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Abstract Application of encapsulated essential oils

in the chemical finishing of textiles is rapidly devel-

oping because of their versatility and flexibility. In this

work, alginate nanocapsules containing peppermint

oil were prepared by the microemulsion method and

applied on cotton fabric by a microwave curing

process. Effective parameters on antimicrobial activ-

ity of finished cotton fabric were optimized to obtain a

good antimicrobial and fragrant textile. FT-IR spec-

troscopy and TGA were used to quantify the presence

of nanocapsules on the cotton fabric. Also, the surface

distribution, attendance and preferred position of the

nanocapsules on the textile fibers were investigated by

SEM images. The releasing behavior of peppermint oil

from the finished cotton fabric in different washing

cycles measured by GC-MS analysis indicated that the

percent of peppermint oil reached 16 % after 25

washing cycles. Antimicrobial activity of the finished

fabric showed 100 % bacterial reduction for both

E. coli and S. aureus bacteria in optimum conditions.

Keywords Cotton fabric � Microwave curing �
Fragrant nanocapsules � Antimicrobial fabric

Introduction

Fibers and polymers not only have a resistance ability

against different bacteria and disease transmission, but

they also normally act as a common media for the

growth, transfer and diffusion of microorganisms

(Jantas and Górna 2006). Microorganisms rapidly

transfer to fabric through direct contact with the skin.

Also, the rough and permeable surface of the fabric

provides a favorable environment for their growth.

Any textile finishing method that leads to inhibiting or

killing of microorganisms can be properly described

as ‘‘antimicrobial finishing’’ (Heywood 2003).

Fragrances and essential oils have long been used in

pharmacy and medicine. Nowadays, they are consid-

ered natural drugs because of their pharmaceutical

effects (Wang and Chen 2005). Most essential oils are

antiseptic and kill bacteria or inhibit their growth.

Also, they are compatible with the human body and

promote cellular rejuvenation. Among the essential

oils, peppermint oil has been widely used in various

fields such as foods, cosmetics and personal products

because of its properties including headache and

migraine pain relief; antiseptic and antispasmodic

effects; treatment of colds, flu and digestive problems;

and relief of itching, stress and mental illnesses

(Cristina 2004).

Aromatherapy is the science and art of using natural

herbal products and essential oils to balance the mind,

body and spirit (Cristina 2004). A new development in
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aromatherapy science is the preparation of fragrant

textiles using different plant extracts. These textiles

play an important role in meeting physiological

demands, providing comfort and happiness as well

as killing pathogenic bacteria. An important problem

is the volatility of essential oils and their chemical

instability in relation to air, light, moisture and high

temperatures (Beristain et al. 2001; Cristina 2004).

The most effective method for preparing fragrant

textiles is a technique based on preparing tiny

packaged materials with many attractive features

called micro-nanoencapsulation, which can prolong

the scent lifetime through controlled release (Ghayem-

pour and Mortazavi 2013, 2014; Teixeira et al. 2011).

The wall material is an important factor in the

characterization of micro-nanocapsules and aromather-

apy textiles finished with fragrant mico-nanocapsules.

Among the natural polysaccharides, alginate is widely

used in different fields such as the medicine, food and

textile industries because of its biodegradability, com-

patibility and capability of drug delivery. It is a natural

polysaccharide consisting of linear copolymers of 1-4

glycosidically linked b-D-mannuronic acid and a-L-
guluronic acid residues (Ghayempour and Mortazavi

2014, 2015).

A major concern is the need for a technique to graft

the fragrant nanocapsules on the fabric surface. Some of

the studies done on the microencapsulation of essential

oils and their applications in the textile industry are

summarized in Table 1. For example, Monllor et al.

(2007) prepared melamine formalin microcapsules

containing flavor and applied them on the cotton fabric

by impregnation and exhaustionmethods. They showed

that the efficiency of the impregnation process is higher

than that of bath exhaustion.

