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ABSTRACT

Na'llral d.yes are knOIVI1/or their added benefits over synthetic dyes in
terms of health and ecology. They are considered 10 present a limited
rallge of shades, which limits their use in high-end value-added

products. Thus, 10 explore natural dyes on large scales, it is essential to generate
({ wide range ofshades like synthetic dyes. Therefore, it is important to explore
the secondary shades 0/ natural dyes especially those which can act as primary
colors in the recipe (red, yellow and blue). In the present work, three natural
dyes, namelv illdigo , pomegranate peels and kumkunt were used 10 dye the
/loll'nt('r [obric. .,I!onfl, witl: color strength (II di/li'rellt dve concentrations.
[unctional properties such as antioxidant, antibacterial. and UI' protection were
also evaluated. The dyed polyester showed good color values (KIS> I. 7) and also
displayed satisfactory color fastness 10 light, washing and rubbing. The polyester
fabric dved with pomegranate and kumkum in self-shades displayed a variety of
[unctional properties including a bacterial reduction of more than 90%, radical
scavenging activity of greater than 90% and also displayed excellent UPF values
(UPF > 270). indigo-dyed samples displayed antibacterial activity and UV-
protection: however. their antioxidant activitv was poor. The secoudarv shades
ofthese dyes were produced all polyesterfabric. Prog. Color Colorants Coat. 14

(2U21), 12 J -128© institute/or Color Science and Technology.

1. Introduction
Textile coloration using natural dyes is gaining
momentum due to revival in the interest regarding
sustainable chemical pn>ccsslng and ClIVC!n;I1l:ss
regarding toxic effects associated with some or azo
dyes, especially those based on banned arnincs. This
has led to increased exploration of natural resources 1'01'

the coloration of textiles. Most of the studies in this
area were done on cotton, wool. silk, nylon, jute. linen
etc. Utilization of natural dyes for dyeing and
functional finishing of textiles is widely reported in the
literature [1-10].

Punica Granatum, which is commonly known as
pomegranate, belongs to the Punicaceae family. It is a
traditional medicine for diarrhoea and respiratory
pathulouies [I I, 121. It, basic components are
gallocarcchin, dclphinidin, cyanidin, gallic acid, ellagic
acid. pelargonidin and sitosterol [I J]. Pomegranate and
its chemical components offer many useful properties,
including antibacterial activity [14]. anti-inflammatory
activity. antioxidant activity [15], anti-angiogenesis,
and anti-cancer propertic [13]. Mallotus philippensis,
commonly known as Kurnkum or Kapila, IS a
traditional drug used in India for the treatment of
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typhoid and stomach disorders [16, 17). The basic
component present in the dye is Rottlerin (1-[6-[(3-
aeetyl-2,4,6-trihydroxy-5-methyl phenyl) methyl)-5,7-
dihydroxy -2, 2-dimethyl - 2H-I-benzopyran -8 -yl) -3-
phenyl - 2 propen- 1 -one). It also contains different
compounds, such as diterpenoids, phenols. flavonoids,
steroids, coumarins, and triterpcnoids [16). Interesting
biological activities of kurnkurn such as (Inti-oxidant
activity, anti-microbial activity, cytotoxicity, antiviral
activity. irnrnunoregul.uory activity. and anti-
inflammatory activity were reported [17, 18).
Indigo/era Tinctoria. also known as indigo blue, is a
traditional dye associated with denim clothes and blue
jeans [19). The basic components present in Indigo/era
tinctoria leaf extract arc tannins, phenols, saponins,
terpenes, flavonoids, anthroquinonesence and steroidal.
These chemical compounds possess various
pharmacological properties such as anti-oxidant
activity, anti-bacterial activity and cytotoxicity activity
[20).

Polyester, being a synthetic fiber, is a less
expensive option and has many advantages over other
fibers like wrinkle-resistance, quick-drying and better
resistance to microbial attack. Polyester fiber is widely
used in apparels and technical textiles and the
functional coloration of such substrate using natural
dyes would be interesting. Scn ct al. attempted dyeing
of various polyester fibres like poly-trimethylene
tcrephthalate (PTT) and poly-lactic acid (PLA). and
poly-ethylene terephthalate (PET) with lac dye in
presence of catechu as a bio-mordant [21). Elnagar et
al, dyed the polyester and nylon Iabrics with curcumin
and saffron natural dyes using UV/ozone pretreatment
to activate fiber and improve the dyeability of the
fabrics [22). Bhuiyan et al. dyed the polyester fiber
with henna as a natural dye without using metallic
mordants [23). Arain et at. provided an ceo-friendly
dyeing process for dyeing of polyester fabric with
henna dye using microwave-assisted technology [24).
Abate et al. used supercritical CO2 far bin-activation
and coloration of polyester fabric with curcurnin
without mordant and achieved an excellent color
strength and fastness properties [25). Shahidi et al.
modified the polyester fabric by dielectric barner
discharge and the dyeabi I ity of modi fied fabric with
natural dyes was studied [26). Zohdy used gamma
radiations to improve the dyeability or polyester [27).
Some researchers have also used various novel
techniques for natural dyeing of natural and synthetic
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fibers [28-32).
Even though natural dyeing of textiles is reported

widely, the reports regarding simultaneous dyeing and
functional finishing of polyester are reported to a
limited extent. The mixing of natural dyes to obtain a
variety of shades on polyester to overcome the
limitation of natural dye in terms of availability of
limited shades is not reported. In the present work,
three natural dyes namely indigo, kumkurn and
pomegranate were utilized far simultaneous dyeing and
functional ization of polyester. The coloration and
functional properties imparted to polyester using an
application of such natural dyes were explored.
Secondary shades of these dyes were also produced on
polyester fabric to explore different shades.

