
INTRODUCTION

Dyeing is an art which is as old as our civilization. Dyed textile remains found during
archaeological excavations at various sites all over the world give evidence to the practice of
dyeing in ancient civilizations. Till the nineteenth century, natural dyes were used for coloring of
textiles. Natural dyes are derived from natural resources. These resources may be of plant, animal,
mineral, and microbial origin. Different regions of the world had their own natural dyeing traditions
depending upon the natural resources available in that region (Saxena and Raja, 2014).

Most common dyes were madder, kermes, safflower for red, cutch for brown, turmeric for
yellow, indigo and woad for blue and myrobalan for black. Indian dyers managed so many colours
to produce beautiful colour harmonies. In addition to plant dyes animal dyes such as Cochineal-red
derived from bodies of cochineal insects and Tyrian purple and crimson-from the bodies of marine
snails. Mineral dyes derived from colored clays and earth oxides such as Chrome green, Chrome
red, Chrome yellow and Prussian blue were also used (Alemayehu and Teklemariam, 2014).

India has always been a leader in the art of natural dyeing. The original knowledge system
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ABSTRACT
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and washing, rubbing and light fastness of dyed Angora wool increased with dye material concentration
and dyeing time up to their optimum values, after which, they decreased. Similarly, the optical density
of dye extract increased with increase in dye extraction time, up to the optimum value, after which, it
decreased.

Key Words : Ratanjot, Angora wool, Natural dye, Mordants

RESEARCH PAPER
ISSN : 2394-1413

International Journal of Applied Home Science

Received : 27.11.2017; Revised : 04.12.2017; Accepted : 09.12.2017

Volume 5 (1), January (2018) : 94-101



Internat. J. Appl. Home Sci. | Jan., 2018 | 5 (1) (95)

was used over the years in the past, the use of natural dyes diminished over generations due to lack
of documentation and precise knowledge of the extracting and dyeing techniques (Arora et al.,
2017).

There was a sharp decrease in the use of natural dyes for textile dyeing, after the discovery of
synthetic dyes in 1856. Consequently, with a distinct reduction in synthetic dye stuff prices, the use
of natural dyes was further reduced in the beginning of twentieth century. In present times, there is
an excessive use of synthetic dyes, around 10,000,000 tons per annum approximately. The production
and application of synthetic dyes release vast amount of waste and unfixed dyes causing serious
health hazards and disturbing the eco-balance (Saravanan et al., 2013).

Almost all synthetic dyes have their origin in coal tar. The chemicals used in their manufacturing
are very harmful. The effluents from dye houses are a serious threat to human health as these may
cause cancer and also to the environment by causing all kinds of pollution (Gulrajani et al., 1992).
Also, synthetic dyes such as azo dyes are reported to cause allergic reactions (Samanta and Agarwal,
2009).

The textile dyes, chemicals and auxiliaries consume large quantities of water. Unfixed dye,
chemicals and auxiliaries and water not picked up by the fibre material are together discharged as
effluent. These effluents, if discharged without treatment into the water body affect the marine life
adversely (Walsh et al., 1980). Further, riverbeds, soil and crops are also affected by such effluents
(Ajmal and Khan, 1985; Kaushik et al., 2005). Due to the relationship of textile industry with the
environment, textile dyeing has a lot of scope for eco-conservation (Reid, 1996; Abrar et al., 2009).

In view of the negative impacts of synthetic dyes, especially azo group of dyes, Germany put
ban on production and use of several specific azo dyes in 1996. Netherlands, India and some other
countries also followed the ban (Patel 2011).

Nowadays environmental awareness has again revitalized concern in natural dyes. Natural
dyes are considered eco-friendly as these are renewable and biodegradable; are skin friendly and
may also provide health benefits to the wearer. Natural dyes can be used for dyeing almost all
types of natural fibers. Recent research shows that they can also be used to dye some synthetic
fibers. Apart from their application in textiles, natural dyes are also used in the coloration of food,
medicines, handicraft items and toys, and in leather processing, and many of the dye-yielding plants
are used as medicines in various traditional medicinal systems (Saxena and Raja, 2014).

The shades produced by natural dyes are generally soft, lustrous and comforting to the human
eye. Natural dyes can produce a wide range of colours by mixing and matching. A wide range of
totally new colours can be produced by small variations in the dyeing procedure or the use of
different mordants with the same dye, which is not easily possible in case of synthetic dyestuffs. In
some cases like harda, indigo etc., the waste produced can serve as an ideal fertilizer for use in
agricultural fields. Therefore, there is no disposal problem. Many dye producing plants can be
grown on wastelands. Thus, wasteland utilization is an added merit of the natural dyes. Being a
labour intensive industry, it provides job opportunities for all those engaged in cultivation, extraction
and application of these dyes on textile/food/leather etc. Moreover, application of natural dyes has
potential to reduce carbon footprint by reducing consumption of fossil fuel based synthetic dyes.
Some of the natural dyes are enhanced with age, while synthetic dyes fade with time. Natural dyes
are usually moth proof and can replace synthetic dyes in kid’s garments and food-stuffs for safety
(Samanta and Konar, 2011).

