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Abstract: The textile industry is one of the most complex sectors, in terms of the materials and
chemical processes used from petroleum and the environmental degradation during its production
and disposal. It is therefore a sector looking for new possibilities and for more sustainable materials
and applications. One option is to use natural dyes, as they are considered biodegradable, do not
pollute the environment, and have potential use for many sectors, including the fashion industry.
In this study, Alanya silk was dyed by a natural dyeing method with crocus sativus, Helichrysum
arenarium, and Glycyrrhiza glabra L., plants that grow in and around the Alanya region. Quercus
aegilops L. grown in the region was preferred as mordant, a natural binder, and is one of the plants
with the highest tannin content, and it was used with a more environmentally friendly and sustainable
approach to increase the binding in natural dyeing instead of chemical mordants. The aim is to provide
an environmental and scientific contribution to the dyeing producers in this region. According to the
MAUT (Multi-Attribute Utility Theory) method, the best dyes in terms of fastness and color efficiency
were determined as the dyes made with the Glycyrrhiza glabra L. plant.
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1. Introduction

Textile materials are dyed using various dyestuffs [1,2] and methods [3–5] to add
aesthetic and commercial value to the product. Until the discovery and commercialization
of synthetic dyestuffs, these processes were carried out only with natural dye extracts [6].
With the introduction of synthetic dyes into our lives, we moved away from natural dyes.
This was due to our rapid access to synthetic dyes. With the increasing use of synthetic dyes,
a large amount of water is used in the textile sector and disposal of this water polluted with
the chemicals used [7] also mixes into the environment and causes significant pollution [8].

‘Synthetic dyes’ are part of the major chemical pollutants category in terms of textile
waste [9]. ‘Synthetic dyes’ are the primary source of waste from the textile industry [10] and
one of the causes of environmental pollution [11]. In recent years, although the use of some
heavy metals such as [12] iron, titanium oxide, and derivatives [13] was restricted due to
their environmental hazards, synthetic dyes continue to cause severe damage, particularly
to groundwater [3] and also to the environment [14]. Synthetic dyes and chemicals not only
pollute the environment during the production of textile materials, but also adversely affect
human health during their use [15], and even discarded synthetic dyed textiles after their
use also cause environmental pollution [5]. In this context, natural dyes have gradually
started to gain importance in the market because they are biodegradable and do not cause
health risks; therefore, can be easily used without as many environmental concerns [16,17].
Due to all these adverse effects of synthetic dyes, the world today is entering significantly
into a trend of returning to nature and natural processes [18], and the level of awareness
about environmentalist approaches is increasing. Restricting the use of chemicals [19] and
treatment of wastewater [20], reducing the use of plastics [21] and recycling waste [22], and
increasing the use of environmentally friendly and biodegradable natural materials [23]
are just some of the steps taken to protect the environment.
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Natural dye plants [24] are generally annual or biennial plants that do not have adverse
effects on human and environmental health [25], and do not cause environmental pollution
during production, during use, and when they become waste after use [18,26]. Natural
dyes are used not only in the coloring of textiles but also in many other fields [27] such
as pharmacy [28], cosmetics [29], food [30], and packaging [31]. The cost of dyeing with
natural dyes is almost the same as dyeing with synthetic dyes [32]. In addition, the light,
washing, and rubbing fastness [33] of the obtained products are better than synthetic dyes
and inks.

Natural dyestuffs are generally classified into four main categories [34]: plant, fungal,
animal, and mineral-sourced natural dyestuffs. Dyestuffs obtained from flowers [35],
leaves [36], bark/peel [37,38], roots [39], seeds [40], and fruits [41] of plants are called
galenic natural dyestuffs.

The mordanting operation is generally performed in order to color the textile surfaces
obtained from natural fibers. Mordanting is a process that increases the affinity between
the textile surface and the dyestuff [42]. It increases the retention of the dyestuff to the
fibers and the absorption ability of the fibers. It also provides brighter and more permanent
color. In natural dyeing, substances such as potassium aluminum sulfate, soda, sodium
sulfate, sodium carbonate, copper sulfate, aluminum sulfate [43], and tannin [44] are
generally utilized.

MAUT “Multi-Attribute Utility Theory”

Multiple Criteria Decision Making (MCDM) is shortly defined as selecting the right
alternative by solving multiple and conflicting criteria [45,46]. Today, there are more than
70 [47] MCDM. One of these methods is the MAUT Method [48]. MAUT is also defined
as Multi-attribute Value Theory (MAVT) basically [49]. The method is based on ranking a
set of alternatives and selecting the best one among them. The MAUT method is used to
find the most suitable alternative based on both qualitative and quantitative criteria. This
method aims to find the most beneficial alternative by making subjective data calculable.
Although the MAUT method seems to have a disadvantage in that it requires a lot of
sensitive input data, it is also quite advantageous in finding a solution by considering many
uncertainties [50].

