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Abstract

Natural dyes have promising features; however, there are some drawbacks limiting their application in textile dyeing, for
example, low dyeing, and fastness properties due to the weak interaction with textiles. Many attempts have been made to
improve these shortcomings by using additional chemicals such as metallic mordants which are classified as hazardous
chemicals that cause some serious environmental problems. Therefore, we have designed a facile green method for the
extraction of natural dye from Henna leaves using Acacia nilotica pods to improve the color intensity and enhance fibers/
dye affinity. In this study, wool fabrics were dyed with Henna and Henna/Acacia dye at different dyeing conditions. FTIR
and UV-vis spectrums showed peaks corresponding to tannin and its derivatives in the aqueous extract of modified Henna.
Modified Henna dyed samples exhibited noticeable improvement in the color strength (K/S value), washing, rubbing, and
lightfastness with excellent antibacterial activity against E. coli and S. aureus.
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Introduction

Natural colorants have been used in textile dyeing ages
ago. Recently, they are substituted by synthetic dyes
because of their lower production cost and a wide range
of bright colors, with good durability for different usage
conditions (washing, rubbing, and light) (Samanta et al.
2009, 2011; Biiyiikakinci et al. 2017). Synthetic dyes are
produced from intermediate chemicals via toxic processes
that harm both the environment and human health. Conse-
quently, the use of environmentally friendly natural dyes
for textiles has been becoming a very important subject
(Alebeid et al. 2015b; Batran et al. 2015; Ebrahimi et al.
2016). Natural dyes have many advantages, and the most
significant feature is that they well matched with the envi-
ronment and were safe whether in the production or use
stages, biodegradable, and do not generate harmful efflu-
ents upon the degradation (Samanta et al. 2009). Natu-
ral dyes are extracted from different resources including
plants (barks, leaves, roots, fruits or seeds, and flowers that
contain coloring constituents such as flavonoids, tannin,
and quinonoid) (Kasiri et al. 2012, 2013, Haji et al. 2018).

Henna is a small tree grown in many regions such as
India, Pakistan, Egypt, Sudan, and Yemen. Henna pow-
der has been used since ancient times as a decoration for
women and as a natural cosmetic for staining hair, hands,
and feet, and it is known as hennotannic or lawsone and
indexed as Natural Orange 6 with CI 75,480. Lawsone is
the main component in the leaves of Henna with a chemi-
cal name; 2-hydroxy-1,4-naphthoquinone (Badri et al.
1993; Mohd et al. 2012, Alebeid et al. 2015a) (Fig. 1a).
Henna has many advantages, such as it does not contain
substances harmful to human health and the environment,
and it simply matches nature. Many researchers have stud-
ied the dyeing of textiles with Henna dye extracted from
leaves (Ali et al. 2009; Alebeid et al. 2015a; Batran 2015;
Ebrahimi et al. 2016; Rahman et al. 2017).

Fig.1 (a) Chemical structure

Acacia nilotica (L.) belongs to the family Fabaceae,
and it is a medium-sized tree, cultivated in subtropical
and tropical areas of the Americas, Australia, Africa, and
South Asia, widely used as timber, source of fodder, tan-
nin, and gum. Acacia nilotica pods (Fig. 2) were used in
some African regions for leather tanning and as a source
of dyes (Lugman et al.2015; Arife et al. 2017).

Acacia pods are rich in secondary metabolites contain-
ing tannins, flavonoids, and gums (Arife et al. 2017). It is
a substantial source of polyphenol compounds because it
contains condensed tannin, gallic acid, ellagic acid, cate-
chin, and epigallocatechin-7-gallate (Fig. 1b) (Manar et al.
2011). The total tannin content is approximately 23% of
the total weight (Singh et al. 2009a). Acacia nilotica pods
are revealed to have antibacterial activity against various
microorganisms including Staphylococcus aureus and
Escherichia coli (Oladosu et al. 2013).

Besides significant environmental advantages of the
Henna dye, it is also having some weaknesses restrict-
ing their use in textile dyeing such as low wash, rub, and
lightfastnesses due to the poor bonding with the textile
substrates (Mohd et al. 2012; Alebeid et al. 2015).

