounds is that they are 
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less toxic to warm blooded animals like human. Thus, considering its less toxicity and 

effectiveness against microorganism, it is expected to be one of the safest and most effective 

colourant cum antimicrobial agent for textiles [6-8].  

It is evident that Lycra filament can be dyed with various classes of dyestuff, still the dye 

uptake is limited and the fastness properties are often unsatisfactory. Literature available on 

the dyeing and finishing of Lycra fibre [9-14] is more but much less is known about the 

mechanism of dyeing with natural dyes. Earlier we had reported studies on fixation 

techniques for natural dyes on textiles [15-19]. In the present study attempts have been made 

to characterize Azadirachta indica extract through spectral analysis and FT-IR spectroscopy. 

Also the application of the extracted dye liquor on Lycra filament was optimized by exhaust 

techniques. A probable mechanism for the attachment of this extract with the functional 

groups of Lycra fiber was investigated by FT-IR analysis bring novel feature of this study.  

2. Experimental 

2.1. Materials 

Lycra mono filament, supplied by Bharat Vijay Mills, Ahmedabad, (64 - Denier, Diameter -

70 micron) was used for the study. Azadirachta indica leaves were used as raw material to 

extract colourants. Two metallic mordant i.e. Aluminum sulphate, ferrous sulphate and two 

natural mordant namely Harde (Termenbelie Chebula), TKP (Tamarind Kernel Powder) were 

used without any purification. 

2.2 Methods and procedures 

2.2.1  Extraction of Azadirachta indica dye 

Extraction of dye from Azadirachta indica leaves was carried out by two ways: (i) Water 

extraction and (ii) Methanolic extraction. The leaves were dried at 110oC for short time, so 

that the volatile contents and green colour of leaves is not lost. These dried leaves were 

ground and converted into fine powder. This powder was further used for water and 

methanollic extraction. 

For water extraction, 10 gm of obtained powder was added to 100 ml of water. The mixture 

was boiled for 2 hrs, till a brown coloured solution was obtained and filtered through 

wattmen filter paper no.1. Finally the total volume of extract was increased to 100ml with 

distilled water. This solution was used as stock solution of 1:100 strength. In the case of 

methanolic extraction 10 gms of obtained powder was extracted in 100 ml of methanol at 

50ºC for 1 hr. in soxhlet apparatus. The extract was cooled and filtered through wattmen filter 

paper no.1. This extract was used as stock solution of 1:100 strength. 
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2.2.2 Characterization of Azadirachta indica extract  

The water and methanolic extract were analyzed for spectral transmittance curve in visible 

wavelength range (400-700 nm), CIE L*, a*, b* and C & H values using Spectra Scan 5100 

spectrophotometer (Premier colour scan instruments, India). The chemical composition of 

water and methanolic extract was examined using FTIR spectrophotometer (Nicolet-iS10 FT-

IR Spectrometer, Thermo Scientific, Japan). 

2.3 Dyeing with water and methanolic extract  

Lycra hank was dyed with optimized dyeing conditions i.e. pH 4.5, temperature 98 ± 20C for 

60 min in laboratory constant temperature shaking water bath, keeping material-to-liquor 

ratio of 1:50. Different concentration viz., 5, 10 and 15 % (owf) of water and methanolic 

extract of Azadirachta indica leaves were added to the dyebath.  

Uniform dyeing depends on various parameters such as pH, temperature, concentration of 

auxiliaries and time of dyeing. To optimize these parameters, various trials of dyeing were 

conducted with water and methanolic extract on Lycra. Hank of 1gm Lycra was prepared, 

these hanks were subjected to five different bath having different dyeing parameters. The 

optimum condition for dyeing was selected on the bases of higher colour strength (K/S) value 

and minimum loss in the strength of the fibre. 

2.3.1 Optimization of dyebath pH 

In order to optimize pH of the dyebath, dyeing was performed in absence of mordants with 

10% (owf) dye concentration by exhaust technique. Acetic acid and sodium hydroxide with 

buffer tablets were utilized for maintaining the acidic and alkaline medium respectively. 

