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Abstract: Silk is a natural filament obtained from the Bombyx mori species of silkworm, with a fiber length 
of up to 3000 meters. During the Ottoman era in Edirne, sericulture and silk trade were important activities. To 
this end, silk factories, trade centers, and silk weaving schools were established, creating an important source 
of income for the people of Edirne. 
Edirne Red is a natural dye obtained from the Rubia Tinctorum L. plant and is part of the Ottoman Empire's 
heritage. This dye is resistant to sunlight and washing. It has been used in Turkish carpets, as well as in silk and 
cotton fabrics. 
The aim of this study is to bring together the importance of Edirne Red and silk in Edirne's history. For this 
purpose, 100% silk fabrics were dyed using madder (Rubia Tinctorum L.) grown within the borders of Edirne 
province. The effects of dye ratios and auxiliary chemicals used on color and colorfastness were examined 
during the dyeing process. The color values of the fabrics were measured numerically in the CIEL*a*b* color 
space, and the washing and light fastness values of the dyed fabrics were also measured. Additionally, high-
performance liquid chromatography (HPLC) analyses were performed on both the used madder and the dyed 
fabric. 
Based on the obtained data, the closest Edirne Red color was achieved by pre-mordanting fabric before dyeing 
and using ethanol as the dye solvent. Madder dye, successfully applied to silk fabrics under different conditions, 
has shown good results in terms of color yield and fastness properties. 
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İpeğin Kök Boya İle Edirne Kırmızısı Rengine Boyanması 
 
Öz: İpek, bombyx mori türü ipek böceğinden elde edilen ve lif uzunluğu 3000 m.ye kadar ulaşabilen doğal bir 

filamenttir. Osmanlı dönemi Edirne’sinde, ipek böcekçiliği ve ticareti önemli bir yer tutmuştur. Bu amaçla, ipek 

fabrikaları, ticaret hanı, ipekçilik okulu kurulmuş ve Edirne halkı için ipek önemli bir gelir kaynağı yaratmıştır. 
Edirne Kırmızısı, Rubia Tinctorum L. bitkisinden elde edilen doğal bir boyadır ve Osmanlı imparatorluk 

mirasıdır. Bu boya güneş ışığına ve yıkamaya karşı dirençlidir. Türk halılarında, ipek ve pamuklu kumaşlarda 
kullanılmıştır. 
Yapılan bu çalışmada Edirne tarihinde önemli yer edinen Edirne kırmızısını ve ipekçiliği bir araya getirmek 

amaçlanmıştır. Bu amaçla, Edirne ili sınırları içerisinde yetişen Rubia Tinctorum L. kök boya bitkisi 

kullanılarak %100 ipekli kumaşlar boyanmıştır. Boyama işleminde, boyarmadde oranlarının ve kullanılan 

yardımcı kimyasalların renk ve haslık üzerindeki etkileri incelenmiştir. Elde edilen boyamalar sonucunda 

CIEL*a*b* renk alanında kumaşların renk değerleri sayısal olarak ölçülmüş ve aynı zamanda boyalı kumaşların 

yıkama ve sürtme haslık değerleri analiz edilmiştir. Aynı zamanda kullanılan kök boyarmaddenin ve boyanmış 

kumaşın yüksek performanslı sıvı kromatografisi (HPLC) analizleri gerçekleştirilmiştir. 
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Elde edilen veriler ışığında, kumaşın boyamadan önce ön mordanlama yapılması ve boyarmadde çözücüsü 

olarak etanol kullanılması sonucu en yakın Edirne kırmızısı rengi elde edilmiştir. İpekli kumaşlara farklı 

koşullarda başarıyla uygulanan kök boya, renk verimi ve haslık özellikleri açısından iyi sonuçlar vermiştir. 
 
Anahtar Kelimeler: Edirne Kırmızısı, İpek, Rubia Tinctorum L., Kök boya, Haslık 
 

1. INTRODUCTION 
 

Edirne, known with the prefix "Edirne" worldwide, is a city that stands out as one of the rare 
cities with a distinct color. One of the cultural values of Edirne province is the Edirne Red, known as 
"Rouge d'Andrinople" in French. Edirne Red, initially referred to as Turkish Red because it was 
brought to Europe from Turkey in the 1740s, represents a lengthy and laborious dyeing process, also 
known as "Rouge d'Andrinople" in international literature (Akman, 2021). 