The recently used multi-criteria decision-making method, utility theory (MAUT),
was started to be applied by Ralph L. Keeney in 1974 in his paper “Multiplicative Utility
Functions” [51]. After Keeney, James S. Dyer et al. in 1992 published “Multiple Criteria
Decision Making, Multiattribute Utility Theory”: In their writing named “The Next Ten
Years”, they found the different research topics and developments exciting for management
science [52]. In 1999, Tim Bedford and Roger Cooke in their paper, “A new generic model
for applying MAUT” [53], presented the Theory and Methodology of a new generic model
for applying MAUT. Subsequently, many researchers applied the MAUT method to ranking
and selection prioritization studies [54,55]. Studies on natural dyeing generally give CıeLab
values, light, washing, and friction fastness with color efficiency values. The relationship
between these values is interpreted depending on variables such as the amount of dyestuff
or mordant. In this study, the results of light and washing fastness and color efficiency of
fabrics dyed according to the amount of mordant and different dyestuffs are interpreted;
however, in this interpretation, a statistical analysis was used based on the MAUT method
from MCDM methods. At the same time, the MAUT Method is used to rank the recipes in
terms of light and washing fastness. The MAUT Method has not been utilized for such a
rating in the literature.

2. Materials and Methods
2.1. Material

In this research, Alanya silk woven in a plain weave was used with 100% silk fiber.
Fabric weight is 136 g/m2, weft density is 11.4 cm, and warp density is 16.3 cm. Quercus
aegilops L. was used as mordant, and crocus sativus, Helichrysum arenarium, and Glycyrrhiza



Sustainability 2023, 15, 2738 3 of 14

glabra L. extracts were used as natural dyes. The selected dyestuff plants are plants that
grow naturally in many regions of Alanya and can be easily reached by the people of
Alanya. Acorn, which is selected as a mordant plant, also grows naturally in many regions
of Alanya. It is selected as a mordant material because it is a plant with a high proportion
of tannin. Tannin has been used as a binder in natural dyeing in the past.

2.2. Method

By applying the MAUT method to the data obtained as a result of light and washing
fastnesses, the most suitable dye plant and mordant amount were determined according to
the binder Quercus aegilops L. mordant. According to the MAUT Method, the test results of
the fabrics dyed with Quercus aegilops L. mordant were determined as the criteria of the
problem, and the options belonging to mordant rates were determined as alternatives. For
the application, tests were carried out using 5 different concentrations of Quercus aegilops
L. mordant (3%, 5%, 10%, 15%, 20%) and 3 plant extracts for a total of 15 different dyes
and the appropriate recipe alternative from different concentrations of Quercus aegilops L.
mordant, which provides the binding of the color in the dyeing of Alanya silk, was selected
according to the MAUT method.

Sericin Removal: The silk fabric was pretreated and dried for 60′ to remove sericin in a bath
prepared with 1 g/L soap and 2 g/L sodium carbonate with 98 ◦C and 1/50 Flotte ratio [32].
Color coordinates, whiteness, yellowness, brightness and K/S values of untreated and
pretreated silk fabrics are given in Table 1.

Table 1. Whiteness values of untreated and treated silks.

Parameter Untreated Silk Pretreated Silk

L 80.16 91.122
a 0.798 −0.150
b 9.912 7.722

Whiteness 53.645 67.158
Yellowness 20.42 10.8
Brightness 50.769 69.972
K/S (360 λ) 3.87 6.76

Preparing extract: Quercus aegilops L. as a natural mordant, and crocus sativus, Helichrysum
arenarium, and Glycyrrhiza glabra L. as the dyestuffs of the study, were boiled separately in
distilled water for 1 h each, then filtered and cooled [35].
Mordanting: Quercus aegilops L. mordant was prepared at 3%, 5%, 10%, 15%, 15%, and
20% concentration according to the material weight. When the Flotte with a Flotte ratio of
1/100 reached the boiling temperature, the fabric was added, and the process was carried
out by stirring for 60′. After 24 h keeping it in this bath, it was dried without washing [34].
Dyeing: The dyeing was carried out using 100% of the plant, so mL of the extracts corre-
sponding to 1 g of plant per 1 g of sample was added to the dye bath by calculating the
ratio and proportion method. The Flotte was prepared as 1/100 at 30 ◦C and it was brought
to boiling temperature in 20 min, then the previously mordanted and dried sample was
placed in the dye bath. Dyeing was performed by boiling at 100 ◦C for 60 min. The samples
were kept in the dye bath for 24 h, washed 3 times, and dried [26].

Effect of dye temperature and dye concentration on exhaustion are given in Figure 1:
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Figure 1. Effect of dye temperature and dye concentration on exhaustion.

Color Measurement: Color measurements of the dyed samples were performed with
a Datacolor Spectra Flash 600 plus reflectance spectrophotometer using a Datamaster
computer program according to the CIE L*a*b system. Color measurements were made
using a D65 light source with a 10◦ observer [56]. Equation (1) was used to calculate color
values according to the CIELab system [57].

∆E* = [(∆L*)2 + (∆a*)2 + (∆b*)2]1/2 (1)

In the above formula, L* is lightness–darkness, a* is redness–greenness, and b* is
yellowness–blueness values.

K/S Values: The color of the dyed samples was evaluated with color strength (K/S)
calculated using the Kubelka–Munk equation (Equation (2)). R is the reflectance value of
the fiber at the wavelength at maximum absorption, K is the absorption coefficient, and S is
the scattering coefficient [34].

