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Abstract The phyto-synthesis of silver nanoparti-
cles and cotton dyeing with natural colorants can
reduce the environmental impact of the process
considerably. In this study, the extraction of natural
colorants from Achillea millefolium petals was opti-
mized by ultrasound technique. The AMP extract was
applied for synthesis of silver nanoparticles (Ag NPs)
on the cotton fabrics. The dyeing, antibacterial and
antioxidant characteristics of cotton samples were
investigated to optimize the process and evaluate its
efficiency. The AMP extract had good substantivity
towards cotton fabrics and the presence of tannic acid,
as an environmentally-friendly mordant, further
improved the absorption of AMP dye. The antibacte-
rial and antioxidant activities of the dyed samples with
AMP extract of were 50%and 60%, respectively. The
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addition of TA and Ag enhanced the antibacterial and
antioxidant activities on the cotton samples to over
99%.
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Introduction

Concerning the environmental impacts of textile wet
processes, high water consumption, polluted wastew-
ater, and the poor biodegradability of synthetic dyes,
finding green and sustainable textile dyeing processes
are invaluable (Okiyama et al. 2018; Yang et al. 2018).
One attractive approach is to use natural dyes for
textiles especially for natural fibers (ismal and
Yildirim 2019; Liman et al. 2021). Despite several
good advantages of natural dyes for dyeing cotton,
there are also some shortcomings including the low
affinity, weak interactions with fiber, and low color-
fastness properties (Gorjanc et al. 2014; Yang and
Park 2015; Pisitsak et al. 2016). Researchers have
examined different methods and technologies to
overcome these shortcomings and enhance the adsorp-
tion rates on cotton fibers including ultrasound irra-
diation, plasma/ozone treatment, enzymatic treatment,
using biomordants, surface modification, pretreatment
with biopolymers, and cross-linking agents (Toprak
et al. 2018; Sadeghi-Kiakhani and Safapour 2015a, b).
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Achillea is a kind of flowering plant that grows in
Europe, North America, and moderate areas of Asia
(Aburjai and Hudaib 2006) with beautiful white to
white-yellow or white-purple flowers, and used topi-
cally for cuts (Toncer et al. 2010; Konyalioglu and
Karamenderes 2005). Compounds for instance phe-
nolic acids, flavonoids, coumarins, terpenoids and
sterols cause the biological activity of the Achillea. In
addition, Achillea contains flavonoids such as Lute-
olin, Quercetin, Rutine, Chlorogenic acid, caffeic acid
and their isomers and Apigenin, which can be used for
dyeing of textiles with yellow hue (Demirci et al.
2009). Kiumarsi et al. used the dried Achillea powder
for dyeing mordanted wool yarns with copper,
aluminum, tin salts (Kiumarsi et al. 2009). The dyeing
characteristics of the dyed samples with Achillea
showed its good agronomic potential as a natural dye
(Barani et al. 2017). Based on our literature survey,
few studies reported using Achillea; thus, it is
necessary to investigate this further and find its
potential as a natural colorant in different applications
including textile, food, and cosmetics (Taskin et al.
2017).