Many attempts have been made to improve these short-
comings by using additional chemicals such as metallic
mordants, crosslinkers, and cationic agents. Discharging
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Fig.2 Dyeing process of wool fabric using modified Henna dye

(b)

of Henna dye; (b) Structures of
the main components of Acacia
nilotica pods, Polygalloytannin
(1), Tannin (2), Quercetin (3),
Acacetin (4), Ethyl gallate (5),
Digallic acid (Manar et al. 2011
and Lugman et al. 2015)
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effluents containing these chemicals pose a threat toward
both the environment and human health (Mohd et al. 2012;
Shahid et al. 2013 Alebeid et al. 2015).

In our previous studies, we used cationic agents (3-chloro-
2-hydroxy propyl trimethylammonium chloride, and Chi-
tosan) in pretreating fabrics to enhance the dyeability of
Henna as well as to prevent heavy metal pollution (Alebeid
et al. 2015, 2019).

The current research aims to design the dyeing method
based on the natural dye, without external toxin chemicals,
that the prepared extract possessed significant dyeing abil-
ity. In this research, Henna dye was extracted using Acacia
nilotica pods extract which was used to improve the color
intensity and enhance fibers/dye affinity.

To our best knowledge, this is the first ever study to
extract a natural dye that can be dyed without any chemical
auxiliaries. This extracted dye not only offers an outstand-
ing improvement in dyeing and fastness properties but also
provides antibacterial activity against two types of bacteria.

Experimental
Materials and chemicals

Wool fabric was purchased from Wuxi Shuoding Chemical
Technology Co., Ltd., and Henna powder Acacia nilotica
Pods were imported from Eldamar Co. Ltd., Sudan.

Method
Henna dye extraction using Acacia nilotica pods

Acacia nilotica (L.) pods were extracted by stirring the
powdered pods in a mixture of water—ethanol (90:10 v/v)
at 70 °C for 2 h; then, the extract was filtered in vacuum
filtration. The powdered Henna was then added to the A.
nilotica pods extract and stirred at room temperature for
24 h. Thereafter, the obtained extract was filtered to remove
the insoluble remains and dried in a freeze dryer.

Dyeing Procedure

Wool fabrics were dyed with modified and unmodified
Henna dye solutions without any chemical additions. Chi-
tosan was used in pretreating some samples that will then be
dyed with unmodified Henna, to investigate the dyeability
of the modified Henna without any auxiliaries. The dyeing
process was carried out using YP Color-Tech., Shanghai
Chain-LIH Automation equipment co., LTD.

Fabrics were dipped into a dye bath of Henna extract
(modified and unmodified) with a dye liquor ratio (1:20) at

different temperatures; 40 °C, 60 °C, 80 °C and 90 °C for
60 min (Fig. 2). Thereafter, samples were taken out from
the dye bath and washed thoroughly in tap water afterward
soaping (2 g/L soap flakes, 10 g/L Na,COj, liquor ratio 1:30,
temp. (95 °C for 10 min). Subsequently, the fabrics were
rinsed and dried.

Characterizations

FT-IR spectrometer (FT-IR 4200, JASCO, USA) and, UV
spectrophotometer (UV-2600, SHIMADZU, Japan) were
used to characterize the dried extract of Acacia nilotica
pods, henna dye, and modified Henna. The color strength
of the dyed fabrics (K/S) was assessed by a Color Quest
XE, Hunter lab Co. USA. Wash fastness test was conducted
according to the ISO standard 105-C10:2006 in SW-12A
Tester, Wenzhou Darong Textile Instrument Co. Ltd. China.
The lightfastness test was evaluated using the Air-Cooled
Weather Condition Meter per the standard ISO 105-B02:
1994, MOD. Antibacterial activity of the dyed samples was
assessed using the inhibition zone method against two types
of bacteria, Staphylococcus aureus, and Escherichia coli,
and the test was conducted per the standard AATCC test
method 147-2004.

Results and discussion
ATR-FTIR study

The FTIR-ATR spectra of the Acacia nilotica L. (Fig. 3a)
show the vibrational band corresponding to the -OH stretch-
ing (vO-H) for polyphenolic extracts. The C-H, CH,, and
CH stretching vibrations at~2920 cm™" are due to the car-
bohydrates and sugar derivatives (Arshad et al. 1969). The
band at~ 1620 cm™ is a conjugation of the C=0 vibration
of the ketone. The peaks at~ 1523 cm™" and ~ 1450 cm™! are
assigned to aromatic skeletal vibration and CH de-formation,
respectively, which are characteristic peaks of ellagitannins
(Lugman et al. 2015). The peak at 1353 cm™! is a charac-
teristic peak of hydrolyzable tannins, which is assigned to
the symmetric stretching of the C-O bond of ester function,
and the peaks at~ 1083 cm™ !, ~872 cm™!, and ~705 cm™!
are the characteristic peaks of Gallo tannins (Arshad et al.
1969; Arife et al. 2017; Alebeid et al. 2019).