Fixation of the dye was carried out in laboratory constant temperature shaking water bath at 

98±20C for 45 min. The final result in terms of higher colour strength value was selected as 

optimized pH of dye liquor. 

2.3.2 Optimum temperature for dyeing 

To optimize the temperature for dyeing, experiments were conducted at different temperature 

ranging from room temperature to boil i.e. 40 (R.T.), 50, 70, 90 and 98±20C at optimized pH. 

The dyebath contains 10 % (owf) extract and 1% non ionic wetting agent (Lisspol N., owf) 

with liquor ratio of 50:1. 

2.3.3 Optimum time for dyeing 

In order to optimize time for dyeing, five dyebaths with optimized pH and temperature of 

dyeing with same liquor ratio of 50:1 were prepared. The temperature of these dyebaths was 
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raised to optimized temperature, and kept for fixation for 30, 45, 60, 90 & 120 minutes 

respectively. 

2.3.4 Optimum concentration of glauber’s salt  

To optimized the concentration of glauber’s salt in acid dyeing. The dyebaths were prepared 

as mentioned above but only the concentration of glauber’s salt was varied. The 

concentration of glauber’s salt in the dyebaths was 0,1,4,6 and 10 % (owf) respectively and 

the dyeing were carried out using optimized pH temperature and time conditions as optimized 

as per earlier section. 

2.4 Mordanting  

Mordanting of Lycra with two metallic salts viz., aluminum sulphate, ferrous sulphate and 

two natural mordant i.e. Harde, TKP was done by two mordanting techniques, viz. pre and 

post mordanting. In case of pre and post mordanting, the undyed or dyed samples were 

treated with different mordant (6 % owf), at 600 C for 45 min.  

2.5 After treatment 

All the samples were rinsed with water and then treated with 2 g/L non-ionic detergent 

(Lisspol N) at 800C for 15 min. Finally, the samples were washed thoroughly with water, 

squeezed and dried. 

2.6 Evaluation of dyed samples 

The dyed samples were assessed for L* a* b* colour co-ordinates and K/S values (illuminant 

D65/100 observer) on spectra scan 5100 (RT) spectrophotometer (Premier Colorscan 

Instrument) The light fastness of the dyed samples was tested on Fad-o-meter after partially 

exposing the samples to the xenon arc lamp for 16 hrs and graded for the colour change with 

the ratings. For wash fastness test, composite samples were prepared from dyed filaments, 

wool and cotton yarns twisted together. Fastness test was carried out according to ISO – 2 

test method. Samples were than separated, dried and evaluated for the rating in terms of 

colour change.  

2.7     Physical property 

2.7.1   Tensile strength 

Tensile properties of dyed and undyed samples were determined on INSTRON TENSILE 

TESTER (U.K.) using traverse speed of 500 mm/minutes and guaze length 100mm. Full 

scale load 50 gm and chart speed 0.1:1 were taken. Averages of 10 readings were taken. Test 

was performed as per B.S. 2576:1959 (B.S. Handbook No. 11, p.249) 

 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 12, January 2014 

 

69 
www.jiarm.com 

2.7.2   Shrinkage behavior  

The shrinkage due to the treatment was determined by measuring the length before and after 

the pretreatment. Consequently, the percentage shrinkage was calculated using the following 

formula –                                                               x – y  

                                Percent shrinkage = ---------  X 100 

                                                                 X 

Where x and y are the initial and final lengths of the samples before and after the 

pretreatment 

2.7.3 Weight analysis 

The change in weight due to the treatment was also measured in the same manner as 

shrinkage by taking weights of the samples before and after the treatment. The percentage 

change in weight was calculated as follows: 

                                                             w1 – w2  

                                        Percent change in weight = ---------- X 100 

                                                                  w1 

                     Where w1 and w2 are the initial and final weights of the samples before and 

after the pretreatment 

2.8 Evaluation of antimicrobial activity by BPB methods  

For testing of white or light- coloured goods, 0.025% solution of Bromophonol Blue (BPB) 

in distilled water was prepared. Few drops of saturated Na2CO3 solution was added per 100 

ml of BPB solutions. The treated and untreated sample was soaked in 10 ml of above 

solution. Finally, rinsed the samples in distilled water and observed the blue stain against 

Bramophenol Blue colour test scale. 

