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Abstract - In this study, the usage of Sarıkız herb tea (Sideritis trojana ehrend) was examined in terms of textile 

dyeing. For this purpose, cotton and wool fabrics were treated with willow extract for 24 h, at room temperature. 

The pretreated samples were dyed with S. trojana extract in the presence of three mordants including alum 

(AlK(SO4)2·12H2O), ferrous sulfate heptahydrate (FeSO4·7H2O) and copper sulfate pentahydrate (CuSO4·5H2O) 

and using three mordanting methods (pre-mordanting, meta-mordanting and post-mordanting).  Fastness 

properties (rubbing and light) were also determined. Generally, high fastness values were obtained. The color 

strength values of the wool fabrics were found to be higher than that of cotton fabrics. It is concluded that, S. 

trojana ehrend has affinity to the wool fabrics, and can be used as an alternative source in the presence of willow 

extract in natural dyeing.  
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1. Introduction 
 

Natural coloring agents have been used since beginning of the time to color wool, silk, cotton 

and leather [1]. Natural dyes are widely used in textile dyeing due to their ecofriendly 

properties [2-4]. In addition, those pigments are anti-allergic and harmless to human and 

environment [5]. Natural dyes and pigments can be considered as an important alternative to 

the harmful synthetic dyes and generally they give soft and lustrous pastel colors. It is known 

that, synthetic dyes are synthesized from petrochemical sources that resulted chemical 

substances which are hazardous to human health and environment. Thus, there is a growing 

interest to natural dyes due to their biodegradable, less toxic and eco-friendly properties in 

recent years [6, 7]. Therefore, necessity of lowered cost natural dyeing for production was 

canalized people to use of dyestuff containing wastes such as food, beverage and aerial parts 

of the plants [8]. 
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To color the fiber, generally different parts of plants have been used including bark, flowers, 

leaves and seed. Although bark of the plant is rich with coloring agent, usage of the bark 

could kill the plant. Bark is preferred in dyeing because of its high percentage of coloring 

agent. Therefore, leaves, flowers and seeds are used for the extraction of the dyestuff from the 

plant. The leaves of the plant provide abundant and easy availability source for dyeing 

industry [9]. 

 

S. trojana ehrend belongs to Labiatae family and grows in Kaz mountains in Turkey. It is 

called as Sarıkız herb tea. There are 45 genus, 546 type and 730 taxa in Turkey. [10] 

S. trojana exhibits antioxidant and antimicrobial activity [11] and has been using as a natural 

tea. 

 

Best to our knowledge, there is no study on the dyeing properties of S. trojana. It is reported 

that, the plant contains o- methyl- izo skultelarin-7-o-[(6- o- acetyl- Beta-allopyrazonyl-

(1,2)]- beta- glucopiyranoside as coloring agent (Figure 1) [12]. 
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Figure.1. O- methyl- izo skultelarin-7-o-[(6- o- acetyl- β-allopyrazonyl-(1,2)]- β-glucopiyranoside 

 

The dyestuff has oxochorome groups (carbonyl and hydroxide groups) which may be 

exhibited good dyeing properties.  

 

2. Experimental 
 

Fabrics 

 

Scoured, bleached and mercerized plain weaved cotton fabric (240 g/m
2
) and wool fabric (125 

g/m
2
) were purchased from Has Ozgen Textile Company (Tokat, Turkey).  

 

Preparation of willow extract 

 

Willow branches (1 kg) were soaked in distilled water (10 L) for 21 days at room temperature 

and then filtered. The filtrate was used in the pre-treatment processes. 

 

Preparation of the mordant solutions and the dye-bath 

 

To prepare wool and cotton samples for dyeing processes, the samples were treated with the 

water extract of willow, at room temperature for 24 h. The stem and the leaves of S. tojana 

were supplied from Plant Research Laboratory, Gaziosmanpasa University, in June, 2014. 



Journal of New Theory 8 (2015) 92-100                                                                                                                          94 

 

The parts of the plant were dried and cleaned in order to remove the impurities. Soxhlet 

apparatus was used for the extraction of the plant. Plant material (100 g) was extracted with 

distilled water (1 L). Extraction was maintained at its boiling point, for 12 h. After the end of 

the period, the mixture was filtered and the clear solution was used as dye bath in the dyeing 

experiments. 

 

Reagents and equipments 

 

Analytically grade chemicals including alum (AlK(SO4)2·12H2O), ferrous sulfate 

heptahydrate (FeSO4·7H2O) and copper sulfate pentahydrate (CuSO4·5H2O) were supplied 

from Merck. Soxhlet apparatus was used for the extraction process. Premier Colorscan SS 

6200A Spectrophotometer was used for the determination of CIELab values (L*, a*, b*) and 

color strength (K/S) values. Kubelka-Munk equation was used for the expression of color 

strength values of the dyed samples as K/S values: 

 

K / S= (1 - R)
2 

/ 2R 

 

K indicates the absorption coefficient, R is the reflectance of the dyed sample and S is the 

scattering coefficient. 