The functionalization of fabrics with Ag NPs has
received significant popularity, particularly for polye-
ster fabrics (Hasan et al. 2019; Sadeghi-Kiakhani et al.
2019a; Arif et al. 2015). Also, the silver-coated cotton
fiber for ultrahigh electromagnetic interference shield-
ing after washing 20 times was fabricated (Tan et al.
2018; Gao et al. 2021). Until now, several routes for
synthesis of Ag NPs have been established (Zhang
et al. 2016; Aryabadie et al. 2015; Shahidi and
Moazzenchi 2019). Synthesis of Ag NPs often requires
hazardous chemicals and yields toxic organic byprod-
ucts like citrate, borohydride, thioglycerol, and 2-mer-
captoethanol. Many recent studies have attentive on
the clean synthesis of Ag NPs and using them for
textile coloration (Sadeghi-Kiakhani et al. 2019c¢). In
this context, natural dyes may be a viable green
stabilizing agent for Ag NPs with remarkable antimi-
crobial properties against bacteria (Vijayaraghavan
et al. 2012; Sadeghi-Kiakhani et al. 2020). It is famous
that natural dyes enable binding to nanoparticles due
to their functional groups (oxygen and hydroxyl
groups) as shown in Scheme 1 (Ferrero and Periolatto
2012; Patil et al. 2012). Therefore, natural dye-
mediated Ag NPs could be a potential green coloration
approach for textiles (El-Shishtawy et al. 2011;
Velmurugan et al. 2015, 2017; Barani et al. 2017).
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Despite some exhaustive review papers on the
textile dyeing with natural dyes, few scientific papers
are on the use of Achillea millefolium petals in the
dyeing and antimicrobial treatment of cotton fabrics
(Igbal et al. 2008; Rajendran et al. 2013; Yusuf et al.
2017; Arora et al. 2012; Rehman et al. 2012). Hence,
in the present study, the dried Achillea millefolium
petals were extracted via conventional and ultrasound
methods. The extract of AMP at different amounts of
TA was used for dyeing of the cotton. The phyto-
synthesis of silver NPs by AMP was also followed as a
new green approach to render antibacterial and
antioxidant properties on dyed samples. Moreover,
the metallic mordants were used to achieve various
hues on the dyed samples, and the colorimetric data
and colorfastness characteristics of samples were
analyzed.

Experimental
Materials

Achillea millefolium petals were obtained from Ker-
man- Iran. Each plant was dried in the shade, ground,
and passed through a 60-mesh sieve to produce a dry
powder. Cotton fabric with simple texture was
provided from Mazandaran textile Company, Iran.
Tannic acid with high purity (Sigma-Aldrich, USA)
was used as a bio-mordanting. AgNO; and metal
mordants including copper (II) sulfate, aluminum (III)
sulfate, and ferrous (II) sulfate heptahydrate were
supplied by Merck Company, Germany. Antioxidant
tests were performed by 1, 1-diphenyl-2-picrylhy-
drazyl (DPPH) (Merck, Germany).

Characterization

The double beam, Cecil 9200 spectrophotometer, UK,
was used to determine the Ag NPs formation by the
appropriate color change. The analyses of Ag NPs on
the cotton samples were performed by apparatus such
as Scanning Electron Microscopy (SEM)-Energy
Dispersive Spectroscopy (EDS) and Fourier Trans-
form Infrared (FTIR) spectra Nicolet Nexus 670
instrument. The Color eye 7000A, X-rite reflectance
spectrophotometer with illuminant D65 and 10°
standard observer was employed to obtain the
reflectance and colorimetric data of dyed samples.
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Scheme 1 The schematic interaction between extracted natural colorant (i.e., Luteolin from AMP) with silver nanoparticles

The mechanical characteristics of dyed fabrics were
determined by a MESDAN LAB instrument. The
concentration of silver on cotton samples was mea-
sured by Inductively coupled plasma-optical emission
spectrometry (ICP-OES) CCD simultaneous on Var-
ian Vista Pro (argon plasma, Ag 328.068-nm excita-
tion, Ag sensitivity 0.004 mg L™"), Australia.

Dye extraction

The extraction process of AMP was carried out via
conventional water extraction method at high temper-
ature and an ultrasonic-assisted extraction technique.
The conventional extraction of AMP was performed
by the dried plant powder: water (1 g: 50 mL) and
boiled in water for 3 h. The solution was then filtered
and freeze dried to obtain an extracted powder. We
also studied the effect of sonication on the dye
extraction efficiency at a fixed frequency rate of
35 MHz at various temperatures (30 °C, 50 °C, and
70 °C) for 5-30 min. The solid particles were filtered,
and the solution under filter was concentrated using a
rotary vacuum evaporator. The dried powder was
obtained after placing the sample at 50 °C, and then
weighed and stored in a desiccator to be used for the
subsequent dyeing processes.

Phyto-synthesis of Silver nanoparticles

Silver nanoparticles (Ag NPs) was phyto-synthesized
based on using these natural colorants as reducing and
stabilizing agents. Silver nitrate (0.1-1%) was added
to the extracted aqueous solution of the natural
colorant (0.5-2%). The effect of different amounts
of silver nitrate and extract was optimized and the
ratios of MS extract: silver nitrate were 1:0.5, 1:1, 1:2,
1:4, 1:5, 2:1, and 4:1. The solution mixture was

homogeneous with stirring at various conditions, so
that the temperature was increased to 90 °C for 1 h.

