Online ISSN 1875-0052
Print ISSN 1229-9197

=

Check for
updates

Fibers and Polymers (2023) 24:3641-3655
https://doi.org/10.1007/s12221-023-00332-3

REGULAR ARTICLE

Cotton Textile Dyeing by Plant-Derived Colorants in the Presence
of Natural Additives

Patrycja Brudzynska' - Alina Sionkowska' - Michel Grisel?

Received: 15 March 2022 / Revised: 7 November 2022 / Accepted: 28 December 2022 / Published online: 5 September 2023
© The Author(s) 2023

Abstract

The research reported in this paper concerns the examination of the ability to dye cotton textiles with plant-derived color-
ants in the presence of various natural additives. For this purpose, cotton textile samples were dyed with commercially
available plant-derived dyes, which are usually used for food application, using a cold dyeing process in acidic conditions.
The natural origin additives which were applied during the dyeing process were cosmetic grade and low molecular weight
chitosan, nettle extract and shellac in an ethanol solution. The dyed fabrics were analyzed using FTIR spectroscopy, and
the mechanical properties were tested to study the influence of colorants and additives on cotton textile properties or the
dyeing process. Furthermore, the color stability under the influence of UVC irradiation was studied, using a colorimeter.
The obtained results indicated that applied plant-derived colorants may effectively dye natural fabrics, such as cotton. The
application of natural additives had a beneficial influence on cotton textile properties and the dyeing process. The pretreat-
ment of cotton with chitosan, nettle extract or shellac improves the color stability following UVC irradiation of the material.
Moreover, those additives can influence the mechanical properties of cotton textiles. Further research, however, is required
to develop the most favorable dyeing conditions in each case.

Keywords Cotton textiles - Natural dyeing - Plant-derived colorants - Chitosan

1 Introduction properties [1]. Synthetic dye effluents containing organic

components contribute to the formation of undesirable,

Color is essential in textile production, thus leading to one
of the largest consumptions of dyes across all industries.
Since the second half of the nineteenth century, textile col-
oration has been dominated by synthetic dyes, which con-
sistently replaced plant-derived ones that had been in use
for thousands of years. Apart from the economic benefits,
these synthetic dyes unfortunately have an enormously nega-
tive impact on the natural environment and human health.
According to Berradi et al. the residue of synthetic dyes
has an adverse impact on the environment, particularly the
aquatic ecosystems, due to their toxic and carcinogenic
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harmful byproducts, which flow into the fields and thus
influence soil productivity [2]. In addition to their advan-
tages, such as their resistance to UV irradiation and color
stability, they are becoming increasingly abandoned by tex-
tile manufacturers [3], as much research has confirmed their
unfavorable impact on every form of life, from agriculture
to aquaculture to public health [4, 5]. More ecological, eco-
friendly alternatives might be the plant-derived colorants
that were successfully applied in the past and have now
become the subject of numerous scientific studies, which
may help to increase their importance with regard to not
only local, craft or artistic fabric dyeing but also the global
textile industry [6—18].

Among fabrics, those of animal origin, like silk and wool,
are far easier to dye. Cotton, linen, and other cellulose tex-
tiles absorb dyes less efficiently because of the negative
charges on their surface when placed in water, so the dyeing
of such fibers requires the use of mordants, which allow the
dye to bond with the fibers. For many years, chemical com-
pounds, such as alum, potash (potassium carbonate obtained
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from wood ash), calcium salts, sodium chloride, vinegar,
tartaric acid, and citric acid, were used as mordants dur-
ing natural textile dyeing, although aluminum, chromium,
copper, and iron salts can also be used for this purpose. As
some of them contain heavy metals, however, they can also
contribute to environmental pollution [19, 20]. One sustain-
able alternative might be, for example, tannins [21]. Tan-
nins and tannin-based biomacromolecules have been widely
investigated with regard to improving the flame retardancy
of cotton, as discussed in a recent review paper by Basak
et al. [22].