Figure 2b and 2c show the typical spectrums of Henna
dye; the wide peak found at~ (3423 cm™") is ascribed to
phenolic O-H stretching frequency (Alebeid et al. 2015).
The aromatic C-H stretching group is shown at~2930 cm™!,
the aromatic C=0 appeared at 1449 cm™!, the C-H bend-
ing peak is noted at~1373 cm™' and~ 1253 cm™!, and the
C-O stretching band is observed at~1160 cm™!. Peaks
at~1722 cm™! and~ 1620 cm™! signify the existence
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Fig.3 FTIR spectrums for Acacia nilotica pods (a), modified Henna
(b), and Unmodified Henna (c)

of two carbonyl bands integrated with a double bond (a,
B-unsaturated carbonyls). Therefore, approving the possibil-
ity of possessing a 1,4-naphthoquinone (Chandrakalavathia
et al. 2018).

The spectrum of modified Henna (Fig. 3b) showed new
peaks, at~1516 cm™',~ 1450 cm™',~ 1083 cm™!,~872 cm™!
and ~705 cm™!. These peaks also appeared in the spectrum
of Acacia nilotica pods extract and could be ascribed to the
new components embedded into the Henna dye. The peaks
at 1523 cm™! and 1450 cm™! are assigned to aromatic skel-
etal vibration and CH deformation, which are characteristic
peaks of ellagitannins. The peaks at 1083 cm™!,~872 cm™!
and 705 cm™! are the characteristic peaks of gallotannins
(Arife et al. 2017).

These results confirmed the presence of new functional
groups (Chromophores and auxochomes) in the modified
Henna. The presence of these components in the modified
dye engages in increasing the color intensity and forming
chemical bonds with the wool fibers.

UV-vis analysis

Figure 4 presents the optical absorption band from 200 to
700 nm for modified and unmodified Henna dyes. The two
dyes exhibited common peaks of lawsone at 270 and 367,
the peak at 367 nm might be due to C=0 and OH groups
(Chandrakalavathia et al. 2018). The long tail of the band at
367 nm that is reaching far into the visible region is respon-
sible for the yellow-orange color of lawsone (Dhaouadi et al.
2015).

As it can be seen from the UV—vis spectrum (Fig. 4a), the
intensity of the absorbance peak of modified dye at 270 nm

@ Springer

a: Henna dye modified with Acacia pods
< b: Unmodified Henna

Absorbance

200 300 400 500 600 700
Wavelength (nm)

Fig.4 UV-vis spectrum for modified and unmodified Henna dye

increased due to the active groups that constituted in the
modified Henna (tannin, coumarins, gallic acid).

The lower wavelength peak at 225 nm of modified Henna
is ascribed to the intermolecular hydrogen bonding leading
to coupling (Chandrakalavathia et al. 2018).

Possible chemical interaction between modified
henna and wool fabric

As illustrated in the introduction part, Acacia nilotica pods
are rich sources of polyphenols, composed mainly of con-
densed tannin. Generally, plant tannins have a strong affin-
ity for proteins and, therefore, for animal fibers made up of
keratin (wool fibers) (Arife et al. 2017).

Introducing these components into the Henna dye leads
to improve the affinity and interaction between wool fibers
and modified Henna; herein are some suggested interaction
mechanisms;

eThe abundant hydrogen bonds occur between pseudo
vacant hydrogen orbits of phenol groups with free electron
pairs of oxygen or nitrogen in the fiber structure.

eThe ionic bonding between the deprotonated phenol
group and the protonated amino groups of wool fibers.

e The small amount of Acacia gum on the modified
Henna could act as a cross-linking agent between the dye
and wool fibers.

Color strength (K/S value)
Color strength values of the dyed fabrics are demonstrated

in Fig. 5 a, b. As it can be seen (Fig. 5b), different color
shades obtained on wool fabrics were dyed with modified
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and unmodified Henna in the absence of chemical auxil-
iaries. Samples dyed with modified Henna showed higher
color strength (darker colors) as compared with untreated
and chitosan treated fabrics dyed with unmodified Henna.

