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Abstract Encapsulation of various materials on
textiles is an interesting task because of the controlled
release and higher stability. Here, a robust cotton
fabric was prepared through novel simultaneous
treatment and nano-encapsulation of Chamomile
extract using Tragacanth gum (TG) as the wall
material and an environmentally friendly binder with
hydrogel properties. The nano-encapsulated and
treated cotton (NE&TC) fabric was characterized by
FESEM, FT-IR and UV-Vis spectrophotometry,
which indicated the successful encapsulation of the
plant extract within the TG and material and linkage
on the cotton fabric. The peaks at 1736 and 1777 cm ™
related to the TG and Chamomile extract in the FT-IR
spectrum and a strong peak around 270-400 nm in the
UV-Vis spectrum of the NE&TC fabric confirmed the
nano-encapsulation and treatment. The prepared
NE&TC fabric indicated a relatively good washing
and rubbing durability with reasonable release behav-
ior. The DSC pattern of the NE&TC fabric showed a
peak at 162 °C confirming the presence of Chamomile
extract in the nanocapsules. This article proposes a
novel method for the application of TG as a natural
polymer on cotton fabric for obtaining multifunction
purposes including in-situ synthesis of encapsulated
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Introduction

Various materials have been loaded on different textile
substrates to achieve diverse properties such as aroma,
flame retardant, antibacterial, insect proofing, ultravi-
olet protection, thermal storage and mosquito repel-
lent (Chen et al. 2011a; El-Shishtawy et al. 2011;
Ghayempour and Mortazavi 2015a; Kang et al. 2013;
Kumar et al. 2014; Liu et al. 2014; Manna et al. 2015;
Shen et al. 2014; Solomon et al. 2012). Encapsulation
is a packaging method of materials to protect them
from different environmental conditions such as
evaporation, oxidation, heat, acid or alkali conditions,
moisture and interaction with other compounds. In
addition, the controlled release property is the most
important advantage of the encapsulation technique
(Ghayempour and Mortazavi 2014; Yu et al. 2010).
Diverse chemical and physical methods have been
reported for encapsulation of different materials based
on the properties of the prepared capsules such as the
type of core and wall materials, required size,
permeability, release rate and economic issues. Elec-
trospray, extrusion, emulsion, complex coacervation,
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interfacial polymerization, in-situ polymerization and
microemulsion are the important encapsulation tech-
niques (Dastjerdi and Montazer 2010; Ghayempour
and Mortazavi 2013, 2015b; Ghosh 2006; Kristensen
et al. 2010; Murillo-Cremaes et al. 2010; Zhang et al.
2011). Microemulsion is a method including of mixing
the aqueous and oil materials in the presence of a
selected surfactant. This leads to a lower surface
tension creating a microemulsion with low energy
consumption (Ghayempour et al. 2015).

An important factor in the finishing of textile
substrates with the encapsulated products is the
stabilizing method. Encapsulated materials have been
applied on textile substrates by various techniques
such as printing, padding, immersion, coating, UV and
microwave irradiations. In some techniques, the
capsules were stabilized on the fabric through thermal
processing at high temperature, which led to breakage
of the capsule wall and escape of the contents. In most
cases, a binder is necessary for fixing the capsules on
the textile substrates. Most of the binders are synthetic
chemicals with side effects on the capsule stability,
fabric structure and also human body. The type of
binder and the application and stabilizing method
can be influenced the various properties of the treated
fabric, such as the handle, thickness, mass, stiffness
and washing durability (Ghayempour and Mortazavi
2015a; Li et al. 2005; Mondal 2008; Rodrigues et al.
2009; Sanchez et al. 2010).