Stabilization of nanocapsules on textiles has usually

been performed during a thermal process at high

temperatures (130–170 �C) over a certain period of

time (1–10 min). The quick evaporation and swelling

lead to breaking of the capsule walls and the escape of

their contents. Loss of the fragrance from the capsules

reduces the amount of aroma on the fabric and

decreases its durability. A cotton fabric finished with

aroma capsules by a thermal curing process can only

withstand 25 washing cycles (Li et al. 2005). An

alternative to the thermal process is the use of a

microwave curing method for the stabilization process.

Impinging a short length of microwaves on a material

leads to vibration, polarization and rapid motion of the

molecules, ultimately heating the material (Li et al.

2008). Bischof Vukušić et al. (2011) used microwave

curing in the antimicrobial finishing of cotton fabric

with citric acid and sodium hypophosphite monohy-

drate. They confirmed that the antibacterial activity of

samples finished by microwave curing was higher than

that of conventional curing. Zhao et al. (2011) finished

wool fabrics with chitosan biguanidine hydrochloride

using microwave curing and compared the results to

those with conventional curing. The results indicated

that the degree of crosslinking and antimicrobial

activity of the samples was higher with microwave

curing. Budimir et al. (2012) used the microwave as a

drying and curing device to produce antimicrobial

cotton textiles. They showed that the antimicrobial

activity of the samples dried by the microwave was

better than that of samples obtained by conventional

drying. Also, ultraviolet and microwave curing was

used by El-Molla et al. (2013) to apply new binders for

pigment printing of polyester fabrics.

In this work, alginate nanocapsules containing

peppermint oils were prepared by the microemulsion

technique using an ultrasonic stirrer and applied on the

cotton fabric using a microwave curing method. The

effects of various parameters such as the amount of

fragrance nanocapsules, type of binder, amount of

selected binder and curing time on the antimicrobial

activity of the finished cotton fabric were evaluated

and the best results used as the optimized values. The

presence of nanocapsules on the fabric surface was

corroborated by Fourier transform infrared (FT-IR)

spectroscopy, scanning electron microscopy (SEM)

and thermogravimetric analysis (TGA). Also, release

of essential oils from the finished cotton fabric in

different washing cycles was investigated by gas

chromatography-mass spectrometry (GC–MS) analy-

sis. Finally, the antimicrobial activity of the cotton

fabric finished with nanocapsules containing pepper-

mint oil was investigated.

Experimental

Materials

Peppermint oil was received from Barij Essence

Pharmaceutical Co., Iran. Sodium alginate [Manutex

FAV, ISP Alginates (UK) Ltd.], calcium chloride

(Merck, Germany) and Tween 20 (Merck KGaA,
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Darmstadt, Germany) were purchased. Three types of

binders [acrylate from Clariant Co., polyvinyl acetate

(PVA) from Kremer and polyurethane (PU) from

Edolan] were used to graft the fragrant nanocapsules

on the cotton fabrics. Diammonium hydrogen phos-

phate (DAHP) obtained from Merck Co. was utilized

as the catalyst. A cured and bleached 100 % cotton

fabric (weight: 140 g m-2, warp: 22 yarn cm-1, weft:

25 yarn cm-1, warp and weft yarn count: 20 Nmwarp

yarn spin: 640 Tpm and weft yarn spin: 520 Tpm) was

used as the fabric sample.

Preparation of nanocapsules

Fragrant nanocapsules were prepared by sodium

alginate as the wall material, peppermint oil as the

core material and Tween 20 as the emulsifier. For this

purpose, a mixture of sodium alginate 1.5 %, 3 ml

peppermint oil and Tween 20 0.1 %was stirred using a

200-W and 24-kHz ultrasonic wave-generating device

(UP200H Hielscher, Germany) equipped with a

sonotrode (3 mm in diameter) for 5 min. Finally,

calcium chloride 5 %was added to themicroemulsion,

and the sonification process was continued to obtain

nanocapsules. The efficiency of the encapsulation

process was calculated by measuring WNanocapsules

(weight of prepared nanocapsules) andWPrimary materials

[weight of primary materials (peppermint oil, alginate

and calcium chloride)] by Eq. 1:

Encapsulation efficiency %
¼ WNanocapsules=WPrimary materials

� �
� 100 ð1Þ

Finishing process

A printing paste was prepared by mixing fragrant

nanocapsules, three different binders and DAHP

((NH4)2HPO4) as the catalyst. Then, the cotton fabric

was finished with printing paste and cured using a

home-use 800-W microwave oven (EM-S2588B,

Sanyo, Japan). The microwave curing process was

carried out at different times to obtain an accept-

able stabilization of the nanocapsules on the cotton

fabric with minimum loss of fragrance.

SEM

A scanning electron microscope (SERON Technol-

ogy ALS-2100, South Korea) was utilized to study

of the surface morphology of the nanocapsules and

Table 1 Some of the reported works on the microencapsulation of flavors and fragrances and applications in the textile industry

References Core material Wall material Encapsulation method Application in textiles

Treatment method Fabric

Hong and Park

(1999)

Migrin oil Melamine and

formaline

In situ polymerization Printing Cotton

Hong and Park

(2000)

Forest-shower fragrant

solution

Poly(L-lactide) Interfacial precipitation Printing Cotton

Thilagavathi

et al. (2007)

Mexican daisy extracts

and neem oil

Gum acacia Separation/coacervation Pad-dry cure Cotton

Monllor et al.

(2007)

Mint flavor Melamine

formalin

No information was supplied

by the provider

Impregnation or bath

exhaustion

Cotton

Rodrigues et al.

(2009)

Limonene Polyurethane/

urea

Interfacial polymerization Pad-dry cure Wool/

polyester

Rajendran et al.

(2013)

Ocimum sanctum oil Alginate–

chitosan

Gelification Pad-dry cure Cotton

Javid et al.

(2014)

Eucalyptus and

sandalwood oils

Chitosan Emulsion Pad-dry cure Cotton

Lee et al. (2014) Citrus unshiu Melamine-

formaldehyde

In situ polymerization Pad-dry cure Cotton

Bonet Aracil

et al. (2015)

Lavender Melamine-

formaldehyde

Commercial Padding and bath

exhaustion

Cotton
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finished cotton fabric. Each sample was fixed on a

standard sample holder and sputter coated with gold.

They were then examined by an SEM at

suitable magnification.

FT-IR

The FT-IR spectra of the samples were measured

using a BOMEN MB series 100 spectrophotometer

(Hartman &Braun, Canada). Spectra were collected at

a resolution of 4 cm-1 and given as the ratio of 21

single beam scans to the same number of background

scans in pure KBr.

Thermal analysis

The thermal behavior of the finished cotton fabric was

investigated using a thermal analysis system (DTA/

TGA, BAHR-Thermoanalysis GmbH and STA 503)

by heating the finished cotton fabric at 600 �C with an

increasing rate of 10 �C min-1 under N2 steady flow.

Washing test

To study of the washing durability, the finished cotton

fabrics were laundered on a short time program of

45 min at 30 �C according to the International Standard,

ISO 105-C10 (2006) standard test method. The washing

durability of the finished cotton fabrics was investigated

by SEM photographs and antimicrobial assays.

Rubbing test

The rubbing strength of the finished cotton fabrics was

investigated using a Crockmeter device (Electronic

Crockmeter M238B, UK) according to the Interna-

tional Standard, ISO 105-X12 (2001) standard test

method. The fabrics were rubbed for ten cycles per

10 s by a finger covered with a fabric sample at a

pressure of 10 N.

