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he dyeing of woolen yarn with eggplant peel, a natural colorant, has
T been studied. The main coloring component in this natural colorant is
anthocyanin, which is an interesting class of dyes in the blue and red
area. Eight mordants including alum, copper sulfate, ferrous sulfate, potash
alum, nickel chloride, zinc sulfate, tin chloride, and potassium dichromate were
used for mordanting the fibers. Four different mordanting procedures, pre-
mordanting, simultaneous mordanting, a combination of pre and simultaneous
mordanting and post-mordanting were used for study the effect of the
mordanting procedure on color properties. Various acids such as acetic, chloric,
citric, formic, lactic, nitric, oxalic, sulfuric, and tartaric were used to investigate
the role of acids in dyeing. Different shades of greenish yellow to semi-blue were
obtained from the dye extracted from eggplant peel. Tin chloride as a mordant
produced the noticeable semi-blue color. The chromaticity values showed that
sulfuric acid resulted in better navy blue hue compared to other acids for
mordanted woolen yarn with tin chloride. The combination of pre and the
simultaneous (or meta) mordanting procedure was found to be the efficient route
for dyeing wool yarn with eggplant peel. Prog. Color Colorants Coat. 12 (2019),
219-230© Institute for Color Science and Technology.

1. Introduction

natural dyes, which contain chromophores with a

Natural dyes are found in natural sources such as
plants, animal, and fungi. In the last decade, a revival
interest in the use of natural dyes in textile dyeing has
been growing due to renewable and biodegradability of
these dyes as well as the environmental standards
imposed by many countries [1]. There are several types
of research concerning the extraction of dyes from
different plants parts such as saffron [2], madder [3],
marigold flower [4], tea polyphenol [5] using various
methods such as boiling, microwave [6, 7], ultrasonic
[8, 9], etc. The studies showed that there are various

variety of chemical structures. Based on chemical
structures, natural dyes are classified to indigoid dyes,
anthraquinone dyes, anthocyanidins, flavones, and
carotenoids. However, the natural hue and color of
dyes can be changed by using mordants. Unlike the
large value of yellow and brown, the sources of red and
blue color are limited [10]. The red can be produced
from madder, cochineal, and brazilwood. Indigo and
logwood are the oldest natural dyestuffs that provide
blue dye [11]. On the literature survey, it is found that
dyeing textiles with new natural blue dyes can be

*Corresponding author: kamali@bonabu.ac.ir



M. Kamali Moghaddam et al.

interesting research.

Generally, enormous amounts of the vegetable
materials are un-utilized and dispose of daily that can
be used for extraction of natural colorants for textile
dyeing. One of these materials is an eggplant. The
eggplant is a popular vegetable crop grown in the
subtropics and tropics and is originated in Asia.
Eggplant is a member of the family Solanaceae and
Genus Solanum [12]. The major group of water-soluble
colorant in the peel of the eggplant is Anthocyanin.
Anthocyanin colorants are categorized as phenolic
compounds named flavonoids [13, 14] (Figure 1) and
handle the blue, purple, red and orange color of
vegetables and fruits. The pelargonidin, cyanidin,
delphinidin, peonidin, petunidin, and malvidin are the
typical structures of anthocyanins (Figure 2). The color
type of anthocyanins is related to hydroxyl and
methoxyl group numbers. Anthocyanin provides bluish

shade when the hydroxyl groups of its structure
increased and provide reddish shade when the
methoxyl groups increased [15-17].

Researchers found that nasunin and delphinidin-3-
rutioside were the major anthocyanins of eggplant peel
[21, 22]. The color and stability of anthocyanin depend
on the variations in the treatment conditions such as
temperature and pH [23]. Figure 3 illustrates the
structural transformation of anthocyanin according to
pH. The hydroxyl group of C-3, which is frequently
glycosylated, shifts the color of anthocyanin from
yellow-orange to red [24]. Anthocyanin is orange or
red at a pH about 3 or lower because of the presence of
eight conjugated double bonds carrying a positive
charge. Increasing pH resulted in colorless carbonyl
pseudo-base that can undergo ring opening to a low
chalcone. At a pH of 6-7, the blue resonance-stabilized
quinonoid anions are formed [20, 25, 26].
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Figure 1: The molecular structure of anthocyanin; OGl=glycoside.
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Figure 2: The common structures of anthocyanins, (a) pelargonidin (orange color), (b) cyaniding (orange-red color), (c)
delphinidin (bluish- red color), (d) paeonidin (orange-red color), (e) petunidin (bluish- red color), and (f) malvidin (bluish-
red color) [18-20].
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Figure 3: The change of color of anthocyanins against the pH [27].