K/S = (1 − R)2/2R (2)

Fastnesses: The washing fastnesses of the test samples was carried out in a washing
fastness test machine (Gyrowash Washer Tester) according to ISO 105-C06 [58] standard
and the evaluation was carried out with reflectance spectrophotometer according to ISO
A05 [59] standard. Light fastnesses were applied in a light fastness tester (Solarbox 1500E)
according to TS 1008 EN ISO 105-B02 standard [60] and the total color difference (∆E*)
between the untested sample and the test samples was evaluated in a spectrophotometer.
MAUT Method solution stages: In this study, MAUT (Multi-Attribute Utility Theory),
defined as “Multi-Attribute Utility Theory”, is used in multi-criteria decision-making
methods that focus on ranking and selecting from a set of alternatives.

The main purpose of the MAUT method is that in every decision problem, there is a
real-valued utility function U defined over the set of feasible alternatives, and the decision
maker chooses the largest feasible one [61]. The steps given below are followed when
applying the MAUT method:

Step 1: The set of alternatives subject to the decision problem (an) and the attributes/criteria
(xm) that will help in selecting the alternatives should be determined.
Step 2: Weight values (wi) are assigned or calculated, which ensures that the criteria
are evaluated correctly, and priorities are set. The sum of all wi values must equal to 1,
see Equation (3).

∑m
i=1 wi = 1 (3)

Step 3: Data values for the criteria are entered or their values are calculated. In this calcu-
lation, while quantitative values obtained from experimental results are for quantitative
criteria, assigning specified values is carried out for qualitative criteria (xm).
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Step 4: The calculated values are placed in the decision matrix, and the normalization
process is started. In the normalization process, the best and worst values for each criterion
are first determined; the best value is assigned a value of 1, the worst value is assigned
a value of 0, and the following Equation (4) is used to calculate the other values within
this range:

ui(xi)
x− x−i

x+i − x−i
(4)

The terms used in this equation are shown below.

x+i : Best value for criteria
x−i : Worst value for criteria
X: Current benefit value in the calculated row

Step 5: Immediately after the normalization process, utility values are determined. The
utility function Equation (5) is as follows [62]:

U(x) = ∑m
i=1 ui(xi) ∗ wi (5)

U(x): Utility value of the alternative
ui(xi): Normalized utility values for each criterion and each alternative
wi: Weight values

3. Result and Discussion

Codes for dye plant and mordant concentration are given in Table 2:

Table 2. Codes for dye plant and mordant concentration.

Code Mordant Amount Plant

A-1 %3 Crocus Sativus
A-2 %5 Crocus Sativus
A-3 %10 Crocus Sativus
A-4 %15 Crocus Sativus
A-5 %20 Crocus Sativus

B-1 %3 Helichrysum arenarium
B-2 %5 Helichrysum arenarium
B-3 %10 Helichrysum arenarium
B-4 %15 Helichrysum arenarium
B-5 %20 Helichrysum arenarium

C-1 %3 Glycyrrhiza glabra L.
C-2 %5 Glycyrrhiza glabra L.
C-3 %10 Glycyrrhiza glabra L.
C-4 %15 Glycyrrhiza glabra L.
C-5 %20 Glycyrrhiza glabra L.

The codes used for the information of total color differences (∆E*), K/S values, washing
(color change and staining), and light fastness of the samples dyed with crocus sativus,
Helichrysum arenarium and Glycyrrhiza glabra L. extracts evaluated by spectrophotometer
are given below.

∆E: Color Difference Compared to Dyeing without Mordant
∆E Y: Washing Fastness (Color Change)
∆E 1: Washing Fastness (Staining) Wool
∆E 2: Washing Fastness (Staining) Polyacrylonitrile
∆E 3: Washing Fastness (Staining) Polyester
∆E 4: Washing Fastness (Staining) Polyamide
∆E 5: Washing Fastness (Staining) Cotton
∆E 6: Washing Fastness (Staining) Acetate



Sustainability 2023, 15, 2738 6 of 14

∆E I: Light Fastness
K/S: Color Yield (Kubelka–Munk) (Absorption coefficients/Scattering coefficients)
L, a, b, C, and h values obtained by dyeing Alanya silk with crocus sativus, Helichrysum

arenarium, and Glycyrrhiza glabra L. plants using Quercus aegilops L. mordant are given
altogether in Table 3.

Table 3. CıeLab Values of Dyeings.

Code Mordant Substance L a b C h ∆E Color

Crocu
Sativus Without Mordant 85.07 −1.04 18.63 18.66 93.21 -
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Sustainability 2023, 15, x FOR PEER REVIEW 6 of 15 
 

K/S: Color Yield (Kubelka–Munk) (Absorption coefficients/Scattering coefficients) 
L, a, b, C, and h values obtained by dyeing Alanya silk with crocus sativus, Helichry-

sum arenarium, and Glycyrrhiza glabra L. plants using Quercus aegilops L. mordant are given 
altogether in Table 3. 

Table 3. CıeLab Values of Dyeings. 

