
Citation: Salman, M.;

Fazal-ur-Rehman; Adeel, S.; Habib,

N.; Batool, F.; Usama, M.; Iqbal, F.;

Fatima, A. Extraction of Anthocyanin

from Rose Petals for Coloration of

Biomordanted Wool Fabric. Coatings

2023, 13, 623. https://doi.org/

10.3390/coatings13030623

Academic Editor: Chi-wai Kan

Received: 22 February 2023

Revised: 9 March 2023

Accepted: 14 March 2023

Published: 15 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

coatings

Article

Extraction of Anthocyanin from Rose Petals for Coloration of
Biomordanted Wool Fabric
Mahwish Salman 1, Fazal-ur-Rehman 2, Shahid Adeel 2,* , Noman Habib 3, Fatima Batool 4,
Muhammad Usama 1 , Fareeha Iqbal 1 and Arooj Fatima 1

1 Department of Biochemistry, Government College University Faisalabad, Faisalabad 38000, Pakistan
2 Department of Applied Chemistry, Government College University Faisalabad, Faisalabad 38000, Pakistan
3 Department of Botany, Government College University Faisalabad, Faisalabad 38000, Pakistan
4 Department of Botany, Division of Science and Technology, University of Education Lahore,

Lahore 54770, Pakistan
* Correspondence: shahidadeel@gcuf.edu.pk

Abstract: Natural products have gained worldwide favor due to their sustainable and ayurvedic
nature. In this study, rose containing anthocyanin was explored as a source of yellowish–pink natural
colorant for wool dyeing using various solvents (aqueous, alkaline, acidic, and basified methanol).
Dyeing of wool was performed by optimizing the following parameters: pH, temperature, time,
and salt concentration. It was observed that aqueous extract with a pH of 3 employed at 80 ◦C for
35 min with the addition of 4 g/100 mL salt, acidic extract with a pH of 2 employed at 40 ◦C for
35 min with the addition of 2 g/100 mL salt, alkaline extract with a pH of 1 employed at 80 ◦C for
45 min with the addition of 3 g/100 mL salt, and methanolic extract with a pH of 2 employed at
80 ◦C for 45 min with the addition of 4 g/100 mL salt resulted in high tint (K/S) values. To improve
the colorfastness properties, salts of iron (Fe+2), aluminum (Al+3), and tannic acid (Tn) were used as
chemical mordant, whereas turmeric and pomegranate were used as biomordants. Iron (Fe+2) and
pomegranate resulted in shades with good colorfastness characteristics. The plant extract and dyed
fabrics were also evaluated against Gram-positive and Gram-negative bacteria Staphylococcus aureus
and Escherichia coli, respectively, to observe their antibacterial potential. The results indicate that
wool fabric dyed with naturally sourced rose petals can be used as valuable antibacterial fabric due
to the presence of various bioactive compounds by dissipating the effect of allergy-causing synthetic
dyed fabrics.

Keywords: eco-friendly; Rosa Indica; natural colorant; anthocyanin; biomordants; antibacterial
activity

1. Introduction

Before the revival of natural dyeing, synthetic colorants were used effectively for
coloration of fabrics [1]. It has been reported that several synthetic chemicals present in
effluents emitted by textile industries are destroying our ecosystem [2] and cause global
warming [3]. Most synthetic dyes and their products have been found to be carcinogenic
and non-biodegradable and to spread various allergic diseases [4]. Previous studies re-
ported that the use of some disperse and azo dyes cause acquit toxicity in term of various
allergic diseases [5,6]. The discharge effluents of these dyes cause the death of essential
nutrients, which affects the quality of fresh water, resulting in the shortage of fresh water
available for agriculture and domestic purposes [7,8].

Green products not only play a vital role in health care worldwide but also improve the
development and regulation of human culture [9]. Over the last few years, a revival of the
use of green products as natural dyes has occurred in all fields of textile sector due to their
biodegradability, sustainability, and eco-friendly nature, with no issues related to effluent
management [10–12]. Many dye-bearing plants and their bioactive compounds have been
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used in medicinal systems to treat various diseases, such as diarrhea, malaria, and stomach
ache [13]. Previous studies have shown that plant-based dyes produce desirable shades
with excellent tint values [14,15], in addition to possessing biological characteristics such
as antibacterial, antifungal [16], and antioxidant properties [17]. Apart from all of these
benefits and advantages, some natural dyes have low color yields and poor colorfastness
properties with non-reproducible shades [18,19]. To overcome such limitations and make
the dyeing process more eco-friendly [20], different biomordants such as acacia, neem,
turmeric, and pomegranate have been used [21]. The implication of biomordants is a patent
practice to fix the colorant molecules onto fabrics, which makes the dyeing process more
sustainable [22].