Anthocyanin is reactive towards oxygen radicals
because of natural electron deficiency. This
antioxidative property allows chelation of metal ions
[23]. In fact, the electron donor functional groups (OH
and C=0) of the anthocyanin molecule make a complex
form with metal ions. This complex formation can be
suitable for dyeing of woolen samples, which along with
the functional group of the wool (NH, and COOH)
provide a bridge between the dye and the woolen
samples. Figure 4 shows the complex formation between
dye, metal ion (i.e., Fe’"), and wool strucutre. The
studies focused on the color stability in plants reported
that the blue colors obtained by such as Al, Fe, Cu, Sn,
Mg and Mo [28-30]. The study shows that there is a high
level of interest in the investigation of dyeing of textile
materials by using complex of anthocyanin and metal
salts to obtain blue color. From the literature survey,
Parvinzadeh studied the eggplant peel for dyeing wool
fibers [31] and used pre-mordanting method for dyeing
wool fibers with 50% (o.w.f) eggplant peel powder and
found that all of the mordants improved the fastness of
fibers. However, the effect of dye concentration, type of
acid, mordanting methods, etc had not been investigated.
Abdeldaiem also found that the eggplant peel has a red
pigment which is suitable as a natural food colorant [32].
Vankar and Shukla studied dyeing of silk and cotton
fabrics with the anthocyanin extracted from Hibiscus
flowers [33]. The fabric treated with 2% different metal
salts (pre-mordanting method) such as Sn, Al, Cr, and
Cu, then dyed with anthocyanin extract for about 2hrs at
35°C. The results show that different metal salts caused
various hue color from dark pink to purple. Tin metal
salts show the best value of K/S for dyed cotton and silk

fabrics. Wang et al. extracted anthocyanins dyes from
liriope platyphylla fruits and studied the color values of
dyed silk fabrics [34]. They found that treated fabrics
with stannous chloride in the mordanting procedure
(premordanting, metamordanting, and postmordanting)
improve the dye depth and fastness and show that the
color of the dyed fabrics was red-purple, blue, green and
so forth according to the pH of dyeing solutions. Haddar
et al. using red cabbage as an anthocyanin source for
dyeing protein fibers [35]. They found that the purple to
pink and blue shade could be obtained from red cabbage
extract. The high color yield (K/S) of dyed protein fibers
obtained at pH 2 medium. In addition, the high color
yield (K/S) of pre-mordanting, meta-mordanting, and
post-mordanting was obtained with using tannic acid,
alum, and stannous chloride, respectively. Tidder et al.
extracted anthocyanin colorants from the waste peel of
blackcurrants for dyeing protein fibers [36]. They
showed that the color of wool fibers were purples and
blues when used aluminum sulfate as mordant at pH
lower than 7 and higher than 9, respectively.

The objective of this study is comprehensive to
investigate the extracting natural dye from the eggplant
peel (dark purple colored, moderate size) by aqueous
extraction method. Since the wool fibers are the
primary fibers used in carpet, especially handmade
carpet, dyeing of wool fibers with eggplant peel was
investigated.  Critical process parameters, the
concentration of eggplant peel, type and concentration
of metal salts and acids, and mordanting procedure
affecting the color characteristics of dyed wool fibers
are studied.
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Figure 4: (a) Complex formation between the functional groups of the wool yarn and the metal ions in premordanting route
and (b) adding the dye to the mordanted wool and the complex formation between the dye and the mordanted wool.

2. Experimental

2.1. Materials

The wool yarn of 430/2 tex and 144 twists/m prepared
from purchased from the market used in this study. The
peel of the eggplant was dried, powdered and used for
dyeing. Analytical reagents grade of metallic salt, such
as aluminum sulfate (Al,(SO,);), potassium aluminium
sulfate (alum) (KAI(SO,),.12H,0), stannous chloride
(SnCl,.2H,0), Nickel Chloride (NiCly), potassium
dichromate (K,Cr,O;), copper sulfate (CuSO,), zinc
sulfate (ZnSQ,), and ferrous sulfate (FeSO,) were used.
Since the color and stability of anthocyanin, the
colorant of eggplant peel, depends on the variations of
pH treatment, various acids were used. Acetic, chloric,
citric, formic, lactic, oxalic, sulfuric, nitric, and tartaric
acid were purchased from Merck, Germany. The wool
fibers were first washed with a solution containing
2 gL' non-ionic detergent and 0.5 gL' sodium
carbonate at 40°C for 30 minutes to remove waxes and
impurities materials.