Nowadays, many researchers focus not only on plant-
derived colorants or environmentally friendly mordants but
also on other substances which can modify and improve tex-
tile properties, increase dye uptake, or facilitate the dyeing
process. During the pretreatment process, biopolymers can
be successfully applied to influence wettability or ensure
a uniform dyeing and finishing process. As an illustra-
tion, starch is commonly used but, because of its enormous
demand in the food industry, other biodegradable biopoly-
mers are more often considered, such as chitosan, whereas
sericin, alginate or cyclodextrins [23] are also of interest to
scientists for use in the textile finishing process. One of these
textile substances with added value is chitosan- nontoxic
amino polysaccharide, which is one of the most abundant
biopolymers that can cross-link with various fibers, like
cotton, creating a cationic charge on textiles’ surfaces. The
application of chitosan to textiles has been studied by many
researchers; for instance, Silva et al. showed that cotton fab-
ric that was pretreated with chitosan (instead of mordants)
possessed improved fastness properties and increased color
strength.

Thanks to the elimination of electrolytes, the dyeing
process was also more ecological. Additionally, it may also
enhance antimicrobial activity and anti-UV protection [24].
Other studies also focused on whether the addition of chi-
tosan improved the properties or dyeing process of textile
green finishing [25-31]. Moreover, chitosan and lignosul-
fonate were selected to treat cotton fabric [32], while chi-
tosan and sodium alginate were employed to treat another
cellulose fiber-jute [33] to create green, flame-retardant
materials. Furthermore, proteins rich in phosphorus and sul-
fur, such as caseins and hydrophobins, were investigated as
eco-friendly flame retardants for cotton [34]. Not only these
natural compounds but also wastage plant biomolecules, pro-
teins (whey protein or casein), chitosan, and starch, among
others, were discussed, in terms of sustainable fire retar-
dancy for textiles [35]. Another additive that may favorably
affect dyed textiles is nettle extract. Its ability to dye cotton
textile was studied by Eser and Onal [36] but, due to its UV
protection properties and antioxidant potential, the addition
of nettle extract in the dyeing process may affect cotton’s
color stability under the influence of UV irradiation. In
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addition, a natural origin polymer that may improve textile
properties in terms of green fabric finishing is shellac-resin.
It is obtained from lac insect secretion, which is usually used
as a source of lac dye. Shellac can enhance strength and
stiffness and make fabric resistant to moisture. Shellac was
also used to create a new biocomposite, based on ramie fiber,
by embedding this cellulose material into a biopolymeric
matrix to obtain fiber-reinforced material [37].

The aim of the present research was to study the abil-
ity to dye plant origin textiles with plant-derived colorants
through the application of various natural additives. This
work also entailed examining the influence of colorants and
additives on the mechanical properties of textiles and their
color fastness under the influence of UVC irradiation. For
this purpose, cotton textile samples were dyed using com-
mercially available, plant-derived dyes for food application
during a cold dyeing process under acidic conditions. Vari-
ous additives of natural origin were applied during the dye-
ing process, such as nettle extract, shellac solution and two
grades of chitosan: one of cosmetic grade and the second
with a low molecular weight chitosan to examine whether or
not its quality (and therefore the cost of the process) had an
impact on the results obtained. The color fastness after dye-
ing and UVC irradiation was examined using a colorimeter.
The structure of the dyed cotton samples was analyzed using
FTIR spectroscopy. Finally, the mechanical properties of the
fibers were measured.

2 Experimental
2.1 Materials
2.1.1 Fabric

Two types of non-dyed textiles of plant origin (cotton 225
gsm and cotton 240 gsm) were used for the experiment. Both
textiles were made of 100% cotton and were unbleached and
undyed, with width 159 cm and weave 3/1. The cotton textile
samples were obtained from a Textile Agency Aris (Poland).

2.1.2 Colorants

To dye cotton, plant-derived food colorants from EXBERRY
® by GNT were applied in two forms: liquid and powder.
Both food colorants consist of fruit, vegetables, and other
edible plant concentrates obtained only through a physical
manufacturing process involving water.

2.1.3 Additives in the Dyeing Process

During the dyeing studies, two different grades of chitosan
were used. Low molecular weight chitosan powder was
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purchased from Sigma Aldrich (CAS number 9012-76-4),
while cosmetic-grade chitosan powder was purchased from
Calaya-natural cosmetic raw materials. Citric acid monohy-
drate pure P.A. was purchased from Avantor Performance
Materials Poland SA (CAS number 5949-29-1). Liquid
nettle extract containing water, Urtica dioica L. folium and
citric acid (concentration 30 g/l) was purchased from Eka-
Medica. Dewaxed blonde shellac flakes were purchased from
a local art conservation and restoration shop. Food grade
rectified spirit (95%) was purchased from Polmos SA.