This color holds significant importance in the European textile industry as a historical color. The 
red colors observed in Byzantine-origin icons, Egyptian (8th-18th century) and Ottoman fabrics have 
been identified through HPLC analysis and found to be derived from Rubia Tinctorum L. 
(Karapanagiotis, and Karadag, 2015; Karapanagiotis et al., 2021). 

Rubia tinctorium L. is a natural source of dye and in the anthraquinone dyestuff class. The roots 
of the plant contain various dye substances from a chemical perspective. These include alizarin, 
rubiadin, purpurin, xanthopurpurin and munjistin. The plant has been recognized as the most popular 
source of red color tones and has also contributed to obtaining shades of pink, orange, purple, gray, 
and brown with high color intensity (Singh et al., 2020). 

Rubia tinctorium L. is extracted from the dried roots of the plant. In silk dyeing, a metallic salt 
called mordant is required for satisfactory dyeing and color fastness properties, as well as to achieve 
different shades of color (Kasiri and Safapour, 2015). 

Silk is one of the most preferred high-quality textile materials due to its soft, shiny, excellent 
absorbent, draping, elegant appearance, and superior comfort. Unfortunately, its very low wet 
elasticity causes significant inconvenience in the use of silk textiles as they easily wrinkle when 
washed or get wet at home (Yang and Li,1993). Silk fibers produced by silkworms consist of natural 
macromolecular proteins called sericin and fibroin. Fibroin is the protein that forms the fibrillar 
structure of silk and constitutes approximately 70% of raw silk. Sericin, on the other hand, is a water-
soluble gum-like protein that surrounds and connects the fibroin fibrils (Pereira, et.al., 2015). 

In this study, the two cultural values of Edirne, silk and Edirne red, were brought together. For 
this purpose, 100% silk fabrics were dyed with a natural dye obtained from madder cultivated in 
Edirne/Havsa. The effects of the amount of dye and auxiliary chemicals used in the dyeing process 
on color and fastness were examined. In this study, the effect of the use of auxiliary chemicals in the 
dyeing of fabrics pre-treated with alum on colors and fastness has been investigated. For this purpose, 
dyeing and fastness results of fabrics that have been pre-mordanted have been examined by applying 
oil mordant (Turkey red oil) and metallic mordant (alum) during the dyeing process. Additionally, 
the effect of adding ethanol to the dyeing bath on color and fastness has been evaluated in this study. 
Furthermore, dyeing processes were conducted using a dye material derived from roots grown in the 
location that gives its name to the color 'Edirne Red'. The color values of the fabrics were measured 
in the CIEL*a*b* color space. The fastness properties of the dyeing processes (washing and light 
fastness) were analyzed. Additionally, HPLC analyses were conducted on the plant root dye [2]. 
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2. MATERIAL AND METHOD 
2.1. Materials 
In this study, 100% Silk, woven fabrics are used in the plain construction. The weft density of 

the fabric is 42 thread/cm, while the warp density is 61 thread/cm. It was purchased from 
Büyükaşıklar Silk Company. The silk fabric has a width of 140 cm and a weight of 75 g/m2, and its 
sericin has been removed. The dye used in the dyeing process was obtained from root plants (Rubia 
Tinctorum L.) collected in the garden of Trakya University Havsa Vocational School, located in 
Havsa district of Edirne province. These dyes were harvested one year after planting, and the same 
dye was used for all fabric dyeing. Turkey red oil and aluminum mordant used in the dyeing process. 
Turkey red oil were purchased from Ataman Kimya Corporation and aluminum mordant were 
purchased from Natural Dyes Company. 