Release study

To investigate the release of peppermint oil, the

percent of residual peppermint oil in the finished

cotton fabrics was measured by GC-MS analysis after

0, 5, 10, 15, 20 and 25 washing cycles. For this

purpose, finished cotton fabrics were cut into

5 cm 9 5 cm pieces and mixed with 5 ml of acetone

solution to separate the fragrant nanocapsules from the

fabric surface. GC-FID analysis was carried out using

an HP-6980 Agilent gas chromatograph equipped with

a flame ionization detector (FID) and a fused silica

capillary column of HP-5MS (I.D. = 0.25 mm, 30 m

long, and 0.25 lm film thickness and 5 % phenyl

methyl siloxane), and GC-MS analysis was performed

using an HP 6890 GC system coupled with a 5973

network mass selective detector.

Antimicrobial assay

The antimicrobial activity of the finished cotton fabrics

was investigated according to the AATCC test method

100-2004 (2005). This assay was carried out using two

bacterial species, Escherichia coliATCC 1330 (Amer-

ican Type Culture Collection) as the gram-negative

bacteria and Staphylococcus aureusATCC 1337 as the

gram-positive bacteria. A colony of bacteria preserved

with a bio-loop was inoculated on a nutrient agar plate

and cultivated at 37 �C for 24–48 h. Then, a colony of

bacteria cultivated on the agar plate was inoculated

into 20 ml of broth and cultivated at 37 �C for 18–24 h

under constant stirring. The number of living bacteria

in the test tube was evaluated by measuring the optical

density at 580 nm. The bacteria number in the test tube

was adjusted to 1–2 9 106 CFU ml-1 by dilution

with the nutrient broth. Then 1 ml broth was added to

20 ml of the nutrient culture medium and cultivated at

37 �C for 2 h with shaking. The number of living

bacteria was adjusted to 1 ± 0.3 9 105 CFU ml-1 by

dilution with 1/20 of nutrient broth. This suspension

was subsequently stored at 0 �C to be used later as an

inoculator.

Finished and unfinished (control) cotton fabricswere

cut into 48 ± 0.1-cm-diameter pieces. After steriliza-

tion in an autoclave at 121 �C for 15 min, 0.2 ml of the

inoculator adjusted to 1 ± 0.3 9 105 CFU ml-1 was

applied to fabrics and the samples cultivated at 37 �C
for 18 h. The number of living bacteria on the fabric

was evaluated after inoculation, and the percentage of

bacteria reduction (R) was calculated using Eq. (2).

R ¼ 100 B� Að Þ=A ð2Þ

where A is the number of bacteria on the unfinished

cotton fabric (control) and B the colony number of

bacteria on the finished cotton fabric. For each sample,

the test was repeated three times, and two separate

treatments were used for each replicate.
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Properties of finished cotton fabric

The physical properties of unfinished and finished

cotton fabric by nanocapsules containing peppermint

oil were evaluated and compared. For this purpose, the

mass, stiffness and thickness of fabrics were deter-

mined according to the SIST EN 12127:1999, ASTM

D-1388-64 (1975) and SIST-EN ISO 5084:1999

(1996) standard methods.

Results and discussion

Alginate nanocapsules containing peppermint oil were

prepared in different conditions, and the effective

parameters according to the size and morphology of

nanocapsules such as the values of materials and time

of the sonification process were optimized. The results

indicated that the best product obtained using sodium

alginate 1.5 %, calcium chloride 5 % and Tween 20

0.1 % in the 5-min sonification process. Figure 1

displays the SEM image of fragrant nanocapsules

prepared in optimum conditions. As can be seen, the

nanocapsules containing peppermint oils were suc-

cessfully prepared with a spherical shape and average

size of 80 nm. Also, the results of encapsulation

efficiency indicated that the peppermint oil was

successfully encapsulated in alginate with an effi-

ciency of 98.5 %.

The prepared nanocapsules were used as the

fragrant and antimicrobial material because of their

properties such as naturalness, good scent, antimi-

crobial activity and controlled release. To prevent the

breakage or destruction of fragrant nanocapsules

during the finishing process, a low-temperature

curing based on microwave irradiation was used to

apply nanocapsules on the cotton fabric. For this

purpose, first, the effect of different parameters such

as the amount of fragrance nanocapsules, type and

amount of the used binder, and time of microwave

curing on the antimicrobial activity of the finished

cotton fabric was investigated. Then, the character-

ization of the finished cotton fabric in optimum

conditions was evaluated by SEM, FT-IR, TGA, GC-

MS and antimicrobial assays.