3. Results and Discussion 

3.1 Effect of extraction medium on the colour of Azadirachta indica dye extract 

Powder of Azadirachta indica leaves was extracted by water and methanol extraction method. 

A brown colour extract was obtained by water extraction and a green colour extract was 

obtained by extraction with methanol.  Fig. 2 shows the colour difference and photograph of 

water and methanolic extract. The value ‘L*’ represents colour shade i.e. lower the value of 

‘L*’, darker the sample and vice versa. Tone of any colour is specified by two components, 

namely, ‘a*’ and ‘b*’. Negative values of ‘a*’ indicates that tone is on greener side and 

positive values will indicates tone on redder side. Whereas negative values of symbol ‘b*’ 

indicates bluer tone and positive values indicate yellower tone. 
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From the values of ‘L*’, ‘a*’ and ‘b*’given in Table 1, it can be said that the obtained colour 

by methanolic extraction is of medium green tone whereas colour obtained by water 

extraction is of dark brown tone. Same can also be observed from colour difference values 

and actual photographs as shown in Fig. 2.   

From the CIE Lab colour space, it is difficult to judge the saturation (purity) of colour and 

hue. This can be obtained from ‘C’ (chroma) and ‘H’ (hue) values. The purity / saturation or 

colour value is defined by ’C’ i.e. higher the value, more purer or saturated colour is. The ‘H’ 

is quantified by the angular measure and expressed in degree. The four primaries namely, red, 

yellow, green and blue have ‘H’ values of 30, 90, 180 and 270° respectively. From the values 

of ‘C’ and ‘H’ (shown in Table 1) it has been observed that dark brown colour obtained from 

water extraction method and yellower green colour obtained by methanolic extraction method 

were not pure (saturated). The colour of extract was mixture of several chemical groups 

including green pigments of chlorophyll. 

3.2 Characterization of Azadirachta indica by visible spectrophotometer 

The extract was characterized using spectrophotometer in transmittance mode in the visible 

region. The absorbance curves for the water and methanolic extract are given in Figs. 3 and 4 

respectively. The absorption curve of any colour shows peaks at predominating wavelength 

indicates its main component. The visible spectra of water extract show no clear indications 

but the methanolic extract shows two absorption peaks, major at 430 nm and minor at 677 

nm. This peak may be due to the presence of plant pigments like chlorophyll usually assayed 

at 654 nm using UV/visible spectrophotometer as reported by Madhu Divakar [20]. This 

indicates the hue of colour is green with prominent yellow portion at higher peak of 430 nm. 

3.3 Characterization of Azadirachta indica by FT-IR Spectrometer 

In order to identify the presence of specific groups the FT-IR spectrum of both, water and the 

methanolic extract was recorded and shown in Figs. 5 and 6 respectively. FT-IR spectra of 

water extract (Fig. 5) showed the presence of band due to O–H stretching (around 3,357 cm-

1), aldehydic C–H stretching (around 2,886 cm-1), C=C group (around 1,634 cm-1) and 

geminal methyl group (around 1,362 cm-1). These bands are indicative of terpenoid group of 

compounds present in the aqueous Azadirachta indica extract similar observation was made 

by Siddiqui et al. 2004 [21]. FT-IR spectra of methanolic extract (Fig. 6) shows peak around 

3,384 cm-1 was assigned to O–H stretching, peak around 2,924 cm-1 for –CH3 stretching, 

around 1,635 cm-1 C=C group and around 1,455 cm-1 was assigned for –CH3 stretching. Two 

unidentified characteristic peak at 2,115 cm-1 and 3,852 cm-1 are also prominently present in 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 12, January 2014 

 