Cotton preparation

The nonionic detergent (Lotensol, Hansa Co.) was
used to scour the cotton fabric at 50 °C for 30 min.
Mordanting of samples was performed by fabric to at
80 °Cfor 1 h, and the concentration of tannic acid was
5, 10, and 20% over the weight of fabric (%o0.w.f.).
For benchmarking, the treated cotton fabrics with
tannic acid were mordanted once again separately with
Cu 3%, Al 5%, and Fe 3% o.w.f. at boiling for 60 min.

Dyeing procedure

The dyeing process was conducted using the dye
powder (5-100% o.w.f.) and silver nitrate (0.25-1%
o.w.f) with L.R: 40:1. The dyeing was performed by
smart dyer rapid machine. The temperature was
increased to 100 °C and continued for 90 min in the
exhaust dyeing machine. Finally, the temperature of
the dyeing machine was reduced and the dyed fabric
was then removed and washed with water. All
experiments were performed and measured in
triplicate.

The color difference (AE) of dyed samples was
determined by Eq. 1:

AE = (ALY + (Aa*)? + (Ab')? (1)

Color fastness

Standard ISO 105 C06:2010 was used for assessing the
colorfastness properties of the fabrics against washing.
The staining on adjacent fabrics and color change were
evaluated by grayscale. The colorfastness to rub of the
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cotton was assessed through the standard ISO
105-X12:2016 method under wet and dry circum-
stances, and the staining on the adjacent cotton was
measured by grayscale. The colorfastness to light of
samples was assessed by xenon arc lamp as stated by
ISO 105-C01:2006 standard test method. Standard
blue scales were used to evaluate the fading as
explained in more detail elsewhere (Sadeghi-Kiakhani
and Safapour 2015a, b, c).

Antibacterial activity

The antibacterial test according to ASTM E2149-01
was performed on the cotton samples. Muller-Hinton
broth was prepared and sterilized at 121 °C for
15 min. The cotton samples (2.0 x 2.0 cm?) were
utilized for antibacterial tests against the prepared
10°~107 CFU: colony-forming units.mL ™" of Staphy-
lococcus aureus (S. aureus) and Escherichia coli
(E. coli) bacteria. The samples containing bacteria and
cotton samples were incubated at 37 °C for 24 h.
Then, 100 pL of the each samples was spread on the
plate including agar, separately. The colonies numbers
were counted after incubation at 37 °C for 24 h, and
the antibacterial efficiency was determined using
Eq. 2:

x 100 (2)

B—A
Bacterialreduction(%) = ( B )
where, A and B represent the surviving bacterial cells
on the treated and raw cotton fabric.

Antioxidant ability

The radical scavenging effect after the addition of
DPPH was measured via the reduced speed of
chemical response. Briefly, DPPH (0.15 mM) was
added in methanol (40 mL), and all cotton samples
2.5 sz) were soaked in the DPPH solution in dark
condition for 30 min. The absorbance and maximum
wavelength of each solution at A, = 517 nm were
determined, and the DPPH scavenging activity was
specified using Eq. 3 (Sadeghi-Kiakhani et al. 2019b).

(C-59)
———=x 100
C X

(3)

DPPH - scavenging activity(%) =
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where, C and S are the absorbance amount of samples
and control after 1 h in methanol including DPPH at
dark condition, respectively.

Mechanical properties

The standard test method of ISO 5081 was used to
evaluate the physical characteristics of dyed fabrics by
a MESDAN LAB instrument. During the experiments,
the constant cross-speed in the warp direction of
fabrics was approximately 50 mm min~'. The mea-
surements were carried out for four samples and
average values were reported.

Washing durability of cotton samples

The ISO105-C10:2006(C)) was used to evaluate the
laundering durability of cotton fabrics under condition
5 g L ™! soap solution, liquor ratio of 50:1, at 50 °C for
45 min. The samples were washed 10 cycles, and
rinsed in cold distilled water and dried at room
temperature. Finally, the antibacterial and antioxidant
activities of washed samples were measured.