2.2 Methods
2.2.1 Dyeing

Cotton textile 225 gsm was dyed yellow and cotton textile
240 gsm was dyed purple. The dyes were dissolved in dis-
tilled water in concentrations of 1% (w/w). Samples of cot-
ton textiles were cold dyed for 24 h in a liquor ratio of 1:25
under acidic conditions. In addition to colorants, the selected
additives were added to the samples of cotton textiles. One
of them was 1% (w/w) cosmetic grade chitosan solution in
3% (w/w) citric acid (CGCS/CA). Moreover, chitosan was
also used in the pretreatment process prior to the dyeing:
for instance, the samples were pretreated with two grades of
chitosan: a 1% (w/w) low molecular weight chitosan solu-
tion in 3% (w/w) citric acid (LMWCS/CA) and a 1% (w/w)
cosmetic grade chitosan solution in 3% (w/w) citric acid
(CGCS/CA) with a liquor ratio of 1:10 for one hour at room
temperature, and then dyed. To part of the samples, nettle
extract with a concentration of 30 g/L was added instead of
water. Moreover, once dyed, some of the samples were cov-
ered with a thin layer of 20% (w/w) dewaxed blond shellac
solution in ethanol (SH). To clarify the process of dyeing
the cotton textiles, all of the parameters are listed in Table 1.

2.2.2 UV Irradiation of Fabric

All of the sample fabrics were irradiated using a UV lamp
(ULTRAVIOL NBV 15) mainly emitting UVC (with a wave-
length equal to 254 nm and radiation intensity of 21.5 W/
m?). Samples of non-dyed and dyed textiles were irradiated
at a distance of 5 cm from the UV lamp for 30 min, 2 h,
and 4 h.

2.2.3 Colorimetric Measurements

The color of the dyed fabrics was evaluated using a color-
imeter (Colorimeter CL 400, Courage, Khazaka, Koln, Ger-
many). The mean values of the three measurements of the
color parameter L'a’b” were used to calculate the AE value
to examine the color change of all of the dyed fabrics follow-
ing UVC irradiation (30 min, 2 h, and 4 h). The AE values

Table 1 Parameters of dyeing process of cotton textiles

Cotton 240 gsm

1:25

Cotton 225 gsm

1:25

Type of fabric

Liquor ratio

Cold dyeing

1

Cold dyeing

Type of dyeing

Dye concentration [%] (W/w)

Purple
No

Yellow
No

Color of dye

No

LMWCS /CA

No

CGCS/CA

No

No

No

LMWCS/CA

CGCS/CA
No

No

No

Pre-treatment before dyeing

Nettle extract

2.18

CGCS /CA
2.16

No

Nettle extract

2.47

CGCS /CA
2.45

No

Additives in dyeing process

pH of dyebath

3.07

3.21

221

3.17

3.34

2.48
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were calculated using equation AE = (AL?>+ Aa® + Ab*)°?,
where AL=L—-L,, Aa=a—a, Ab=b—b,, with Ly, a,, b,
being the values of the reference samples corresponding to
the non-irradiated dyed textiles.

2.2.4 ATR-FTIR (Attenuated Total Reflection-Fourier
Transform Infrared) Spectroscopy

The ATR-FTIR spectra were evaluated for all of the samples
of both non-dyed and dyed textiles before and after UVC
irradiation in the range of 400-4000 cm™' (with the absorp-
tion mode at 4 cm™! intervals and 64-times scanning) with
a Nicolet iS10 spectrophotometer using an ATR accessory
equipped with a diamond crystal (Thermo Fisher Scientific,
Waltham, MA, USA). Before the measurements, background
scanning was performed. OMNIC software was used to pro-
cess the data.

2.2.5 Mechanical Properties

The mechanical properties were measured for the sample
fabrics using a mechanical testing machine (Z.05, Zwick and
Roell, Germany). The sample fabrics were cut into rectan-
gular shapes, 5 cm long and 1 cm wide (at least four to six
measurements were performed for each tested sample, and
the samples were tested along the weft direction). The test-
ing program parameters were as follows: the speed starting
position was 50 mm/min; the speed of the initial force was
5 mm/min; and the initial force was 0.1 MPa. The TestXpert
11 2017 program was used to collect the data. The obtained
results were listed as average values with standard deviation
(SD), for which a statistical analysis using the Q-Dixon test
was performed.