Code Mordant Substance L a b C h ΔE Color 
Crocu Sativus Without Mordant 85.07 −1.04 18.63 18.66 93.21 -  

         
A-1 %3- Quercus aegilops L. 82.62 1.04 21.11 21.14 87.18 4.064  

         
A-2 %5- Quercus aegilops L. 82.78 0.94 20.52 20.54 87.38 3.573  

         
A-3 %10- Quercus aegilops L. 74.81 2.66 24.92 25.06 83.91 12.592  

         
A-4 %15- Quercus aegilops L. 72.49 3.18 21.82 22.05 81.70 13.644  

         
A-5 %20- Quercus aegilops L. 70.37 3.83 27.27 27.53 82.01 17.733  

         
Helichrysum arenarium Without Mordant 66.70 3.23 20.69 20.95 81.12 -  

         
B-1 %3- Quercus aegilops L. 67.56 3.32 22.19 22.44 81.49 1.728  

         
B-2 %5- Quercus aegilops L. 70.04 2.89 21.17 21.37 82.23 3.395  

         
B-3 %10- Quercus aegilops L. 64.99 4.07 21.65 22.02 79.36 2.125  

         
B-4 %15- Quercus aegilops L. 67.09 4.06 23.01 23.36 79.99 2.489  
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C-4 %15- Quercus aegilops L. 68.53 4.24 22.76 23.15 79.45 5.218  

         
C-5 %20- Quercus aegilops L. 65.09 5.12 23.82 24.36 77.87 8.860  

C-1 %3- Quercus aegilops L. 67.93 5.08 24.12 24.65 78.11 6.226
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Within the framework of the data obtained in Table 3, it was determined that the color
became darker, the red nuance of the color increased, and the brightness decreased, in
general, as the amount of mordant increased in the dyeings with crocus sativus, Helichrysum
arenarium, and Glycyrrhiza glabra L. It was determined that the color of dyeing without
mordant was lighter and brighter than dyeing with mordant.
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The ∆E differences and color yield results obtained after washing and light fastnesses
by dyeing Alanya silk with crocus sativus, Helichrysum arenarium, and Glycyrrhiza glabra L.
plants using Quercus aegilops L. mordant are given altogether in Table 4.

Table 4. Color difference and color yield experimental results.

Code ∆E ∆E Y ∆E 1 ∆E 2 ∆E 3 ∆E 4 ∆E 5 ∆E 6 ∆E I K/S

A-1 4.064 6.064 1.352 0.815 0.159 0.643 5.554 4.047 7.929 1.11
A-2 3.573 6.821 2.184 0.765 0.11 0.599 5.435 3.246 6.403 1.13
A-3 12.592 10.651 1.022 0.861 0.387 0.535 6.27 3.056 7.915 2.11
A-4 13.644 8.729 0.797 0.934 0.422 0.617 5.691 2.476 7.488 2.26
A-5 17.733 11.423 1.637 1.233 0.368 0.958 4.606 3.005 8.586 2.75
B-1 1.728 7.407 1.79 0.639 0.271 0.679 0.431 4.016 5.764 6.22
B-2 3.395 4.914 1.746 0.356 0.846 0.67 0.379 4.998 5.632 5.1
B-3 2.125 10.615 1.325 0.39 0.856 0.628 1.526 3.261 6.039 7.3
B-4 2.489 3.884 2.171 0.682 1.101 0.981 1.097 4.089 6.211 6.85
B-5 3.451 6.452 2.225 0.583 0.978 0.978 1.313 3.943 5.429 7.76
C-1 6.226 7.202 1.6 0.513 0.669 2.053 1.688 3.235 7.009 7.14
C-2 0.954 5.674 1.146 0.363 0.71 0.892 1.669 3.46 5.856 4.9
C-3 1.925 3.762 0.846 0.322 0.942 0.98 1.774 3.186 6.573 4.64
C-4 5.218 4.327 1.023 0.372 0.612 0.803 1.527 3.282 5.189 5.31
C-5 8.86 5.41 1.246 0.319 0.731 1.009 1.392 3.942 9.36 6.6

The data given in Table 5 show the decrease and increase in ∆E differences depending
on the change in the amount of mordant.

Table 5. Effect of mordant amount on ∆E differences.

CODE ∆E Y ∆E 1 ∆E 2 ∆E 3 ∆E 4 ∆E 5 ∆E 6 ∆E I K/S

A-1
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While the biggest color difference compared to mordant-free dyeing was obtained 
from dyeing with the crocus sativus plant, it was determined that the colors made with 
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the high-
est color change after washing was obtained from dyeing with the highest concentration 
of the crocus sativus plant and Quercus aegilops L. mordant. The lowest color difference 
after washing is generally seen in the dyeings made with Glycyrrhiza glabra L. There was 
no significant difference between the mordants in terms of staining on Acetate, Cotton, 
Polyamide, Polyester, Polyacrylonitrile, and Wool, and staining was realized at rates too 
low to be visible to the eye. When we look at the color difference values obtained as a 
result of light fastness, the highest color differences were obtained from the dyes made 
with the crocus sativus plant, and the lowest color differences were obtained from the 
dyes made with the Helichrysum arenarium plant. When we examined the dyeings in terms 
of color yield, it was concluded that there was no significant difference between the 
dyeings made with Helichrysum arenarium and Glycyrrhiza glabra L., but the color yields of 
the dyeings made with crocus sativus were low. 

