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ABSTRACT

Natural dyes have been a part of human life since time immemorial due to their non-toxic and biodegradability.
Environmental and health hazards created by synthetic dyes once again proved the importance of natural dyes. In
the present study, dye from Torenia sp was extracted by crushing the flowers with water and extraction was
optimized with different temperature, pH and time. Silk yarn has been pretreated to remove dirt and improve
texture. Biomordant (Tannin) from Peltophorum pterocarpum bark and Tamarindus indica seed coat were used to
improve binding of dye to the silk yarn. Extraction of biomordant and mordanting process were standardized to
study their effect on colour and fastness properties. The conditions optimal for dyeing such as pH, temperature, time
and dye concentration were also standardized. Dyed yarn has been evaluated for its fastness properties such as
light, wash and perspiration using standard I1SO methods. The results showed good fastness properties with the
application of biomordant. Phytochemical, TLC, UV-Visible, and FTIR analysis were done to investigate the
pigment present in the dye. Results showed the presence of Anthocyanin group of compounds that are responsible
for the blue colour of the flower and gives green colour to the dye upon change in pH. Since green coloured dye is
not commonly available from natural source, Torenia sp flowers can be effectively used in textile industries as an
alternative for synthetic green dye.
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INTRODUCTION

The art of dyeing dates back since Bronze Age in Europe. In 1856, William Henry Perkins accidentally discovered
synthetic dye which declined the use of natural dyes because the synthetic dye was able to fulfil the demand of the
market [1]. Most of the synthetic colours are manufactured from petrochemical sources with hazardous chemicals
which pollutes the environment adversely through their wastes [2]. In German and European countries there is a ban
implemented for the use of benzidine dyes in textile industries [1].

Natural dyes are nontoxic and eco-friendly due to their easy biodegradability. The dyes obtained from plants are
pigmentary molecules which gives colour to the textile materials. These molecules have an aromatic ring structure
with a side chain which is needed for resonance and imparting colour. The chemical structure is correlated with the
colour and the chromophore with the auxochrome [1]. India had a virtual monopoly in the production of textile
materials which is painted, dyed and printed with natural dyes during 7th century [3]. The most famous and costly
dye was train purple which was obtained from spiny dye- murex shellfish, noted in Bible [4]. Aqueous extraction of
natural dyes was most preferred method by textile dyers [5]. The standardized dyeing techniques are needed for the
better commercialization of natural dyes [6]. Natural dyes has less substantivity to the fibre and have poor fastness
properties, hence requires a mordant to improve their fixation in the fibre by forming a mordant - dye complex
through chemical bonds [7]. Mordants are metal salts which produce affinity between dye and the fibre [6].
Mordants not only help in dye uptake and colour fastness, it also helps in achieving different colour shades in the
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textiles [8]. The use of harmful chemical mordants such as Copper sulphate, Stannous chloride, Stannic chloride,
Zinc sulphate and Potassium dichromate also contributes to the toxicity of the effluent released from textile
industries. So to avoid such toxicity caused by metal mordants, natural mordants (biomordants) started gaining
interest. Tannin is a widely used biomordant. Tannin has been used as mordant since the textile colouration started.
Tannin was used for dyeing and printing by people from Tamilnadu, Maharastra, Andrapradesh (Masulipatnam) and
Rajasthan which has been exhibited in museums. Printing of multani saris and the famous kalamkari works of earlier
days was done mostly with tannins [9]. Tannin is a naturally occurring water soluble polyphenolic compounds
which contains phenolic hydroxyl groups that can crosslink with proteins [7].

Silk has been known as "queen of fibres" due to their luster, fine and smooth texture and superior mechanical
performance [10]. Silk is one of the important natural protein fibres that has highly oriented molecular structure
which is used in textile industry since many centuries [11]. Torenia sp is an ornamental plant belongs to the class
Magnoliopsida and family Scrophulariaceae, which is commonly known as the ‘figwort family’. The common name
for Torenia sp is wishbone derived from the chicken wishbone-shaped stamens [12]. The origin of Torenia sp. is not
known [13], though they are reportedly native to South East Asia, Africa and Madagascar [14].

Anthocyanins are flavonoids with largest group of water-soluble natural pigments responsible for red, pink, scarlet,
mauve, violet and blue colours in the petals, leaves and fruits of higher plants [15]. In the present study, natural dye
was extracted from flowers of Torenia sp by optimizing the extraction process. Dyeing of silk yarn with the dye
extract was optimized with biomordant from Tamarindus indica seed coat and Peltophorum pterocarpum bark.
Colour fastness of the yarn was evaluated. The dye pigment was identified through various analyses.