Therefore, the current study was designed to explore the coloring potential of the
natural product Rosa Indica. Rose is a perennial plant of the genus Rosa within the family
Rosacea. Rose petals have a variety of applications and are a source of natural red-to-yellow
dye for wool dyeing. The presence of anthocyanin as a functional moiety in rose petal
extract is responsible for producing color shades by binding with the functional groups of
proteinic woolen fabric, as shown in Figure 1 [23]. Wool is a natural protein fiber that has
a core–shell structure containing an inner protein core and several layers [24]. Its surface
morphology makes dyeing and finishing woold easier than other natural fabrics [25,26].
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Figure 1. Structural representation of Rosa Indica flower (a), anthocyanin, (b) and a functional unit of
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The extract of rose petals is also used in different fields such as medicine and food
industries due to the presence of bioactive and flavoring compounds [27]. The extract
of rose petals is also useful in cosmetic industries due to its fragrance and antiaging
effect [28]. These bioactive compounds also have antimicrobial [17], antidiabetic [29], anti-
inflammatory [30], antiviral [31], and antimutagenic characteristics [17]. The aim of the
current study is to explore the coloring potential of Rosa Indica as a source of natural dye
for wool dyeing by applying sustainable chemicals and biomordants as pre- and post-
treatments in the dyeing process. Previous studies showed that rose flowers can be utilized
for dyeing purposes. However, no extensive studies have been reported in literature to
explore the dyeing potential of rose flowers.

This study was conducted using organic solvents with aqueous, alkaline, acidic, and
basified methanolic medium for extraction of anthocyanin for wool dyeing. Our research
group has also used biomordants to develop colorfast shades for wool fabric dyeing.

2. Materials and Methods
2.1. Collection and Preparation of Samples

The fresh red rose flower petals used in the current study were obtained from a local
market in Faisalabad. The flower petals were dried under shade after careful washing
with tap water in the Laboratory of Applied Chemistry, Government College University,
Faisalabad, Pakistan. To obtain a powder form, the petals were dried, chopped, and ground
into very finely sieved small and equal particles (20 mm). The wool fabric (GSM = 78 g/m2)
used in this work was purchased from a local textile market and manufactured by Nadeem
Wool Center Gujrat. The chemicals and solvents used for isolation, dyeing, and mordanting
were of commercial scales. The whole experiment was conducted in triplicate.
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2.2. Extraction Process

Natural dye was extracted by boiling the powder of rose petals (4 g) with 100 mL
of medium, maintaining a solvent-to-powder ratio of 25:1. The crude mixture produced
after isolation was filtrated and used for dyeing [12]. For proper isolation of coloring
pigment, aqueous, alkaline, acidic, and basified methanolic media were used by dissolving
an appropriate amount of salt and acid in aqueous and methanol solvent, respectively. A
flow chart of the relevant sample preparation is presented in Figure S1.

2.3. Dyeing Process

After the extraction process, the pH of the filtrate was adjusted from 1 to 7, which
was applied to wool fabric at 80 ◦C for the optimization of dyeing conditions. The wool
fabric was also dyed for different durations (25, 35, 45, 55, and 65 min) at 80 ◦C. To optimize
the effect of different salt concentration in the dye bath, salt was used at 1, 2, 3, 4, and
5 g/100 mL for 45 min at 80 ◦C to achieve extreme draining of colorant.

2.4. Mordanting Process for Shade Development

To increase the representative value of dyed fabrics, chemicals were used as pre and
post mordants with 1, 3, 5, 7, and 9% concentrations of salts of Fe+2 (iron), Al+3 (aluminum),
and tannic acid (TA) maintaining a mordant-to-fabric ratio of 25:1 (M:F) at 80 ◦C for
45 min [12]. Pomegranate and turmeric were used as biomordants at concentrations of 1, 3,
5, 7, and 9% to make the dyeing process eco-friendly and sustainable. These biomordant
extracts were used at 80 ◦C for 45 min with a mordant-to-fabric ratio (M:F) of 25:1 to
produce delightful shades on wool fabrics.