2. Experimental

2.l. Materials

Polyester fabric was obtained from Toyota Water Jet
machine with specifications 3937 ends/m and 2520
picks/in. The fabric was scoured using 2gpl detergent
and Igpl soda ash and further used far dyeing. Three
natural dyes used were indigo ilndigofera Tinctoriai,
pomegranate peel (Punica Cranatum) and kumkum
t Mallotus philippcnsisi. All were purchased in powder
form Irorn an Oriental drug stor . The natural dye
extraction was carried out in ethanol using soxhlet
extraction for 12h. The dye powder was obtained by
evaporating ethanol from the extract.

2.2. Methods

2.2.1. Dyeing of polyester fabric using natural
dyes

The dyeing process was carried out via high-
temperature high pressure (HTH P) method at 130°C
for 45 rnin in the Infrared Dyeing Machine. The
polyester samples were dyed using different natural
dyes (in various shade %) in acidic pH (4.5). The
material to liquor ratio was kept as I: 10 and dispersing
agent (I %) was used to prepare the dispersion of
natural dye powder. Secondary shades were produced
by rnixinj; the natural dyes in weight proportions and
maintaining the total shade percent as 1,5 and 10%.

2.2.2. Measurement of color values

The color strength or dyed samples was compared by
measuring K/S values [33) which were evaluated on
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Gretag Macbeth Color Eye 7000A Spectrophotometer.
The K/S values were assessed using the Kubelka-Munk
equation (Eg. I):

1</S = (1-R)2
2R

( I)

where R is the observed reflectance, K is the
absorption coefficient, and S is the light scattering
coefficient.

2.2.3. Estimation of color fastness

Color fastness of the dyed fabrics to washing. rubbinu
and light was evaluated using ISO IOS-C06, ISO-
l OSX 12, and ISO 1OSB02 test methods, respectively
[34].

2.2.4. Evaluation of functional properties

The dyed polyester fabrics were analyzed for
antioxidant activity as per the method reported in the
literature [7], UV-protection as per AS/NZS 4399: 1996
standard [3S], and antibacterial activity against S.
aureus as per AATCC-I 00 test method [36].

3. Results and Discussion

3.1. Color fastness of dyed polyester

Fastness to light, rubbing and washing (color change
and staining) were evaluated for all the dyed samples
(Table I). As shown in Table I, all the dyed samples
showed significant light fastness, with ratings of Sand
more. It shows a good resistance of dye on dyed
polyester against fading in the presence of light. All the
dyed samples showed excellent washing fastness in
terms of both color change and staining, as indicated
by ratings of 4 to S. The rubbing fastness was also

found in thc range "good" to "very good". The results
show satisfactory color fastness to light, washing and
rubbing which might be attributed to the mechanism of
dyeing of polyester using HTHP dyeing process. The
dyes were appl ied on polyester through dispersion
using HTH P method of dyeing. HTHP method utilizes
high temperature to open the fibre structure which
allows the dye to penetrate inside the core of the fibre.
After dyeing, the bath is cooled which ensures the dye
getting entrapped inside the fibre. This is very much
similar to solid solution dyeing in case of disperse
dyeing of polyester. The surface dye was removed by
reduction clearance process after dyeing. This provides
excellent resistance to color-bleeding in the presence of
washing liquor. abrasive rubbing and light.

3.2, Functional properties of the dyed polyester

The polyester dyed with kurnkum and pomegranate
dyes showed excellent antioxidant activities. as shown
in Table 2. The antioxidant activity of DPPH is based
on the stability of the material. The odd electron of
DPPH is responsible for a strong absorption at 517 nm,
DPPH can accept electron donated by an antioxidant
compound which further c1ecolorizes the DPPH. The
change in absorbance of decolorized DPPH can be
quantitatively measured at 517 nrn using UV-Visible
spectrophotometer [37]. The dyed polyester, especially
dyed with kurnkum and pomegranate, exhibited
excellent antioxidant property which might be because
of the presence various compounds in natural dyes
which are able to stabilize DPPH. They are electron-
rich resonating centers which tend to avoid further
oxidation and change the dye color. Indigo-dyed
polyester showed significantly lower antioxidant
activity as compared to other dyed samples.

Table 1: Color fastness of fabric samples dyed with indigo, kumkum and pomegranate dyes (5% shade).

~::-~;- '~':~';'~;:;:':
J~ ••.~.::;r:" .• '; .. -:~..., ~,;-.",~
.... _ .• ~<t!; 1 '

~BlRubbing Fastness~i::
-...~_ =;.-:Z~~
-~:.:.~'::,--*;~~r~Ti

~~

. III ..

Kumkum 5

2 lndigo 5-6

3 Pomegranate

':

I , , I

3-4 4 5

3-4 4 4

4 4 4
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Table 2: Functional properties of polyester dyed with indigo, kumkum and pomegranate dyes (5% shade) .