71 
www.jiarm.com 

FT-IR of both the extracts. These bands are indicative of terpenoid group of compounds 

present in the extract of Azadirachta indica leaves. Three major bands in 1,800–1,600 cm–1 

region were observed. The band at ~1,717 cm–1 was assigned to stretching vibrations of the 

two ester-carbonyl groups in the chlorophyll molecule. The band at ~1,635 cm–1 was 

assigned to the stretching vibration of aggregated keto-groups (in solvents, the aggregation 

occurs with the central Mg-atom of a second chlorophyll molecule, due to the nucleophilic 

character of the keto-group providing a fifth ligand to the central Mg-atom in the chlorophyll 

molecule as per Petrovi et al., 2006 [22]. The band close to 1,600 cm–1 was assigned to 

skeletal C=C and C=N stretching vibrations of the aromatic system in the chlorophyll 

molecule. 

3.4 Proposed dyeing process and optimization of dyeing conditions for Lycra 

From the above discussion a systematic dyeing process for the application of extracted dye on 

Lycra filament has been proposed, which will provide optimum colour strength value without 

damaging the fibre, as given in Fig. 7. 

To optimize the variables in dyeing of Lycra with water and methanolic extract of 

Azadirachta indica leaves, various trials were conducted by changing different parameters i.e. 

dyebath pH, temperature, time of dyeing and concentrations of chemicals i.e. concentration of 

salt, in terms of achieving highest colour strength value without damaging the filament. 

3.4.1 Effect of dyebath pH 

The Lycra filament hank was dyed with water extract and methanolic extract at different pH 

levels and the results are shown in Fig. 8. It is evident from the figure that the maximum 

colour strength value occurred at pH 3.5 for both water and methanolic extracted dyes, this  

may be due to the urethane linkages in the backbone of Lycra filament, probably at this pH 

the filament acquires a  positive charge which may responsible for the higher fixation of dye 

on fibre. But working at this pH may degrade the polyurethane, so on further investigations 

pH 4.5 has been selected as there is no change in colour strength value from pH 3.5 to 4.5 and 

is optimum and safe working pH of dyebath. 

3.4.2 Effect of dyeing temperature 

From Fig. 9, it can be seen that, the colour strength values of Lycra filament increases with 

increase in the temperature irrespective of method of extraction i.e. water or methanolic. The 

maximum colour strength value occurred at 98± 2C temperature. This may be the optimum 

temperature at which the dyeing reaction proceeds towards solution to solid filament phase 

and also may be at this temperature the dye particles get sufficient energy to shift or move 
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towards fibre structure. So, 98± 2C temperature has been considered as the optimum 

temperature of dyeing. 

3.4.3 Effect of dyeing time 

Generally, the exhaustion of the dye takes place within 20-30 minutes. Fig. 10 represents the 

colour strength value versus time of dyeing for water and methanolic extract applied on Lycra 

filament hank. From the figure, it can be seen that maximum exhaustion has taken place 

within 30 to 45 minutes, beyond that up to 60 minutes minor increase in colour strength value 

was observed. From the above discussion it can be said that the best dyeing performance 

achieved at 98± 2º C for 60 minutes, keeping other parameters constant. 

3.4.4. Effect of glauber’s salt concentration  

Unlike other dyes these dyes do not split into the individual molecules when dissolved in 

water. The dye molecules here cluster together to form bigger particles, also some of the 

molecules ionize giving electrically charged aggregates. To overcome from these problem 

glauber’s salt has been used in the dye bath. From Fig. 11 it is observed that dyeing carried 

out with optimum quantity of glauber’s salt, have high colour strength value. So optimum 

concentration of glauber’s salt (i.e.4.0% owf) has been selected for dyeing. 

3.4.5 Effect of concentration of dye on colour strength value 

Table 2 exhibits the colour strength value and fastness rating of dyed Lycra filament with 

water and methanolic extract. It can be seen that, colour strength value increases with 

increase in concentration of dye. Higher colour strength values are obtained in case of Lycra 

dyed with methanolic extract compared to that with water extract. It may be due to the fact 

that Lycra filaments are available generally with 9 to 10% spin finish consisting mainly of 

silicone, which could not be washed off by water extract but could have been successfully 

removed by extraction with methanol. 

3.4.6 Effect of mordant and mordanting techniques on colour strength value 

Dyeing was carried out with two metallic and two natural mordants using exhaust technique. 

