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Summary

Introduction: Indian madder (Rubia cordifolia L.), is an important natural dyeing plant with long history.
Rubia belongs to the family Rubiaceae. It is one of the oldest dyeing plant with a source of beautiful and
permanent shades of red. The compounds found in the plant’s roots are an excellent natural dye for dyeing
protein fibres. The ingredients contained in the root of the plant have numerous health-promoting effects
on the human body, both internal and external. In this study water extract from the plant roots was tested to
obtain different colours on protein fibres.

Objective: The aim of the study was to assess the dyeing properties of East Frisian sheep wool by water
extract of R. cordifolia roots.

Methods: In this research wool from the East Frisian sheep breed were selected and compared the colours
obtained on this wool using six dyeing methods.

Results: The results indicate that the type of mordants used affects the intensity and colour of the wool after
dyeing. Wool samples dyed without any treatments and with various mordants show different intensity of
colour in the red colour range (cinnabar red, brick red, raspberry, tomato red, Tuscan red).

Conclusions: Indian Madder R. cordifolia plant is an efficient raw material that gives intense colours on wool
in range of red.
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INTRODUCTION

Rubia cordifolia Lin., (Rubia munjsta Roxb., R. discolor
Turcz) belongs to the family Rubiaceae, commonly
known as Majith and Indian madder. Different names
of this plant are: marzanna indyjska in Polish, Indian
madder, Madder, Dyer’s madder in English, Garance
indienne in French, Indischer Krapp in German,
Manijit, Manjistha, Aruna Bhandi, Bhadiralatik in
Hindji, Tshue, Etiopia: Enchibir in Tibet [1-3].

The area of its occurrence is primarily Asia (India,
Pakistan, China, Mongolia, Japan, Korea). It is also
a native plant in Africa, especially in Mozambique,
and South Africa, Sudan and Somalia and several
others.

R. cordifolia is one of the oldest dyeing plants with
a source of permanent shades of red. The roots of the
plant contain about 20 anthraquinone constituents,
like alizarin, munjistin, purpurin, pseudopurpurin,
xanthopurpurin, rubiadin, anthragallol, lucidin,
damnacanthal, nordamncanthal, etc. [4, 5]. The roots
of this plant can be used for dyeing yarns and fabrics
[6].

R. cordifolia is also well known in a Ayurvedic
medicine (one of the world’s oldest medical systems)
which still remains one of India’s traditional health-
care systems [7, 8]. One of the first sources dated
back over 2,000 years ago mentioning the medical
properties of India madder is the famous pharmacy
book of China, Divine Famer’s Materia Medica.
Its health-promoting properties were described in
many medical books and guides [7, 9]. Ingredients
of the plant roots have anti-cough, expectorant,
astringent, tonic, soothing and diuretic properties
[10], ophthalmic, and rejuvenating effect [11, 12] as
well an antibacterial action, inhibiting the growth of
Staphylococcus aureus, S. epidermidis, Pneumococci
etc. In India, it has been used traditionally for various
types of skin diseases. R. cordifolia has a positive
effect on the skin and accelerates wound healing
[13]. It is used in the treatment of skin discolorations
and blemishes. The plant is an excellent raw material
for the development of new drugs, it has specific
pharmacogenetic parameters, but attention should
be paid to its standardization [14].

Sheep wool is a natural, renewable and bio-
degradable product and the most important natural
animal fibre used in the textile industry [15].
Currently, outside the textile industry, there is a
significant interest in the use of wool for technical
applications [16-22]. Sheep come in many varieties of
colour, ranging from black, through various shades
of brown and grey, to white [23]. Domestic sheep
wool is usually creamy in colour. Subjecting wool to

natural dyeing processes resulting in different colour
intensities increases its attractiveness for textile and
non-textile applications.

The aim of the study was to assess the dyeing
properties of East Frisian sheep wool by water extract
R. cordifolia roots.