2.2. Dyeing and Mordanting

The yarns were mordanted by four mordanting
methods such as pre-mordanting, simultaneous
mordanting, post-mordaning, and pre-simultaneous-
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mordanting. The pre-mordanting experiment was
performed using the material to liquor ratio (M:L) of
1:40 at pH=4~5 (Table 1). Mordanting bath
temperature was raised to a boil during 20 minutes and
kept at that level for 1 hour. After application of
mordants, the samples were washed carefully and
soaked in a dye bath using 5-100% o.w.f (on the
weight of fiber/yarn) eggplant concentration, M:L of
1:40, and boil temperature for 1 h. In combination pre-
and simultaneous mordanting procedure, the woolen
yarns were mordanted in the mordanting bath, and then
kept in this bath without a wash, added the dye and
dyed in the same bath. In the simultaneous mordanting
method, the woolen yarns were dyed with dye and
mordants simultaneously. In the post-mordanting
procedure, woolen yarns were dyed with aqueous dye
solution, then taken out, squeezed and treated with a
solution of mordants.

2.3. Chemical Structure Determination

Woolen yarns, eggplant peel, and dyed yarns were made
into a pellet with KBr powder and analyzed by Fourier
transform infrared spectroscopy (Bomem-MB 100,
Canada). Four scans for each sample were taken with a
resolution of 8 cm™ with a range of 4000-400 cm’™.
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Table 1: Experimental conditions of dyeing and mordanting of woolen yarn.

Dye Conc.

Method of Mordanting

(% 0.0 Cone. (%)
1 5-100 KAI(SOy), 3
) 100 Al, Cu,' Fe, KAl, 3
Cr, Ni, Sn, Zn
3 100 SnCl, 3
4 100 SnCl, 3

2.4. Color Measurements

The spectral reflectance of the dyed fibers was
measured using a Tex flash spectrophotometer (Data
color corp.). Three measurements were made on each
of the four samples. The CIELAB values (L* a* b*,
C*, h°) were also recorded for all dyed samples along
with the controlled sample. The color differences (AE)
between a sample color (L,a,b,) and a reference color
(L,a;b;) were measured.

2.5. Fastness Properties

Dyed woolen yarns were tested for washing and light
fastness according to the ISO 105-C10 and AATCC
Test Method 16-2004, respectively. In washing
fastness route, the yarns were treated in a solution
containing 5 gL' soap solutions for 45 min at 50 °C
using the liquor to material ratio 50:1. The standard
grayscale (rating from 1 (poor) to 5 (excellent)) was
used to determine the change in color of the dyed
woolen yarns. The standard blue scale (rating from 1
(poor) to 8 (excellent)) was used to measure the light
fastness of the samples after exposure to artificial
illumination with Xenon arc light source. The
temperature of the black body was 65 °C with a
relative humidity of the air as 40% and the daylight

Pre-mordanting, Sim-mordanting, Pre-

Pre- Sim-mordanting,

Conc.
Ty
(%)

Pre mordanting Acetic 1

Pre mordanting Acetic 1

Acetic 1

Sim-mordanting, Post-mordanting

Acetic, Citric, Chloric,
Formic, Lactic, Nitric, 1-3
Oxalic, Sulfuric, Tartaric

filter, a wavelength of 420 nm at 5 hours.