3 Results
3.1 Colorimetric Measurements

The AE values for all of the dyed cotton textile samples
are presented in Tables 2, 3, 4 and 5. According to the ISO
11664-4:2019 standard, if the AE value is greater than 5, it
is considered a color change.

For the cotton 225 gsm, the color change after 2 h of UVC
irradiation was observed for all dyed samples except for the
yellow dyed one which was pretreated with CGCS and the
yellow dyed sample with the addition of nettle extract cov-
ered with a shellac solution; however, after 4 h of UVC irra-
diation, the color of all of the samples tested in this study
had changed. In the case of cotton 240 gsm, after 30 min of
UVC irradiation, the color remain unchanged for the pur-
ple dyed sample with nettle extract and with nettle extract
covered with shellac solution and pretreated with LMWCS
before dyeing. After 2 and 4 h of UVC irradiation, however,
all of the samples suffered color change.

3.2 ATRFTIR Spectroscopy

Infrared spectra were registered for all of the non-dyed and
dyed textile samples with various additives and for the dyed
textiles after 30 min, 2 h, and 4 h of UVC irradiation. The
ATR FTIR spectra of the yellow dyed cotton textile samples
are shown in Figs. 1 and 2 and those of the purple dyed cot-
ton in Figs. 3 and 4. The wavenumbers for the IR character-
istic bands’ position for the non-dyed and dyed cotton (225
and 240 gsm) textiles before and after 30 min, 2 h, and 4 h
of UVC irradiation are listed in Table 6 (yellow dyed cotton)
and Table 7 (purple dyed cotton) and discussed.

The characteristic vibrations for cellulose-based fib-
ers according to the literature are H-bonded OH stretching

Table 2 Values of L'a"b" and AE parameters for cotton textile samples after dyeing with plant-derived yellow colorant and additives

Type of fabric Cotton 225 gsm

Color of dye Non-dyed Yellow

Liquor ratio - 1:25

Type of dyeing - Cold dyeing
Dye concentration [%] (w/w) - 1

Pretreatment before dyeing - No No
Additives in dyeing process - No CGCS/CA
pH of dyebath - 2.48 2.45
SH covering - No No
Values of parameter L* 81.15 77.36 78.95
Values of parameter a" 0.13 -1.54 -2.69
Values of parameter b" 9.79 29.67 25.67
AE after dyeing - 20.31 16.28

CGCS/CA LMWCS/CA No No

No No Nettle extract Nettle extract
3.34 3.17 247 247

No No No Yes

74.44 75.73 74.19 71.36

-0.37 0.47 0.90 1.79

30.45 33.03 26.78 25.38

21.73 23.87 18.38 18.48
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Table 3 Values of L'a"h" and AE parameters for cotton textile samples after dyeing with plant-derived purple colorant and additives
Type of fabric Cotton 240 gsm

Color of dye Non-dyed Purple

Liquor ratio - 1:25

Type of dyeing - Cold dyeing

Dye concentration [%] (W/w) - 1

Pretreatment before dyeing - No No CGCS/CA LMWCS/CA No No
Additives in dyeing process - No CGCS/CA No No Nettle extract Nettle extract
pH of dyebath - 2.21 2.16 3.21 3.07 2.18 2.18
SH covering - No No No No No Yes
Values of parameter L* 78.58 42.44 48.72 38.98 42.44 49.36 44.37
Values of parameter a" 2.20 22.35 23.69 16.77 16.96 224 21.9
Values of parameter b" 15.00 6.71 6.21 5.53 5.8 7.5 8.69
AE after dyeing - 42.20 37.82 43.24 40.11 36.31 39.98
Table 4 AE values for yellow dyed cotton textiles (225 gsm) before and after UVC radiation

Type of fabric Cotton 225 gsm

Color of dye Non-dyed Yellow

Liquor ratio - 1:25

Type of dyeing - Cold dyeing

Dye concentration [%] (w/w) - 1

Pretreatment before dyeing - No No CGCS/CA LMWCS/CA No No
Additives in dyeing process - No CGCS/CA No No Nettle extract Nettle extract
pH of dyebath - 2.48 2.45 3.34 3.17 247 2.47
SH covering - No No No No No Yes
AE [after 0.5 h] 1.13 1.91 4.47 2.80 2.26 1.44 2.27
AE [after 2 h] 1.40 6.98 8.83 4.74 6.89 6.78 3.10
AE [after 4 h] 1.28 9.92 10.71 8.43 9.29 8.91 5.86
Table 5 AE values for purple dyed cotton textiles (240 gsm) before and after UVC radiation