2.2. Method 
2.2.1. Madder Production and Dyeing Process 

The Rubia Tinctorum L. plant, grown in Edirne/Havsa, is initially harvested from the field. The 
extracted roots are first purified from the soil and then washed with water. The roots are sliced into 
pieces of 4-5 cm in size and left to dry in a shaded area. After being left outdoors for one week, they 
are dried in a drying oven at 60-65 °C for 24 hours. Once dried, the roots are ground into powder 

using a grinder and packaged in a moisture-proof manner. The above-ground part of the plant, along 
with the roots and the powdered form, are presented in Figure 1. 

 

 
Figure 1: 

The stages of obtaining the madder. Respectively; Above ground, roots and image of dyestuff 
obtained from roots. 

 
Before the dyeing process, all fabrics were subjected to a pre-mordanting process with 7% 

aluminum sulfate (KAI(SO4)212.H2O). This process was carried out at 80°C for 1 hour (Figure 2). 

After the pre-mordanting process, the fabrics were ready for the dyeing process. Initially, a dye extract 
was prepared by dissolving 30g of root dye in 1 liter of water. The prepared extract was left to stand 
overnight and then filtered to complete it to 1 liter. The dyeing process was carried out under the same 
conditions for all fabrics (Figure 2). 

After the dyeing process is complete, samples have been first washed under cold water. 
Subsequently, the dyed fabrics were washed with a soap solution without bleach at 40°C for 30 

minutes. The washed samples were rinsed and hanged to dry. 
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Figure 2: 

Pre-Mordanting and Dyeing 
 

The dyed fabrics differ in terms of dye color intensity and the auxiliary chemicals used, with a 
total of 12 pieces. Table 1 provides the color intensities, chemicals used, and their ratios. 

 
Table 1. Classification of Dyed Fabrics 

Fabric 
Code Amount of dyestuff 

Auxiliary Chemicals 
Ethanol Alum Turkey red oil 

I-1 100% - - - 
I-2 100% - 3.3% - 
I-3 100% - - 3.3% 
I-4 100% - 3.3% 3.3% 
I-5 150% - - - 
I-6 150% - 3.3% - 
I-7 150% - - 3.3% 
I-8 150% - 3.3% 3.3% 
I-9 100% 20% - - 
I-10 100% 20% 3.3% - 
I-11 100% 20% - 3.3% 
I-12 100% 20% 3.3% 3.3% 

 
2.2.2. Color Measurement and Colorfastness Tests 
The numerical values of the colors of the dyed fabrics were measured with the X-Rite Ci 6x 

spectrophotometer device. As a result of the measurements, the color's L*, a*, b*, C, h⁰, R%, and K/S 
values were obtained from R%. 

At the end of the dyeing applications, CIEL*a*b* color values were measured under D65 daylight 
and a 10° illumination angle. The color intensity values of the samples were calculated using the 

Kubelka-Munk equation (Equation 1) by using the percent reflectance values (R%) at visible 
wavelengths (400-700 nm) for each dyeing. 
 

𝐾

𝑆
=

(1−𝑅)2

𝑅2
              (1) 

 
In this equation; K represents the absorption coefficient of color, S represents the scattering 

coefficient of color. %R corresponds to the reflectance (reflection) value of the sample at maximum 
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absorbance. The higher the K/S value, the darker the color becomes. (Yılmaz Şahinbaşkan, et al., 
2018). 

Washing fastness were conducted on the Gayrowash washing test device (TS- EN-ISO105 C06, 
2010). The lightfastness tests were conducted on the Xenotest Alpha (Atlas) Light fastness Testing 
Device according to TS EN ISO 105-B02, 2013 standard. 

2.2.3. HPLC Analyses 

The HPLC analyses were conducted at DATU Laboratory located in Istanbul. The percentages 
of the madder used in the dyeing, namely alizarin, purpurin, munjistin, and rubiadin, have been 
revealed. 