Application of the encapsulated materials on the
textile substrates is usually carried out in several
separate steps including encapsulation, centrifuging,
drying and finally fixing with a binder, which is time-
consuming and costly with unexpected side effects.
The present work introduces a single-step process
through simultaneous nano-encapsulation of plant
extracts and stabilization on the cotton fabric. We
have already introduced TG as a wall material for
fragrant nanocapsules and stabilizing agent for
nanoparticles (Ghayempour et al. 2015, 2016). TG
also has excellent properties such as emulsification,
viscosity, stability, biocompatibility and biodegrad-
ability. The hydrophilic structure of TG leads to
hydrogel properties by holding large amounts of water
in the three-dimensional network. Hydrogels have
been utilized in various fields including hygienic
products, agriculture, food additives, pharmaceuticals,
drug delivery systems and many others (Ahmed 2015).
According to these advantages, TG could be
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considered as a suitable natural polysaccharide for
our purposes in this research. Therefore, encapsulation
of Chamomile extract and treatment on the cotton
fabric were simultaneously carried out through the
combination of the microemulsion as the encapsula-
tion method and immersion as the treatment method
using an ultrasonic homogenizer. The prepared
NE&TC fabric was characterized by field emission
scanning electron microscopy (FESEM), Fourier
transform infrared (FT-IR) spectroscopy, UV-Vis
spectrophotometry and differential scanning calorime-
try (DSC). Finally, the physical properties of the
prepared NE&TC fabric were evaluated and thor-
oughly discussed.

Experimental
Materials

Chamomile flowers and TG were prepared from the
Fars region, Iran. Ethanol as the solvent for extraction,
Triton X-100 as the surfactant and aluminum chloride
as the cross-linking agent were purchased from Merck
Co., Germany. Deionized water was used to prepare
the various solutions. A bleached 100 % cotton fabric
with 140 g~2, 20 Nm yarn count, 22 yarn cm™ ' warp
and 25 yarn cm™' weft was used as the textile
material.

Extraction of Chamomile

Chamomile flower (0.25 g) was added to a mixture of
30 ml distilled water and 10 ml ethanol in a glass
beaker and sonicated with a 400 W and 24 kHz
Hielscher ultrasonic homogenizer (UP400S, Ger-
many) equipped with a titanium sonotrode with
diameter of 3 mm. The extraction was carried out in
an amplitude of 50 % and cycle of 0.5 for 5 min. The
sample was then filtered by a centrifuge device (RST
24&16, Iran) for 10 min, and the supernatant was used
as the Chamomile extract.

Simultaneous nano-encapsulation and treatment

Triton X-100 (0.2 ml) was added to a 3 ml mixture of
Chamomile extract and commercial almond oil with
the ratio of 1:3 and sonicated for 5 min. The prepared
microemulsion was transferred to 100 ml solution
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containing TG 1 % and Triton X-100 and then
sonicated to obtain a steady white microemulsion.
The cotton fabric was immersed into the prepared
microemulsion for 5 min, and then nano-encapsula-
tion was carried out by adding aluminum chloride
2 %. The prepared NE&TC fabric was finally washed
with deionized water to remove the excess TG from
the cotton fabric surface. Further, a cotton fabric
sample was treated with a mixture of TG, Chamomile
extract and almond oil without aluminum chloride
through an immersion method named as a blank for
comparison with the NE&TC fabric.

Characterization of NE&TC fabric

Morphology and elemental analysis of NE&TC fabric
were investigated by an FESEM device coupled with
EDX (VEGA2-TESCAN scanning electron micro-
scopy, Czech Republic). FT-IR spectra of the samples
were obtained using a FT-IR spectrophotometer
(Thermo Nicolet, model: Nexus 670, USA). A DSC
system (20/10 TA Instruments, USA) was used to
investigate the thermal behavior of NE&TC fabric by
heating to 250 °C with an increasing rate of
10°C min~' under N, steady flow. UV-Vis spectra of
the samples were studied by a UV-Vis spectropho-
tometer (UV-Vis array spectrophotometer, Iran) to
study the washing and rubbing stability and release
behavior of the samples. The washing test was carried
out for 45 min at 30 °C according to the ISO 105-C10
standard test method, and the rubbing test was carried
out by a crockmeter/rubbing fastness tester (SDL Atlas,
M238AA, USA) according to the ISO 105-X12 stan-
dard test method. To investigate the release behavior of
chamomile extract from NE&TC fabric, the sample
was cut into 5 x 5-cm pieces and stirred with 5 ml
phosphate buffer for 2, 4, 8, 12, 18 and 24 h to remove
the fabricated nanocapsules from the fabric surface and
studied by a UV-Vis spectrophotometer. The antimi-
crobial activity of NE&TC fabric was measured using
the colony counter method according to the AATCC
Test 100 Standard Method. Escherchia coli (E. coli,
ATCC 25923) as the gram-negative bacteria, Staphy-
lococcus aureus (S. aureus, ATCC 25922) as the gram-
positive bacteria and Candida albicans (C. albicans,
ATCC 3153) as the fungus were the microbes used in
this assay. A colony of microbes was inoculated on a
nutrient agar plate and cultivated at 37 °C for 24 h.
They were inoculated into 20 ml broth and cultivated at