This result could be attributed to the new auxochromes
(OH, COOH) that have introduced into the modified Henna,
and the presence of these groups increases the color intensity
and creates strong chemical interaction with the wool fibers.
Moreover, the tannin components in Acacia nilotica pods act
as biochemical mordants, which may aid in increasing the
affinity between wool fibers and the modified dye.

The color strength improved noticeably with increasing
the dyeing temperature, and higher temperature has a posi-
tive impact on improving the solubility of the dye as well
as the swellability of fibers, thus, increasing the extent of
dye molecules penetration into the fibers. Moreover, the dye
presences in water as single molecules and aggregates which
are too big to get into the fibers at a lower temperature.
Increasing the temperature leads to cracking of the clusters;
therefore, the number of monocular particles present in the
dye solution will be increased. Once the fabric took a parti-
cle, additional monomers deliberate from the clusters were
taken up by the fabric, consequently, leading to complete
dyeing (Alebeid et al. 2015).

CIE Lab system was used to evaluate the color parameter
and the color difference, and the results are illustrated in
Table 1. According to a* and b* values, the color of the dyed
fabrics was found in the yellow—red quadrant. Samples dyed
with modified Henna showed lower L* values which indicate
that these samples have darker colors. L* values decreased
with raising the temperature from 40 to 90 °C indicating
that the darker color could be obtained at a higher tempera-
ture. Moreover, there is a noticeable color difference (AE)
between samples dyed with modified Henna and unmodified
Henna dyed samples.

()

12

[ Samples Dyed with Modified Henna
[ Chitosan Treated Samples Dyed with Unmodifed Henna
[ Untreated Samples Dyed with unmodified Henna

K/S Value

80°C 60°C

Dycing Tempreture (°C)

Fig.5 (a) Color strength (K/S values), and (b) shades of the dyed fabrics

Table 1 Spectrophotometer characterization of the samples dyed with
modified and unmodified henna

Dyed sample Dyeing temp L* a* b* AE
Acacia/Henna 40 °C 57.8 15.05 3592 21.8
Henna 57.08 16.65 3627 21.3
Chitosan treated 57.12 1523 35.12 21.6
sample
Acacia/Henna 60 °C 51.75 14.12 30.65 14.15
Henna 49.55 16.66 33.57 13.77
Chitosan treated 50.26 1498 31.25 13.98
sample
Acacia/Henna 80 °C 4631 13.26 2795 8.18
Henna 4296 1495 28.05 5.23
Chitosan treated 4579 14.02 28.19 8.01
sample
Acacia/Henna 90 °C 4339 13.34 2822 545
Henna 3798 13.84 29.23 3.58
Chitosan treated 4225 13.53 28.89 4.65
sample

Color fastness assessments

Textiles are exposed to different usage conditions (washing,
rubbing and light). Consequently, durability to those condi-
tions is tremendously important and hence has been assessed
and illustrated in Table 2. Washing fastness was assessed in
respect of color change and staining on the multifiber fabric.
As illustrated in Table 2, samples dyed with modified
Henna showed very good to excellent wash fastness. Color
change and staining of adjacent fabrics (wool and cotton) of
these samples were very good ratings (4—5), while unmodi-
fied Henna dyed fabrics showed good to fair fastness.
Rubbing fastness (dry and wet) of the modified Henna
dyed samples was very good to excellent, whereas sam-
ples dyed with unmodified Henna exhibited fairly good to
good rubbing fastness. Lightfastness of the ample dyed with

Samples dyed with
Unmodified Henna

Chitosan treated
fabrics dyed with
Unmodified Henna

Samples dyed with
modified Henna
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Table 2 Fastness properties of the dyed fabrics

Dyed sample Dyeing Lightfastness Color change Cross staining Rubbing fastness
temperature/°C
Wool Cotton Wet Dry
Acacia/Henna 90 4-5 4-5 4-5 5 4-5 5
80 4-5 4 4 5 4-5 5
60 4 4 4-5 4 4-5 4-5
40 4 34 4 4-5 4-5 4-5
Henna 90 3 34 34 4 34 34
80 3 3 4 34 3 4
60 2-3 3 34 34 3 34
40 2-3 2-3 34 34 2-3 34
Chitosan treated samples 90 4 4 4-5 4-5 4-5 4-5
80 34 4 4 4-5 4-5 4-5
60 3-4 4 4-5 4 4 4
40 34 34 4 4-5 4 4

modified Henna was very good due to the presence of tannin
in the Henna acacia dye.