. . ,,

Control Negligible

2 Kumkum 91.44

3 Pomegranate 93.97

4 Indigo 4H2

The Uv-protection properties of dyed fabrics were
evaluated by measuring the UV -protection factor
(UPF). UPF of the polyester fabric increased after
dyeing with the three dyes, as shown in Table 2. As
opposed to the UPF value of 42.97 for undyed fabric,
dyed fabrics showed significant improvement in the
UV -protection property. This behavior might be related
to the introduction of dyes inside the fiber structure
which produce hindrance in the ease of transmittance
of UV radiation. UPF value of undyed polyester was
also obtained which clearly indicates the dependence of
UPF on the fiber properties. The presence of aromatic
ring in the backbone of the polymer and the additive.
which are added during fiber manufacturing. impart
good UV -protection to the po lye. tel'. The antibacterial
property of all the dyed samples was determined uSing
the AATCe 100 method.

Table 2 shows the reduction or bacterial colonies by
each dyed sample. All the dyed samples showed
considerable antibacterial properties with the bacterial
colony reduction of higher than ~3%. The site and the
number of hydroxyl groups on the phenolic
components of dyes may increase the toxicity against
the microorganisms. The phenolic groups in the dyes
interfere with bacterial metabolism and inhibit their
growth [17, 38). Hence, all the dyed samples displayed
a satisfactory antibacterial activity.

3.3. Primary and secondary shades of' natural
dyes on polyester

3.3.1. Color strengt h

Table 3 summarizes the I:. a. b' and K'S values of

124 Prog. Color Colorants Coat. 14 (2021), 121-128

42.<)7

322.07 85.87

277.30 90.55

198.40 83.82

dyed samples at 5% shade. Here, L' is lightness (0 =

Black; 100 = White), a* is redness-greenness and b' is
yellowness-blueness.

In the secondary mixture of kumkurn and indigo,
the increase in kurnkum concentration at the expense of
indigo resulted in a decrease in LO value indicating the
increase in darkness of shade. This also resulted in a
decrease in b" indicating the increase in the blueness of
shade. All the mixed shades of kurnkum and indigo
showed a negative value of a* indicating the greenness
or the obtained shades. The mixing of dyes resulted in
beautiful shades with varying colour values. In most of
the secondary shades. the dye present in a higher
proportion showed the color dominance of the dyed
fabric. The varint ion in dYL' concentration in binary
mixture resulted in vaualions o l tones and the lightness
of shade (Table 3).

As shown in Table 1. the KlS values varied with
varying the dye concentrations in the mixtures. The
secondary mixture of pomegranate and kurnkurn
showed higher K/S values as compared to other
mixtures. In general. it can be concluded that the
various dyes used for obtaining secondary shades
showed good compatibility which resulted in a variety
of shades on polyester fabric. Hence the suitability of
these dyes for dyeing polyester in primary and
secondary shades is confirmed.

1.4. Shade card formation

Nine mixtures were prepared with given dye
proportions [(25% K, 75% f). (50% K, 50%1). (75% K,
25% 1), (25% K, 75% P), (50% K, 50% P), (75% K,
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25% P). (25% P, 75% I), (50% P. 50% I), (75% P, 25%
I)]. All these dye mixtures were used to dye the
polyester fabrics at different shade percentages.
i.e. I, 5 and 10%. Consequently, several different
colors were observed in shade cards. Table 4 (a. b. c.
and d) shows the shade cards lor secondary shades,
where the color of the fabric is gradually changing
with a change in dye concentration. These colors and
compositions are important for obtaining various
desired shades. As shown in Table 4. the color changes
into more bluish as indigo concentration increases:
and it changes into brownish when the concentration
of pomegranate dominates. Similar results were
obtained for other cornbinat ions, and consequent shade

cards with various shades were prepared with various
shades.

Moreover, it was observed that the mixing of these
dyes showed uniform and homogenized colors and
shades without getting any patches, dark and dull
places. Thus, it can be concluded that using a mixture
of natural dyes at different concentrations and
proportions may generate a huge number of colors,
shades and tones. Mixing of primary colors to get a
variety of shades is a general practice in the textile
industry. atural dyes were used as primary colors to
produce a variety of shades. This i particularly
encouraging as various natural dycs an be mixed to
get a wide .pectrum of shades on textile materials.

Table 3: Color values and colour strengths of dyed samples at 5% shade.

(100% I) 57.79 -6.15 -5.19 1.75

2 (100% K) 70.81 1.71 25.84 R.80

3 (100% P) 57.04 4.79 15.94 4.40

4 (25% K, 75% I) 70.05 -8.87 -5.04 1.78

5 (50% K, 50% I) 60.47 -11.13 -0.31 1.71

6 . (75% K, 25% I) 54.89 -5.94 2.32 1.81

7 (25'10P, 75% J) 57.37 -6.57 -5.13 U5

8 \50% P, 50% I) 55.75 -5.95 1.17 1.80

9 (75%P. 25% I) 50.34 -4.02 4.14 2.26

to (25% P, 75% K) 63.39 1.99 21.03 8.01

It (50% P, 50% K) 61.00 2.75 16.97 5.05

t2 (75% P, 25% K) 65.94 1.98 20.50 6.80

I: Indigo, K: Kumkum, P: Pomegranate
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Table 4: Shade Cards for secondary shades
a): Primary and secondary shade with 1% owf dye concentration

Indigo +
Pomegranate

2 Indigo + Kumkum

II I

" I

3 Kumkurn I

Pomegranate

126 Prog. Color Colorants ·Coat. 14 (2021), 121-128

b): Primary and secondary shade with 5% owf dye concentration

lndigo +
Pomegranate

2 Indigo + Kumkurn

3 Kumkurn +
Pomegranate

c): Primary and secondary shade with 10% owl dye concentration

I .