Results and discussion

Characterization of AMP extract and phyto-
synthesized of AgNPs

The absorbance and maximum wavelength of the
AMP extract solution under various conditions includ-
ing temperature, time, and initial powder concentra-
tion are shown in Fig. 1. The maximum wavelengths
of absorption (Anax) for Achillea millefolium was
370 nm. The absorbance of the solution is improved
by increasing the initial powder concentration up to
around 20 g/L which is self-explanatory and can be
attributed to the higher gradient of concentration
(Yusuf et al. 2017). However, the solvent has a certain
capacity for dissolving the colorants and further
increase of the plant powder in the solvent may not
noticeably change the total extraction. The initial
concentration of Achillea millefolium in water was set
to 20 g/L for optimizing the rest of the parameters.
When natural dyes are exposed to ultrasound waves,
tiny bubbles are continuously produced and burst in
the liquid. This phenomenon can increase the extrac-
tion rate and efficiency due to bursting bubbles with



Biometals (2022) 35:313-327

317

— Ultrasound(Achilkea millcfobum). |
= = Conventional (Achillea milicfolium).|

Absorbance

600

e 30PC.
- = S0°C.
—T0C. 7

200
Waveleagth /am

600

Fig. 1 The absorbance UV—-Vis spectra of the extracted dye
solutions from AMP (a-d) under various conditions. The effects
of various effective parameters a Conventional at 100 °C and
ultrasound extraction methods at 40 °C for 30 min, b The initial

high temperature and pressure. The ultrasound-as-
sisted method can then be performed at lower bath
temperatures to protect temperature sensitive dye
molecules (Zhu et al. 2014; Yusuf et al. 2017).

The extracted dye concentration in water was
noticeably raised by enhancing the temperature from
30 °C to 50 °C (Fig. Ic). The further temperature
increase to 70 °C slightly enhanced the extraction;
thus, the optimized temperature was considered as
50 °C. The temperature increment can: (a) increase
the water solubility of extracted colorants, (b) enhance
the extraction rate by increasing the kinetic energy of
particles and better diffusion, (c) promote the extrac-
tion yield by opening the plant structure and pores, and
(d) increase the hydrolysis of heat-sensitive colorants.
The absorbance of the extracted solution was
increased by prolonging the extraction duration up to
20 min. The extraction was enhanced slightly at a
longer duration; thus, the duration of 20 min was
considered as the optimum extraction time (Fig. 1d)
(Zhu et al. 2014).
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concentration of plants at 40 °C for 30 min, ¢ The extraction
temperature at the 20 g/L of AMP for 30 min, d The duration of
extraction at the 20 g/L. of AMP at 40 °C

The UV-Vis spectra of the extracted colorants and
0.5% Ag ions solutions showed a strong bathochromic
shift indicating strong intermolecular interactions
between them (Fig. 2a). Owing to the surface plasmon
vibration property of silver NPs formed, the A,
appeared around 430—450 nm for natural dye. The size
and shape of Ag NPs are the effective parameters on
the shifting of the surface plasmon bands at around
Amax 430 to 450 nm (Velmurugan et al. 2015). The
prediction of properties of AgNPs is relatively diffi-
cult; however, according to reports in this regard it
seems that the size and shape of AgNPs maybe quasi-
spherical shape and their size are around 10 to 80 nm
(Fig. 2). The absorbance intensity also increased when
the concentration of the natural dye increased,
furthermore the functional groups in natural dye can
support the more Ag ions reduced to Ag NPs
(Scheme 1) (Ali et al. 2009; Omer et al. 2015; Igbal
et al. 2008; Rehman et al. 2012).

Figure 3a clearly shows that the A,,,, amount of the
AMP extract was changed from yellow (370 nm) to
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Fig. 2 UV-Vis spectrum of extracted dye and silver nanopar-
ticles (Ag NPs) at different concentrations; Different amounts of
Achillea + 0.5% AgNPs: a At room temperature after 2-3 min,

orange-brown (410 nm) with higher intensity, which it
can be ascribed the founding of nanoparticles of silver
(Omer et al. 2015). When the reduction process is
taking place, the A, and absorbance intensities of Ag
NPs increased. Results indicated that the heating could
quickly and completely the reduction process of Ag
ions by natural dye. Generally, the diversity in the type
and concentration of natural dye and metal ions are the
influence factors in phyto-synthesis of Ag NPs (Vel-
murugan et al. 2015).