3. Results and Discussion

3.1. Chemical Structure

The Wool fiber consists of free amino and carboxyl
groups at the end of the chain and intermediate amide
linkage. In FT-IR spectrum of wool fibers, the
absorption peak at 1200-1300 cm™ refers to free amide
IIT band results from coupled C-N stretching and N-H
bending motions, the peak at 1600-1700 cm™ is due to
amide I band and mainly to C=0, the peaks in the range
of 3200-3500 cm™ are refers to N-H and O-H valence
vibrations [37]. Figure 5 shows distinct peaks of
eggplant peel at 624 cm™ (CH=CH stretching vibration),
1067 cm™ (C-O stretching), 1257, 1330, 1423 cm™ (CH,
scissors vibration), 1639 ¢cm™ (C=C stretch), 1747 cm’
(C=0 stretching), 2927 cm™ (CH asymmetric stretch),
and 3417 cm” (-OH stretching) [38]. According to
Figure 4, the fixation of anthocyanin exist in eggplant
peel on wool fiber is due to bond formation between
hydroxyl and carboxyl groups of dye-mordant-amine
and carboxyl groups of wool fiber. Figure 5 confirmed
this mechanism of fixation. The absorbance band at
1747 cm™ and 3400 cm™ for carboxyl and hydroxyl in
eggplant peel are reducing in intensity.
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Figure 5: FT-IR spectra of eggplant peel and dyed woolen yarn.

3.2. Dye Concentration

Various dye concentrations ranging from 5% to 100%
(o.w.f) were used to study the dyeability woolen yarns
with eggplant peel. The data of CIELAB were shown in
Table 2. The location of color in the CIELAB color
space is distinct in a three-dimensional Cartesian
coordinate system. The lightness value (L*) shows the
light or dark degree of color. The a* and b* values
display the positions along the red-green and yellow-
blue axes, respectively. The results indicate that ¢ and
b" become more negative with an increase in dye
concentration. This means that the woolen samples
shift from red to green and from yellow to blue with
The value of lightness (L*)
the dye
absorption increased. The results show that the hue

dye concentration.

decreases with dye concentrations as
angle (h°) increased with dye concentration, which is
between 90° and 180° for dye concentration lower than
75% (o.w.f) and is between 180° and 270° for dye

concentration higher than 75% (o.w.f). The latter range

illustrates the greenish blue and greenish navy blue
shades.

The difference between the two colors is a metric of
interest in color science called AE}; or AE. The color
difference (AE) was calculated between the undyed
samples and the dyed samples. The results show that
the color differences increased with dye concentration.
For example, the color difference increased from 6.13
(sample dyed with 5%) to 33.52 (sample dyed with
100%) (Table 2).

The color difference between the dyed samples
with higher and lower dye concentration was also
investigated. The results are indicated in Figure 6. It
founds that the changes in dyed samples color
depended on dye concentration and could become
noticeable (AE > 4) after 5% of dye concentration
(Table 2). It can be seen from Figure 6 that the largest
differences between any pair of dyed samples are 14.
This indicates that variation when comparing the color
difference between the dyed samples.

Table 2: Effect of dye concentration on CIE lab data of dyed wool yarns, pre-mordanting with KAI(SO4). of 10% (o0.w.f).

Raw Wool 7727 2.69 1842
5.0 81.63 -1.02 16.21
10 7745 -2.35 1432
25 7135 -3.51 856
50 6192 -553 1.56
75 5832 -6.41 -0.96
100 52.89 -7.25 -232

224  Pprog. Color Colorants Coat. 12 (2019), 219-230

18.62
16.24
14.44
12.19
5.75
6.48
7.61

81.71 - Yellow
93.60  6.13  Yellowish greens
99.31 6.49  Yellowish greens
112.29 13.07 Olive greens
164.22 2423 Greenish yellows
188.47 27.25 Greenish blue
197.74 33.52  Turquoise blue
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Figure 6: The color differences between the dyed samples.

3.3. Kind of Mordant

Generally, tannic acid, metallic or oil mordants by
using the chemical reaction between the dye and the
fiber bound the natural dyes to the fibers. In this study,
various metal salts were used to investigate the effect
of type of these materials on color characteristics of
dyed woolen yarns with eggplant peel. It is well known
that the high concentration (e.g. 10%) of metal salts
such as copper sulfate, ferrous sulfate, and dichromate
was not proposed for mordanting woolen fibers. So, the
same concentration of different mordants (at 3%
(o.w.f)) was used. Since the metal salts affect the
electron distribution and density within the dye, the
color of the dyed woolen yarns tends to change. Table
2 shows the chromaticity values obtained from a
measurement based on the CIE system. Various kinds
of shades, like yellow to green to blue, can be achieved
by the application of different mordants. Based on the

h° value, colored woolen yarn became bluish, when tin

chloride was used as the mordanting agent. It can be
clearly seen from Table 3 that the yellowish brown
color was obtained with dichromate, nickel, and zinc.
However, the aluminum and the alum result in a
greenish blue and greenish yellow color, respectively.
Wool yarn, when mordanted with aluminum, ferrous,
and alum, produced the lower depth of shade, whereas
stannous, copper, and dichromate produced the highest
depth. Figure 7 shows the spectral curves of dyed
woolen yarns. As can be seen, the reflectance curves of
stannous mordant represented the reflectance function
of a blue dye. This finding is confirmed by Vankar et
al. and Wang et al study. They showed that the
solution of red flavylium cation as one of the
anthocyanin forms in acidic aqueous solution becomes
violet complex when reacted with Sn*" as a chelating
agent. As the access to blue color is the aim of this
research, the different mordanting methods are focused

on stannous mordant.