37 °C for 24 h. The number of living microbes was
calculated using the optical density at 580 nm. The
microbe number was adjusted to 1-2 x 10® CFU ml™"
using nutrient broth; 1 ml broth was added to 20 ml
nutrient culture medium and cultivated at 37 °C for2 h
with shaking. The number of living microbes was
adjusted to 1 + 0.3 x 10° CFU ml~". Samples were
cut into pieces with 48 4+ 0.1 mm in diameter and
sterilized in an autoclave at 121 °C for 15 min. 0.2 ml
of the prepared inoculator was applied to the samples.
They were cultivated at 37 °C for 18 h. The percentage
of microbe reduction (R) was calculated using Eq. (1).

%R — (B;A)

x 100 (1)

where A and B are the number of microbes on the raw
cotton fabric (control) and NE&TC fabric,
respectively.

The properties of NE&TC fabric including water
retention and water absorbency were also evaluated by
ASTM D2402-07 and AATCC 79-2014 standard test
methods. Further, the mass, stiffness and thickness of
the samples were measured according to the SIST EN
12127:1999, ASTM D-1388-64 and SIST EN ISO
5084:1999 standard methods, respectively.

Results and discussion

Simultaneous nano-encapsulation and fabrication
were carried out to apply the plant extracts on the
cotton fabric. This work is a novel approach in textile
finishing because of performing one-single-step pro-
cessing. Figure 1 indicates the suggested mechanism
for simultaneous nano-encapsulation and treatment of
Chamomile extract on the cotton fabric through the
microemulsion method. This technique is based on
mixing the aqueous and oil compounds in the presence
of a selected surfactant (Dong et al. 2016; Gupta
2011). The nano-encapsulation of the aqueous Cha-
momile extract into a water-soluble polymer was
proposed through trapping of the extract in an oil-
based material using a surfactant, and then the
prepared microemulsion was used as the core material.
Therefore, Triton X-100 was added to an emulsion
containing Chamomile extract and almond oil. Triton
X-100 creates micelles with a hydrophilic center and
hydrophobic external surface. The Chamomile extract
traps in the center of the micelles, and almond oil
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«Fig. 1 The suggested mechanism of NE&TC fabric
preparation

surrounds the formed micelles. Introducing TG to the
mixture leads to the formation of a new layer of
micelles with a hydrophobic center and hydrophilic
surface. Therefore, TG covers the Chamomile extract
and almond oil as double-layer micelles. The prepared
microemulsion was transferred on the cotton fabric,
and both encapsulation and fabrication occurred in the
presence of aluminum chloride. The encapsulation
was carried out through cross-linking between the
aluminum ions and carboxylic groups of TG. Further,
cotton is a cellulosic-based polymer containing d-glu-
copyranose units linked with 1,4-glycosidic bonds
cross-linked via intermolecular hydrogen bonds. The
interactions between aluminum ions and hydroxyl
groups of cellulose and also the intermolecular
hydrogen bindings between TG and cellulose lead to
stabilization of the nano-encapsulated Chamomile
extract on the cotton fabric.

Characterization of NE&TC fabric

The FESEM images of NE&TC fabric are indicated in
Fig. 2a, b, confirming the nanocapsules containing
Chamomile extract were successfully formed and
treated on the cotton fabric surface. This proves the
prepared nanocapsules have a spherical shape with an
average size of 55-70 nm. However, the blank fabric
treated without aluminum chloride indicated the
formation of a film layer of TG on the cotton fabric
without nano-encapsulation (Fig. 2¢, d). Also, the
peak of the aluminum element was observed in the
EDX pattern of the NE&TC fabric (Fig. 2e). This
confirmed the encapsulation of Chamomile extract
trapped in the double-layer micelles through alu-
minum ions.