MATERIALS AND METHODS

Collection of Plant Material
Torenia sp is the plant used in this study for extraction of dye, which was collected from Society of Horticulture and
maintained. The part used for the dye extraction was only flowers.

Optimization of Dye Extraction

Fresh flowers of Torenia sp were collected and weighed 10 gm. Different temperature (30°C, 40°C, 50°C, 60°C), pH
(5, 7, 9) and time (15, 30, 45 and 60 min) were optimized to study the efficient extraction of dye. The flowers were
crushed in mortor and pestle and soaked with 100 ml of distilled water in room temperature for 30 min and then
extracted. The sample to liquor ratio was maintained as 1:20. The extracted dye was filtered and used for dyeing.

Collection of Silk Yarn
Silk yarn was purchased from TANSILK, Salem, Tamil Nadu, India.

Pretreatment of Silk Yarn
The degummed silk yarn was soaked in mild detergent at room temperature for 1 hour and then washed with running
tap water to remove the natural impurities and improve the texture of silk yarn for dyeing.

Mordanting

Tannin extracted from Peltophorum pterocarpum bark (P.PT-B) and Tamarindus indica seed coat (T.I-S.C) has
been used as mordant to avoid toxicity caused by harmful chemical mordants. Extraction method has been
standardized for maximum yield of tannin.

Extraction of Tannin

Plant sample (T.I-S.C and P.PT-B) to liquor ratio was maintained as 1:15. Extraction was carried out with only
distilled water, distilled water with 1% and 5% sodium carbonate solution. Distilled water to sodium carbonate
solution was maintained at 2:1 ratio. The setup was kept for boiling for 60 min. The extracted tannin was filtered
and was used for mordanting.

Standardization of Biomordant

Different concentration (30% - 100%), time (30 min — 60 min) and temperature (40°C - 100°C) were standardized
for mordanting of silk yarn. Pre mordanting of silk yarn was done before dyeing. Meta mordanting was done by
adding mordant to the dye bath containing silk yarn. Dyeing and mordanting were carried out simultaneously. Post
mordanting was done after dyeing of silk yarn.
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Dyeing

The pretreated silk yarn was dyed using dye extracted from Torenia sp flowers. Optimization of dyeing of silk yarn
were studied at different pH (5, 6, 7, 8, 9), temperature (30°C, 40°C, 50°C, 60°C), time (15, 30, 45 and 60 min) and
material to liquor ratio (ML) (1:20, 1:40, 1:60). After dyeing the dye bath exhaustion was calculated and based on
the percentage of dye exhaustion, the optimum pH, temperature, time, and material to liquor ratio were selected. The
dyed yarns were air dried and checked for colour fastness.

Dye Exhaustion
The percentage of dye bath exhaustion was calculated using an equation on the basis of absorbance values recorded
before and after dyeing with UV-Visible spectrophotometer [16].

Ao-Aq

Where, %E is dye exhaustion, Agand A; are the absorbance of the dye bath before and after dyeing, respectively.

Colour Fastness
The dyed silk yarn was evaluated to colour fastness to light (ISO 105 B02-2013), washing (ISO: 105C-06:2010) and
perspiration (ISO 105 E04-2013) using standard 1SO methods.

Identification and Characterization of Dye

Phytochemical analysis:

The aqueous dye extract was checked for the presence of secondary metabolites such as carbohydrates, tannins,
phenols, alkaloids, flavanoids, terpenoids, proteins and amino acids, gum/mucilage using standard procedure [17].

Thin layer chromatography:

Silica gel coated plates were used for the separation of pigments of the dye extract. The solvent system used were
1% aqueous HCI, n-Butanol : HCI (18:2), Isopropanol : Ethanol: Water : Acetic acid (11:4:4:1) and Methanol: HCI
(0.99:0.1) and n-Butanol: Acetic acid: Water (4:1:5). After separation the Rf values were calculated.

UV-visible spectroscopy:
The dye extract was analyzed in UV-Visible spectrophotometer (Shimadzu-1650 PC) at the range of 400-800 nm
with a resolution of 1 nm, to study the maximum absorption spectrum (A max) of the dye pigment.

FT-IR spectroscopy:

The dye extract was mixed with Potassium bromide (Kbr) salt and compressed into a thin pellet and the spectrum of
sample was recorded on FT-IR instrument (Shimadzu, IR Affinity 1, Japan), equipped with a DLATGS detector
with a mlirror speed of 2.8 mm/sec. All measurements were carried out in the range of 500-4000 cm™ at a resolution
of 4cm™.