Indigo -e-

Pomegranate

2 Indigo + Kumkum

3
Kumkurn +

Pomegranate

II

II

"
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4. Conclusions
The polyester fabrics were successfully dyed with
natural dyes. The results showed that the natural dyes
showed excellent compatibility with polyester libel's.
The polyester fabrics dycd wirh kumkum and
pomegranate dyes showed significant antioxidant
properties (radical scavenging >90%), UV -protcction

(UPF>270), and also exhibited appropriate antibacterial
activity against S. aureus (bacterial colony reduction
>85%). The polyester dyed with indigo dye also
displayed significant UV -protection and antibacterial
properties; however, it showed inferior antioxidant
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Multifunctional finishing of textiles enhances the value of products by adding desired biological and functional
properties. The purpose of this study was to extract essential oil from lernongrass and apply the extracted oil to
traditional cotton fabric as hnishing. Lernongras-, oleoresin was obtained hy extracting fresh blades or lernongrass for
16 h using a Soxhlet extractor. ernployi IIg n-hexane as solvent. by the AA TCC Method 30-25. The pad-dry technique
was applied to impart fragrance to COllOII fabric by using a finishing formulation containing lemongrass oil and ~-
cyclodextrin-grafted chitosan. The ester bond formation between ~-cyclodextrin-grafted chitosan and cellulose was
confirmed by FTlR spectroscopy (FTlR). After finishing. the fragrance release rate was evaluated by Uv-visible
spectroscopy. The fragrance release rate of the finished fabric was found to be durable up to 18 washing cycles and the
fabric presented excellent antibacterial property and antioxidant activity. Standard test methods were used to evaluate
the physical properties of the treated fabric.

Keywords: cotton fabric, lemongrass oil, fragrance. antibacterial property, ~-cyclodextrin

INTRODUCTIO J

The surface modification of constituent fibres
can modify the properties of fabrics and impart
various desirable Iunctionalities, Among all the
available finishes, the appl ication of fragrance or
aroma is highly beneficial to enhance the aesthetic
ancl hygienic value of textile materials. Various
methods have been reported to impart such
functional properties effectively and to control
fragrance release during the use, achieving
improved durabi lity towards repeated washing. 1-.1

Lernorigrass (Cymbopogon citratusv is a tall
perennial aromatic grass that contains essential oil
with subtle lemon flavour. It is a genus of almost
SS species of grasses, grown in subtropical and
tropical countries, being native to warm
temperature regions.' Citral is a biologically
active agent of lemongrass. found in contents of
7S% by weight in lemon grass essential oil.s

Lemongrass serves pri mari Iy for decorati ng
houses. but is al 0 used in indigenous meclicine.
Lemongrass tea helps to cure the central nervous
system and is widely consumed in Tndia6 Also,

the essential oil of lemon grass has been used to
treat several diseases, and health conditions, such
as oily skin, acne, flatulence, scabies, excess
perspiration, as well as an antimicrobial, antiviral,
antifungal and aroma agents." Additionally,
people have utilized it to impart temporary
perfume to their clothes.R Netella fabric is an open
structure of 100% cotton fabric usee! in the form
of a scarf by Ethiopian men and women during
auspicious occasions.v!" Cotton as a cellulosic
material i. more susceptible to the attack of
bacterial colonies, which may cause an unpleasant
smell in the cotton fabric. Therefore, it would be
interesting to investigate the possibility of
eliminating the above-mentioned issue by
finishing the cotton fabric with suitable functional
agents.

~-Cycloclextrins (P-CDs) are cyclic
oligosaccharides consisting of 7 glucose units,
which are linked by a subunit of a-(l,4)
glucopyranose, having a hydrophobic inner ring
and a hydrophilic outer ring. Inclusion complexes

Cellulose Chern. Technol., 55 (/ -2), 177-184(2021)
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with CDs can significantly increase the aqueous
solubility of poorly soluble compound drugs. and
thus improve the stability of fragile compounds,
as well as aid in controlled release." The
cyclodextrins have various applications in the
textile industry, starting from finishing to
filtration, and other appl ications, such as UV
protection, fragrance finishing. insecticide
delivery, and antibacterial finishes.12 Chiiosan is a
natural polysaccharide of N-acetyl-D-
glucosarnine and is prepared by N-deacetylation
of chitin. It is biocornpatible, non-toxic,
rnucoadhesive and antimicrobial, hence it has
several applications in the pharmaceutical
sector." According to Singh et al ., different
techniques can be employed for fragrance
finishing of textiles with the help of ~-CDs. The
~-CD-grafted chitosan finished cotton is a more
desirable substitute for typical finishing." Several
research works have reported the
microencapsulation of lernongrass into ~-
cyclodextrins, with phenomenal resu Its. I5·1S

Phunpee et al. studied the influence of spray
drying on encapsulation of lemon grass into ~-
cyclodextrins. They identified the controlled
release activity of the capsules." Scaccherti et al .
developed cotton labrics with antimicrobial
activity and thermoregulation by the
encapsulation of mPCM and thyme oil in MCT-r~-
CD. The obtained cotton fabric offers protection
against dermatophytosis and prevention to various
infections."