The infrared spectra of the extracted colorants from
AMP and AMP + Ag NPs are given in Fig. 4. The
stretching vibrations at 3414-3429 cm™ ',
2924-2926 cm ™', 1727 cm ™' and 1633 cm ™', as well
as at 1015 cm™'=600 cm ™" area can be related to the
single bonding between elements such as O-H, C-H
linkages in CH; and CH, groups, and C—O vibrations,
respectively.

The FTIR spectra of flavonoids in natural dye and
AgNPs reduced by natural dye demonstrated the
absorptions of hydroxyl, methyl, and carbonyl groups.
Generally, the extensive hydration of the hydrophilic
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b At ambient temperature after 24 h, ¢ At ambient temperature
after 24 h followed by heating at 90 °C for 1 h

sugar residues in the flavonoids in natural dyes is the
important factor on the stabilization of the AgNPs
(Barani et al. 2017; Shahidi and Moazzenchi 2019).
The reduction and stabilization of AgNPs by natural
dye caused the marked shifts at 1700 cmfl,
1386 cm ™', and 1022 cm™'. Emerging peaks of the
extracted colorants at the range of 1727-1633 cm ™"
and below 1000 cm™' in presence of Ag show the
successful phyto-synthesis of silver nanoparticles by
AMP extract (Velmurugan et al. 2015). The shift in the
above mentioned peaks after reaction with AgNO;
with Achillea dye signifying that -OH, -C = O and -
NH-CO groups on the surface of Achillea. This dye is
mainly composed of flavonoids compounds and the
functional groups can provide the phyto-synthesis of
Ag NPs (Omer et al. 2015).

Characterization of the phyto-synthesized AgNPs
on the cotton

Figure 5 exhibits the SEM micrographs of the cotton
fibers, the treatment with tannic acid, and TA +
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AMP + Ag NPs after five repeated washing cycles.
Compared to the untreated sample with a smooth
surface (Fig. 5a), the sample treated with TA (Fig. 5b)
and TA + AMP + Ag NPs (Fig. 5¢) showed a rough
surface and the adsorbed nanoparticles (~ 60—70 nm)
were visible on the surface (Fig. 5c). The

corresponding EDS pattern proved the Ag NPs on
the cotton sample.

Dyeing properties
Tannic acid treatment

Untreated and tannic acid treated cotton samples were
dyed with Achillea at 100 °C for 90 min. The influence
of TA concentration on the dye absorption of cotton
fabric is shown in Table 1, as reflected by its
colorimetric data (Lxaxbx). The AE value among
the cotton samples (untreated and treated by TA) was
specified based on Eq. 1 and reported in the table for
comparison. Based on the AE values of the treated
samples, the tannic acid treatment showed a positive
effect on cotton dyeability with the natural dye. This
was much more pronounced in the case of Achil-
lea + TA. This may be related to the new hydroxyl
groups on the cotton (Mussak and Bechtold 2009). The
chemical structure of TA contains several phenolic
hydroxyl groups and can form hydrogen bonding and
hydrophobic interactions to cellulose polymer chains.
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«Fig.5 SEM-EDS analysis of a Cotton sample, b Treated cotton
with TA and ¢ Treated cotton with TA + AgNPs after five
washing cycles

The same type of intermolecular interactions can
occur between the colorants with cotton and cotton
treated with TA (Lopes et al. 1999; Hemingway and
Karchesy 2012). The more hydrogen bonding provides
the better absorption and dye attachment on tannic
acid-treated cotton samples (Ahmed et al. 2020;
Sadeghi-Kiakhani et al. 2019c).