There are several challenges and restrictions related to the use of natural dyes. The current
requirement of dyestuff for the industry is about 3 million tonnes. That is why; the use of natural
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dyes in mainstream textile processing is a big challenge. The agricultural land is mainly required for
food production of an ever-increasing world population and support livestock. Biodiversity should
not be compromised for the extraction of dyes (Saxena and Raja, 2014).

In addition, the process of dyeing with natural dyes is very lengthy and time consuming.
Moreover reproducibility of shades is also a major problem faced in dyeing with natural dyes,
especially when the traditional processes for their application on various substrates have been lost
in the absence of proper documentation and years of neglect (Thiyagarajan et al., 2016).

Despite all these limitations, there has been a shift towards the revival of the art of natural
dyeing in recent years (Arora et al., 2017). This change in the pattern in favour of natural dyes is
also due to the strict environmental standards imposed by many countries in response to toxic and
allergic reactions related with synthetic dyes (Grover and Patni, 2011). Due to the carcinogenic
nature of some synthetic dyes and their intermediates, natural dyes are being looked at as an “eco
solution” to the ill effects of synthetic dyes. (Thiyagarajan et al., 2016).

But, if natural dyes have to be commercialized, they need to conform to the same rigid standards
of performance that are applied to synthetic dyes. So, a lot of research and developmental effort is
needed to develop natural dyes commercially. The age old practices may have to be replaced by
modern, more scientific practices in order to overcome some of the disadvantages of these dyes
(Jothi, 2008).

New possibilities of using natural dyes for dyeing and printing of textiles to overcome the
problems associated with synthetic dyes are being explored by a number of apparel sourcing
companies, dyers and export houses (Kumar and Dhinakaran, 2017).

For the last twenty years, chemical research in the field of the analytical separation and
spectrometric identification of organic dyes has been performed and studies have presented a new
chromatographic scheme for the identification of certain dyes (Lee et al., 2013).

Ratanjot is the Hindi name for plants belonging to the borage family (including Alkanna
tinctoria  or alkannet) traditionally used for colouring textiles, food (such as rogan josh!), vegetable
oils, wines, medicines, cosmetics and varnishes. It is a red dye obtained from the roots of various
Boraginaceous plants species (Mishra and Butola, 2013). It is also used to cure eye diseases,
bronchitis, abdominal pains, etc. It is a historical natural dye and also holds immense importance in
the field of pharmaceutical, cosmetics and food colorants. The purple-brown roots, twisted roots
are covered in a papery bark from which the dye is extracted. Dark red, purple and browns are the

Fig. 1 : (a) Roots of Ratanjot, Picture (b) Powdered dye
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most typical colours achieved.
The major constituents of Ratanjot extracts are naphthoquinones. Plant dyes rich in

naphthoquinones such as lawsone from henna, juglone from walnut and lapachol from alkanet are
reported to exhibit antibacterial and antifungal activities (Singh et al., 2005 ; Joshi et al., 2009). The
root bark of A. nobilis is reported to have several biological properties such as antibacterial, antifungal,
antiviral, antitumor, antioxidant, radical scavenging and antithrombotic activity (Chen et al., 2002).

Angora fibers are tremendously supple and lustrous fibers. The fibers are formed in small
quantities and are found in limited regions around the world. This is why the angora products very
costly. Angora fibers are also called “Luxury Fibers”. Angora rabbit fiber is one of the world’s
finest luxury fibers. These are 10 to 12 micron in diameter and 40 to 70 mm in length. Regardless
of this fineness, the angora fiber has empty spaces in which air is trapped. Due to these air pockets,
angora has high thermal insulation and is extremely light in weight. Inner and outer garments (hats,
sweaters, blankets, etc.) either alone, or by blending with other fibers (generally fine wool) are
produced with angora (Riza, 2014). In this paper, optimum procedure of dyeing of Angora wool
with natural dyes was studied. The effect of different parameters of dyeing on dye ability of
Angora wool with Ratanjot dye as well as washing, light and rubbing fastness was studied.

METHODOLOGY
The roots of Ratanjot (Onosma echioides) were bought from a departmental store in Ludhiana.

Pure Angora wool was purchased from Kullu, Himachal Pradesh. Alum, chrome and copper sulphate
were used as mordants.