In the present work, essential oil was extracted
from lemongrass by utilizing a Soxhlet extractor.
The extracted oil was loaded onto ~-cyclodexlrin-
grafted chitosan to finish cotton fabric by the pad-
dry-cure method. The effect of such finishing on
the physical properties of cotton fabric was also
studied. The novelty of this work consists in
obtaining multifunctional cotton fabric. The
durability of the finish was attained be the use of
~-cyclodextrins. All the chemicals used in this
research were ceo-friendly. non-roxie and
biocompaiible.

EXPERIMENTAL
Materials and methods

1009'0 cotton fabric was procured from a local
market in Bahir Dar, Ethiopia. The specifications or
the fabric are listed in Table I. ~-CyclockxtTin and
chitosan were obtained from SDFCL Fine-Chern
Limited Mumbai, India. All the laboratory-grade
chemicals, such as acetic acid, citric acid, ethanol,
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methanol and n-hexane, were purchased from Addis
Ababa, Ethiopia.

Essential oil extraction
Sample preparation

Lcrnongrass i Cvmbopogon citratus) stems were
collected from Lake Tana, which is the source of the
Rille Nile and is the largest lake in Ethiopia. Before
extraction. the lernongrass sterns were cut to 2 mrn and
dried at 40 "C temperature for 12 h. After drying. the
sample was placed in an air-tight bag.

Oil extraction
A Soxhlet extractor was used to extract the

essential oil from dried lemon grass by utilizing n-
hexane as solvent. for 16 h. by following the AATCC
Method 30-25 (AATCC International, 2000).21

[i-Cycludextrin grafting to chitosan
The ~-cyclodextrin-grafted chitosan was prepared

according to the process explained by El- Tahlawyer et
aln ~-CD citrate with a concentration of 0.54 g was
added to a chitosan solution with a concentration of 0.6
g dissolved in Iormic acid (0.4 mLiI g chitosan) using
a M:L of 1:15. The reaction was performed at 100°C
for :l h under magnet ic st irri ng. Fi nail y, 100 rnl, of
NaOl1 solution (0.2 N) was added to the precipitated
reaction product. The unreacted 0-CD citrate was
removed from the sample by washing with distilled
water. The ~-cyclodextrin-graftecl chitosan was
characterized using FTIR spectroscopy.

Calibration and optimization of lernongrass oil
A UV -visible spectrophotometer was utilized to

calibrate the lemongrass oil for fragrance analysis by
measuring the absorbance or various concentrations (1-
10%) in 100% ethanol at Amax = 272 nrn. A plotted
calibration curve was used to detect the unknown
fragrance concentration In the solution. The
optimization of oil concentration was done by
measuring the absorbance of removed lemongrass oil
from the finished corton sample at different time
ranging lrom 2 h to 24 h.

Fabric treatment
The fabric sample was immersed in a bath solution

with 9% (w/w) r:l-cyclodextrin-gr~lftcd chitosan,
followed hy padding to obtain a wet pickup of 80%,
then dryillg 1'01' 2 rnin at 80°C and curing at 150°C for
:I mill. The unreacied 0-cyclodextrin-grafted chitosan
was washed out from the cured cotton fabric. and the
fabric was further dried at room ternperature.v'

The fabric sample finished with ~-cyclodextrin-
grafted chitosan was immersed into a 70/c lernongrass
concentrated solution in 80% ethanol and dried at 80
°C for 5 min. Then. the fragrance retention rate on the
finished sample was examined by using a UV -visible
spectrophotometer.



Testing methods
A Perkin-Elmer Lambda 2S Uv-vtsib!e

Spectrophotometer (EiTEX Laboratory, Bahir Oar
University. Ethiopia) was used to ascertain the
absorbency index of lernongrass oil and the fragrance
release rates quantitatively. A Spectrum Two F1'11<
Spectrometer by Perkin-Elmer (EiTEX Laboratory,
Bahir Oar University, Ethiopia) was used to

Cotton

characterize the B-CD citrate and B-cyclodextrin-
grafted chiiosan The agar plate method (AATCC 100-
200-1) wa» used lor determining the antimicrobial
activity of the finished cotton fabric.!4 The antioxidant
activity of the finished fabric was evaluated using
2.2,I-diphcnyl-l-picrylhydrazyl IDPPH) radical with
methanol as solvent25

Table I
Cotton labric speci t'icauons

S. I. Features Details
I Grams. m2 41
2 Warp count 40~ Ne
3 Weft count 30s Ne
4 Ends/inch 36
5 Picks/inch 30

r-.----1! Soxhler e vu actor
~-------i! o.nh n hexane as: J.

I solv eut
i

Dned Lemcngrass
~c (<.,", ('wight·;

Lemougra ss stern
cur (l 0 em from
root)

Fre sh
lemougra eses

Figure I: Lernongrass oil extraction process

The durability to laundering was assessed
according to ISO lOS-CO I: 1989. Tensile strength
testing was evaluated using a Mesdan Lab strength
tester as per ISO 13934/I-E , and drape was measured
as per BS 5058:1973. Air permeability resting was
carried out using an SDL Atla, !VI021A Air
Permeability Tester following standard ASTM 0357<1.
Fabric padding was done using padder lab 3399
horizontal padders, with 800/,..expression and drying at
80°C for 2 min.