It is revealed from the data in Table 2 that the fastness
properties of the fabrics dyed with modified Henna improved
noticeably as compared with unmodified Henna dyed sam-
ples while the fastness properties of these samples were
quite similar to that of chitosan treated samples, and this
result indicates that the affinity of the wool fibers toward
modified Henna is high, subsequently, strong chemical
bonds could be formed between the dye and fabric without
the need for chemical treatments.

Modified dyes have abundant hydroxyl groups (OH);
thus, numerous hydrogen bonds could be formed between
the hydrogen orbits of phenol groups and free electron pairs
of oxygen and nitrogen in the fiber structure.

Antibacterial activity analysis

Wool fabric provides a large surface to volume ratio with
the facility to hold moisture, which is a suitable condi-
tion for microorganism’s growth (Mohd et al. 2012 and
Dumitrescu et al.2018). Consequently, there is a pressing
need to inhibit bacterial growth for protecting both clothes
and wearers. In this study, Henna (modified and unmodi-
fied) dyed fabrics were tested against two types of bacteria:
S. aureus and E. coli. The antibacterial activity of the dyed
samples was assessed by measuring the inhibition zone that
developed on agar medium, and the results are illustrated
in Table 3 and Fig. 6. It can be observed that all Henna
(modified, unmodified) dyed fabrics showed antibacterial
activity due to the variety of active groups (alkaloids) in the
Henna leaves (Arun et al. 2010). Samples dyed with modi-
fied Henna exhibited higher antibacterial activity against S.
aureus and E. coli as compared with the chitosan treated and
untreated fabrics dyed with unmodified Henna. Extraction
of Henna dye using Acacia nilotica pods produces a dye

@ Springer

Table 3 Antibacterial activity of the dyed fabrics

Dyed sample Inhibition zone (mm)/5 mm sample
S.aureus (G +ve) E. coli (G—ve)

Control sample 0 0

Modified henna 13.8 12.25

Chitosan treated 12.22 10.8

Unmodified henna 7.9 8.5

with antibacterial activity as both of the plants have active
components (tannin, flavonoids) against various microor-
ganisms. Modified Henna is rich in phenolic compounds
such as Gallic and Ellagic acid, and their derivatives, and
these components have strong antibacterial activity against
various types of bacteria because of the oxidation property
which absorbs and neutralizes the free radicals (Sibanda and
Okoh 2007; Singh et al. 2008; Min et al. 2008; Sharma et al.
2014; and Muhammad et al. 2015). Antibacterial activity
of chitosan treated sample is greater than untreated fabric
dyed with unmodified Henna, due to the interaction between
the chitosan (positively charged) and the bacterial remains
(negatively charged) at the surface of the cell which causes
wide changes on the cell leading to cell permeability (Mohd
et al. 2012).

Conclusion

A cleaner wool fabric dyeing was investigated using
Henna dye modified with Acacia nilotica pods. In this
study, acacia pods were used in the extraction of Henna
dye to increase the color intensity and improve the affin-
ity between the dye and fibers facilitating dyeing without
adding chemicals. FTIR and UV-vis reveal the presence
of tannin, coumarins, and gallic acid in the aqueous extract
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Fig.6 Antibacterial activity of
the dyed fabrics: (a) Sample
dyed with modified Henna,
(b) chitosan treated sample
dyed with unmodified Henna,
and (c,d) Samples dyed with
unmodified Henna

of modified Henna. The presence of these substances in
the modified dye engages in increasing the color intensity
and forming chemical bonds with the wool fibers. As a
result, dyeing and fastness properties of the samples dyed
with this dye were improved noticeably as compared with
unmodified Henna dyed samples.

Samples dyed with modified Henna showed higher dyeing
and fastness properties as compared with chitosan treated
samples, and these results confirm the effectiveness of this
dye in dyeing without any chemical additives. Moreover,
modified Henna dyed fabrics exhibited excellent resistance
against E. coli and S. aureus, due to the tannin and flavo-
noids components in the modified Henna.

It can be concluded that the extraction of Henna dye with
Acacia nilotica pods extract is a novel, green method to pro-
duce functional dye with dyeing ability without the need
of chemicals; therefore, a cleaner dyeing process could be
achieved using this dye.
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