Dyeing was carried out at seven concentrations, six extraction times and six dyeing times to
determine optimum concentration of dye material, optimum time for extraction of dye material, and
optimum time for dyeing, respectively. The dyeing was carried out at four mordant concentrations
each employing the premordanting method and optimum dye material concentration, optimum
extraction time and dyeing time to determine the optimum concentration of three mordants namely
alum, chrome and copper sulphate. Then dyeing with three different methods of mordanting, i.e.,
Premordanting, simultaneous mordanting and post mordanting in case of each mordant was carried
out to determine best mordanting method. Each set of experiments were repeated for reliability.

RESULTSAND DISCUSSION
Optimum dye material concentration :

The samples were dyed with different concentrations of dye material, i.e. 1, 2, 3, 4, 5, 6 and 7
g of dye powder per 1 gram of wool. The dye solution was boiled for one hour to extract the dye.
The solution was filtered to get dye solution. The optical density of this solution was measured
using a colour spectrophotometer. The wool samples were dyed in this solution for one hour. Again
the optical density of the exhausted solution was recorded. The difference between the two optical
densities was taken as a measure of dye absorption by the sample. After dyeing, the dyed material
was washed with cold water and dried at room temperature (Pruthi et al., 2007; Jothi, 2008;
Suitcharit et al., 2010). It was found that the dye absorption increased with the concentration of the
dye material. It was highest i.e., 24.45% at the concentration 3.0 g/g of wool. The dye absorption
decreased beyond this concentration of dye material. Washing, rubbing and light fastness of dyed
woollen samples was found to be highest at the concentration of 3.0 g/g of Angora wool (Table 1).
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Table 1 : Optimization of Ratanjot dye material concentration for Angora wool (Dye material extraction
time 1 hr., dyeing time 1 hr., wavelength 370 nm)

Washing fastness grade Rubbing
fastness grade

Staining

Sr.
No.

Conc. of
dye

material
g/g of
wool

Optical
density
before
dyeing

Optical
density

after
dyeing

% dye
absorption

Colour
change

Wool Cotton

Dry Wet

Light
fastness
grade

1. 1.0 0.104 0.086 17.30 3 3-4 3-4 3-4 3 2

2. 2.0 0.154 0.124 19.48 3-4 4 4 3-4 3-4 2-3

3. 3.0 0.184 0.139 24.45 4 4-5 4-5 4 4 3

4. 4.0 0.203 0.176 13.30 4 4 4 3-4 3 2-3

5. 5.0 0.227 0.201 11.45 3-4 4 3-4 3 2-3 2-3

6. 6.0 0.241 0.215 10.78 3 3-4 3-4 3 2-3 2

7. 7.0 0.295 0.268 9.15 3 3 3 2-3 2 2

Optimum dye material extraction time:
Six solutions were prepared using optimum dye material concentration and water. These solutions

were boiled for different time periods, i.e. 30, 60, 90, 120, 150 and 180 minutes, respectively. The
solutions were filtered and their optical densities were recorded. Optical density increased with
extraction time of the dye material, it being maximum i.e., 0.258 at the extraction time of 60
minutes. Depth of shade also increased with extraction time but it was not deepest at optimum
extraction time. Washing, rubbing and light fastness were also maximum at 60 minutes of extraction.
(Table 2).

Table 2 : Optimization of Ratanjot dye extraction time for Angora wool (dye material concentration 3 g/g
of wool, dyeing time 1 hr. wavelength 370 nm)

Washing fastness grade Rubbing fastness
grade

Staining

Sr.
No.

Extraction time
(min)

Optical
density

Colour
change Wool Cotton

Dry Wet

Light
fastness
grade

1. 30 0.204 2 3-4 3-4 3 3 2-3

2. 60 0.258 3 4 4 4 3-4 3

3. 90 0.210 2-3 3-4 3-4 3-4 3 2-3

4. 120 0.205 2-3 3 3-4 3 2-3 2-3

5. 150 0.182 2-3 3 3 3 2-3 2

6. 180 0.147 2 3 2-3 3 2 2

Optimum dyeing time:
Six solutions were prepared using optimum dye material concentration and all of them were

boiled for the optimum extraction time. The optical density of the solutions was recorded. Wool
samples were dyed in the dye baths and dyed for 30, 60, 90, 120, 150 and 180 minutes, respectively.
After dyeing, the optical density of the solution was recorded. The difference between the optical
density before and after dyeing indicates the dye absorption by the sample. The dye absorption
increased with increase in dyeing time of dye material, it being maximum, i.e., 45.04% at the dyeing
time 90 minutes. The dye absorption decreased beyond it. Washing, rubbing and light fastness were
highest at optimum dyeing time (Table 3).
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Table 3 : Optimization of dyeing time for Angora wool with Ratanjot (dye material conc. 3g/g of wool,
extraction time 60 min., wavelength 370 nm.)

Washing fastness grade Rubbing
fastness grade

Staining

Sr.
No.