Type of fabric Cotton 240 gsm

Color of dye Non-dyed Purple

Liquor ratio - 1:25

Type of dyeing - Cold dyeing

Dye concentration [%] (W/w) - 1

Pretreatment before dyeing - No No CGCS/CA LMWCS/CA No No
Additives in dyeing process - No CGCS/CA No No Nettle extract Nettle extract
pH of dyebath - 221 2.16 3.21 3.07 2.18 2.18
SH covering - No No No No No Yes
AE [after 0.5 h] 0.84 9.86 9.85 5.47 4.02 3.96 3.55
AE [after 2 h] 0.59 19.02 17.81 8.25 10.17 13.17 8.40
AE [after 4 h] 0.28 24.53 22.15 13.47 15.71 17.13 10.52

at 35703200 cm™!, C—H stretching at 3000-2800 cm™!,
asymmetric bridge C—-O—C at 1130 cm™!, asymmetric in-
plane ring stretching at 1092 cm™!, and C-O stretching at
1042 cm™!. Peaks at 2918 and 2849 cm™! are characteristic

of long alkyl chains (asymmetric and symmetric methylene
groups stretching) and indicate that, in the case of cellulose-
based textiles, like cotton, there exist impurities, such as
wax residue.
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Fig. 2 Infrared spectra (from the top) of yellow dyed cotton with CGCS, yellow dyed cotton pretreated with CGCS and yellow dyed cotton pre-

treated with LMWCS from 4000 to 500 cm™

As a result of dyeing for all yellow dyed cotton textiles
(225 gsm), the H-bonded OH stretching band and CH
stretching band were shifted to a higher wavenumber, only
in the case of yellow dyed cotton with addition of nettle
extract, the position of the CH stretching band remained the
same. The other positions of the characteristic band after
dyeing remained unaltered.

Following exposure to UVC irradiation, both non-dyed
cotton textiles and yellow dyed cotton with the addition
of nettle extract showed a shift of CH stretching band to
higher wavenumber, while for the yellow dyed cotton, either
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nontreated or pretreated with both grades of chitosan, the
CH stretching band position was altered to a lower wave-
number. For the other samples, the yellow dyed cotton with
the addition of chitosan and the yellow dyed cotton with
the addition of nettle extract covered with shellac solution,
the CH stretching bands’ positions remained unchanged. For
non-dyed cotton, yellow dyed cotton pretreated before dye-
ing with both types of chitosan and yellow dyed cotton with
the addition of nettle extract covered with shellac solution,
once exposed to UVC irradiation, their OH stretching bands
were shifted to higher wavenumbers; whereas, for the yellow
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dyed cotton, yellow dyed cotton with the addition of chitosan
and yellow dyed cotton with the addition of nettle extract,
the OH stretching bands remained unaltered. Finally, one
can observe that all of the other characteristic band positions
were unaltered by UVC irradiation. As a result of dyeing, for
the purple dyed cotton (240 gsm) with the addition of nettle
extract covered with shellac solution and pretreated with
both grades of chitosan, the CH stretching band was shifted
to a higher wavenumber. For the purple dyed cotton, the
CH stretching band’s position remained unaltered, whereas
for the purple dyed cotton with the addition of CGCS and

purple dyed cotton with the addition of nettle extract, these
bands were shifted to a lower wavenumber. In most cases,
the OH stretching band positions were altered (shifted to
higher wavenumbers), with only both the purple dyed cotton
and purple dyed cotton with the addition of CGCS’s band
position of the OH group remaining the same. The rest of
the characteristic bands remained unchanged.