RESULTS AND DISCUSSION

Optimization of Dye Extraction

Optimization of aqueous extraction of dye was studied at different pH, temperature and time. On comparing the
absorbance of the sample with the calibration curve, the best parameters were selected. The dye was extracted best
by crushing the flowers of Torenia sp in room temperature (30°C) at neutral pH in less time (Figure 1).The colour of
the dye extract thus obtained appeared violet (Figure 2). pH 5and 9 was not having much effect on the extraction but
the temperature had the drastic effect on the extract colour. At 40°C and 50°C the pigment was stable but when the
temperature was increased to 60°C the pigment was found to be disintegrating, turning the violet colour extract to
pale brown colour. Prolonged time also had an effect on the pigment stability. Only less time and temperature was
sufficient for the dye extraction. It has been reported that Torenia sp flowers contains the major pigment as
anthocyanin [18,19] stated that higher temperature leaded to anthocyanin degradation. The crude dye obtained may
contain mixture of water soluble compounds, some of them will contribute to the colour and some do not. The
nature of the chromophore and the auxochrome of dye molecule are responsible for the intensity of the colour [20].
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Figure 1: Torenia sp- flower

Figure 2: Dye extract from Torenia sp

Pretreatment of Silk Yarn
The silk yarn pretreated with mild detergent has removed the impurities and improved the texture of the silk fibre for
dyeing.

Mordanting

Extraction of tannin with distilled water, distilled water with 1% and 5% sodium carbonate solution from T.I-S.C
and P.PT-B were studied. Only water extraction for P.PT-B and water with 1% sodium carbonate solution for T.I-
S.C yielded the best extraction of tannin. In case of tamarind seed coat, the solubilization of condensed tannins were
increased to a higher quantities by adding sodium carbonate (Na,COs) to the extraction process and also increased
the pH of the tannin extract to alkaline condition [21]. Similar observation was seen in the present study. The
phenols are acidic enough to be converted to their salts (deprotonation of the -OH group) by reaction with sodium
carbonate. Hydrogen bonds can be formed between the phenolic compounds of tannin and the carboxyl group of
protein fibres. Further two more possible bonding can be involved, i) an ionic bond is formed between the anion
charge of the phenolic groups and cationics (amino groups) of the protein fibre; ii) a covalent bond can also form
between quinine or semiquinine groups which is present in tannin with suitable reactive groups of silk fibre [22].
Different temperature, time and concentration of biomordant have been standardized for mordanting process. Silk
yarn meta mordanted with T.I-S.C and P.PT-B has shown positive results but T.I-S.C comparatively gave best
results than P.PT-B. Pre mordanting and post mordanting was not giving promising results with both the
biomordants. In pre mordanting and meta mordating the mordant interacts with the silk fibre and produces more
active sites for natural dyes to easily get absorbed by forming a silk-mordant dye complex. So natural dyes were
easily fixed to the silk fibre through the complex formed. But in post mordanting the amount of natural dyes
adsorbed to the silk fibre was less, due to the lack of the mordant in the dye bath [23,24] confirmed that tamarind
seed coat extract contains condensed tannins which has phenolic (-OH) groups and can be used as mordant for
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natural dyes with silk fibre. The depth of dyeing was also improved by the tamarind seed coat tannin which contains
phenolic hydroxyl group forming a complex with dye molecules leading to better dye fixation on the fabric.

Dyeing
Optimization of dyeing of silk yarn was studied at different pH, temperature, time and material to liquor ratio or
yarn to dye ratio. After dyeing the percentage of dye bath exhaustion was calculated.

Effect of pH on dyeing:

The effect of pH on dyeing of silk yarn was studied at different pH such as 5, 6, 7, 8 and 9 for silk yarn meta
mordanted with T.I-S.C and meta mordanting of P.PT-B. As shown in Figure 3 the maximum dye exhaustion was
obtained at pH 9 for the silk yarn mordanted with both biomordants. According to [25] the dye bath pH has an effect
on the colour strength due to the interaction between dye and silk fibre. As the pH of dye bath increases the colour
strength also increases. The dye uptake at pH 9 was higher compared to other pH, but beyond pH 9 the dye uptake
decreased due to the electrostatic repulsion between dye and the fibre. VA Shennai [26] stated that the reaction
speed of dye and fibre was high at alkaline pH. According to [27] stability of some anthocyanins was increased in
alkaline pH around 8-9. Anthocyanin properties become more distinguishable in the alkaline pH. In agueous
solution anthocyanin structure exist in five forms depending on the pH, such as red flavylium cation, colourless
carbinol pseudobase, purple quinoidal base, blue quinoidal base anion and yellow chalcone [28,29]. In the present
study, the anthocyanin pigment of Torenia sp flower was found to be stable at pH 9 and gave green colour to the dye
extract. The acidic and neutral pH did not favour the dyeing effectively. S Bondre et al. [30] reported anthocyanin
giving green colour at alkaline pH 9 to 10.
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Figure 3: Effect of pH on dyeing of silk yarn with biomordants T.1-S.C and P.PT-B

Effect of temperature on dyeing:

Temperature plays an important role in dyeing since it is one of the factors that helps in maximum sorption of the
dye at optimal condition [31]. The effect of temperature on dyeing of silk yarn was studied at different temperature
such as 30°C, 40°C, 50°C and 60°C. As shown in Figure 4, the maximum dye exhaustion was achieved at 60°C for
silk yarn pre mordanted with the biomordant T.1-S.C and meta mordanted with the biomordant P.PT-B because the
speed of diffusion was high at higher temperature, but the pigment was found unstable at higher temperature
changing the green colour extract to pale greenish brown colour or into colourless. The hydrolytic degradation of
dye might occur due to the stripping of dye in the higher temperature [32].

Hence, 50°C was selected as best temperature since the dye exhaustion was also good compared to other lesser
temperatures and the pigment was also found stable. The colour of tannin interference was seen in the dyeing,
thereby developing a new shade of greenish brown colour to the dyed yarns. When temperature increased the silk
fibre swells and the aggregated dye molecules in the dye bath breaks down and diffuses easily to the fiber thus

increasing the dye exhaustion [33]. Similarly when the temperature is increased from 30°C to 50°C, the dye uptake
was found better.
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Figure 4: Effect of temperature on dyeing of silk yarn with biomordants T.1-S.C and P.PT-B

Effect of time on dyeing:

The effect of time on dyeing of silk yarn was studied with different time such as 15, 30, 45 and 60 min. As shown in
Figure 5, the maximum dye exhaustion was obtained with increase in time. But in prolonged dyeing time
equilibrium was attained at 45 and 60 min and also the colour started degrading. Hence, the best dyeing time has
been selected as 30 minutes, since the dye uptake was better and stability of the dye was maintained. According to
MM Hasan et al. [34] the colour strength was decreased when the fabrics were dyed for long time. This is due to the
fact that desorption of the dye molecules might happen because of over dyeing. So, the time for maximum
exhaustion of dye may depend on few factors like percentage of shade and other dyeing conditions.

The colour strength value increases when the dyeing time is increased till the dye exhaustion achieves equilibrium,
but the colour strength is decreased when increased further. This happens due to the shift in the equilibrium of the

dye molecule from the dyeing material into the dye bath [26]. This indicates that the silk fiber each saturation and
does not absorb more dye [35].
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Figure 5: Effect of time on dyeing of silk yarn with biomordants T.1-S.C and P.PT-B

Effect of dye concentration:

The effect of dye concentration on dyeing of silk yarn was studied with different dye concentration such as 1:20,
1:40 and 1:60. As the concentration of the dye increases the concentration gradient increases, thereby increasing the
rate of diffusion of dye to the dyeing material [36]. Similarly in the present study when the concentration increased
from 1:20 to 1:40 and 1:60 (Figure 6), the colour strength increased. But the maximum dye exhaustion was obtained
at 1:20 and was found sufficient for an even dyeing of silk yarn. When the concentration further increased to 1:60,
the dye uptake showed similar results with that of 1:40 because of the equilibrium attained between the dye in the
dye bath and the dye in the yarn. Since the adsorption capacity of surface of the fibre is limited for the dye

molecules, when the concentration of dye was further increased, the surface of the fibre gets saturated gradually
[25].
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Figure 6: Effect of dye concentration on silk yarn with biomordants T.I-S.C and P.PT-B
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Figure 7: Dyeing of T.1-S.C meta mordanted silk yarn with Torenia sp flowers (50°C, pH 9, 30 min, ML-1:20)
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Figure 8: Dyeing of P.PT-B meta mordanted silk yarn with Torenia sp flowers (50°C, pH 9, 30 min, ML-1:20)