 

Fastness levels of the dyed fabrics were evaluated using rubbing (wet, dry) and light fastness 

tests and determined according to ISO 105-C06 and to CIS, respectively. For light fastness, 

dyed samples were exposure to bare sunlight for 200 h. After the end of the time, light 

fastness ratings of dyed samples were given on 1-8 grey scale. A 255 model crock-meter and 

Atlas Weather-ometer were used for the determination of rubbing and light fastness values, 

respectively. [13].  

 

Dyeing procedures 

 

Dyeing procedures of the wool and the cotton samples were carried out according to the 

dyeing diagram (Figure 2). The undyed materials were kept into willow extract for 24h, at 

room temperature before dyeing procedures.  At the end of the time, the samples were rinsed 

with distilled water and dyed using pre-mordanting, meta-mordanting and post-mordanting 

methods. 

 
Figure 2. Dyeing diagram 

 

 

Dyeing process was started at 25°C. Natural dye and the samples which were pretreated with 

willow extract were added and the temperature was increased to 95°C. Dyeing was continued 
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at the same temperature for 60 min. After the dyeing process, the dyed material was cooled 

and rinsed with distilled water [14]. 

 

Dyeing method  

 

For pre-mordanting method, fabrics (pre-treated and unpretreated) were soaked into mordant 

solution (0.1 M, 100 mL) and heated for 30 min at 95ºC. Then, it was cooled and washed with 

distilled water. The fabric was then placed into the dye-bath solution (100 mL) and dyed at 

95ºC for 1 h. At the end of the period, the dyed material was removed, rinsed with distilled 

water and dried.  
 

In meta-mordanting method, both mordant (in solid form that is equal to 0.1 M mordant 

solution) and the dye residue was transferred to a conical flask and the fabric was poured into 

the mixture. Then the mixture was heated at 95ºC until 1 h. Then it was cooled and washed 

with distilled water, squeezed and finally it was dried. 

 

For post-mordanting method, the non-colored material (1 g) was firstly treated with the dye 

solution for 1 h at 95ºC. Then the material was cooled, washed twice with distilled water and 

poured into 0.1 M mordant solution (100 mL). It was heated for 30 min. at 95ºC. After the 

end of the process, the dyed fabrics were rinsed with distilled water [15]. 

 

3. Results and Discussion 

 
Proposed dyeing mechanism 

 

 

Figure 3. Proposed mordant-dye complex in the dyeing of wool fabrics
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Wool structure contains both –NH2 and –COOH groups. Therefore, it is expected that 

chemical interactions between S. trojana extract dye and the wool fabric occurred between –

OH (hydroxyl) group of the dye molecule and oxygen and nitrogen atoms of the wool fabric 

via H-bonding (Figure 3). 

 

The structure of mordant-dye complex that occurred in the dyeing of wool fabric with S. 

trojana extract can be considered as follows [15]:  

 

Cotton consists of CH2O- units. Due to its cellulosic structure, formation of complex is 

expected between CH2O- groups of cellulose and metal cation via coordinate covalent 

bonding. The predicted structure is given below (Figure 4): 

 

 
 

Figure 4. Proposed mordant-dye complex according to meta-mordanting method in the dyeing of cotton (Me
n+

: 

mordant cation) 

 

Fastness properties 

 

Fastness values of the dyed fabrics are given in Table 1. Rubbing fastness of the dyed samples 

was determined in both dry and wet form. It is observed that rubbing fastness values were 

found higher in the dry form than in the wet form. Additionally, higher rubbing fastness rates 

were obtained with pre-mordanting method for cotton fabrics. The light fastness values of the 

dyed fabrics range between 3 and 7 i.e. moderate to excellent. There is no important 

difference between pH 4 and pH 8 in all mordanting methods and each three mordants in 
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terms of light fastness levels. Dyeing of wool and cotton fabrics in the presence of copper 

sulfate mordant exhibited higher light fastness values than the other mordants (Table 1). 

  
Table 1. Light and rubbing fastness results for the dyed cotton and the wool samples 

 

 
Light fastness 

Rubbing fastness 

 

      Dry      Wet 

CuSO4 FeSO4 AlK(SO4)2 CuSO4 FeSO4 AlK(SO4)2 CuSO4 FeSO4 AlK(SO4)2 

 

Pre-

mord. 

C
o
tt

o
n
 

pH:4 6 3 3 5 4 5 5 4 4/5 

pH:8 6 4 3 5 5 5 5 5 5 

W
o
o
l 

pH:4 7 5 6 5 4 5 4/5 5 4 

pH:8 7 7 6 5 5 5 4/5 4/5 4/5 

Meta-

mord. 

C
o
tt

o

n
 pH:4 6 5 4 5 5 5 5 4/5 4/5 

pH:8 6 5 7 4/5 4 5 4 4/5 5 

W
o
o
l 

pH:4 7 4 6 5 5 4/5 5 5 4/5 

pH:8 7 7 6 4 4/5 5 3/4 4/5 5 

Post 

mord. 