The nano-encapsulation and fabrication were also
confirmed by FT-IR spectra of the NE&TC fabric, TG,
Chamomile extract, raw cotton fabric and blank
sample (Fig. 3a). The peaks appearing at 3420, 1629
and 1743 cm™' in TG related to the stretching
vibrations of hydroxyl, carboxylate and carbonyl
groups, respectively. The FT-IR spectrum of Chamo-
mile extract originated from its components including
terpenoids such as o-bisabolol, chamazulene and

sesquiterpenes; coumarins such as umbelliferone;
flavonoids such as luteolin, apigenin and quercetin;
spiroethers; tannins; anthemic acid and polysaccha-
rides (McKay and Blumberg 2006). A broad peak at
3390 cm ™' related to the hydroxyl groups, a peak at
2923 cm™' corresponding to C-H, a peak at
1775 cm™" attributed to cyclic ester carbonyl of
umbelliferone and a peak at 1732 cm™' related to
the carbonyl groups of luteolin and quercetin appeared
in the FT-IR spectrum of the chamomile extract. The
most important peaks in the FT-IR spectrum of raw
cotton fabric can be described as the stretching
vibrations of —OH at 3347 cm ™', aliphatic C-H at
2900 cm™ ' and C-O-C at 1058 cm™' (Chen et al.
2011b). In the FT-IR spectrum of NE&TC fabric, a
higher intensity of the hydroxyl peak at 3346 cm ™',
bifurcation of the C-H peak at 2900 and 2920 cm_l,
appearance of a peak related to cyclic ester carbonyl] at
1777 cm™" and a peak at 1736 cm™" obtained from
contraction of 1743 (TG) and 1732 cm™ " (Chamomile
extract) confirmed the presence of TG and Chamomile
extract on the prepared NE&TC fabric. Encapsulation
of Chamomile extract into TG was confirmed with a
peak at 1111 cm™' related to the Al-O-C bond
because of the cross-linking of aluminum ions with
the oxygen atoms of carboxyl groups in the TG
structure. The FT-IR spectrum of the blank sample is
almost similar to that of NE&TC fabric without the
peak related to the AI-O-C bond. The lower intensity
of the peak corresponding to cyclic ester carbonyl at
1775 cm™ " in the FT-IR spectrum of the blank sample
indicated the lower content of Chamomile extract on
the blank sample compared with the NE&TC fabric.
Figure 3b indicates the UV-Vis spectra of pure
Chamomile extract and the remaining solutions of
the NE&TC fabric and blank sample. The UV-Vis
spectrum of Chamomile extract showed strong
absorbance within 270 and 400 nm. The same
absorbance also appeared in the UV-Vis spectrum of
NE&TC fabric confirming the presence of Chamomile
extract on the cotton fabric. Also, Chamomile extract
was successfully loaded on the cotton fabric in the
blank sample; however, its content was lower than on
the NE&TC fabric.

Washing stability

One of the important properties of the finished fabrics
is the washing stability. The washing stability of the

@ Springer



2566

Cellulose (2016) 23:2561-2572

Fig. 2 a, b FESEM images
of NE&TC fabric; c,

d FESEM images of the
blank sample; e EDX pattern
of the NE&TC fabric
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NE&TC fabric was investigated by FESEM, FT-IR
and UV-Vis analysis. FESEM images of the NE&TC
fabric after washing are presented in Fig. 4a, indicat-
ing a relatively good washing stability as some
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nanocapsules still remained on the fabric surface after
washing. The EDX pattern of the NE&TC fabric after
the washing test is shown in Fig. 4b. As seen, the
intensity of the signals related to oxygen, carbon and
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Fig. 3 a FT-IR spectra of TG, Chamomile extract, raw cotton
fabric, NE&TC fabric and blank sample. b UV-Vis spectra of
pure Chamomile extract, the remaining solution of NE&TC
fabric and blank sample

aluminum decreased in comparison with the unwashed
NE&TC fabric (Fig. 2e). Figure 4c represents the FT-
IR spectrum of the NE&TC fabric after washing and
indicates the peaks related to the carbonyl and cyclic
ester carbonyl groups of TG and Chamomile extract at
1736 and 1777 cm™". Also, a peak related to the Al—
O-C bond appeared at 1113 cm™'. This evidence

confirmed the presence of nanocapsules containing
Chamomile extract on the NE&TC fabric after wash-
ing. Figure 4d shows the UV-Vis spectra of the
remaining solutions of NE&TC fabric before and
after washing. The lower absorbance peak appearing
within 270 and 400 nm in the spectrum of the washed
NE&TC fabric compared with the unwashed one
proved the Chamomile extract remained on the
NE&TC fabric after washing.