Dyeing
time
(min)

Optical
density
before
dyeing

Optical
density

after
dyeing

% dye
absorption

Colour
change

Wool Cotton

Dry Wet

Light
fastness
grade

1. 30 0.194 0.153 21.13 3 3-4 3-4 3 2-3 2

2. 60 0.181 0.134 25.96 3-4 4 4 3-4 2-3 2-3

3. 90 0.202 0.111 45.04 4 4-5 4 4 3 3

4. 120 0.198 0.121 38.88 4 4 4 3-4 3 2-3

5. 150 0.203 0.137 32.51 3-4 4 3-4 3 2-3 2

6. 180 0.191 0.141 26.17 3-4 3-4 3-4 2-3 2 2

Optimum mordant concentration:
The wool samples were dyed using 3g/g of dye material, 60 minutes extraction time and 90

minutes dyeing time. The samples were pre- mordanted with different concentrations of alum,
chrome and copper sulphate. The washing, rubbing and light fastness grades of woollen samples,
premordanted at different concentrations of each mordant, namely alum, chrome and copper sulphate,
employing concentration of dye material 3.0 g/g of wool, dye material extraction time 60 minutes
and dyeing time 90 minutes was tested. The optimum concentration of alum mordant on the basis
of washing, rubbing and light fastness was found to be 27.5%. In case of chrome mordant the
optimum concentration was 4.0 per cent. The optimum concentration for copper sulphate mordant
was found to be 4.0 per cent (Table 4)

Table 4: Optimization of mordant concentration (Dye material conc. 3g/g of wool, extraction time 60 min,
dyeing time 90 min)

Washing fastness grade Rubbing fastness
grade

Staining

Sr.
No.

Type of mordant Per cent
mordant

conc. Colour
change Wool Cotton

Dry Wet

Light
fastness
grade

22.5 3 3-4 3 3 2-3 1-2

25.0 3-4 3-4 3 3 3 2

27.5 4 3-4 3-4 3-4 3 3

1. Alum

30.0 3-4 3 2-3 2-3 2-3 2-3

2.0 3-4 3 3 3 2-3 1-2

3.0 3-4 3-4 3 3-4 3 1-2

4.0 4 4-5 4 4-5 3-4 2-3

2. Chrome

5.0 4 3-4 3-4 3-4 3-4 2

2.0 3-4 3-4 3 3 3 1-2

3.0 4 4 3-4 3-4 3 2

4.0 4 4-5 4-5 4 3-4 2-3

3. Copper sulphate

5.0 3-4 4 4 3 3 2
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Best mordanting method:
Three processes of mordanting were used-pre mordanting, simultaneous mordanting and post

mordanting. The washing, rubbing and light fastness grades of woollen samples mordanted with
different mordanting methods, employing Ratanjot dye material concentration 3.0 g/g of wool,
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extraction time 60 minutes, dyeing time 90 minutes, concentration of alum, chrome and copper
sulphate being 27.5 per cent, 4.0 per cent and 4.0 per cent, respectively in each mordanting method
were determined.

The best method of mordanting for alum was post mordanting. In case of chrome and copper
sulphate it was premordanting (Table 5).

Table 5: Optimization of mordanting method (dye material conc. 3g/g of wool, extraction time 60 min,
dyeing time 90 min, conc. of alum 27.5 %, conc. of chrome 4.0%, conc. of copper sulphate 4.0%)

Washing fastness grade Rubbing fastness
grade

Staining

Sr.
No.

Method of
mordanting

Type of mordant

Colour
change Wool Cotton

Dry Wet

Light
fastness
grade

Alum 4 3-4 3-4 3-4 3 3

Chrome 4-5 4-5 4 4-5 3-4 2-3

1. Pre mordanting

Copper sulphate 4 4-5 4-5 4 3-4 2-3

Alum 3-4 3-4 3-4 3 3 3

Chrome 4 4-5 4 4 3-4 2

2. Simultaneous

mordanting

Copper sulphate 3 4 4 3-4 3 1-2

Alum 4 4 4 4-5 4 3-4

Chrome 3-4 4 3-4 3-4 3-4 1-2

3. Post mordanting

Copper sulphate 4 3-4 3-4 3 3 2

Conclusion :
The whole process of extraction and dyeing is ecologically safe. Kulkarni et. al. The present

study was conducted to develop the standard methods of dyeing with Ratanjot dye on Angora wool
and to determine their washing, rubbing and light fastness and the effect of different conditions of
dyeing on washing, rubbing and light fastness. It was found that the highest fastness to washing,
rubbing and light was achieved when Angora wool was dyed with Ratanjot dye at a concentration
of 3g/g of wool, extraction time of 60 minutes, dyeing time of 90 minutes. The optimum concentration
of alum, chrome and copper sulphate was 27.5%, 4.0% and 4.0%, respectively. Best mordanting
method for alum was post mordanting, for chrome and copper sulphate it was pre mordanting.
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