According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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While the biggest color difference compared to mordant-free dyeing was obtained 
from dyeing with the crocus sativus plant, it was determined that the colors made with 
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the high-
est color change after washing was obtained from dyeing with the highest concentration 
of the crocus sativus plant and Quercus aegilops L. mordant. The lowest color difference 
after washing is generally seen in the dyeings made with Glycyrrhiza glabra L. There was 
no significant difference between the mordants in terms of staining on Acetate, Cotton, 
Polyamide, Polyester, Polyacrylonitrile, and Wool, and staining was realized at rates too 
low to be visible to the eye. When we look at the color difference values obtained as a 
result of light fastness, the highest color differences were obtained from the dyes made 
with the crocus sativus plant, and the lowest color differences were obtained from the 
dyes made with the Helichrysum arenarium plant. When we examined the dyeings in terms 
of color yield, it was concluded that there was no significant difference between the 
dyeings made with Helichrysum arenarium and Glycyrrhiza glabra L., but the color yields of 
the dyeings made with crocus sativus were low. 

According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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the dyeings made with crocus sativus were low. 

According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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from dyeing with the crocus sativus plant, it was determined that the colors made with 
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the high-
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According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
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While the biggest color difference compared to mordant-free dyeing was obtained 
from dyeing with the crocus sativus plant, it was determined that the colors made with 
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the high-
est color change after washing was obtained from dyeing with the highest concentration 
of the crocus sativus plant and Quercus aegilops L. mordant. The lowest color difference 
after washing is generally seen in the dyeings made with Glycyrrhiza glabra L. There was 
no significant difference between the mordants in terms of staining on Acetate, Cotton, 
Polyamide, Polyester, Polyacrylonitrile, and Wool, and staining was realized at rates too 
low to be visible to the eye. When we look at the color difference values obtained as a 
result of light fastness, the highest color differences were obtained from the dyes made 
with the crocus sativus plant, and the lowest color differences were obtained from the 
dyes made with the Helichrysum arenarium plant. When we examined the dyeings in terms 
of color yield, it was concluded that there was no significant difference between the 
dyeings made with Helichrysum arenarium and Glycyrrhiza glabra L., but the color yields of 
the dyeings made with crocus sativus were low. 

According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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from dyeing with the crocus sativus plant, it was determined that the colors made with 
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According to the data obtained in Tables 6 and 7, it was determined that the dyes 
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mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
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While the biggest color difference compared to mordant-free dyeing was obtained 
from dyeing with the crocus sativus plant, it was determined that the colors made with 
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the high-
est color change after washing was obtained from dyeing with the highest concentration 
of the crocus sativus plant and Quercus aegilops L. mordant. The lowest color difference 
after washing is generally seen in the dyeings made with Glycyrrhiza glabra L. There was 
no significant difference between the mordants in terms of staining on Acetate, Cotton, 
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of color yield, it was concluded that there was no significant difference between the 
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the dyeings made with crocus sativus were low. 

According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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While the biggest color difference compared to mordant-free dyeing was obtained 
from dyeing with the crocus sativus plant, it was determined that the colors made with 
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the high-
est color change after washing was obtained from dyeing with the highest concentration 
of the crocus sativus plant and Quercus aegilops L. mordant. The lowest color difference 
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of color yield, it was concluded that there was no significant difference between the 
dyeings made with Helichrysum arenarium and Glycyrrhiza glabra L., but the color yields of 
the dyeings made with crocus sativus were low. 

According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 

  

Sustainability 2023, 15, x FOR PEER REVIEW 7 of 14 
 

C-1 6.226 7.202 1.6 0.513 0.669 2.053 1.688 3.235 7.009 7.14 
C-2 0.954 5.674 1.146 0.363 0.71 0.892 1.669 3.46 5.856 4.9 
C-3 1.925 3.762 0.846 0.322 0.942 0.98 1.774 3.186 6.573 4.64 
C-4 5.218 4.327 1.023 0.372 0.612 0.803 1.527 3.282 5.189 5.31 
C-5 8.86 5.41 1.246 0.319 0.731 1.009 1.392 3.942 9.36 6.6 

The data given in Table 5 show the decrease and increase in ΔE differences depend-
ing on the change in the amount of mordant. 

Table 5. Effect of mordant amount on ΔE differences. 

CODE ΔE Y ΔE 1 ΔE 2 ΔE 3 ΔE 4 ΔE 5 ΔE 6 ΔE I K/S 
A-1 

         

A-2 
A-3 
A-4 
A-5 
B-1 

         

B-2 
B-3 
B-4 
B-5 
C-1 

         

C-2 
C-3 
C-4 
C-5 

While the biggest color difference compared to mordant-free dyeing was obtained 
from dyeing with the crocus sativus plant, it was determined that the colors made with 
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the high-
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of the crocus sativus plant and Quercus aegilops L. mordant. The lowest color difference 
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of color yield, it was concluded that there was no significant difference between the 
dyeings made with Helichrysum arenarium and Glycyrrhiza glabra L., but the color yields of 
the dyeings made with crocus sativus were low. 

