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Annotation. In this study, the object of the study were fibers consisting of 100% wool and silk 
fibers, the degree of whiteness of the wool fiber was 36.6%, the silk fiber was 40.8%. For staining, 
natural indigo dye was used, obtained by extracting the plant Indigofera tinctoria L., and Al2(SO4)3 
was used as a mordant. Dyeing of protein fibers was carried out in the following technological 
sequence: samples of woolen and silk fibers that underwent the process of preparation for finishing 
were treated in a 3-10% indigo solution containing 2.5 g/l Al2(SO4)3 at a temperature of 90-950C 
for 60 minutes. Then 3% acetic acid was added to the solution and the process was continued at 
this temperature for 10 minutes. The color characteristics of indigo-dyed protein fibers were 
determined on a laboratory colorimeter under standard D65 irradiation. To systematize color 
characteristics, a system of color circles is used and the L.a.b. color model was used. Geographic 
coordinates - L*, a* and b* Color values such as latitude, longitude and altitude provide 
information about where the color is located and about it. The L* coordinate indicates the 
brightness of the color, C* - color saturation, h - chromaticity, a* - the presence of red or green, 
b* - the presence of yellow and blue. The color qualities of all samples were determined at a 
wavelength of 360 nm. Experiments have shown that in the process of dyeing natural fibers with 
natural indigo dye, a certain type of mordant is used to create a lasting color, and by changing the 
concentration of the dye in the dye solution, blue colors of different colors can be obtained using 
one dye. 
         Key words: wool fiber, silk fiber, protein fiber, color, concentration, dye, indigo. 
          Introduction. Currently, protein fibers are widely used in the textile industry, especially in 
the processing of pure wool fiber or its mixture with other fibers in the production of high-intensity 
yarns of various linear densities, woolen fabrics, various technical and special fabrics, carpets and 
rugs and non-woven materials [1]. Wool fiber has long been the main means of making human 
clothing and is still widely used in the textile industry due to its unsurpassed properties. Wool 
fibers, with their vapor and air permeability, water absorption and thermal insulation properties, 
are an unparalleled fibrous raw material for expanding the range of household and technical textile 
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materials. By treating fabrics made of protein fibers with various nanocomposite materials, it is 
possible to control their change under the influence of temperature and the environment, as well 
as such properties as absorbency and vapor permeability, and electrification [2-4]. 
         Modern research has proven that a number of synthetic dyes are harmful to human health, 
which is associated not only with the harm of the dye in the dyed textile material, but also with the 
harmful effects of the environment during their production. Protein fibers are obtained from local 
plants and their waste products, including onion skins [5], crushed roots[6], leaves, flowers and 
fruits of the plant, and insects [7,8]. Dyes are mainly used for dyeing food, leather and textile 
products made from natural fibers such as silk, wool, cotton [9,10]. In recent years, there has been 
a growing interest in the use of natural dyes in the textile industry as a result of the demand for 
environmentally friendly and biodegradable products. Although natural dyes are considered a safer 
alternative to synthetic dyes, they have the following disadvantages: low color fastness, difficulty 
in creating vibrant colors. 
        In the production of natural dyes, the discharge of plant waste into wastewater is not toxic, 
which allows it to be used as fertilizer, and this provides a closed chain system in textile chemical 
technology [11]. Dyeing of protein fabrics is part of ongoing research to study the chemical 
composition and properties of silk fabrics [12-14]. 
         Dyeing madder (Rubia tinctorum L.) plays a special role in dyeing woolen fibrous materials 
with natural dyes. The use of madder in the dyeing process was known as early as the 3rd century 
BC. The root and rhizome of madder are used to obtain a dye. From each hectare of land, an 
average of 13-14 centners of dry roots can be collected. Research scientists have shown that protein 
fibers dyed red have strong bactericidal properties, and also acquire beautiful colors [15]. 
        Materials and methods. In experiments, 100% wool and silk fibers were used as the object 
of study. As a natural dye, a blue dye was used, isolated from the plant Indigofera tinctoria L. 
growing in the Fergana region. Aluminum sulfate (Al2(SO4)3) was used as a binder. Dyeing of 
protein fibers was carried out in the following technological sequence: samples of woolen and silk 
fibers that underwent the process of preparation for finishing were treated in a 3-10% indigo 
solution containing 2.5 g/l Al2(SO4)3 at a temperature of 90-950C for 60 minutes . Then 3% acetic 
acid was added to the solution and the process was continued at this temperature for 10 minutes. 
After the staining process, the samples are pressed (compression ratio -100%) and washed. The 
first washing process was carried out for 10 minutes in a solution containing 2 g/l CAM at a 
temperature of 400C, subsequent washing processes were carried out in warm and cold water for 
10 minutes each. The color quality of the samples was determined on the X-Rite Ci7800 device in 
the scientific laboratory "Kor-Uz Textile Technopark". 
          The discussion of the results. Natural dyes are widely distributed in nature and are very 
diverse. Often natural dyes in different natural sources have the same or different structure. 
Therefore, it is advisable to classify them according to their chemical composition. Indigo belongs 
to the class of heterocycles and is the oldest natural dye. Indigofera tinctoria L. is a tropical plant 
from whose leaves the famous indigo blue dye, the "king" of dyers, is obtained. Indigofera 
tinctoria L. belongs to the legume family and is an annual semi-shrub plant 1-1.5 m high. 
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       Dyeing of textile materials from protein fibers with natural dyes makes it possible to produce 
products from eco-textiles. The introduction of environmentally friendly, natural, competitive dyes 
of plant origin in the process of chemical processing of natural fibers and the creation of 
environmentally friendly technologies on the basis of this is one of the most important tasks. 
        In this study, the possibility of dyeing samples of wool and silk fibers with natural indigo dye 
(Indigofera tinctoria L.) was studied. In the process of dyeing with natural dyes, the influence of 
the concentration of aluminum sulfate (Al2(SO4)3) on the intensity of coloration formed in wool 
and silk fibers was studied (Fig. 1). 