2.5. Shade Improvement Process

To enhanced sustainability, pomegranate and turmeric were used as biomordants to
improve the shade and fastness properties of the dyed fabric. Extracts were prepared by
boiling crude powder (1–10 g) of pomegranate (Punicagranatum) and turmeric (Curcuma
longa) in distilled water at 80 ◦C for 60 min, followed by filtration using muslin cloth [32].
For comparative studies, 1%–9% (g/100 mL) concentrations of Fe+2, Al+3, and Tn salts were
employed at 80 ◦C for 45 min.

2.6. Evaluation of Colorant Efficacy

Colorant efficacy (K/S, L*, a*, b*) was evaluated at the CIE Lab using a spectral flash
spectrophotometer (SF-600). The woolen fabric dyed with rose petal extract was used to
study the sustainable application of chemicals and biomordants according to ISO standard
methods. Spectrophotometer SF600 (Data Color = USA) was used to measure the color
strength, whereas for the colorfastness to washing using ISO 105-C03, colorfastness to
crocking using ISO 105-X12, and colorfastness to light using ISO 105-B02 were evaluated
and compared at grey scale.

2.7. Analysis of the Rose Extract

The antibacterial potential of aqueous, alkaline, acidic, and basified methanol rose
extracts was assayed against bacterial strains Staphylococcus aureus (ATCC25923) and Es-
cherichia coli (MG1655) (108 CFU/mL) using the agar well diffusion method. To this end,
8 mm wells were developed, to which 80 µL of rose extract was added [3]. To evaluate the
antibacterial potential of the dyed fabric, 8 mm diameter fabric was placed on agar plates
inoculated with the indicator strain and incubated for 24 h at 37 ◦C. Ciprofloxacin was used
as a positive control. The inhibition zones were visualized and measured by a zone meter
in millimeters around the wells and dyed fabric discs.
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3. Results and Discussion
3.1. Spectroscopic Analysis of Dye Solution (FTIR)

As shown in Figure 2, the band sharpness in all pigment fractions (aqueous, alkaline,
acidic, and basified methanol) with a peak spectrum observed at 3200–3400 cm–1 reveals the
presence of a hydroxyl group in the extracted sample, as reported in previous studies [33].
The spectral peaks at 1647 and 1636.54 cm−1 show the characteristics of aromatic groups
due to the presence of a benzenoid ring in their structure, which was also confirmed in a
previous study. The resulting spectral peaks indicate the presence of anthocyanin in the
rose extract as a natural colorant [34].

3.2. Antibacterial Activity

Clear zones of inhibition (n = 3) of rose petal extracts and dyed fabric were measured
against Escherichia coli and Staphylococcus aureus, respectively, as shown in Figure 3. The
pigmented and bioactive compounds in these extracts inhibited the growth of bacteria by
suppressing the synthesis of genetic material, disrupting cell wall synthesis, and chang-
ing the permeability of the cell membrane and the energy metabolism of the cell [35].
Ciprofloxacin was used as a positive control; results are shown in Table 1.
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of rose.

Table 1. Antibacterial activity of different rose extracts and their dyed fabrics against Escherichia coli
and Staphylococcus aureus.

Rose Extract Medium
Against Escherichia coli Against Staphylococcus aureus

Extract Dyed Fabric Extract Dyed Fabric

Acidic (a) 24.0 ± 1.00 mm (e) 7.0 ± 0.78 mm (a) 21.0 ± 1.00 mm (e) 7.0 ± 0.34 mm
Aqueous (b) 18.0 ± 1.00 mm (f) 8.0 ± 1.00 mm (b) 15.0 ± 1.00 mm (f) 8.0 ± 1.00 mm
Alkaline (c) 17.0 ± 1.00 mm (g) 9.0 ± 1.00 mm (c) 14.0 ± 1.00 mm (g) 9.0 ± 1.00 mm

Basified Methanol (d) 16.0 ± 0.57 mm (h) 17.0 ± 1.00 mm (d) 14.0 ± 1.00 mm (h) 13.0 ± 1.00 mm
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Gram-negative bacterium Escherichia coli (a) and Gram-positive bacterium Staphylococcus aureus (b).