Table 3: CIE lab data of dyed wool yarns with 50% (0.w.f) of dye and pre-mordanting using 3% (o.w.f) of mordant.

I A R A Ty

Al(SOy);  64.04 -583 037
CuSO, 5730 -521 12.59
FeSO,  44.17 -478 -0.79

KAI(SOy), 6192 -553 1.6

KoCr,0;  61.63 428 17.92
NiCl, 6729 178  9.02
SnCl, 3922 -9.92 -11.17
ZnSO,  66.70 1.89  9.62

585 176.39 Blue Green
13.63 112.49 Green Yellow
4.84 189.38 Green Blue
575 164.22 Green
18.42  76.57 Orange Yellow
9.19  78.84 Orange Yellow
1493 228.39  Turquoise Blue
9.80  78.88 Orange Yellow
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Figure 7: Reflectance curves of dyed woolen yarn with eggplant peel (50% (o0.w.f)) using various mordants (3% (o0.w.f)).

3.4. Mordanting Procedure

The obtained data, Table 4, showed that the post-
mordanting route produced greenish yellow, whereas,
the other mordanting procedures produced blue hue in
the case of SnCl, mordant. It seems that part of the dye
in post-mordanting method removed from the fabric
and reduced the dye concentration on fabric. This
finding is consistent with Wang et al. study, which
found that the part of dye not absorbed to the fabric and
remained in the dyeing bath in the post-mordanting
procedure. The results show that the dyed fabric with
lower dye concentration resulting in reddish yellow
color.

As the three methods (pre, pre-sim, and sim)
producing a blue hue, so, the color differences were

measured for these methods. With respect to the color
difference (AE, there is the difference between pre,
simultaneous, and the combination of pre and
simultaneous mordanting methods (Figure 8), which
provided blue hue. In the combination of pre- and
simultaneous mordanting method lowest L* and
highest C* values were obtained. In another words, this
mordanting route show lower values of lightness and
higher shades. From an economic standpoint, a
combination of pre and the simultaneous mordanting
procedure is better method due to eliminate the
washing step of after mordanting route, the treatment
the mordanting and dyeing in one bath, and time saving

due to remove of water and bath change.

Table 4: CIE lab data of dyed wool fibers with 100% (o.w.f) of dye and 3% (o.w.f) of SnCl with different mordanting
procedure

Pre-mordanting 45.49
S Sim-mordanting 46.57
PS Pre- Sim-mordanting 41.01
Po Post-mordanting 70.13

226 Prog. Color Colorants Coat. 12 (2019), 219-230

-10.92
-9.25
-10.17
-3.02

-6.74 12.83 211.68 Green Blue
-1220 1531 232.83 Blue
-11.87 15.63 229.42 Blue
11.82 1220 104.33  Green Yellow



Effect of Acids and Different Mordanting Procedures on Color Characteristics of ...

Delta E
O R N W A UL O N O

P-PS

P-s

PS -S

Mordanting Procedure

Figure 8: The color difference between pre- and pre- simultaneous -mordanting (P-PS), pre- and simultaneous
mordanting (P-S), and pre- simultaneous and simultaneous mordanting (PS-S).

3.5. Type and Concentration of Acids

The chromaticity values of dyed woolen yarns in
different acidic conditions are shown in Table 5. In this
the
procedure and SnCl, as better method and mordant,

experiment, pre-simultaneous  mordanting
respectively, resulted in this study were used. The
results show that all of the acids led to blue color (hue
angle between 226° to 265°). Sulfuric acid resulted in

navy blue in the concentration of 3% and 5% (v/v). The

pH of the dye bath was measured and with respect to

type and concentration of acids was between 2 and 4.