Rubbing stability

FESEM, FT-IR and UV-Vis were used to investigate
the rubbing stability of NE&TC fabric. Figure Sa
shows the FESEM images of NE&TC fabric after the
rubbing test, indicating a few nanocapsules still
remaining on the NE&TC fabric after rubbing.
Elemental analysis of the rubbed NE&TC fabric
indicated a weak signal related to aluminum. This
confirms plenty of nanocapsules remained on the
NE&TC fabric after the rubbing test. The FT-IR
spectra of the NE&TC fabric before and after rubbing
(Fig. 5¢) confirmed the same result as for FESEM
images. The weakened peaks at 1738 and 1775 cm ™
related to the TG and Chamomile extract and the peak
at 1112 cm™' related to the Al-O-C bond in the
spectrum of rubbed NE&TC fabric indicated nanocap-
sules containing Chamomile extract on the fabric. A
lower absorbance in the UV-Vis spectrum of the
rubbed NE&TC fabric compared with NE&TC fabric
is in accord with the FESEM image observations and
FT-IR spectrum (Fig. 5d). The Chamomile extract on
the rubbed NE&TC fabric led to an absorbance peak
with the value of 0.6 in the range of 270-400 nm.

Thermal analysis

The thermal behavior of TG, raw cotton and NE&TC
fabrics are displayed in Fig. 6. The DSC plot of TG
indicated a very broad exothermic peak at 89 °C with
the onset temperature of 36 °C and the end temper-
ature of 210 °C. Also, the raw cotton fabric indicated a
broad exothermic peak at 79 °C with the onset
temperature of 29 °C and end temperature of
175 °C. These peaks with latent heat of 301 J g™’
for TG and 114 J g~! for the raw cotton fabric were
related to the dehydration of TG and cotton fabric due
to the hydrophilic nature of their functional groups.
The DSC plot of NE&TC fabric indicated two peaks

@ Springer
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Fig. 4 a FESEM images of the washed NE&TC fabric, b EDX pattern of washed NE&TC fabric, ¢ FT-IR spectra of unwashed and
washed NE&TC fabric, and d UV-Vis spectra of unwashed and washed NE&TC fabric

merged and formed one single peak at 78 °C with the
onset of 36 °C and the end temperature of 128 °C with
latent heat of 73 J g~'. The second peak at 162 °C
could be attributed to the evaporation of Chamomile
extract and almond oil from the nanocapsules. In this
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work, Chamomile extract was encapsulated in TG in
the presence of almond oil. Chamomile extract was
trapped in the inner microemulsion and encapsulated
into TG with almond oil. The temperature at 143 °C
possibly led to the breakage of the linkages between
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aluminum ions and TG and destroyed the nanocapsule evaporation of Chamomile extract and almond oil
wall; therefore, Chamomile extract and almond oil from the nanocapsules occurred within 143-200 °C

leaked out of the nanocapsules. The leakage and with latent heat of 15 J g~
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Chamomile extract release from NE&TC fabric

The release of Chamomile extract from NE&TC and
blank fabric samples was studied by UV-Vis spectra at
different times along with stirring. Figure 7a shows a
slow increase in the absorbance peak of NE&TC
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Fig. 7 The release behavior of Chamomile extract from
a NE&TC fabric and b blank sample at different stirring times
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fabric along with prolonged stirring. TG was used as
the wall material for nano-encapsulation and also as a
binder to produce a stable nanocapsule containing
Chamomile extract on the cotton fabric. Chamomile
extract was gradually released from the nanocapsules
from the cotton fabric; however, the absorbance at
310 nm increased from 0.35 to 1.29 after 24 h. This
indicated a good stability and controlled release of the
plant extracts from NE&TC fabric. However, the
blank sample showed a very poor release behavior as
the UV-Vis absorbance at 310 nm sharply increased to
0.69 after just 2 h and to 0.92 after 4 h. In addition,
prolonged stirring had a very low impact on the
absorbance intensity (Fig. 7b). Therefore, there was
no control on the release behavior of the blank sample
as nearly the entire Chamomile extracts were released
from the fabric during the first hour of stirring.