3.3. Optimization of Dyeing Parameters

A variety of shades was obtained for wool dyeing by using different rose extract
dye baths. The results show that under acidic conditions, the shades have excellent color
strength (K/S) due to the presence of an OH group, which binds firmly with the functional
site of woolen fabric [12]. This is due to the excellent binding site interaction of wool fabric
caused by the protonation of the amide linkage with the anthocyanin of rose extract [36]. As
the pH of the rose extract medium was increased, the interaction of amide linkage towards
the anthocyanin decreased, resulting in reduced color strength (K/S) [37]. Results indicate
that the aqueous extract with a pH of 7 achieved good results. After changing the medium,
the alkaline extract has also showed acceptable results. The acidic and basified methanol
extract produced brilliant shades on woolen fabric at a pH value of 2, as shown in Figure 4.
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An optimum level of temperature always adds value in the fixation of colorant onto
woolen fabric to achieve desirable results [38]. Low temperatures cannot boost the kinetic
energy of colorant molecules to rush towards wool molecules for fixation [39], whereas an
excessive heating level may interrupt the equilibrium between the colorant and woolen
fabric, which may cause weakened binding of colorant to the fabric [40]. The results show
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that the aqueous extract at 40 ◦C, as well as alkaline, acidic aqueous, and basified methanol
dye baths used for the dyeing process at 80 ◦C, achieved good to excellent results on the
woolen fabric, as shown in Figure 5.
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The contact time between the colorant and the functional site of proteinic fabrics plays
an operative role in achieving desired results. Heating for a minimum time cannot raise
the kinetic energy of colorant to move towards the woolen molecules, whereas heating
for a long time can cause degradation of the colorant particles into byproducts, which
causes low tint strength (K/S) [41]. We found that the use of an aqueous dye bath (pH 7)
at 40 ◦C for 35 min achieved good to excellent results. Varying the dyeing medium, the
use of an alkaline dye bath (pH 1) at 80 ◦C for 35 min resulted in an excellent K/S value,
whereas the use of an acidic dye bath (pH 2) at 80 ◦C for 35 min achieved good to excellent
coloring properties. The used of a basified methanol dye bath (pH 2) at 80 ◦C for 45 min
has achieved desirable results, as shown in Figure 6.
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Exhausting compounds always play an energetic role in the dyeing process of wool
using plant-based natural dyes [42]. The use of an optimum amount of salt in the dyeing
process provides suitable conditions with a short range of attractive forces for binding of
the functional site (-OH) of the extract with the functional point of the fabric [38]. The
results reveal that improved fastness properties were obtained by using 4 g/100 mL in
an aqueous dye bath. After changing the dye bath, the use of alkaline extract having
1 g/100 mL, and acidic extract having 2 g/100 mL has given good to excellent results,
whereas the use of a basified methanol medium containing 5 g/100 mL of salt has resulted
in good color strength (Figure 7). This is because an appropriate amount of salt allowed for
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proper fixation, whereas a low concentration of salt could not accelerate fixation and a high
amount of salt caused overexhaustion and formed clusters of molecules, resulting in the
improper fixation of colorant onto the woolen fabric.
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3.4. Mordanting

The tint development process is essential for the natural coloring of fabrics. One of the
limitations of natural colorants is their poor fixation onto fabric. The utilization of mordants
such as Fe+2, Al+3, tannic acid, etc., can help to overcome these limitations by aiding in
the proper fixation of colorant molecules onto fabric. Different biomordants have been
employed to make the dyeing process more eco-friendly and sustainable and to provide
better and excellent biological characteristics [21].

In this study, aluminum (Al3+), iron (F+2), tannic acid (Tn), turmeric (Tu), and pomegra-
nate (Pg) as mordants were employed for shade improvement. The results presented in
Figure 8 show a number of inconstant shades with different fastness properties and strength
values produced in the wool-dyeing process. Using an aqueous dye bath, 5% aluminum
(Al+3), iron (Fe+2), and 7% tannic acid (Tn) salts achieved desirable results as premordants,
whereas the use of 3% turmeric (Tu) and 5% pomegranate (Pg) extracts as biomordants
produced desirable shades and excellent results. In the post-treatment process, the use
of 5% aluminum (Al3+), iron (F+2), and 1% tannic acid (Tn) salts achieved exceptional
results. On the other hand, 1% turmeric (Tu) and 5% of pomegranate (Pg) extracts achieved
outstanding results as biomordants on fabric using rose extract. The use of aluminum,
tannic acid, and iron salts resulted in good color strength and fastness properties [1].