Effect of different parameters on the antimicrobial

activity of the finished cotton fabric

Amount of fragrance nanocapsules

Two grams acrylate binder and different values of

fragrance nanocapsules were used to study the effect

of the nanocapsule amount on the antimicrobial

activity of samples. This work was done in a 30-s

curing time. The results showed that the number of

bacteria decreased with an increasing amount of

nanocapsules so that the maximum antibacterial

activity (89 %) obtained using 10 g nanocapsules

(Fig. 2a). It should be noted that the antibacterial

activity did not change with a further increase of the

nanocapsule amount. Therefore, 10 g nanocapsules

was considered the optimum value of fragrant

nanocapsules.

Types of binder

Binders play an important role in grafting the

nanocapsules on the fabric surface. Therefore, selec-

tion of the suitable binder has a considerable effect on

the durability, washing stability and quality of finished

cotton fabric. To select the best binder, 2 g of three

binder types (acrylate, PVA and PU) with 10 g

nanocapsules containing peppermint oil were applied

for 30 s. As can be seen in Fig. 2b, the highest

antibacterial activity (88 %) obtained by the acrylate

binder.

Amount of binder

In order to study the effect of the binder amount,

different values of 0, 1, 2, 5 and 10 g acrylate binderFig. 1 SEM photograph of prepared nanocapsules
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were used in the finishing process. The nanocapsule

value and time of curing were 10 g and 30 s,

respectively. The results indicated that the greatest

antibacterial reduction observed using 5 g acrylate

binder (Fig. 2c). Therefore, this value was selected as

the optimum value of the acrylate binder.

Time of microwave curing

In this study, we tried to apply the fragrant nanocap-

sules on the cotton fabric at a possible least time of

microwave curing to prevent any damage to the

nanocapsules structure and their core material (pep-

permint oil). To select the minimum required time,

microwave curing was done for 20, 25, 30, 35, 40 and

45 s in the presence of 10 g nanocapsules and 5 g

acrylate binder. As can be observed in Fig. 2d, 35 s is

the best time for microwave curing. In these situations,

the antimicrobial activity reached 100 %.

SEM

Figure 3 shows the SEM images of cotton fabrics

finished with alginate nanocapsules containing pep-

permint oil before and after 25 washing cycles and

rubbing test. Large amounts of fragrance nanocapsules

grafted on the cotton fabric (Fig. 3a) indicates that the

acrylate binder is bound the nanocapsules on the fiber

surface well. Figure 3b indicates that many nanocap-

sules are remained on the fabric after 25 washing

cycles. Therefore, the finishing process yielded good

washing stability. The SEM image of the finished

cotton fabric after the rubbing test is given in Fig. 3c.

As observed, a small number of nanocapsules are

Fig. 2 Effect of a the amount of fragrance nanocapsules, b type of binder, c amount of acrylate binder and d time of microwave curing

on the antibacterial activity of the finished cotton fabric
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remained on the fabric surface compared to before the

rubbing test, and only some of the nanocapsules were

protected by neighboring fibers or remained in cavities

within the fiber.

FT-IR

In order to study the structure of the fabric finished

with nanocapsules containing peppermint oil, infrared

spectra of the unfinished fabric and finished fabric

before and after 25 washing cycles were taken in the

500–4000 cm-1 region. The FT-IR spectrum of the

unfinished cotton fabric is shown in Fig. 4a. As can be

seen, stretching vibrations of O–H bonds of cellulose

is appeared in the range of 3000–3600 cm-1, and the

peaks related to aliphatic C–H and C–O–C in the

cellulosic structure of cotton fabric are appeared at

2923 and 1026 cm-1, respectively (Chen et al. 2011).