Antimicrobial assay

Antimicrobial activity of NE&TC fabric was mea-
sured according to the AATCC Test 100 Standard
Method. NE&TC fabric indicated relatively good
antimicrobial activity with microbe reduction of
80 £ 0.1 % against E. coli, 90 £ 0.1 % against S.
aureus and 92 £ 0.1 % against C. albicans. Antimi-
crobial activity of NE&TC fabric was related to
Chamomile extract encapsulated and stabilized on the
cotton fibers. Chamomile has been used in traditional
medicine as an analgesic, antispasmodic and antiin-
flammatory and for the treatment of skin diseases such
as eczema and acne. Also, it has good antimicrobial
activity due to compounds such as a-bisabolol,
chamazulen, umbelliferone, apigenin, quercetin, [-
farensene, luteolin and matricin. For instance, inter-
actions of «-bisabolol and apigenin existing in
Chamomile extract lead to the antimicrobial activities
(Roby et al. 2013).

Other fabric properties

Cotton fabric has a high water retention ability because
of the cellulosic structure. Also, TG is a natural
polysaccharide that can swell in water and forms a stiff
gel because of having a water-swellable fraction called
bassorin (Montazer and Kahali 2016). NE&TC fabric
indicated 13.5 % more water retention than the raw
cotton fabric, as expected. Also, the required time for
water absorption into the raw cotton fabric was 8.22 s,
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which decreased to 0 s for NE&TC fabric because of
the hydrogel properties of TG on the treated fabric. The
weight of NE&TC fabric increased 3.6 % compared
with the raw cotton fabric relating to TG on the fabric in
the form of nanocapsules and a film layer. The
thickness of the samples was not significantly changed,
increasing from 0.45 mm for raw fabric to 0.46 mm for
NE&TC fabric. The results indicated the stiffness of
NE&TC fabric (187.66 N m™") was similar to that of
the raw fabric (182.97 N m™'). These results con-
firmed the low impacts of the treatment on various
properties of the fabric.

Conclusions

Plant extracts and essential oils have usually been
encapsulated into polymeric capsules and applied on
textile substrates for various purposes such as antimi-
crobial, fragrant, and mosquito repellent properties. In
this research, Chamomile extract was successfully
nano-encapsulated and stabilized on cotton fabric
through single-step processing. Natural and nontoxic
TG was used as the wall material for nano-encapsu-
lation, and the encapsulated Chamomile extract in TG
was loaded on the cotton fabric through the interaction
of aluminum ions with hydroxyl groups of cellulose
and intermolecular hydrogen bonding between TG and
cellulose. The FESEM images, FT-IR and UV-Vis
spectra of the prepared NE&TC fabric indicated
successful encapsulation and treatment of Chamomile
extract on the cotton fabric. The prepared NE&TC
fabric also showed good washing and rubbing stabil-
ity. The thermal behavior of NE&TC fabric indicated
apeak at 162 °C with latent heat of 15 J g~ ' related to
the evaporation of Chamomile extract and almond oil
from nanocapsules. The lower trend of the absorbance
intensity of UV-Vis spectra for 24 h indicated the
good release behavior of the treated fabric. Further,
high water retention and low water absorption times of
NE&TC fabric confirmed the hydrogel properties of
the fabric. Overall, the multifunctional properties
includ controlled release behavior and hydrogel prop-
erties without significant changes in weight, stiffness
and thickness obtained on the cotton fabric by using a
natural, friendly polymer, namely TG, and encapsu-
lating a plant extract through in-situ synthesis of
nanocapsules and fixing on the fabric surface by the
formation of a film layer. This was also stabilized by

the formation of various linkages between aluminum
chloride and cellulose and/or TG.
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