After changing the medium, the use of acidic extracts of 3% aluminum (Al+3), 9% iron
(Fe+2), and 7% tannic acid (Tn) salts as chemical mordants resulted in good to excellent
colorfastness properties, whereas the use of 3% turmeric (Tu) and 5% pomegranate (Pg)
extracts as biomordants in the pretreatment process produced desirable shades on woolen
fabric. In the post-treatment process, the use of 5% aluminum (Al+3), 7% iron (Fe+2) and 5%
tannic acid (Tn) salts as chemical mordants resulted in good to excellent colorant values
(K/S) on wool using an acidic medium of rose extract [43]. In another process, the use
of 7% turmeric and pomegranate (Pg) extracts as biomordants on woolen fabric achieved
outstanding results, as shown in Figure 8.

The results demonstrate that the use of 1% aluminum (Al+3), iron (Fe+2), and tannic
acid (Tn) salts as post mordants achieved exceptional results onto the woolen fabric with
alkaline rose extract medium. On the other hand, the use of 1% turmeric (Tu) and 9%
pomegranate (Pg) extracts as biomordants achieved outstanding results on fabric using rose
extract. The use of aluminum, tannic acid, and iron salts resulted in good color strength
and fastness properties due to the presence of metal, the fabric functional site, and the
functional group of rose extract, which played a considerable role in the formation of
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new shades with good fastness characteristics [44]. In the post-treatment process, the use
of 3% aluminum (Al+3), iron (Fe+2), and 7% tannic acid (Tn) salts as chemical mordants
resulted in excellent colorant values (K/S) on wool, whereas the use of 1% turmeric and 9%
pomegranate (Pg) extracts as biomordants achieved outstanding results using an alkaline
rose extract dye bath.
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The use of basified methanol extract with 9% aluminum (Al+3), iron (Fe+2), and 1%
tannic acid (Tn) salts as chemical mordants produced excellent shades on woolen fabric in
the pretreatment process. The use of 1% turmeric (Tu) and pomegranate (Pg) extracts as
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biomordants resulted in desirable shades on fabric. In the post-treatment process, the sue
of 5% of aluminum (Al+3), 3% iron (Fe+2), and 1% tannic acid (Tn) salts resulted in excellent
colorant values (K/S) on wool, whereas the use of 1% turmeric and 3% pomegranate (Pg)
extracts as biomordants achieved outstanding results, as shown in Figure 8.

The excellent observed fastness properties and coloration strength are due to the extra
hydrogen binding that occurred between the functional site of the fabric and anthocyanin
and their conjugation. This is because the metals interacted with the (-OH) of the colorant
and amide linkage of the fabric, as shown in Figure S2.

During chemical mordanting, the covalent binding between metal, wool fabric, and
anthocyanin causes the formation of a dye complex [8]. The reduction powers of metal play
also play a role in providing great coloring characteristics and excellent tactile quality [39].

During biomordanting, the functional biomolecules also have functional sites (-OH),
along with multiple conjugation sites in the form of a benzene ring. This additional
conjugation, as well as the extra hydrogen bonding due to the presence of an (-OH) group
in the coloring compound, as shown in Figure 9, caused strong binding between the
functional sites of the dye molecules and the fabric, not only developing new shades with
excellent coloring characteristics but also making the process more sustainable and eco-
friendly, more natural, and greener [15]. The biomordants were not only used for shade
improvement but also to enhance the antibacterial potential, as shown in Figure 3, owing
to the presence of bioactive compounds in their extracts.
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Table S1 shows the overall results, which demonstrate that the biomordants provided
excellent fastness characteristics and coloration strength properties, making the process
more efficient and acceptable [14,45].

3.5. Fastness Properties

The rating values of the rose extract using aqueous, acidic, alkaline, and basified
methanol media for the woolen fabric dyeing process are presented in in Table 2 (a
and b). Using aluminum, tannic acid, and iron as chemical mordants and turmeric and
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pomegranate as biomordants, the fastness properties were improved due to the formation
of metal complexes and extra hydrogen bonding in the dyeing process [9]. Upon exposure
to heat, light, and detergent, the dyed fabric showed excellent fastness properties and
resisted fading of the colorant due to the presence of metal dye complexes [40], hydro-
gen binding by mordant extracts, and the benzenoid ring of anthocyanin as well as of
bio-mordants, which make it colorfast, and sustainable [46].

Table 2. (a) Fastness properties of wool dyed with (a) aqueous and acidic rose extracts & (b) alkaline
and basified methanol rose extracts before and after mordanting.