The madder substance in powder form was weighed at 11 mg, and a mixture of hydrochloric acid 
(HCl), methanol (MeOH), and water (H2O) in a ratio of 2:1:1 (v:v:v) was added to it. Afterwards, it 
was hydrolyzed in boiling distilled water for a period of 8-10 minutes. Subsequent to, the solution 
was cooled under running cold water and evaporated to dryness in a water bath at 65°C using a gentle 

stream of nitrogen gas. The resulting dry residue was dissolved in 200 µl of a mixture of methanol 

and water in a ratio of 2:1 (v:v). The solution was then centrifuged at 4000 rpm for 10 minutes, and 
50 to 100 µl of the supernatant was injected into the High-Performance Liquid Chromatography 
(HPLC) apparatus. 

3. RESULTS AND DISCUSSION 
3.1. HPLC Results 

Madder were identified using HPLC analyze. The dyed samples were identified based on the 
absorption spectra acquired with reference standard compounds. The chromatogram of the madder is 
presented in Figure 3. Upon examination of the chromatogram, a peak of munjistin was observed at 
26.7 minutes. Peaks of alizarin, purpurin, and rubiadin were observed at 28.6, 29.5, and 30.1 minutes, 
respectively. The spectra of alizarin and purpurin have been compared with the standard in Figure 4 
and Figure 5 shows the spectra of four pigments. 

When Table 2 is examined, the analyzed pigments, alizarin, have the highest amount (79.77%), 
while purpurin is the pigment with the lowest ratio (0.68%). 

 
Table 2. The time, area, height, and percentage ratios of the four pigments in madder. 

Time Peak Area Height Peak % 
26.753 4333.2 503.2 Munjistin 11.13 
28.667 32299.6 3611.6 Alizarin 79.77 
29.505 88.1 31.1 Purpurin 0.68 
30.127 3888.3 381 Rubiadin 8.42 
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Figure 3: 

Chromatogram of Madder 

 
Figure 4: 

Spectrum of coloring pigments in madder and comparison with Standard. 
 

 

[a] [b] 
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Figure 5: 

Spectrum of coloring pigments in madder, [a]: Spectrum of alizarin, [b]: Spectrum of purpurin, 
[c]: Spectrum of rubiadin, [d]: Spectrum of munjistin. 

3.2. Color Values 
CIEL*a*b* color values were measured and they were taken at three different locations on the 

fabric, and the average values are given in Table 3. 
 

Table 3. CIELab values of Dyed Samples. 
Code L* a* b* C* h⁰ Samples 
I-1 43.79 36.57 26.37 45.38 35.88  
I-2 46.57 33.49 27.61 44.63 37.43  
I-3 43.62 37.98 28.59 48.28 37.19  
I-4 48.55 34.86 27.70 44.86 38.34  
I-5 38.03 39.13 27.47 48.90 34.45  
I-6 40.62 36.73 27.55 47.68 36.94  
I-7 38.58 38.62 28.42 48.90 36.01  
I-8 49.43 32.26 31.68 45.92 44.41  
I-9 40.83 37.82 24.96 46.62 32.83  

I-10 42.70 35.45 27.55 46.22 37.12  
I-11 39.31 38.49 25.96 47.13 33.90  
I-12 47.56 33.42 29.76 45.11 40.45  

 
When a color is represented in CIELab, L* indicates the lightness-darkness, a* represents the 

red-green, and b* represents the yellow-blue color values (Cosmulescu et al., 2019). The K/S graphs 
of the samples within the wavelength range of 400-700 nm have also been plotted (Figure 6). In 
Figure 7, the effect of ethanol usage on color has been examined by comparing L*, a*, and b* values. 
At the same time, the two-dimensional coordinate plot has been drawn for the samples based on the 
color values of a* and b* (Figure 8). 

Examining the data in the table 3 and Figure 6, it is observed that the darkest red color is found 
in sample I-5. The lightest red color is observed in sample I-4 and I-8. When dyeings with the same 
color intensity were examined, it was observed that the colors of the fabrics treated with alum mordant 
were lighter. Since all the samples were pre-mordanted with alum mordant before dyeing, it can be 
interpreted that its addition during dyeing opened up the color compared to the dyeing without alum 

[c] [d] 
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mordant. It was observed that the use of Turkey red oil relatively affected the color value, but the 
values were found to be negligible. This result is consistent with the literature (Özer et.al.,2016). It 
was observed that both Turkey red oil and alum mordant usage lightened the color in all samples.  