MATERIALS AND METHODS

Plant material

Research material consist of roots of R. cordifolia from
India, imported by Alfred Galke GmbH, Germany.
Roots of the plant were grinded into a fine grit, for
water extraction for wool-dyeing. R. cordifolia roots
and their cross section are presented in Figures 1-2.

Wool

Research material consisted of wool from the East
Frisian sheep breed, coming from the Experimental
Farm, Poznan University of Life Sciences, Poland.
The washed wool was characterized by a mean fibre
diameter (MDF) = 38 ym and length = 74 mm.

Pre-mordanting

Wool from the East Frisian sheep was immersed in
aqueous solution of non-ionic detergent (5 ml/l) for
30 min to remove dirt and swelling. Then the wool
was dried at ambient temperature and subjected to
a pretreatment process. The pre-mordanting method
was used for protein fibres: 3000 ml H,0, 15 g alum,
100 g wetted wool, temperature 60°C for 120 min.

Dyeing

The processes of dyeing was conducted in the Ugoloni
apparatus. Six dye cups were used in this process. The
solution of 500 ml H,O containing water extract of the
R. cordifolia was poured into each cup (see Table 1).
Cup 1 - no mordants

Cup 2 - Aluminium potassium sulphate: ALK (SO,) *
24H.0

Cup 3 - Sodium carbonate:  Na,CO,

Cup 4 - Citric acid: CH,O,

Cup 5- Copper sulphate: CuSO, *5H,0

Cup 6 - Iron sulphate: FeSO, *7H,0

At the end, 5 g of wool was added to cups 1-6.

The dyeing liquid was heated to a temperature of
80°C (gradient 1°C/1 min.) an then maintained for 30
minutes. Next, the solution of dissolved R. cordifolia
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Figure 1.

Roots of Rubia cordifolia

water extract with wool fabric was cooled to 50°C ~ a CIELab colour space, specified by the International

(gradient 2°C /1 min.) [24-26]. Commission on Illumination. This system describes
all the colours visible to the human eye and was
Colour determination created to serve as a device independent reference

model. The parameters are colourfulness, saturation,
The colour measurements of the dyed wool were  lightness and brightness [27, 28]. According to
made with the RM 200QC spectrophotometer using ~ CIELab, L* describes the brightness of colour in

S3400 15.0kV 44.6mm x37 SE

Figure 2.

Cross section of Rubia cordifolia roots
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Table 1.

The methods of dyeing R. cordifolia with different mordants

Samples Type of mordant Mo[;ant India[lél]adder Eﬁ% “[](g);) !
1. no - 5¢ 500 5g
2. Alum 05¢g 5¢ 500 S5¢g
3. Sodium carbonate — 5g 05¢g S5¢g 500 5¢g
4. Citric acid — 3g 03¢g S5¢g 500 S5¢g
5. Copper sulphate -5g 05¢g 5¢ 500 5¢g
6. Iron sulphate — 5g 03¢g 5¢ 500 5¢g

the range from white to black, a* describes the
saturation of colours from red to green, b* describes
the saturation of colours from yellow to blue.

Pantone® Colour Matching System is a standardized
colour reproduction system. By standardizing the
colours, different manufacturers in different loca-
tions can refer to the Pantone® system to assure
the colour match without direct contact with one
another.

Ethical approval: The conducted research is not
related to either human or animal use.

RESULTS AND DISCUSSION

Photographs of sheep wool dyed with India madder
(Rubia cordifolia), both without mordant and with
mordants: alum, sodium carbonate, citric acid,
copper sulphate and iron sulphate are presented in

Table 2. Spectrophotometric and Pantone® colour
measurement results of sheeps wool dyed with
various mordants are presented in Table 3. Table 4
represents the AE index for wool dyed with various
mordants.

Samples of wool dyed without mordant and
with various mordants shows varied intensity of
colour in the red colour range (cinnabar red, brick
red, raspberry, tomato red, Tuscan red). The most
intense red colour is the sample dyed with sodium
carbonate, which according to Pantone can be
described as raspberry (Table 3). The test stained
with citric acid is characterized by the least intense
staining. The colour of the sample is nearing to
orange colour, Pantone® 17-1444 TCX, see Table 3
[29].