(a)

Aqueous

Pre Post

Mordant Conc. LF DRF WRF DCF
WF

Conc. LF DRF WRF DCF
WF

C.C C.C

Al3+ 5% 4 4/5 3/4 4 4/5 5% 4 5 4/5 4/5 4/5
Fe2− 7% 4 4 3 4/5 4/5 5% 4 4/5 3 4 4/5
TA 7% 4 5 3/4 4/5 4/5 1% 4 5 3/4 4/5 4/5
Tu 3% 4 5 3/4 4/5 4/5 1% 4 4/5 3 4/5 4/5
Pg 5% 4 5 4/5 4/5 4/5 5% 4 5 3/4 4/5 4/5

Acidic

Pre Post

Mordant Conc. LF DRF WRF DCF
WF

Conc. LF DRF WRF DCF
WF

C.C C.C

Al3+ 5% 4/5 4 3 4 4/5 5% 4/5 4/5 3/4 4/5 4/5
Fe2− 7% 4/5 4/5 3/4 4/5 4 5% 4/5 4 3 4 4/5
TA 7% 4/5 4/5 3 4/5 4/5 1% 4/5 4 3/4 4/5 4/5
Tu 3% 4/5 4/5 3 4/5 4/5 1% 4/5 4/5 3 4/5 4/5
Pg 5% 4/5 5 3/4 4/5 4 5% 4/5 4/5 3/4 5 4/5

(b)

Alkaline

Pre Post

Mordant Conc. LF DRF WRF DCF
WF

Conc. LF DRF WRF DCF
WF

C.C C.C

Al3+ 3% 3 4/5 4 4 4/5 5% 3 5 4/5 4/5 4/5
Fe2− 5% 3 4 3/4 4/5 4/5 3% 3 3/4 3/4 4/5 4
TA 7% 3 4/5 3 4/5 4/5 1% 3 5 3/4 4/5 4/5
Tu 9% 3 4/5 4/5 4/5 4/5 5% 3 5 3/4 4/5 4/5
Pg 1% 3 5 3/4 4/5 4 3% 3 5 3/4 4/5 4/5

Basified Methanol

Pre Post

Mordant Conc. LF DRF WRF DCF
WF

Conc. LF DRF WRF DCF
WF

C.C C.C

Al3+ 1% 4/5 4/5 3/4 4/5 4 5% 4/5 4/5 4/5 4 4/5
Fe2− 1% 4/5 4 3/4 4/5 4/5 3% 4/5 4/5 3/4 4/5 4/5
TA 3% 4/5 5 3/4 4 4/5 5% 4/5 5 3/4 4/5 4/5
Tu 7% 4/5 5 4/5 4 4/5 3% 4/5 5 4/5 4 4/5
Pg 5% 4/5 5 4 4/5 4/5 9% 4/5 5 3/4 4 4/5

Al = aluminum, Fe = iron, TA = tannic acid, Tu = turmeric, Pg = pomegranate, LF = light fastness,
DRF = dry rubbing fastness, WRF = wet rubbing fastness, DCF = dry clean fastness, WF = washing fastness,
C.C = color change.
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Overall, the results show that the use of biomordants resulted in good to excellent
colorfastness properties and excellent characteristics, making the mordanting and dyeing
process more viable, eco-friendly, and sustainable using rose extract, which has been proven
as a sustainable source of natural pigment for dyeing natural fabrics [47].

4. Conclusions

This study revealed the dyeing potential of Rosa Indica flower as an excellent source of
natural dye for wool dyeing. The use of solvents and mordants under optimum conditions
can produce desirable pink to green shades. Turmeric and pomegranate extracts can be
used as biomordants not only to improve colorfastness properties and shade but also to
make the dyeing process more eco-friendly and sustainable, owing to their lack of discharge
emission. Dyes derived from plant extracts can be used as a cost-effective and commercially
viable solution in various industries, such as the food, pharmaceutical, leather, and textile
industries. Rosa Indica flowers are considered as a symbol of love, peace, and beauty of
nature, and fabrics dyed with their extracts showed excellent antibacterial activity, making
this an attractive for researchers. Therefore, we suggest rose petals as an excellent source of
natural dyes that can be used to dye fabrics such as silk and cotton, owing of their excellent
colorfastness characteristics. The results of this study have also been displayed in Table S1.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/coatings13030623/s1, Figure S1: The flow chart of sample prepa-
ration and dyeing process; Figure S2: The mechanism diagram of binding between anthocyanin and
structural unit of wool fabric during dyeing process; Table S1: The outcome of current study.
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