When the same color intensity and auxiliary chemical usages were compared, it was observed 
that the use of ethanol darkened the color (Figure 7). Ethanol serves as a solvent in preparing the 
extract and solvents with high polarity like ethanol have been used for the extraction of madder in 
many studies (De Santiset.al.2007; Derksen et.al.,1998; Derksen et.al.,2002; Ford et.al.2015; 
Marhoume et. al.2021). It can be said that due to the increased solubility of dyes in the presence of 
ethanol, colors are darker. Therefore, it can be concluded that the use of ethanol in dyeing silk with 
madder will result in more efficient colors. 

When the effect of adding ethanol was examined on color, it was observed that a* values 
generally increased with ethanol (Figure 8). The positive increase in a* value is an indicator of a more 
intense red color. Therefore, it can be said that the use of ethanol has a positive impact on the color. 
Since ethanol is used as a solvent, it increases the dissolution of the dye stuff, and it can be said that 
redder colors are obtained (De Santiset.al.2007; Derksen et.al.,1998). 

With the addition of alum, a decrease in the values of a* (red intensity) has been observed. b* 
values, on the other hand, have increased with the addition of alum (yellow intensity has increased). 

The use of Turkey red oil was observed not to cause a significant difference in a* color values; 
however, it has been observed to increase the b* values (Figure 8). Therefore, it can be said that the 
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addition of Turkey red oil makes the color more yellow. In a study, it has also been observed that the 
addition of Turkey red oil increases the b* values (Özer et.al.,2016). 

 

 
Figure 6: 

K/S Graphic of samples 
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Figure 7: 

Effect of ethanol use on color. 
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Figure 8: 

Positions of the samples in planes a* and b* (The L* value is obtained based on the average of 
samples). 

3.3. Fastness Results 
The evaluation of washing fastness values is provided in Table 4. When comparing the washing 

fastness, it is observed that all values are 4 or higher. It is also observed that the most heavily soiled 
fiber type is polyamide. 

The lightfastness values are given in Table 4. When examining the obtained results, it can be 
concluded that values of 4 and above indicate good light resistance of this dye in silk dyeing. 

 
Table 4. Washing Fastness Scale Values 

Sample 
Code 

Washing Fastness 
Multifiber Fabric Light 

Fastness 
Wool Acrylic Polyester Polyamide Cotton Acetate 

I-1 4/5 5 5 4/5 5 5 4/5 
I-2 5 5 5 4 4 4/5 4 
I-3 5 5 5 4 4 4/5 4 
I-4 4/5 5 5 4 4/5 4/5 4 
I-5 5 5 5 4 4/5 4/5 4 
I-6 4/5 5 5 4 4/5 4/5 4/5 
I-7 4/5 5 5 4 4/5 4/5 4/5 
I-8 5 5 5 4 5 4/5 4 
I-9 5 5 5 4/5 4/5 4/5 4/5 
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I-10 5 5 5 4/5 4/5 4/5 4/5 
I-11 5 5 5 4/5 4/5 4/5 4 
I-12 5 5 5 4/5 4/5 4/5 4 

4. CONCLUSION 
In this study, 100% silk fabrics were dyed with madder (Rubia Tinctorum L.) that harvested in 

Edirne/Havsa. The numerical values of the sample colors have been measured and compared. Lighter 
colors were obtained as a result of using alum mordant during the dyeing of pre-mordanted silk 
fabrics. Therefore, it can be said that there is no need to give mordanting chemicals again to pre-
mordanted fabrics during the dyeing process. It has been observed that the colors darken as the 
concentration of the dye increases. The use of TKY has darkened the color, but since the values are 
low, it can be ignored. It has been observed that the use of ethanol darkens the color. The use of 
ethanol, which is used as a solvent in extract preparation, together with water in silk dyeing, can be 
recommended based on the study results. It has been observed that the washing and light fastness 
values of all samples are within the desired range. 

When HPLC analyses were examined, the presence of alizarin was determined to be the highest 
in the madder. It was followed by munjistin, rubiadin, and purpurin, respectively.  
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