RESULTS A D DISC(JSSIO 1

Extraction of lemongrass oil
A Soxhlet extractor was employed to extract

oil from fresh lemongra s sterns by the AATCC
Method 30-25, as shown in Figure l. The plant
material wa separated from the extract by
encasing it in a paper 'thimble'. When full, the
solvent in the thimble siphons off into the main
vessel containing the extract, and the process

continues. The amount of oil obtained using the
Soxhlet extractor was 109 per 500 g of dry
lemongrass: this gives about a 2% yield of oil per
500 g of dry lernongrass.

Characterization uf [i-cyclodexuin-grafted
chitosan

The f:l-cyclodextrin-grafled chitosan was
charactcri zed usi ng FTTR spectroscopy, and the
FTlR spectrum of the synthesized chemical is
presented in Figure 2. Tile observed band at 1715
cm " was clue to the stretching of the C=O boncl of
the citrate moieties and the band for N-H
stretching was ob. erved at 1657 cm-I absorption,
which confirmed the presence of the acetylated
amino groups of chitosan, showing that the
sample is not entirely deacetylated."

rTIR analysis is an appropriate technique to
investigate the e terification between P-CD-
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grafted chitosan and cotton. The presence of P-
CD-grafted chitosan on the finished cotton is
illustrated in Figure 3, wherein an additional peak
is observed at 1723 cm-l and can be attributed to
carbonyl stretching.

The Fl'lR spectrum of p-CD-grafted chitosan
shows the amide bands at 1600-1700 cm-l, which
suggests the grafting of P-CD to chitosan by the
amidation reaction. These results indicate the
evolution of the ester and amide linkage between
~-cyclodextrin-graftcel chitosan and cotton fabric .

.-----...,--.."'-.'--- .'---J

Figure 2: FTJR spectrum of synthesized p-CD-gr:.tfll:d chirosun compound

»>
"r./ \ /1'(I ~I 'f\,..vY' I I
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l '~ ~
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Figure 3: FTTR spectrum of cotton fabric finished with p-CD-grafted chitosan

Lemongrass oil calibration and optimization
The absorbance of di fferent oncentrations (1-

10%) of lernongrass oil was evaluated again t a
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blank sample at 272 nrn, The concentration versus
the absorbance curve showell a straight-line
equation (I) as shown in Figure 4.



The slope of the line interpreted from Equation
(I) was used to measure the unknown
concentration of lernongrass oi I in cotton fabric
finished with p-CD-grafted chitosan:

y = mx + b (J)
Absorbance = (Slope x Concentration) + 0
= 0.088 x Concentration (2)

The optimization of the lemongrass oil
concentration was carried out hy finishing the
cotton fabrics with different concentrations (1-

0.7 .,..--------------------,

0 .e

-le!'at (."bS:l'rhm::-e- :1 ;.maxC r:
=»

O.S

0.3

y. O.OSS" - 0.000
F.'" 0%:

0.1

o ~--_--~--_--_-----~
o .0

Figure 4: Calibration curve of lernongrass oil
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Figure 6: Fragrance release rate

Cotton

10%) of the oil alone. Each finished fabric was
cut to 2 mill and immersed in 10 mL of 80%
ethanol solution to remove the oil from the
finished fabrics. After that. the absorbance of the
oil ethanol solution was measured using a UV-
Visible Spectrophotometer at A""" = 272 nrn. The
same procedure was followed for different times
ranging from 0 h to :2 h. The result obtained
confirmed the maximum absorbance, after 72 h,
for the sample finished with 7% oil (Fig. 5).

--AbsOHn - AbsZHn __ Ab,4HJ, -Abs6Hrs

-4-Abs 12Hn ...• -Abs 24Hr,.........Abs 4SHn Abs 7:!Hn

006-----------------,
005 ..:

0.04

0.03

0.02 ,

001 j

" 10

Oil~

Figure 5: Lernongrnss oil concentration
optimization curves
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Figure 7: Durability to laundering

Table 2
Functional properties of the fabric finished with P-cyclodextrin-grarteci chito. an

Samples
Antibacterial propcrtv

~act..:ri~l colony r~clU(~lion(%)
E,'o/i S.({lfrcll.l

Antioxidant property
(%)

93
95 98Finished sample
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The slope of the line interpreted from Equation
(I) was used to measure the unknown
concentration of lemon grass oi I in cotton fabric
finished with p-CD-grafted chitosan:

y = mx + b (I)
Absorbance = (Slope x Concentration) + 0
= 0.088 x Concentration (2)

The optimization of the lemongra. soil
concentration was carried out by finishing the
cotton fabrics with different concentrations (1-
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10%) of the oil alone. Each finished fabric was
cut to 2 mrn and immersed in 10 mL of 80%
ethanol solution to remove the oil from the
finished fabrics. After that. the absorbance of the
oil ethanol solution was measured using a UV-
Visible Spectrophotometer at A"li"' = 272 nm. The
same procedure was followed for different times
ranging from 0 h to :2 h. The result obtained
confirmed the maximum absorbance, after 72 h,
for the sample finished with 7% oil (Fig. 5).

--AbsOHrs - Abs2Hrs __ Abs4Hn -Abs6Hrs
-4-Abs 12Hn ...•.. Abs 24Hrs--Abs 4SHn Abs 72Hn:

0.06 -----------------,

o os ..;

0.04 i
;

0.03 I

0.02 ,
.