C
o
tt

o
n
 

pH:4 6 4 4 5 5 5 5 5 4/5 

pH:8 6 5 5 5 4/5 5 4/5 4/5 5 

W
o
o
l 

pH:4 6 5 6 5 4 5 5 4/5 5 

pH:8 7 7 7 5 4 5 5 5 5 

 

 

Determination of color strength and color coordinates 

 
Table 2. The CIELab values for the dyed cotton samples 

 

Dyeing 

method 

mordant Control samples (untreated and 

dyed with S. trojana extract) 

Cotton samples (pre-treated with 

willow extract and dyed with S. 

trojana extract) 

L* a* b* L* a* b* 

P
re

-

m
o
rd

. 

CuSO4 71.7 4.4 37.7 64.5 7.5 26.2 

FeSO4 67.7 6.7 23.1 69.3 4.4 20.3 

AlK(SO4)2 77.4 2.0 28.6 76.1 4.1 25.9 

M
et

a-

m
o
rd

. CuSO4 71.9 2.8 27.8 65.5 5.1 26.5 

FeSO4 55.1 8.3 25.0 55.1 4.1 16.4 

AlK(SO4)2 82.2 0.3 27.7 81.8 -2.1 16.2 

P
o
st

-

m
o
rd

. CuSO4 78.1 -0.4 17.8 75.1 1.5 17.2 

FeSO4 68.4 10.7 34.1 69.6 3.8 20.1 

AlK(SO4)2 86.6 -0.2 10.5 83.2 2.5 16.9 
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Evaluation of color parameters was performed using CIELab system. Results were given in 

Table 2 and Table 3, respectively. Lightness-darkness values of dyed fabrics symbolized with 

“L” and these values varied between 100 and 0, representing white to black; + values of a* 

and b* indicate redness and yellowness shade, respectively. Additionally, - values of a* and 

b* refer to greenness and blueness color tones, respectively. Lightness values of the dyed 

fabrics were found between 55-87 and 54-84, for cotton and wool fabrics, respectively. 

Darker color and color tones were obtained with pre-treatment processes in the dyeing of 

wool fabric. Cream and brown color and color tones were obtained in the dyeing of cotton 

fabrics. Cream and yellow color and color shades were achieved in the dyeing of wool fabrics. 

Additionally, it is observed that different mordants are not only affected the hue of the color 

but also color strength of the dyed fabrics. 

 
Table 3. The CIELab values for the dyed wool samples 

 

Dyeing 

method 

mordant Control samples (untreated and 

dyed with S. trojana extract) 

Wool samples (pre-treated with 

willow extract and dyed with S. 

trojana extract) 

L* a* b* L* a* b* 

P
re

-

m
o
rd

. 

CuSO4 69.9 2.9 34.7 59.7 5.4 30.0 

FeSO4 83.7 -0.6 9.3 54.4 2.9 14.2 

AlK(SO4)2 79.9 0.4 22.0 69.4 4.5 25.6 

M
et

a-

m
o
rd

. CuSO4 71.6 1.3 23.7 71.9 4.7 28.4 

FeSO4 67.1 3.6 16.2 55.9 2.9 13.8 

AlK(SO4)2 79.8 -0.6 13.4 65.8 3.9 28.4 

P
o
st

-

m
o
rd

. CuSO4 79.9 -3.7 11.9 69.6 1.7 17.8 

FeSO4 68.9 10.1 33.0 60.5 7.0 25.6 

AlK(SO4)2 63.0 5.9 20.5 79.7 -0.1 13.0 

 
 

 

 
 

Figure 5. K/S values of the dyed wool samples 
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Influence of various mordants such as alum, ferrous sulfate and copper sulfate was 

investigated for wool and cotton fabrics (Figure 5 and Figure 6). The highest K/S value (8.5) 

was obtained in the presence of ferrous sulfate mordant for cotton fabric (Figure 5). The 

results also indicated that pre-treatment agent (willow extract) generally helps to increase the 

color strength of the dyed samples. It is observed that K/S values depend on the mordant type, 

dyeing method and pre-treatment process.  
 
 

 
 

Figure 6. K/S values of the dyed cotton samples 

 

 

4. Conclusions 

 
The way to improve the quality of the dyeing is to use natural mordants such as willow 

extract. This extract plays an important role on the brightness of the colors. Willow extract 

contains salicylic acid and other tannins [16]. These components extend the pores of the fiber 

micelles during the pre-treatment process, and so, it facilitates to increase the affinity of the 

dye to the keratin. Therefore, high color fastness values were obtained in the presence of 

willow extract. 

 

As a result, fastness values of the wool samples are found higher than that of cotton samples. 

Yellow, brown, cream color and color tones are obtained from the dyeing of the fabrics with 

S. trojana extract in the presence of willow extract pre-treatment. High fastness values are 

obtained for three mordanting methods with all mordants that used in the study. 

 

Consequently, S. trojana is a proper natural source for dyeing of wool and cotton fabrics. 

Therefore, this plant may be used as a natural source in the production of the carpets and 

kilims. 
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