According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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from dyeing with the crocus sativus plant, it was determined that the colors made with 
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the high-
est color change after washing was obtained from dyeing with the highest concentration 
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According to the data obtained in Tables 6 and 7, it was determined that the dyes 
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without 
mordant. In general, it was determined that the red and yellow color nuances increased 
at low rates in the dyeings. In addition, it was determined that all dyeings were more 
vivid than the dyeing without mordant. 
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While the biggest color difference compared to mordant-free dyeing was obtained
from dyeing with the crocus sativus plant, it was determined that the colors made with
Helichrysum arenarium were the closest to mordant-free dyeing. The sample with the highest
color change after washing was obtained from dyeing with the highest concentration of
the crocus sativus plant and Quercus aegilops L. mordant. The lowest color difference
after washing is generally seen in the dyeings made with Glycyrrhiza glabra L. There was
no significant difference between the mordants in terms of staining on Acetate, Cotton,
Polyamide, Polyester, Polyacrylonitrile, and Wool, and staining was realized at rates too
low to be visible to the eye. When we look at the color difference values obtained as a result
of light fastness, the highest color differences were obtained from the dyes made with the
crocus sativus plant, and the lowest color differences were obtained from the dyes made
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with the Helichrysum arenarium plant. When we examined the dyeings in terms of color
yield, it was concluded that there was no significant difference between the dyeings made
with Helichrysum arenarium and Glycyrrhiza glabra L., but the color yields of the dyeings
made with crocus sativus were low.

According to the data obtained in Tables 6 and 7, it was determined that the dyes
made with crocus sativus and Glycyrrhiza glabra L. were darker than the dyeing without
mordant. In general, it was determined that the red and yellow color nuances increased at
low rates in the dyeings. In addition, it was determined that all dyeings were more vivid
than the dyeing without mordant.

Table 6. Spectrophotometric color measurement values of the samples.

Mordant ∆L ∆a ∆b ∆C ∆H ∆E

A-1 −2.453 2.083 2.483 2.479 −2.087 4.064
A-2 −2.289 1.985 1.894 1.886 −1.992 3.573
A-3 10.259 3.705 6.293 6.405 −3.507 12.592
A-4 −12.576 4.225 3.187 3.388 −4.065 13.644
A-5 14.703 4.870 8.637 8.874 −4.421 17.733
B-1 0.860 0.085 1.496 1.492 0.142 1.728
B-2 3.344 −0.344 0.478 0.423 0.409 3.395
B-3 −1.707 0.834 0.952 1.080 0.660 2.125
B-4 0.394 0.826 2.314 2.418 −0.434 2.489
B-5 −3.326 0.854 0.343 0.486 −0.782 3.451
C-1 −5.760 1.044 2.120 2.282 −0.614 6.226
C-2 0.421 −0.290 0.805 0.744 0.424 0.954
C-3 −1.907 −0.083 0.243 0.225 0.124 1.925
C-4 −5.158 0.208 0.761 0.786 −0.066 5.218
C-5 −8.602 1.087 1.823 2.000 −0.709 8.860

Table 7. Color measurement variation of samples.

Mordant ∆L* ∆a* ∆b* ∆C*

A-1 darker redder yellower more vivid
A-2 darker redder yellower more vivid
A-3 lighter redder yellower more vivid
A-4 darker redder yellower more vivid
A-5 lighter redder yellower more vivid
B-1 lighter redder yellower more vivid
B-2 lighter greener yellower more vivid
B-3 darker redder yellower more vivid
B-4 lighter redder yellower more vivid
B-5 darker redder yellower more vivid
C-1 darker redder yellower more vivid
C-2 lighter greener yellower more vivid
C-3 darker greener yellower more vivid
C-4 darker redder yellower more vivid
C-5 darker redder yellower more vivid

Application of the MAUT Method in the Light of the Data Obtained

Step 1: First of all, the alternatives (an) subject to the decision problem and the
attributes/criteria (xm) that will help in selecting the alternatives were determined. In this
study, the criteria were determined by using standard tests (light and washing fastness test
results and color yield (K/S)) and the alternatives were dyeing recipes using five different
concentrations (3%, 5%, 10%, 15%, 15%, and 20%) of Quercus aegilops L. mordant with
crocus sativus, Helichrysum arenarium, and Glycyrrhiza glabra L. plants, which also grow in
Alanya region.
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Thus, while rows were created for a total of 15 different alternatives with three
dyestuffs × 5 mordant concentrations, the matrix for the recipe was designed using nine
different criteria columns and the matrix was constructed for the start and solution.

Step 2: The values of the criteria are calculated. In this calculation, quantitative values
obtained from the experimental results and read from the device are used for quantitative
criteria, and their values are written in the cell places corresponding to the rows and
columns in the matrix (xm). The data set of the best and worst values of the criteria is
determined under the criteria and written as rows. The values are given in Table 8 below.

Table 8. Using experimental results as data input.