~.' /~I/' -.....------ , '1.--- -
.-/'~

, .
001 j

" 10

ouw

Figure 5: Lemongrass oil concentration
optimization curves

'0 --------------------,

l'

, .

o
o U

"-a\binlC)'dfl

~.S05

Figure 7: Durability to laundering

Table 2
Functional properties of the fabric finished with P-cyclodextrin-graned chitosan

Sample:
Antibacterial propcrtv

,!3aclI.:ri.£l1colony r~du<:1ion (%)
1::.coli S. 11111'('11.1

Aruiox idant property
(%)

93
Finished sample 95 98
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Functional properties of finished f'abric
A UV -visible spectrophotometer was used to

investigate the fragrance release rate. The cotton
fabric finished with 13-cyclodextrin-grafted
chitosan showed a signi ficant relea e rate even
after 72 h, as compared to that of the fabric
treated with oil alune. This long-lasting fragrance
release performance may be clue to the availability
of ~-CD cavities, which form an inclusion
complex with the oil and are capable of holding
oil fragrance for a more extended period. The
ester linkage between the fabric and the [J-CD
might be another reason for the slow release rate.
as ;hown in Figure 627

The durability of the fragrance finishing was
examined by subjecting the finished cotton to
subsequent washing using 5 g/L of detergent
solution for 30 min at 60°C. After each washing
cycle, the unknown concentration of oi I from the
fabric was determined by measuring the
absorbance by using the UV-visible
spectrophotometer. A significant amount of
fragrance was still retained on the fabric, as
shown in Figure 7.

The fabric finished with lemon grass oil was
also investigated in terms of its antibacterial
activity against £. coli and S. aureus, and the
achieved results are tabulated in Table 1. The darn
in Table 2 indicate an excellent bacterial property
of the finished fabric. It was found that S. aureus
was more sensitive to lemongrass oil than £. coli.

''i'

The presence of 75% of citral by weight in
lemongrass essential oi I leads to excellent
antibacterial activity against a broad spectrum of
bacteria." The phenolic constituents of
lemongrass interact with the bacterial cell
membrane, degrading the membrane and affecting
its permeabiliry" The presence of chitosan also
inhibits the growth of bacteria. Being a cationic
polymer, it can be attached to the negative charge
of the bacterial cell membrane. which results in
leakage of the membrane." The finished fabric
also show d excellent antioxidant properties. This
might be due to the presence of phenolic groups
in lernongrass oil. The phenolic content present in
lernongrass oil helps in free-radical scavenging.

Fahric performance
Tensile strength

The results of the tensile strength tests are
illustrated in Figure 8, demonstrating that the
fabric finished with ~-cyclodextrin-grafted
chitosan exhibits improved tensile strength.

It is interesting to note that the finishing
treatments, in general. have detrimental effects on
the tensile mechanical properties of cotton fabric.
The improvement in strength is modest. hut still,
it is a significant advantage for the finished fabric.
Singh et al . have reported similar results; the
enhanced strength might be attributed to the
plasticizing effe~t of ~-CD citrate on fabric."

('111\'1, Cotten treated wnt; fj
:::ydooO!'(trill;!'.'l:r1ttbt chil""IUI

Wllt:\"\t1

Figure 8: Effect of fragrance finishing treatment on
tensi Ie strength or Iabric

Drape
The cotton fabric finished with ~-cyclodextrin-

grafted chitosan showed a higher drape
coefficient, as compared to the unfini hed fabric,
as shown in Figure 9. This could be explained by
the ester linkage formed bet ween the- fabric and
the ~-CD-grafted chitosan component. and
probably due to the modified host as a bindci lor
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holding the fragrance on fabric.

IIir permeability
The ai r perrneabi Iity of 4 layers of fabric was

examined before and after the finishing treatment.
It was found that the air permeability of the fabric
decreased slightly after the treatment with ~-
cyclodcxuin-grafted chitosan (Fig. 10). The
reason may be attributed to swelling of cotton,
which modifies the fabric interstices. its thicknes
and porosity. leading to a reduction in air
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Functional properties or finished fabric
A UV -visible spectrophotometer was used to

investigate the fragrance release rate. The cotton
fabric finished with P-cyclodextrin-graftcd
chitosan showed a signi ficant release rate even
after 72 h, as compared to that of the fabric
treated with oil alone. This long-lasting fragrance
release performance may be due to the availability
of P-CD cavities, which form an inclusion
complex with the oil and are capable of holding
oil fragrance for a more extended period. The
es ter linkage between the fabri and thc P- D
might be another reason for the slow release rate.
a ;hown in Figure 6.27

The durability of the fragrance finishing was
examined by ubjecting the finished cotton to
subsequent washing using 5 g/L of detergent
solution for 30 min at 60°C. After each washing
cycle, the unknown concentration of oil from the
fabric was determined by measuring the
absorbance by using the Uv-visible
spectrophotometer. A significant amount of
fragrance was sti II retai ned on the fabric. as
shown in Figure 7.

The fabric finished with lernongrass oil was
also investigated in terms of its antibacterial
activity against E. coli and S. aureus, and the
achieved results are tabulated in Table ~. The data
in Table 2 indicate an excellent bacterial property
of the finished fabric. It was found that S. aureus
was more sensitive to lemongrass oil than E. coli.