Colour Fastness

The dyed silk yarn was evaluated for colour fastness to light, washing and perspiration on a grey scale using
standard 1SO methods. Silk yarn meta mordated with T.I-S.C (Figure 7) showed fair to good fastness to light,
washing and perspiration than meta mordanted with P.PT-B (Figure 8). Silk yarn meta mordanted with tannin from
tamarind seed coat had the effect of insolubilizing the dye and giving good colour fastness. The rate of diffusion of
dye molecules and the nature of dye molecules inside the fibre influences the wash fastness. The molecular size of
dye molecules has been increased because the dyes tend to aggregate inside the fibre resulting in good wash fastness
[37]. The colour change in the wash fastness may be due to two reasons when a standard alkaline detergent solution
was used, i) there is an ionization of hydroxyl groups of dye molecules, or ii) dye itself may be decomposed which
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results in colourless compound or appears as different colour [38,39]. When the fibre mordanted with tannin is used
for dyeing, the size of the dye molecules increases resulting in good fastness properties [33].

The dye chromophore has an inherent resistant property for a chemical or photochemical attack, but the auxochrome
might also have an effect on fastness [40]. The degradation of dye colour occurs when the light breaks the chemical
bonds present in it. The shorter wavelength of UV causes physical damage to the fibre but the longer wavelength
UV and the visible light often causes the fading of textile materials. This results in photochemical oxidation of the
dye chromophore which can be reduced by using mordants that will form a complex with dye and helps in
protection [7].

Identification and Characterization of Dye

Phytochemical analysis:

Phytochemical analysis of aqueous dye extract of Torenia sp showed the presence of Alkaloids, Glycosides,
Carbohydrates, Proteins and Aminoacids, Phenols, Flavonoids, Tannins and Terpenoids.

Thin layer chromatography (TLC):

The chromatogram was developed with mobile phase as 1% aqueous HCI showed the presence of Anthocyanin with
reference to the Rf value calculated. One of the main factors that determine the Rf value is the number of sugars
attached to the anthocyanin. Figure 9 shows the separation of violet coloured anthocyanin pigment with the Rf value
of 0.88.Similar results were supported by [41,42]. According to R Curtright et al. [43], the Rf value above 0.62
refers to the anthocyanin without hydrolysis.

UV-visible spectroscopy:

Any colourant show its maximum peak in UV-Visible spectra at a particular wavelength representing the main hue
[6]. Chromophore is a part of the molecule that is responsible for the colour and auxochrome is a functional group
attached to chromophore which changes the ability of chromophore to absorb light. The dye extract analyzed in the
range of 400-800 nm showed the maximum absorption (A max) at 604 nm (Figure 10) which is a characteristic
absorption of violet and blue coloured pigments. Similar results were reported confirming the dye pigment as
anthocyanin [27,44].

FT-IR spectroscopy:

FT-IR analysis has been done to identify the auxochromes which are responsible for the persistence of dye [36] and
to study the functional groups present in it. The FT-IR analysis (Figure 11) of the dye extract showed a broad peak
at 3400-3600 cm™ assigned to basic stretching vibration of O-H hydroxyl groups which confirm the presence of
auxochrome. The C=C present at 1553 cm™ and 1439 cm™ represents the aromatic bands. The peak at 2930 cm™
corresponds to the aliphatic CH vibrations and 1627 cm™ to the C=0 conjugated with aromatic ring. Similar results
have been reported by [44,45]. These peaks are the characteristic feature of anthocyanin. The peaks showing below
1200 cm'regions are due to the vibrations of the whole molecule and are called as ‘fingerprint region’.

[
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Figure 9: TLC of dye extract
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Figure 11: FT-IR spectrum of Torenia sp
CONCLUSION

An attempt has been made to produce an eco-friendly dye from natural source with biomordants. From the present
study, Torenia sp flowers were found to have good dye ability. Best extraction of dye can be obtained at pH 7, 30°C
with less time. Silk yarn meta mordanted with biomordant tannin from Tamarindus indica seed coat (T.l.-S.C)
showed good to very good fastness to light, wash and perspiration than meta mordanted with Peltophorum
pterocarpum bark (P.PT-B). Best dyeing was achieved at pH 9, 50°C, for 30 min with 1:20 dye concentration, in
which the dye colour obtained was green due to alkaline pH. The violet coloured pigment responsible for the dye
extract was identified as Anthocyanin. Since green colour textile dye is very rare from natural sources, Torenia sp
flowers can be highly recommended for textile industries as an alternative for harmful synthetic green dyes.
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