Min Min Min Min Min Min Min Min Max

Code Mord. ∆E Y ∆E 1 ∆E 2 ∆E 3 ∆E 4 ∆E 5 ∆E 6 ∆E I K/S

C
ro

cu
s

Sa
tiv

us

A-1 3% 6.064 1.352 0.815 0.159 0.643 5554 4.047 7.929 1.11
A-2 5% 6.821 2.184 0.765 0.11 0.599 5.435 3.246 6.403 1.13
A-3 10% 10.651 1.022 0.861 0.387 0.535 6.27 3.056 7.915 2.11
A-4 15% 8.729 0.797 0.934 0.422 0.617 5.691 2.476 7.488 2.26
A-5 20% 11.423 1.637 1.233 0.368 0.958 4.606 3.005 8.586 2.75

H
el

ic
hr

ys
um

ar
en

ar
iu

m

B-1 3% 7.407 1.79 0.639 0.271 0.679 0.431 4.016 5.764 6.22
B-2 5% 4.914 1.746 0.356 0.846 0.67 0.379 4.998 5.632 5.1
B-3 10% 10.615 1.325 0.39 0.856 0.628 1.526 3.261 6.039 7.3
B-4 15% 3.884 2.171 0.682 1.101 0.981 1.097 4.089 6.211 6.85
B-5 20% 6.452 2.225 0.583 0.978 0.978 1.313 3.943 5.429 7.76

G
ly

cy
rr

hi
za

gl
ab

ra
L.

C-1 3% 7.202 1.6 0.513 0.669 2.053 1.688 3.235 7.009 7.14
C-2 5% 5.674 1.146 0.363 0.71 0.892 1.669 3.46 5.856 4.9
C-3 10% 3.762 0.846 0.322 0.942 0.98 1.774 3.186 6.573 4.64
C-4 15% 4.327 1.023 0.372 0.612 0.803 1.527 3.282 5.189 5.31
C-5 20% 5.41 1.246 0.319 0.731 1.009 1.392 3.942 9.36 6.6

x− 11.423 2.225 1.233 1.101 2.053 6.27 4.998 9.36 1.11
x− 3.762 0.797 0.319 0.11 0.535 0.379 2.476 5.189 7.76

Step 3: The calculated values are placed in the decision matrix and the normalization
process is started. In the normalization process, the best and worst values for each criterion
are first determined, the best value is assigned a value of one, the worst value is assigned a
value of zero, and Table 9 below is created to calculate the other values within this range:

Table 9. Table of normalized values.

ui(xi) ∆E Y ∆E 1 ∆E 2 ∆E 3 ∆E 4 ∆E 5 ∆E 6 ∆E I K/S

A-1 0.700 0.611 0.457 0.951 0.929 0.122 0.377 0.343 0.000
A-2 0.601 0.029 0.512 1.000 0.958 0.142 0.695 0.709 0.003
A-3 0.101 0.842 0.407 0.720 1.000 0.000 0.770 0.346 0.150
A-4 0.352 1.000 0.327 0.685 0.946 0.098 1.000 0.449 0.173
A-5 0.000 0.412 0.000 0.740 0.721 0.282 0.790 0.186 0.247

B-1 0.524 0.305 0.650 0.838 0.905 0.991 0.389 0.862 0.768
B-2 0.850 0.335 0.960 0.257 0.911 1.000 0.000 0.894 0.600
B-3 0.105 0.630 0.922 0.247 0.939 0.805 0.689 0.796 0.931
B-4 0.984 0.038 0.603 0.000 0.706 0.878 0.360 0.755 0.863
B-5 0.649 0.000 0.711 0.124 0.708 0.841 0.418 0.942 1.000

C-1 0.551 0.438 0.788 0.436 0.000 0.778 0.699 0.564 0.907
C-2 0.750 0.756 0.952 0.395 0.765 0.781 0.610 0.840 0.570
C-3 1.000 0.966 0.997 0.160 0.707 0.763 0.718 0.668 0.531
C-4 0.926 0.842 0.942 0.493 0.823 0.805 0.680 1.000 0.632
C-5 0.785 0.686 1.000 0.373 0.688 0.828 0.419 0.000 0.826
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Step 4: Weight values (wi) are assigned, which ensure that the criteria are evaluated
correctly and priorities are set. The sum of all wi values must equal to one. At this stage, by
accepting the weights of the criteria as equal (1/9 = 0.111), the operations were performed
on the values given in Table 10.

Table 10. Equal weighting of criteria.

Weight ∆E Y ∆E 1 ∆E 2 ∆E 3 ∆E 4 ∆E 5 ∆E 6 ∆E I K/S

wi 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 =1

At this stage, the MAUT method will be ranked by giving equal values to the criterion
weights wi. The weighted normalization values of the data are given in Table 11.

Table 11. Normalization values weighted according to equal weight.