Effect of mordants

Metal mordants are commonly used for enhancing the
dye adsorption and promoting the wash-fastness
properties of organic colorants on cotton via complex
formation. Untreated and tannic acid treated cotton
samples were dyed with Achillea with and without
pre-mordanting with alum, ferrous sulfate, and copper
sulfate (Table 2). The presence of metal mordants
changed and intensified the hue of samples (Vija-
yaraghavan et al. 2012). Metal mordants improve the
dye uptake and dye-binding ability onto cellulose
fibers via metal complex formation. Increased AE can
be described by the enhanced affinity of natural dye
toward fiber after mordanting with tannic acid and
metallic mordants (Patil et al. 2012). The metal
mordants bridge TA and colorants with the cotton
surface via complexation which results in better and
stronger dye adsorption and fixation. TA has a
polyphenolic structure and the metal complexation
of colorants with TA will also increase the molecular
weight of the species. This can also explain a higher
substantivity and adsorption rate of colorants on
treated cotton.

Effect of Ag concentration

Influence of Ag amount on the enhancement AMP
adsorption on the treated and non-treated cotton can be
seen in Table 3. As an example, the color difference
(AE) of the samples dyed with Achillea + 10% TA
increased from 4.14 to 19.08 by adding Ag NPs which
is a great improvement and comparable to the
corresponding values in the presence of Al, Fe, and
Cu salts in Table 2. Thus, Ag NPs can also act as a
metal mordant to bind the colorant + TA to the
surface of cellulose polymer chains.

The absorption of AMP extract on the raw cotton
fabric was lower than of all dyed samples with Ag
ions. The samples dyed with AMP extract and Ag ions
produced more functional groups than with untreated
cotton. The Ag ions can reduce the AMP extract, and
also can absorb on the cotton fabrics. Thus, more
reactive sites are available on cotton fabrics that can
attach to dye molecules as well as improve absorption
of AMP extract (Barani et al. 2017). The size, shape,
and dielectric properties of AgNPs can be turned the
colors from yellow to red or blue. It looks that loaded
AgNPs on fabric forms a yellow-brownish color which
enhances the absorption of AMP extract. Moreover,
the AE values of dyed samples with Ag ions signif-
icantly increased, which can be due to the yellow
brownish color appearing on the dyed samples due to
synthesis of AgNPs (Barani et al. 2017).

Fastness properties

The colorfastness to wash of the cotton samples with
natural extracts of Achillea was poor-moderate (2—4
out of 5). The addition of TA as a biomordant and
metal (Al, Fe, Cu) mordants enhanced the wash-
fastness properties noticeably to good-very good (3-5
out of 5) (Table 4). However, the colorfastness to light
of all dyed samples were moderate-good (5 out of 8)

Table 1 Colorimetric data

Samples Lx ax bx C h° AE  Photos of dyed samples
of the cotton samples at
different amounts of TA Achillea 86.06 143 18 231 5197 -

Achillea + 5% TA 8197 1.71 241 296 5473 414

Achillea + 10% TA 81.78 249 394 466 5772 591

Achillea 4+ 20% TA 8237 3775 —091 3.85 34634 5.14
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Table 2 CIE Lab data of the cotton samples at the optimum condition-Control, with and without TA and mordants

Samples Lx ax bx C h® AE Photos of dyed samples
Without Tannic acid  Achillea 86.06 1.43 1.82 2.31 51.97 -
Achillea 4+ 3% Al 84.31 1.79 15.87 15.97 83.56 14.16
Achillea + 3% Fe 64.71 1.52 7.5 7.65 78.56 22.09
Achillea + 3% Cu 72.61 1.89 19 19.09 84.33 23.28 g
With Tannic acid Achillea 4+ 3% Al 77.03 0.76 20.03 20.05 87.82 20.33 -
Achillea 4+ 3% Fe 35.52 1.5 2.04 2.54 53.62 50.54
Achillea + 3% Cu 53.48 39 2242 22.75 80.14 39.62
Table 3 Colorimetric data of cotton samples at the optimum condition
Samples Lx ax bx C h° AE Photos of colored sample
Without Tannic acid  Achillea 86.06 143 1.82 2.31 5197 -
Achillea 4+ 0.25% AgNPs  73.27 543 9.89 11.28 6125 15.64
Achillea 4+ 0.5% AgNPs 7275 436 1.77 8.91 60.73  15.68
Achillea 4+ 1% AgNPs 7325 322 586 6.69 61.19 13.55
With Tannic acid Achillea + 10% TA 81.97 1.71 241 2.96 5473  4.14
Achillea + 0.25% AgNPs 7234 343 1252 1298 74770 17.51 iéil
Achillea 4+ 0.5% AgNPs 69.74 346 1037 1093 71.54 1853
Achillea + 1% AgNPs 69.95 431 9.82 10.72 6633  19.08