As a result of the purple dyed cotton and purple dyed
cotton with the addition of CGCS’s exposure to UVC
irradiation, the position of the CH stretching band was
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Table 6 Wavenumbers for characteristic bands position of cotton textiles (225 gsm) before and after UVC irradiation

Sample Time of Characteristic bands (cm™")
UVC radia- - - - -
tion H-bonded OH stretching C-H stretching Asym. Asym. In-plane ring C-O stretching
Bridge stretching (C—-OH
C-0-C stretching)
Non dyed cotton 225gsm 0h 3321/3276 2898/2851 1106 1053 1028
05h 3336/3282 2917/2850 1107 1054 1027
2h 3333/3296/3274 2915/2850 1107 1052 1023
4h 3331/3286 2915/2851 1104 1053 1027
Yellow dyed cotton 0Oh 3335/3280 2916/2850 1106 1055 1031
05h 3336/3279 2895/2851 1107 1054 1030
2h 3327/3305 2899/2852 1105 1054 1030
4h 3337/3279 2905/2851 1106 1055 1028
Yellow dyed cotton (nettle Oh 3334/3283 2898 1108 1055 1030
extract) 0.5h 3334 2916/2850 1108 1053 1031
2h 3328/3275 2915/2851 1106 1053 1026
4h 3734/3329/3288 2915/2850 1107 1054 1027
Yellow dyed cotton (nettle Oh 3342/3277 2919/2852 1105 1053 1027
extract/ SH covering) 0.5h 3262 2921/2852 1108 1050 1030
2h 3328/3280 2817/2852 1104 1054 1028
4h 3338/3303 2923/2854 1109 1055 1028
Yellow dyed cotton (CGCS/  0h 3335/3278 2914/2849 1106 1054 1029
CA) 05h 3335/3277 2916/2852 1107 1054 1029
2h 3327/3284 2916/2853 1106 1052 1030
4h 3338/3278 2915/2851 1105 1056 1031
Yellow dyed cotton (pretreat- 0 h 3332/3284 2919/2851 1105 1054 1030
ment CGCS/CA) 05h 3327/3303 291972851 1104 1054 1028
2h 3327/3281 2919/2850 1105 1054 1028
4h 3333/3304 290072855 1106 1054 1029
Yellow dyed cotton (pretreat- 0 h 3331/3284 2915/2850 1106 1054 1029
ment LMWCS/CA) 05h 3330/3282 2916/2850 1108 1053 1029
2h 3328/3288 2918/2851 1104 1056 1028
4h 3338/3291 2900 1105 1053 1028

altered (it was shifted to higher wavenumbers), whereas
for cotton pretreated before dyeing with LMWCS, it was
shifted to lower wavenumbers. For all of the remaining
samples, once they had undergone UVC irradiation, their
CH stretching band position was unaltered. Following the
UVC exposure of the non-dyed cotton and purple dyed cot-
ton samples, the OH stretching band position was shifted
to higher wavenumbers; conversely, for purple dyed cot-
ton with the addition of nettle extract, for both the purple
dyed cotton with the addition of nettle extract covered with
shellac solution and also the sample dyed with the addition
of CGCS, the OH stretching band position was shifted to
lower wavenumbers. For both of the chitosan pretreated
samples, the OH band position was virtually unchanged.
The rest of the characteristic bands were unaltered.

@ Springer

3.3 Mechanical Properties

The following parameters were measured for all of the
specimens: the Young modulus, breaking force, elongation
at break, and tensile strength. The corresponding mechani-
cal properties for the yellow dyed cotton textiles are pre-
sented in Figs. 5, 6, 7 and 8, and those for the purple dyed
cotton are presented in Figs. 9, 10, 11 and 12.

As one can see in Fig. 5, the Young modulus for the
cotton textile samples (225 gsm) was the highest for the
non-dyed sample (0.18 GPa) and the lowest was for the
yellow dyed cotton pretreated with LMWCS (0.09 GPa).
In addition, all of the dyed samples showed similar values
of Young modulus parameter, which appeared to be almost
halved compared to the non-dyed cotton textile.



Fibers and Polymers (2023) 24:3641-3655

3649

Table 7 Wavenumbers for characteristic bands position of cotton textiles (240 gsm) before and after UVC irradiation