Wi= 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111 0.1111

wi*ui(xi) ∆E Y ∆E 1 ∆E 2 ∆E 3 ∆E 4 ∆E 5 ∆E 6 ∆E I K/S

A-1 0.078 0.068 0.051 0.106 0.103 0.014 0.042 0.038 0.000
A-2 0.067 0.003 0.057 0.111 0.106 0.016 0.077 0.079 0.000
A-3 0.011 0.094 0.045 0.080 0.111 0.000 0.086 0.038 0.017
A-4 0.039 0.111 0.036 0.076 0.105 0.011 0.111 0.050 0.019
A-5 0.000 0.046 0.000 0.082 0.080 0.031 0.088 0.021 0.027

B-1 0.058 0.034 0.072 0.093 0.101 0.110 0.043 0.096 0.085
B-2 0.094 0.037 0.107 0.029 0.101 0.111 0.000 0.099 0.067
B-3 0.012 0.070 0.102 0.027 0.104 0.089 0.077 0.088 0.103
B-4 0.109 0.004 0.067 0.000 0.078 0.098 0.040 0.084 0.096
B-5 0.072 0.000 0.079 0.014 0.079 0.093 0.046 0.105 0.111

C-1 0.061 0.049 0.088 0.048 0.000 0.086 0.078 0.063 0.101
C-2 0.083 0.084 0.106 0.044 0.085 0.087 0.068 0.093 0.063
C-3 0.111 0.107 0.111 0.018 0.079 0.085 0.080 0.074 0.059
C-4 0.103 0.094 0.105 0.055 0.091 0.089 0.076 0.111 0.070
C-5 0.087 0.076 0.111 0.041 0.076 0.092 0.047 0.000 0.092

According to the results of the calculations made up to this stage, the decision stage is
reached. If the weights are taken equal (1/9 = 0.11), our recommendation for the best dyeing
recipe is C-4 dyeing with Glycyrrhiza glabra L. at 15% Quercus aegilops L. concentration. It is
seen that the top 3 best dyeings with Glycyrrhiza glabra L. are in this group. The results are
given in Figure 2 below.
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4. Conclusions

MCDM methods are taking their place in research with a new method every day.
Controversial solutions are presented as to which method is reliable, which method is
suitable for use, which method to choose, or which experiment is reproducible.

In this study, Alanya silk fabric was mordanted in five different concentrations (3%,
5%, 10%, 15%, and 20%) with Quercus aegilops L., which is a natural mordant, and dyed
separately with crocus sativus, Helichrysum arenarium, and Glycyrrhiza glabra L. plants.
According to the results of the MAUT method applied to the fastness results obtained
from the dyes, the plant that gave the best three results was Glycyrrhiza glabra L. It was
observed that the dyeings with the crocus sativus plant had the five worst dyes in terms of
fastness properties.

According to the results of the obtained method, the recommended dyeing recipe
in terms of fastness and color yield in the dyeing with the crocus sativus, Helichrysum
arenarium, and Glycyrrhiza glabra L., where color tones close to each other are obtained, is
given in Table 12.

Table 12. Recommended Coloring Recipe.

Coloring Recipe

Mordanting

Mordant Type Quercus aegilops L.
Mordant (%) 15

Temperature (◦C) 100
Duration (min) 60

Waiting 24 h

Dyeing

Dye Type Glycyrrhiza glabra L.
Dye Plant (%) 100

Temperature (◦C) 100
Duration (min) 60

Color Light Brown
Waiting 24 h
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Proceedings of the Uluslararası İstanbul Tekstil Konferansı—Anadolu’ya Dokunan Bezler, Istanbul, Turkey, 21–23 March 2016;
pp. 692–699.

49. Pergher, I.; Almeida, A.T.D. Determining production and inventory parameters: An integrated simulation and mavt approach
with tradeoff elicitation. Pesqui. Oper. 2018, 38, 87–97. [CrossRef]

50. Velasquez, M.; Hester, P.T. An analysis of multi-criteria decision making methods. Int. J. Oper. Res. 2013, 10, 56–66.
51. Keeney, R.L. Multiplicative Utility Functions. Oper. Res. 1974, 22, 22–34. [CrossRef]
52. Dyer, J.S.; Fishburn, P.C.; Steuer, R.E.; Wallenius, J.; Zionts, S. Multiple Criteria Decision Making, Multiattribute Utility Theory:

The Next Ten Years. Manag. Sci. 1992, 38, 645–654. [CrossRef]
53. Bedford, T.; Cooke, R. A new generic model for applying MAUT. Eur. J. Oper. Res. 1999, 118, 589–604. [CrossRef]
54. Taufik, I.; Alam, C.N.; Mustofa, Z.; Rusdiana, A.; Uriawan, W. Implementation of Multi-Attribute Utility Theory (MAUT) method

for selecting diplomats. IOP Conf. Ser. Mater. Sci. Eng. 2021, 1098, 032055. [CrossRef]
55. Cegan, J.C.; Filion, A.M.; Keisler, J.M.; Linkov, I. Trends and applications of multi-criteria decision analysis in environmental

sciences: Literature review. Environ. Syst. Decis. 2017, 37, 123–133. [CrossRef]
56. Özomay, M.; Özomay, Z. The effect of temperature and time variables on printing quality in sublimation transfer printing on

nylon and polyester fabric. Avrupa Bilim Ve Teknol. Derg. 2021, 23, 882–891. [CrossRef]
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