and the metal complexation slightly enhanced the
light-fastness of the samples. This fastness mainly
depends on the photo-oxidation of colorants rather
than the intermolecular interactions between the
colorants and fiber (Yang and Park 2015; Pisitsak
et al. 2016).

The impact of Ag concentration on the colorfast-
ness characteristics of the cotton is shown in Table 5.
The washing fastness properties, in terms of color
change, increase up to 1/2-1 grade when TA and Ag
NPs were used. The insoluble complexes between Ag
and AMP extract on the cotton fabrics is a reason for
improvement of color fastness ratings. The
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colorfastness to light of cotton samples slightly
improved and we discussed this in the previous
section.

The antibacterial efficiency

Table 6 shows the antibacterial efficiencies of the dyed
samples with Achillea extracts. The cotton fabrics
dyed with Achillea extracts showed 50% and 53%
reduction of bacteria rate against S. aureus, and
E. Coli, respectively. The antimicrobial components in
Achillea extracts may include sesquiterpene lactones,
flavonoids and tannic in Achillea (Ribitsch and Stana-
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Table 4 The influence of

Samples Washing fastness Light fastness
TA and metal mordants on —
the fastness properties of SCx  SNx CCx
dyed samples under various
conditions 1 Without Tannic acid  Achillea 5 5 34 5
2 Achillea + 3% Al 5 5 4
3 Achillea + 3% Fe 5 5 5-6
4 Achillea + 3% Cu 5 5 34 5-6
10 With Tannic acid Achillea 5 5 4-5 5
11 Achillea + 3% Al 5 5 34 4-5
SC Staining on cotton, SN 12 Achillea + 3% Fe 5 5 4 5-6
Staining on nylon, CC 13 Achillea + 3% Cu 5 5 5 5-6
Color change
Table 5 Colorfastness Samples Washing fastness Light fastness
properties of dyed cotton
fabrics at various conditions SC SN CC
in the presence and absence
of Ag and TA Without TA Achillea 5 5 34 5
Achillea + 0.25% AgNPs 5 5 5
Achillea 4 0.5% AgNPs 5 5 5
Achillea + 1% AgNPs 5 5 34 5
With TA Achillea 5 5 4-5 5
Achillea + 0.25% AgNPs 5 5 34 5-6
SC Staining on cotton, SN Achillea + 0.5% AgNPs 5 5 4 5-6
Staining on nylon, CC Achillea + 1% AgNPs 5 5 4 5.6

Color change

Table 6 Antimicrobial activity of cotton samples at various conditions

Sample TA (%oowf) Ag (%owf) Remaining cells (CFU/mL) Reduction of bacteria (%)
S. aureus E. Coli S. aureus E. Coli
Raw cotton - 7350 7000 - -
Cotton dyed with Achillea 0 0 3630 3245 50.61 53.64
10 0 1075 860 65.37 67.71
10 0.5 61 50 99.17 99.28
10 22 23 99.70 99.67

Kleinscheck 1998; Sadeghi-Kiakhani et al. 2019b;
Gyawali and Ibrahim 2014). The antibacterial prop-
erties of the cotton further improved to around 65% in
the presence of TA.

The antibacterial and antioxidant durability of
cotton samples against repeated washing was evalu-
ated and results are given in Table 7. The antibacterial
values were decreased by increasing the number of
repeated washing cycles. However, the sample pre-
mordanted with TA and Ag ions reserved over 91%

antibacterial activity even after 10 washes. It was
found that the pre-mordanting with TA should be
performed in the presence of Ag ions for reaching a
durable antibacterial activity on the cotton fabrics.