Sample Time of Characteristic bands (cm™")
UVC radia- - - -
tion H-bonded  C-H stretching Asym. Asym. In-plane ring C-O stretching
OH stretch- Bridge stretching (C—-OH
ing C-0-C stretching)
Non dyed cotton 240 gsm Oh 3330/3276  2898/2851 1108 1054 1029
0.5h 3336/3299  2917/2850 1109 1055 1031
2h 3333/3287  2900/2852 1106 1054 1030
4h 3327/3293  2900/2852 1108 1054 1030
Purple dyed cotton Oh 3334/3277  2895/2950 1108 1055 1031
0.5h 3329/3277  2916/2851 1106 1054 1029
2h 3328/3292  2895/2851 1107 1055 1030
4h 3337/3304  2916/2850 1107 1055 1032
Purple dyed cotton (nettle extract) Oh 3334/3291 2892 1108 1054 1031
0.5h 3336/3296  2918/2850 1109 1054 1030
2h 3333/3269  2902/2852 1108 1054 1031
4h 3328/3293 2893 1109 1054 1029
Purple dyed cotton (nettle extract/ SH Oh 3338/3290  2925/2853 1107 1053 1028
coverig) 05h 3328/3295  2921/2854 1107 1055 1028
2h 3339/3293  2918/2853 1102 1054 1028
4h 3336/3283  2920/2854 1108 1055 1028
Purple dyed cotton (CGCS/CA) Oh 3335/3280  2887/2849 1107 1054 1031
0.5h 3335/3281  2916/2849 1107 1054 1030
2h 3328/3291  2916/2854 1105 1053 1030
4h 3326/3279  2920/2951 1107 1054 1031
Purple dyed cotton (pretreatment CGCS/ 0Oh 3331/3299  2922/2851 1106 1054 1030
CA) 0.5h 3327/3283  2918/2851 1108 1055 1030
2h 3330/3288  2918/2852 1106 1055 1031
4h 3333/3296  2920/2852 1106 1055 1029
Purple dyed cotton (pretreatment LMWCS/ 0 h 3331/3295  2918/2851 1106 1054 1030
CA) 0.5h 3328/3303  2900/2852 1105 1054 1030
2h 3329/3283  2895/2850 1107 1055 1030
4h 3331/3289 2893 1106 1055 1030

The values of the breaking force (Fig. 6) and elongation
at break (Fig. 7) for all of the dyed cotton textile samples
(225 gsm) were higher than those for the non-dyed sam-
ples (41.92 N and 17.96%, respectively); the highest value
for a breaking force parameter was observed for the yellow
dyed sample covered with shellac solution, while the highest
value for elongation at break parameter was observed for the
yellow dyed cotton pretreated before dyeing with CGCS. Of
all of the dyed samples used in this experiment, the lowest
values for breaking force were obtained for the yellow dyed
sample with the addition of nettle extract while, in the case
of elongation at break parameter, it was the yellow dyed
cotton covered with shellac solution.

Finally, as Fig. 8 shows, all of the tensile strength param-
eter results for the dyed cotton samples were lower than
those for the non-dyed samples. Among the dyed samples,
the highest values were obtained for the yellow dyed cotton

textiles pretreated with CGCS while the lowest were for the
yellow dyed sample pretreated with LMWCS.

As Fig. 9 shows, the highest value for the Young modu-
lus parameter for the cotton textile samples (240 gsm) was
obtained for the non-dyed sample while the lowest was
observed for the purple dyed cotton pretreated with CGCS.
Values for the Young modulus parameter for all of the
remaining dyed samples were similar and significantly lower
when compared to non-dyed cotton.

Figure 10 shows that all of the values for the breaking
force parameter obtained for the purple dyed cotton tex-
tiles were lower than those for the non-dyed cotton sample,
with the lowest value obtained for the purple dyed sample
pretreated with CGCS. Among the sample of dyed cotton
textiles (240 gsm), the highest value for this parameter was
obtained for purple dyed cotton with the addition of nettle
extract (87.9 N).

@ Springer
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Fig. 6 Breaking force for non-dyed and dyed cotton textiles (225 gsm)

As Fig. 11 shows, all of the values of the elongation at
break parameter obtained for the purple dyed cotton textiles
were higher when compared to the non-dyed cotton sam-
ple (28.03%), with the highest value obtained for the purple

@ Springer

dyed sample pretreated with CGCS (57.80%). Finally, val-
ues for all of the remaining dyed samples were similar and
ranged from 39.10 to 44.88%.
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Fig. 8 Tensile strength for non-dyed and dyed cotton textiles (225 gsm)

For all of the dyed samples, the tensile strength parameters  the highest value was obtained for the purple dyed cotton with
(Fig. 12) were significantly lower than those for the non-dyed  the addition of nettle extract, while the lowest was obtained for
cotton textile samples. Nevertheless, among the dyed samples,  the purple dyed samples pretreated with CGCS.
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4 Discussion