                 
Fig.1. Dependence of the color intensity of protein fibers on the concentration of the dye. 

        From the analysis of the experimental results, it follows that an increase in the dye 
concentration affects the color of the fibers. With an increase in the concentration of the dye to 3% 
-10%, the formation of colors of high intensity is observed. 
         In order to study the effect of Al2(SO4)3 on the quality of dyeing, wool and silk fibers were 
dyed under the same conditions and at the same concentration of mordant and 7% dye solution. 
The indigo dye is brought to the required volume by adding the required amount of water, and the 
dyeing process is carried out with the addition of mordant. The color characteristics of indigo-dyed 
wool and silk fibers were determined on a laboratory colorimeter under standard D65 irradiation. 
To systematize color characteristics, a system of color circles and the L.a.b. color model are used 
(Fig. 2). 
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Fig.2. CiE Lab color field model [16]. 

          Geographic coordinates L*, a*i b* Color values such as latitude, longitude, and altitude 
provide information about the color and its location. The L* oordinate indicates the brightness of 
the color, C* is the saturation of the color, h is the color, a* is the presence of red or green, b* is 
the presence of yellow and blue. The color properties of all samples were determined at a 
wavelength of 360 nm, the results are shown in Figure 3. 

                А    

            B     
Fig.3. Analysis of the color characteristics of wool and silk fibers according to the CiE Lab color 

field model: 
A-wool fiber, B-silk fiber 
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         The results show that bright colors are produced when aluminum sulfate is used. We see 
that the dye concentration shifts the b* coordinate from blue to yellow and the a* coordinate 
from green to red. Subsequent studies examined the hue and color saturation levels of the fiber. 
(Table 4). 

 

 

А) 

 

В) 
 

Fig.4. Color characteristics of wool and silk fibers: 
A) wool fiber B) silk fiber 

         The Fig/4 data shows that the color saturation of silk fiber is -36.74, and the color saturation 
of wool fiber is -19.80. This indicates that the color saturation of the silk fiber is 2 times higher 
than that of the wool fiber. The degree of saturation of the color in these samples indicates the 
approach of the color to the central axis in the color field L*, a*, b*, i.e., the purity of the color 
decreases, which is due to the natural color of the wool. The main problem with the use of dyeing 
processes in the production of natural dyes is that they do not change their properties during 
storage. Resistance to bacteria during storage of dyes isolated by extraction from Indigofera 
tinctoria L. plants is one of the indicators of the quality of dye solutions. Changes in solutions of 
dyes isolated by extraction were observed over time, and the results are presented in the table. 

Table. Influence of dye on storage features. 

Shelf life 
A dye solution obtained from the plant 

Indigofera tinctoria L. 

Week 1 Without changes 

Week 2 Without changes 

Week 3 Sediment  



 
 
 

5333 
 

Ann. For. Res. 65(1): 5328-5334, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

Week 4 
Sediment, mold has formed on the 

surface of the solution 

Week 5 
Sediment, mold has formed on the 

surface of the solution 
 

            From the results of the experiments given in the table, it can be seen that the natural dye 
can be stored unchanged at room temperature for 14-28 days. 
         Conclusions. Experiments have shown that in the process of dyeing natural fibers with 
natural indigo dye using a certain type of mordant and changing the concentration of the dye in 
the dye solution, it is possible to create different colors of blue with one dye. 
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