Two mordanting sequences were used i.e. pre-mordanting and post-mordanting.  The results 

were evaluated in terms of colour strength and colour co-ordinate values and are mentioned 

in Table 3. It has been observed that the colour strength (K/S) values were improved with the 

use of mordant compared to unmordanted sample, irrespective of method of extraction. 

More improvement was observed with ferrous sulphate over aluminum sulphate incase of 

metallic mordants. Even natural mordants i.e. TKP & Harde performed better than aluminum 

sulphate. Ferrous sulphate being well-known for its ability to form complex co-ordinates 
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whereas aluminum sulphate may form weak coordinates. From the result it can also be seen 

that the post-mordanting process gives maximum K/S values compared to the pre-mordanting 

processes.  

3.4.7 Effect of mordant on colour hue 

Table 4 shows the colour characteristics of the dyed Lycra samples with and without 

mordant. The dyed samples do not show any significant tonal variation on mordanting as is 

evident from the values of colour co-ordinates. These results show that all mordanted Lycra 

samples show increase in yellow content as well as green content as compared to 

unmordanted (dyed) sample. However, the samples mordanted with ferrous sulphate are 

duller in tone.  

3.4.8 Effect on fastness properties 

In the case of fastness as per Table 2, it reveals that the washing fastness of dyed filament is 

quite satisfactory irrespective of extraction method used. Fastness rating between 3– 4 was 

obtained for some samples and others showed rating as 4, which is categorized as good to 

very good washing fastness. For light fastness property, ratings obtained were in range of 4 

and 5 – 6 which is moderate to satisfactory.   

The unmordanted dyed samples exhibit very good light fastness and good to very good 

washing fastness. The mordanting technique does not affect the fastness ratings of the dyed 

samples to a great extent. Only a slight increase by 1 to 2 points was observed in some cases, 

however the fastness properties were quite comparable with those of unmordanted dyed 

samples as per Table 5, irrespective of method of extraction. In metallic as well as natural 

mordant selected, pre-mordanting was found to be better than the post-mordanting technique 

as far as the fastness ratings is concerned. This higher fastness property of the dyed samples 

may be attributed to the formation of Ionic bonds between suitably charged anionic groups on 

the Azadirachta indica extract dye, with the fibre, and thereby assist in proper fixation of the 

dye on the fibre material. 

3.5     Changes in physical properties due to the treatment 

3.5.1 Tensile properties 

The tensile strength (dry) and elongation at break of untreated as well as pretreated Lycra 

single filaments are represented in Table 6. From the table it can be visualized that the 

treatment of Lycra with methanolic extract reduces the tensile strength of filament. The 

reduction in tensile strength may be due to the structural transformation of Lycra. The 

strength loss was further enhanced with the addition of mordant in the treatment bath. 
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The elongation at break for untreated filament was comparatively higher than untreated one. 

The increase in the value of elongation at break also becomes more pronounced in sample 

treated with mordant. The probable reason for decline in the tensile properties of Lycra due to 

the pretreatment largely depends on the chain length of macromolecule and also on the 

intermolecular hydrogen, bonding in soft segment. The non covalent bonds (like H-bond) 

have a major role to play in the strength of Lycra. Intermolecular H-bonds predominantly 

exist in Lycra. Thus the decreases in tensile strength due to the pretreatment irrespective of 

the treatment chemical used, This may be attributed to the breaking of weak H-bonds formed 

in between the soft segment of polymer. 

3.5.2 Shrinkage  

The changes in length of Lycra filament due to the treatment was shown in Table 6. The 

shrinkage incurred due to treatment was quite negligible, which indicates that the treatment 

may not be able to cause significant swelling of the filament. However, the use of mordant 

has some influence on the shrinkage behavior. As the mordant was added to the treatment 

bath, the percentage shrinkage also increases to a small extent. 

3.5.3 Weight analysis  

From the results shown in Table 6, clearly indicates the extent of weight loss due to the 

treatment. Though the weight loss due to the treatment was negligible, the maximum weight 

loss occurred in Lycra with the sample pre-mordented with Al2(SO4)3 and treated with 

methanolic extract. 