The results presented in this paper show that the plant-
derived colorants examined, which are used for food
application, possess the ability effectively to dye natural
textiles, like cotton, in a concentration of 1%, and so can
be considered as an ecological alternative to the use of
synthetic colorants. The process requires neither heat-
ing nor the use of inorganic mordants, thus limiting the
negative impact on the environment. The application of
additives to the colorants influenced the color fastness of
the dyed textiles. For the yellow dyed cotton, despite the
fact that the color of all of the samples, after 4 h of UVC
irradiation, according to the colorimetric measurements,
had changed, the addition of nettle extract, the addition
of nettle extract with shellac solution and pretreatment
with both types of chitosan imparted color stability. Only
in the case of the addition of CGCS did the color quality
deteriorate after UVC irradiation was observed. A similar
situation applied to the purple dyed cotton, where the addi-
tion of nettle extract, the addition of nettle extract with
shellac solution and pretreatment with chitosan influence
beneficially the color fastness. In this latter case, the addi-
tion of CGCS only slightly improved the color stability,
which was insignificant compared with the other samples.

The FTIR spectra recorded for the dyed cotton (240
gsm) samples suggest that dyeing with purple colorant
does not influence the chemical structure of this cellulose
textile. The obtained results indicate that shifts occurred
in the characteristic bands wavenumbers in the FTIR spec-
tra for the samples dyed with additives, thus suggesting
that newly created interactions occurred between the com-
ponents. For cotton (225 gsm), after dyeing with yellow
colorant, wavenumber shifts of characteristic bands were
observed, thus again resulting from these newly created
interactions. Compared to the yellow dyed sample, those
with chitosan application did not show any wavenumber
shift of characteristic bands, whereas those with the addi-
tion of nettle extract, and nettle extract with shellac, did.
For the yellow and purple dyed cotton, following UVC
irradiation, wavenumber shifts of the characteristic bands
may indicate photodegradation of the cellulose-based
textiles.

Two of the most important mechanical properties of
textiles are elongation at break and tensile strength. Both
types of cotton after dyeing indicated increased elonga-
tion at break parameter and a decreased tensile strength
parameter. For yellow dyed cotton with additives, the
results did not reveal any significant differences: on one
hand, cotton fibers were more flexible than in the non-dyed
sample, while on the other hand only the sample covered
with shellac solution appeared stiffer, with a value for
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elongation at break closer to the non-dyed cotton sample.
For purple dyed cotton with various additives, the elonga-
tion at break values were similar, and close to the value
obtained for the purple dyed sample; among dyed sam-
ples no significant differences were observed except for
the chitosan pretreated samples, which displayed greater
flexibility. Finally, for purple dyed cotton, CGCS pretreat-
ment significantly improved the cotton textile flexibility in
the most visible manner. As the Young modulus describes
the stiffness of the measured material, the results for the
yellow dyed cotton (225 gsm) and purple dyed cotton (240
gsm) suggest that the natural dyeing process, conducted
with and without natural additives, caused a decrease in
the Young modulus parameter values, thus indicating a
decrease in the textile stiffness and thus an increasing flex-
ibility and softness. Chitosan particles, instead, form a
film on the cotton fiber surface and may be symmetrically
distributed, so the chitosan particles may not reach the
internal space between the fibers [38]; however, the pur-
ple dyed sample pretreated with cosmetic grade chitosan
was characterized by significantly greater flexibility (the
Young modulus values were lower) compared to the purple
dyed samples without additives and those treated with low
molecular weight chitosan, which may be due to the use of
different types of chitosan and their properties. A decrease
in the tensile strength of the dyed cotton samples may be
associated with the fact that, under acidic conditions, the
hydrolysis of cellulose causes damage to cotton fibers [38].

5 Conclusion

The applied food colorants have the potential to dye natu-
ral cotton fabrics effectively. Both the dyeing process and
the properties of the dyed cotton can be modified by the
addition of natural substances. It is striking that different
types of treatment, namely the pretreatment of cotton with
chitosan prior to dyeing, and the addition of nettle extract
or shellac, significantly modify the cotton’s properties and
efficiently improve the color stability following UVC irra-
diation. Furthermore, those additives are likely to influ-
ence the mechanical properties of cotton textiles, although
further research is required to refine the dyeing method
by, for example, using higher concentrations of dyes and
different natural additives or plant mordants.
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