According to Horbowicz et al.

finding [17],

quinoidal blue species dominate at pH values between

2 and 4. Therefore, it is reliable to get blue color in

these acidic conditions. The experimental data show

that the increase in the concentration of acetic, formic,

lactic,

nitric, and tartaric acid does not have a

meaningful effect on color difference (AE) values.

Table 5: Effect of acid solutions on CIE lab data of dyed wool fibers, the parameter process: a combination of pre and
simultaneous mordanting method, using 100% (o.w.f) of dye and 3% (o.w.f) of SnCl,.

----n-

34.55

Acetic 3 30.83
5 3331

1 34.68

Citric 3 38.76
5 39.42

1 34.33

Chloric 3 31.57
5 36.95

1 32.92

Formic 3 33.79
5 32.63

1 33.99

Lactic 3 32.96
5 34.48

-10.11

-10.09

-9.32

-9.63

-10.27

-7.31

-10.00

-8.92

-8.62

-10.28

-9.62

-9.38

-10.62

-10.35

-10.85

-13.14

-13.04

13.80

-13.24

-14.45

-14.99

-12.85

-14.36

-13.48

-13.52

-13.44

-13.88

-11.36

-13.03

-11.27

16.58 232.44

1649 23225 3.72

16.66 23597 2.70

16.37 233.97 -

17.73 23459 4.30

16.68 243.99 3.08

16.28 232.09 -

1691 238.17 3.32

16.00 237.41 5.46

1697 232.74 -

16.53 23441 1.09

16.75 23595 1.26

15.56 22692 -

16.64 231.53 1.98

15.64 226.08 2.37
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Table 5: Continue.

34.66 -10.43 -1349 17.05 232.29

Nitric 3 3427 -9.04 -1492 17.45 238.78 2.03
5 3514 -8.70 -15.51 17.78 240.72 1.10
1 37.86 -10.44 -11.98 15.89 228.93 -
Oxalic 3 39.59  -7.12  -1429 1596 24351 4.39
5 3620 -9.50 -13.50 16.51 23487 4.21
1 3281 -9.15 -13.85 16.60 236.56 -
Sulfuric 3 4390 -3.86 -1697 17.40 257.18 12.67
5 4733 -1.38 -15.11 15.17 264.76 4.62
1 3191 -9.64 -13.63 16.69 234.73 -
Tartaric 3 3471 -9.58 -15.00 17.80 23743 3.11
5 3550 -8.92 -16.87 19.08 242.14 2.13
3.6. Color Fastness mordants improved the washing fastness. The effect of

The color fastness results of dyed woolen yarn are the mordanting procedure on colorfastness of dyed

shown in Table 6. The use of a mordant in dyeing woolen fibers with SnCl, mordant was shown in Table

results in excellent color fastness. The mechanism of 7. The experimental data indicated that the pre-

complex formation of dye and the mordant protects the mordanting and combination of pre and simultaneous

chromophore from photolytic degradation and results mordanting employing stannous improved the wash

in high lightfastness. The results show that all of the and light fastness.

Table 6: Colorfastness of dyed woolen yarn with eggplant peel (50% o.w.f) with different mordants (3% o.w.f).

IR 8 2 o e

Washing fastness ~ 2-3

Light fastness 4 5 5-6 6 4-5 5 5 6 5-6

Table 7: Colorfastness of dyed woolen yarn with eggplant peel (60% o.w.f) with the different mordanting procedure.
Stannous chloride at 3% o.w.f was used.

Pre-mordanting Pre-Sim-mordanting | Post-mordanting

Washing fastness

Light fastness 2 5 5 6 5

228  Prog. Color Colorants Coat. 12 (2019), 219-230



Effect of Acids and Different Mordanting Procedures on Color Characteristics of ...

4. Conclusion

In this research, eggplant peel has been introduced as a
Eight
mordants and nine acids were used for dyeing wool

natural colorant for dyeing wool samples.

yarn by different mordanting procedures. The chemical
structure of eggplant peel was determined using
infrared (FT-IR)
Colorimetric properties of the dyed woolen yarn such

Fourier transform spectroscopy.
as lightness (L*), redness-yellowness (a*), blueness-
greenness (b*), chroma (c¢*), hue (h°), color difference
and spectral reflectance, as well as fastness properties,
were determined. The FT-IR spectrum confirmed the
fixation mechanism of hydroxyl and carboxyl groups
of anthocyanin exist in eggplant peel - mordant- amine
and carboxyl groups of wool fiber. The results showed
that the hue angle of dyed wool increased with dye
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