3.6   Anti microbial efficiency of dyed samples  

The comparative results of antimicrobial property of samples with and without treatment with 

extract are shown in Table 7. The ratings are given by symbols, ‘-’ indicates poor 

antimicrobial efficiency and ‘+’ indicates good antimicrobial efficiency and so on. Table – 7, 

shows the efficiency of treatment on fabrics. From the results, it can be seen that the samples 

treated with only extract exhibited good antimicrobial property as per BPB scale. Efficiency 

of the treatment can be increased by increasing the concentration of dye in the dyebath. 

Further, the samples dyed with metallic salts show good to very good resistance against 

microorganism.  

3.7 Probable mechanism of dyeing 

From the above results, it can be seen that a satisfactory depth of colour is attained with both 

water and methanolic extract of Azadirachta indica leaves used in this study. The dyestuff 

bonding on Lycra filament can be explained on the basis of its structural formula. The 
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structural formula of the Lycra filament does not have amino end groups, which could form 

dyestuff bonding, so it can be assumed that the dyestuff is bound only on the surface of the 

crystalline regions. The probable reaction may be given as: 

 

The dyeing of water and methanolic extract of Azadirachta indica leaves dye on Lycra 

filament may be attributed due to the protons being absorbed on to chain urethane groups 

under acidic conditions. The dyestuff bonding takes place at the surface of the crystalline 

regions. This mechanism is also supported by Flath H.J [23]. 

3.7.1 Confirmation of dyeing mechanism by FT-IR spectral analysis 

The FT-IR spectrum of untreated and treated Lycra with methanolic extract of Azadirachta 

indica leaves are shown in Figs. 12 and 13. A strong absorption band was seen at 3,324 cm-1, 

indicate stretching of -NH band of amino groups –OH group mainly from phenolic groups. 

The peaks at 2,938 and 2,852 cm-1 are due to the C-H stretching of aliphatic carbon 

compounds. The absorption band nearer to 1,731 and 1,635 cm-1 is indicates the presence of -

C=O and -C=C- stretch respectively of aromatic rings. The absorption band nearer to 1,704 

cm-1 is indicates the presence of --C=O carbonyl stretching vibration (urethene) linkage. The 

FT-IR peak at 1,230 cm-1 indicated about C-N stretching. Weak adsorption band nearer to 

1,000 cm-1 indicates presence of ether linkages.  

4 Conclusions 

      Azadirachta indica leaves extract is a useful and easily available colourant for producing 

the greenish yellow to dark green colour on Lycra with moderate fastness properties. The 

results of this study indicate that the pH and concentration of dye liquor have an effect on 

colour strength and colour co-ordinates of dyed samples. The characterization of dye extract 

as well as dyed Lycra filament confirms its chemical groups and probable mechanism of 

attachments with Lycra filament. The moderate fastness properties are in good agreement 

with the FT-IR analysis results, indicates ionic bonding between various groups in the extract 

viz., chlorophyll which is responsible for green colour and attachment of antimicrobial 

compounds i.e. nimbin, nimbinene, nimbandiol, immobile, nimocinol, quercetin, beta-

sitostero etc. This is further supported by the infrared spectra for Lycra dyed with 

Azadirachta indica leaves dye a characteristic absorption peak observed for sulphonamides at 
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1,311.5cm-1. Finally, water and methanolic extract of Azadirachta indica leaves can 

successfully be utilize as eco-friendly colouring cum antimicrobial agent with negligible loss 

in physical properties of Lycra filament. 