The presence of 75% or citral by weight in
lernongrass essential oi I leads to excellent
antibacterial activity against a broad spectrum of
bacteria." The phenolic constituents of
lemongrass interact with the bacterial cell
membrane, degrading the membrane and affecting
its permeability.I" The presence of chitosan also
inhibits the growth of bacteria, Being a cationic
polymer, it can he attached to the negative charge
of the bacterial cell membrane. which results in
leakage of the membrane." The finished fabric
also showed excellent antioxidant properties. This
might be due to the presence of phenolic groups
in lernongrass oi I. The phenol ic content present in
lernongrass oil helps in free-radical scavenging.

Fabric performance
Tensile strength

The results of the tensile strength tests are
illustrated in Figure 8. demonstrating that the
fabric finished with P-cyclodextrin-grafted
chitosan exhibits improved tensile strength.

It is interesting to note that the finishing
treatments, in general. have detrimental effects on
the tensile mechanical properties of cotton fabric.
The improvement in strength is modest. but still,
it is a sign ificant advantage for the finished fabric.
Singh ('I al. have reported similar results; the
enhanced strength might be attributed to the
plasticizing effect of P-CD citrate on fabric."
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Figure 8: Effect of fragrance finishi ng treatment on
tensi Ie strengt h of fabric

Drape
The cotton fabric finished with p-cyclodextrin-

grafted chitosan showed a higher drape
coefficient, as compared to the unfinished fabric,
as shown in Figure 9. This could be explained by
the ester linkage formed bet ween the fabric and
the p-CD-grafted chiiosan component. and
probably due to the modified hos. as a binder for
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holdi ng the fragrance on fabric.

IIir permeability
The air permeability of 4 layers of fabric was

examined before and after the finishing treatment.
It was found that the air permeability of the fabric
decreased slightly after the treatment with P-
cyclorlcxtrin-gratted chitosan (Fig. 10). The
reason may be attributed to swelling of cotton,
which modifies the fabric interstices. its thickness
and porosity. leading to a reduction in air



permeability of the cotton fabric."
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Figure 9: Drape coefficient of control and finished
colton fabric

CONCLUSION
The novel nppl icat ion of 13-CD-grafled

chitosan on textile fabric for achieving slow
release of volatile oil was successfully performed
and investigated. The optimum yield of
lernongrass oil obtained was 3.8 ± I %, by using a
Soxhlet extractor, which is a quite significant
aspect to explore in a further study. The optimized
lernongrass oil concentration for achieving the
max imum fragrance from the fi n ished fabric was
7% in 80% ethanol. The results confirmed the
significant role of ~-CD cavities in the durability
of the finish, and also established the ability of ji-
CDs to store the volat i Ie compound and release it
in a controlled manner. Also, the finished fabric
exhibited excellent antibacterial activity due to
the presence of citral in lernongrass oil and the
availability of cationic chitosan. The ~-CD-
grafted chitosan finished fabric presented
improved tensile strength, higher drape
coefficient and slightly reduced air permeability,
which was not significantly hampering the
physical properties of the fabric. It can be
concluded that lernongrass oi I cou Id be used as
part of a finishing treatment to impart fragrance to
traditional clothing. Also. the application of ~-
Cfr-grafted chitosan in finishing home furnishing
textiles and apparel opens up new horizons for
unique textile products.
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ABSTRACT

The growth in technical textiles resulted in <In increased demand for multifunctional textiles. Finishing using
microencapsulated products can serve as the vital technique for imparting multiple functionalities to textile
materials. The microcncapsularion or essential oils in cure-shell structure has been investigated for protection by
evaporation, odor masking, and controlled release. The N,N-diethyl-mcta-toluamide (DEET) and citriodiol oil
(CO) have been reported to possess excellent mosquito repellent. antibacterial property. However. the rapid
volatility is the limitation or CO and DEET exhibit high level of skin penetration, causing allergic to the skin or
toxic encephalopathy in children. As a result, the consumers are demanding an alternative to DEET that contains
natural ingredients. Therefore, the objective of this study was to investigate the sustainable approach for
developing multi funct ional texti les.

The DEET - CO microcapsules were prepared by using chitosan and gelatine as a shell material utilizing the
highly sophisticated spray-drying technique. The optimum conditions were 0.75% chitosan in 0.5% acetic acid,
0.75% gelatine. 0.5% each DEET and CO with 0.7tyo tween 80 emulsifiers in distilled water. The surface
morphology of microcapsules was analyzed by scanning electron microscopy (SEM) which confirmed the
presence of spherical microcapsules with the diameter in the range of I and Sum. The encapsulation efficiency
(EE) and retention determination (RD) of the microcapsules were calculated as > 90% and >70% respectively.
The microcapsules were applied on to cotton fabrics by a pad-dry-cure method. The SEM images of finished
fabric showed that the microcapsules were not only tightly fixed on the fabric surface but also inserted in the
fibers spacing. The mosquito repellency was analyzed by a screen cngc test, which showed <)0% inhibition of
mosquitoes. The finished fabric also displayed an excellent antibacterial property along with superior antioxidant
activity. All the functional properties were retained in the auslacrory level after 5 washes. The superior
mosquito repellency achieved using DEET - CO microcapsules finish was likely due to the combined effect
provided by tile different w ork ing mechanisms of the two chcrnrculs i.e. blockmg of the receptors on the
mosquitos' body by DEET and masking the odor of the human body by CO.
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