Figure 4b indicates the FT-IR absorption spectrum of

the finished cotton fabric. The peak appeared at

1737 cm-1 is related to the stretching vibration of

the carbonyl group in the structure of alginate and

acrylate. Also, the peaks observed at 1647 and

1431 cm-1 are attributed to asymmetric and symmet-

ric stretching vibrations of the carboxylate ion in

calcium alginate, respectively. These results show that

the nanocapsules were well grafted on the cotton

fabric surface through the acrylate binder. The FT-IR

spectrum of the finished cotton fabric after 25 washing

cycles is shown in Fig. 4c. As observed, the peaks

related to alginate nanocapsules (1737, 1647 and

1431 cm-1) are still visible in the FT-IR spectrum.

Fig. 3 SEM photographs of cotton fabrics containing nanocap-

sules a before the washing and rubbing tests, b after the washing

test and c after the rubbing test

Fig. 4 Infrared spectra of cotton fabric awithout nanocapsules,
b with nanocapsules and c with nanocapsules after the washing

test
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Therefore, some nanocapsules are remained on the

fabric after the washing test. This confirms the results

of the SEM images.

Thermal analysis

TGA curves of unfinished and finished cotton fabric

with fragrance nanocapsules containing peppermint

oils are shown in Fig. 5. As seen, the unfinished cotton

fabric showed thermal behavior with the onset tem-

perature of degradation at about 310 �C. Also, the
maximum rate of weight reduction was observed at

about 350–400 �C, which can be attributed to the

decomposition of cellulose. The TG curve of finished

cotton fabric indicated a lesser decomposition tem-

perature with the maximum weight reduction rate at

300–350 �C. Destroying the alginate nanocapsules

containing peppermint oils and releasing the pepper-

mint oil from nanocapsules at a lower temperature lead

to changing the thermal behavior of finished cotton

fabric. On the other hand, the binder plays an

important role in grafting the nanocapsules on the

cotton fabric; therefore, increasing the temperature

leads to breaking the fabric-binder and nanocapsule-

binder interactions.

Release of essential oils from the finished cotton

fabric

The release behavior of fragrant nanocapsules from

finished cotton fabric in different washing cycles was

evaluated by GC–MS analysis, presented in Fig. 6a.

As can be observed, the amount of peppermint oil after

ten washing cycles decreased only 32 % in compar-

ison with the unwashed sample. After 25 washing

cycles, the percent of peppermint oil reached 16 %.

The results indicate that the alginate nanocapsules

have high stability. Also they are as well as grafted to

fabric fibers and the finished cotton fabric have high

washing durability.

Various mechanisms have been suggested for the

release of the core material from the capsules, such as

applying the pressure force, dissolving the materials

by chemicals, changing the pH or temperature, and

diffusion from the capsule walls. In this research,

alginate as a biodegradable polysaccharide was used

as the wall material. This biopolymer produces

stable nanocapsules that helps to control the release

of essential oils. Therefore, the prepared alginate

nanocapsules broke or destroy according to the envi-

ronmental conditions and peppermint oil leaks from

them. Also, the prepared nanocapsules can be swollen

in aqueous environments, and peppermint oil diffused

from the nanocapsules wall.

Antimicrobial activity of fabrics finished

with nanocapsules

In this study, the antimicrobial activity of cotton

fabrics finished with nanocapsules containing pepper-

mint oil was investigated using common microorgan-

isms of textiles such as S. aureus and E. coli. For this

purpose, an antibacterial test was carried out after 0, 1,

2, 5, 10, 15, 20 and 25 washing cycles and the rubbing

test on the finished cotton fabrics as was an investi-

gation of their washing and rubbing durability. As can

be seen in Fig. 6b, finished cotton fabrics indicated

good antibacterial activity at 25 washing cycles so that

the percent of bacterial reduction at five and ten first

washing cycles was 100 % by S. aureus and E. coli,

respectively. Also, samples showed 95 and 96 %

bacterial reduction after 25 washing cycles by S.