The colour was quantified with a numerical
value. For India madder (Rubia cordifolia) dyed
wool, L* a* b* values were obtained in ranges as
follows: L* 29.8 — 38, a* 23.2 - 32.9, b* 18.9 - 30.8.

Table 2.

Photographs of sheep wool dyed without mordant and with mordants: alum, sodium carbonate, citric acid,
copper sulphate and iron sulphate

No mordant Alum Sodium carbonate

Citric acid Copper sulphate Iron sulphate

-
A

kerba polonica
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Table 3.
Spectrophotometric and Pantone colour measurement results of sheep’s wool dyed with various mordants
Parameter =~ No mordant Alum R Clt.rlc Copper Iron sulphate
carbonate acid sulphate
L 30.9 34.9 34.0 38.8 32.6 29.8
a’ 29.7 32,9 314 30.6 27.1 23.2
b’ 22.7 26.7 19.8 30.8 21.0 18.9
C 374 42.1 37.1 43.5 343 30.0
he 37.4 38.7 322 45.1 37.8 39.2
Pantone®  18-1540 TCX  17-1345TCX  17-1545TCX  17-1444 TCX 18-1449 TCX  19-1250 TCX
Colour Cinnabar red Brick red Raspberry Red orange Tomato red Tuscan red

L* - lightness
a* - redness

b* - yellowness
C - chroma

h° - hue angle

For pure black, L* takes the value of 0, while for
perfectly pure white, the value is 100. Positive values
of a* show the saturation of samples with red colour.
Positive values of b* indicate the yellow saturation of
samples.

AE values ranged from 3.5 to 16.7 (Table 4).
The observer will notice clear differences in colour
between the sample without mortar and the
samples dyed with sodium carbonate and copper

sulphate. In case of samples dyed with alum, citric
acid and iron sulphate, the observer notices two
different colours in relation to the samples without
mordants. In case of samples dyed with alum, in
relation to other variants, the observer notices
also two different colours (values 5<AE). A similar
relationship was obtained for samples dyed with
sodium carbonate in comparison to samples dyed
with citric acid and iron sulphate, and citric acid in

Table 4.

The AE index for sheep wool dyed with various mordants

S T, alum sodium citric copper iron
carbonate acid sulphate sulphate

no mordant - 6.5 4.5 11.3 3.5 7.6
alum 6.5 - 7.1 6.1 8.5 13.5
sodium carbonate 4.5 7.1 - 12.0 4.7 9.3
citric acid 11.3 6.1 12.0 - 12.1 16.7
copper sulphate 3.5 8.5 4.7 12.1 - 5.2
iron sulphate 7.6 13,5 9.3 16.7 5.2 -

A standard observer sees the difference in colour as follows, when:
e« 0<AE<1 - observer does not notice the difference
1 < AE <2 - only experienced observer can notice the difference,
o 2<AE < 3.5 - unexperienced observer also notices the difference
3.5 < AE < 5 - clear difference in colour is noticed
e 5< AE - observer notices two different colours [30]
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comparison to cooper sulphate and iron sulphate
as well as cooper sulphate in comparison to iron
sulphate as well [31].

CONCLUSIONS

R. cordifolia root is an eflicient raw material that
gives wool a wide range of intense red colours
(cinnabar red, brick red, raspberry, tomato red,
Tuscan red). Obtaining a wide range of red colours
on protein fibres obtained in the R. cordifolia roots
dyeing process increases the attractiveness of this
raw material for various applications, both in
clothing, interior design elements and handicrafts.
The combination of the advantages of sheep wool,
such as high hygroscopicity, the ability to absorb
dyes, heat protection, resilience, flame retardancy
and others, as well as dyeing with R. cordifolia roots,
constitutes an excellent basis for the development of
innovative products combining the benefits of both
components mentioned in the work.

Conflict of interest: Authors declare no conflict of
interest.
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