 

 

 
                                                                               
Figure 1 Chemical structure of nimbin, azadirachtin, nimbolide and chlorophyll (Active 

antimicrobial and colouring compound in methanolic extract of Azadirachta indica leaf) 

Water extraction Methanolic extraction 
Image  Colour difference Image  Colour difference 

 

Figure 2 Colour of water and methanolic extract of Azadirachta indica leaves 
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Figure 3 Spectral absorbance curve of spectrum of the water extract of Azadirachta indica leaves 
 
 

 
 
Figure 4 Spectral absorbance curve of spectrum of the methanolic extract of Azadirachta 
indica leaves 
 

 

Figure 5 FTIR spectrum of water extract obtained from Azadirachta indica leaves 
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Figure 6 FTIR spectrum of methanolic extract obtained from Azadirachta indica leaves 
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Figure 7 Dyeing recommendations for Lycra filament with water or methanolic extract of 

Azadirachta indica leaves 
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Figure 8 Effect of dyebath pH on colour strength value of water and methanolic extract of 

Azadirachta indica leaves on Lycra 

A 

A: 'X' Dye 
(water or 
methanolic 
extract of neem 
leaves) + 4 % 
glauber’s salt 
(owf), pH: 4.5 
with dilute 
Acetic acid 
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Figure 9 Effect of temperature on the colour strength values of Lycra dyed with water and 

methanol extract of Azadirachta indica leaves  
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Figure 10 Effect of dyeing time on the colour strength value of Lycra dyed with Azadirachta 

indica leaves extracts 
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Figure 11 Effect of glauber’s salt concentration on dyeing of Lycra with Azadirachta indica 

leaves dye  
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Figure 12 FT-IR characterization peaks of Lycra fibre (UNT) 
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Figure 13 FT-IR characterization peaks of Lycra fibre dyed with methanolic extract of 

Azadirachta indica leaves 

 

Table 1 Colour difference values for water extract and methanolic extract of Azadirachta 

indica leaves  

Sample L* a* b* C* H* 

Water extract 27.11  –0.462 -1.311 1.390 250.559 

Methanolic extract 33.427 - 2.86 0.107 2.862 177.86 
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Table 2 Effect of concentration on relative colour strength value and fastness properties 

Lycra dyed with Azadirachta indica dye 

Dye Concentrati
on of dye % 

(owf) 

Colour 
strength 

value 
(K/S) 

L* a* b* Fastness 
ratings 

 
WF LF 

Water extract of 
Azadirachta 
indica  leaves 

5 1.96 72.64 3.98 15.13 4 5 

10 2.25 69.64 2.51 12.48 3/4 4/5 

15 3.19 64.14 4.19 15.64 3/4 4/5 

Methanolic 
extract of 
Azadirachta 
indica  leaves 

5 2.21 62.21 -4.78 36.66 4 5 

10 3.66 57.43 -11.69 32.52 4 4/5 

15 4.34 48.51 -9.04 32.19 4 4/5 

Note: WF  :Fastness to Wash,  LF : Fastness to Light

 

Table 3 Colour strength (K/S Values) of Lycra dyed with water and methanolic extract of 

Azadirachta indica leaves using different mordants by exhaust technique of dyeing 

Sr 
no. 

Process Mordant 
(6 % owf) 

Colour strength (K/S ) values 
Water extract Methanolic extract 

5% 10% 15% 5% 10% 15% 
1. Control - 1.21 1.52 2.19 I 0.87 1.16 1.29 
2. Pre- 

mordanting 
TKP 1.38 1.65 1.89 2.14 2.66 3.09 

  Harde 1.56 1.63 2.72 3.11 3.79 7.71 
  FeSO4 1.87 2.01 2.12 1.93 3.86 5.66 
  Al2(SO4)3 0.86 1.11 1.31 2.20 2.76 3.97 

3. Post- 
mordanting 

TKP 1.70 2.42 2.71 1.38 5.26 6.47 

  Harde 1.72 1.95 2.96 2.85 4.77 6.21 
  FeSO4 2.06 2.71 3.58 2.85 3.32 3.43
  Al2(SO4)3 1.38 2.01 4.36 2.14 2.32 2.76 

Note: Concentration of dye 5, 10 & 15% o.w f 
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Table 4 Color co-ordinates of Lycra yarn dyed with water and methanol extract of 
Azadirachta indica leaves   
Sr. No. Dye Process Mordant Colour co-ordinates 