aureus and E. coli, respectively. The complete results

are presented in Table 2. Figure 7 displays the

antimicrobial activity of unfinished fabric, finished

fabric before the washing test, finished fabric after 25

washing cycles and finished fabric after the rubbing

test. The results indicate that fabrics finished with

nanocapsules containing peppermint oil exhibit 100 %

antimicrobial activity. Peppermint oil contains a
Fig. 5 TGA curves of unfinished and finished cotton fabric by

nanocapsules containing peppermint oils

4072 Cellulose (2015) 22:4065–4075

123



variety of volatile molecules such as terpenes, ter-

penoids, and phenol-derived aromatic and aliphatic

components. These components and menthols char-

acterize the flavor quality of peppermint oil and act as

prooxidants affecting inner cell membranes and

organelles such as mitochondria, thus killing bacteria

(Bakkali et al. 2008).

The finished cotton fabric displayed lower antimi-

crobial activity after washing because of the release

of peppermint oil from nanocapsules during the

washing process. Also, the rubbing test led to

breaking and destruction of many nanocapsules

grafted on the fabrics and reduction of the antimi-

crobial activity. The partial antimicrobial activity of

the blank sample was caused by the blanching

process done on it. On the other hand, the gram-

positive bacterium, S. aureus, exhibited better activ-

ity in all the tests compared with the gram-negative

bacterium, E. coli. This difference can be explained

by their structure and cell wall.

Properties of fabric

The properties of unfinished and finished cotton

fabrics such as mass, stiffness and thickness were

investigated. The results indicated that the mass of

finished cotton fabric increased about 5.2 % against

unfinished cotton fabric. This increasing of mass can

be attributed to the presence of fragrant nanocapsules

on the fabric surface. Also, the stiffness of finished

cotton fabric slightly increased in comparison with

unfinished cotton fabric, which is related to the

Fig. 6 a Release of essential oils from the finished cotton fabric in different washing cycles and b antibacterial activity of finished

cotton fabric in different washing cycles against S. aureus and E. coli

Table 2 Antimicrobial

activity of finished cotton

fabric with nanocapsules

containing peppermint oil

Sample Bacterial reduction (%)

S. aureus E.coli

Blank (untreated fabric) 66 65

Finished cotton fabric 100 100

Finished cotton fabric after 1 washing cycle 100 100

Finished cotton fabric after 2 washing cycles 100 100

Finished cotton fabric after 5 washing cycles 100 100

Finished cotton fabric after 10 washing cycles 99 100

Finished cotton fabric after 15 washing cycles 98 99

Finished cotton fabric after 20 washing cycles 96 97

Finished cotton fabric after 25 washing cycles 95 96

Finished cotton fabric after rubbing test 88 89

Cellulose (2015) 22:4065–4075 4073
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addition of nanocapsules and binder to the fabric. The

results of thickness measurements indicated that there

was no significant difference in thickness between

finished and unfinished cotton fabric. This result is due

to placing the nanosize capsules between fibers of

cotton fabric during the finishing process.

Conclusions

Encapsulation is a new technique used for textile

finishing with antimicrobial materials. In this study,

the prepared nanocapsules containing peppermint oil

by the microemulsion method were stabilized on the

cotton fabric by a microwave curing finishing process.

The effective parameters concerning the antimicrobial

activity such as the amount of nanocapsules, type and

amount of binder, and time of the curing process were

optimized. The results indicated that the washing

durability of the finished cotton fabrics under opti-

mized conditions was 25 washing cycles. The evalu-

ation of peppermint oil release in different washing

cycles indicated that the percent of peppermint oil

reached 16 % after 25 washing cycles. Infrared spectra

of fabric samples, SEM images and TGA results

revealed the presence and alignment of nanocapsules

on the cotton fabric. The antimicrobial activity

maintained even after the washing and rubbing tests.

Also, the finished cotton fabrics obtained a durable

aroma of peppermint oil in addition to antimicrobial

activity.
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