The antioxidant ability of dyed samples
Figure 6 exhibits the antioxidant potential of the cotton

dyed with Achillea extracts. The fabrics dyed with
Achillea extract without TA treatment showed around
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Table 7 The antibacterial and antioxidant activities of dyed cotton fabrics with AMP in the presence and absence of Ag and TA after

10 washes
Sample TA (%owf) Ag (%owf) Reduction of bacteria (%) (10 repeated Antioxidant activity (%)
washing) (10 repeated washing)
E. Coli S. aureus
Cotton dyed with MS (50%o0.w.f.) 0 0 47.12 42.85 55.28
10 0 59.35 56.64 89.74
10 0.5 92.20 90.83 90.15
10 1 92.48 91.05 90.03

60% antioxidant potential. The addition of TA to the
recipe further enhanced the antioxidant properties of
the samples over 97%, and negligible changes were
observed with the additional Ag NPs. Thus, the natural
colorants from Achillea and TA have noticeable
antioxidant properties. The high antioxidant properties
of TA had been previously mentioned in other
research papers and were attributed to the hydrolysis
of TA to several phenolic acid compounds (Lopes
et al. 1999; Mussak and Bechtold 2009; Mussatto et al.
2011). Results clearly show that mordanting with TA
is an important process to reach satisfactory antiox-
idant and antibacterial activities in the dyeing of
cotton with Achillea extracts after several washing
cycles.
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Fig. 6 The effect of AMP extract, TA and Ag on the antioxidant
(%) of the cotton sample
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Mechanical properties

The mechanical properties of samples treated with the
dye were compared to each other (Table 8). It is clear
that dyeing, mordanting with TA and dyeing in the
presence of silver ions has negligible negative effect
on the physical properties of cotton fabric, which it can
be referred to the little amount of materials used,
especially little concentration of silver ions in the
dyeing process. So that, the highest dye absorption,
antibacterial and antioxidant activities without
adversely affecting the mechanical properties of the
cotton samples were obtained.

Silver concentration on the cotton

The concentration of the silver on cotton fabrics is
given in Table 8, and results show that the concentra-
tion of silver on the dyed fabrics is much greater than
untreated fabric. It also observed that the samples dyed
at 1%o.w.f. Ag have greater silver content than 0.5%
o.w.f. Ag. It was found that the silver concentration of
fabrics increased from 0.21 g kg~' (untreated cotton)
to 3746 gkg™' (fabric treated with 1%o.w.f.
AgNO3). According to these results, the concentration
of AgNOj; has a significant effect on the amount of
AgNPs deposited on the fabrics. These results clearly
show the significant effect of concentration of AgNO;3
on increasing the amount of AgNPs deposited on
cotton fabrics and are consistent with the SEM
observations. Since the highest amount of antibacte-
rial, antioxidant and dye absorption was observed in
the 0.5% o.w.f. Ag, so this concentration was consid-
ered as the optimal concentration.
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Table 8 The physical properties and silver content of dyed cotton fabrics with AMP in the presence and absence of Ag and TA

Sample TA (%owf) Ag (%oowf) Elongation (%) Force (N) Time (s) Silver content (g kgfl)
Raw cotton - 20.10 224.72 12.05 0.21
Cotton dyed with AMP 0 0 20.10 223.69 12.12 0.22
10 0 20.42 223.45 12.44 0.22
10 0.5 20.16 226.18 12.68 25.23
10 1 20.23 222.50 12.49 37.46
Conclusion Ali S, Hussain T, Nawaz R (2009) Optimization of alkaline

The embedding of Ag NPs on the cotton fabrics with
AMP extract was successfully performed. The results
showed that AMP extract have the acceptable potential
for reduction of silver ions in the solution and on the
cotton fabrics. It was found that the mordanting with
alum, ferrous sulfate, and copper sulfate increased the
dyeing absorption and colorfastness characteristics of
dyed samples. Furthermore, a green mordanting
approach using TA + Ag NPs resulted in bath-
ochromic shift, intensified color, enhanced fastness
properties, and very high antibacterial and antioxidant
properties on colored cotton samples. This environ-
mentally-friendly approach can be proposed for pro-
duction of multifunctional cotton with natural
colorants.
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