L* a* b* 

1. Methanol extract Control - 57.43 -11.69 32.52 
  Pre- mordanting TKP 56.194 -4.324 31.263 
   Harde 56.848 -2.579 32.542 
   FeSO4 53.341 0.371 29.278 
   Al2(SO4)3 59.053 -4.225 36.119 
  Post- mordanting TKP 51.691 -2.217 30.609 
   Harde 50.009 -0.733 31.598 
   FeSO4 52.756 0.238 34.477 
   Al2(SO4)3 75.782 1.480 16.783 

2. Water extract Control - 69.64 2.51 12.48 
  Pre- mordanting TKP 71.539 -0.722 17.661 
   Harde 64.008 2.554 15.998 
   FeSO4 64.520 4.717 23.794 
   Al2(SO4)3 73.782 -1.334 22.747 
  Post- mordanting TKP 70.599 -3.259 22.011 
   Harde 69.247 -2.083 16.379 
   FeSO4 66.759 4.071 21.761 
   Al2(SO4)3 74.756 0.977 27.185 

Note: Concentration of dye 10 % o.w f 

 
Table 5 Fastness ratings of Lycra yarn dyed with water and methanol extract of Azadirachta 
indica leaves by exhaust dyeing method. 
Sr. No. Dye Process Mordant Fastness test 

LF WF 
1. Methanol extract Control  - 4/5 4 
  Pre- mordanting TKP 5 4 
   Harde 5 4/5 
   FeSO4 4/5 4 
   Al2(SO4)3 5 4/5 
  Post- mordanting TKP 4/5 4 
   Harde 5 4 
   FeSO4 4/5 4 
   Al2(SO4)3 5 4/5 

2. Water extract Control - 4/5 3/4 

  Pre- mordanting TKP 4/5 4 
   Harde 5 4/5 
   FeSO4 4/5 4 
   Al2(SO4)3 5 4/5 
  Post- mordanting TKP 4/5 4 
   Harde 5 4/5 
   FeSO4 4/5 4 
   Al2(SO4)3 5 4/5 

Note: Concentration of dye 10 % ow f, LF = Light Fastness, WF = Wash Fastness 
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Table 6 Physical properties of untreated and treated Lycra single filament 

Sample Breaking 
strength 

(gmf) 

Shrinkage 
(%) 

Weight 
change

(%) 
Untreated (Control)   47.0 - - 

 
Treated with WE  46.0 0.57 -1.71 

 
Pre-mordented with TKP and treated with WE 44.69 

 
1.64 

 
-1.95 

Pre-mordented with Harde and treated with WE 43.80 
 

0.86 -1.62 

Pre-mordented with FeSO4 and treated with WE 41.52 
 

2.97 -2.37 

Pre-mordented with Al2(SO4)3 and treated with WE 40.16 
 

3.02 -2.16 

Treated with ME  45.0 1.13 -2.18 
 

Pre-mordented with TKP and treated with ME 40.20 
 

2.82 
 

-2.13 

Pre-mordented with Harde and treated with ME 38.80 
 

1.06 -1.18 

Pre-mordented with FeSO4 and treated with ME 38.40 
 

4.63 -3.44 

Pre-mordented with Al2(SO4)3 and treated with ME 38.00 
 

3.08 -3.60 

Note: Data ‘-‘ or ‘+’ indicates percentage loss or gain in respective property; Concentration of extract 10 % owf; ME = Methanolic extract 

of neem  leaves; WE= Water extract of neem  leaves 

 
Table 7 Efficiency of antimicrobial treatment according to Bromo Phenol Blue test scale 

Sample Mordent  Symbolic Rating 
BPB scale 

Remark 

Undyed Lycra filament - - Under treated 
 

Lycra filament dyed with water 
extract 

- + Good treatment 

CuSO4 +++ Slightly over treated 

Al2(SO4)3 ++ Good treatment 

TKP + Good treatment 

Harde + Good treatment 

Lycra filament dyed with 
methanolic extract 

- + Good treatment 

CuSO4 +++ Slightly over treated 

Al2(SO4)3 ++ Good treatment 

TKP + Good treatment 

Harde + Good treatment 
Note: Concentration of dye 10 % owf using pre-mordanting technique 
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