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ABSTRACT

Preparation of silver nanoparticle by using leaf extracts of Terminalia catappa, its deposition
on Nylon fabrics, and the modification with an addition of HDTMS have been conducted in this
research. The samples prepared in this study were nylon cloth (NO), nylon cloth - silver nanoparticles
(N1), Nylon cloth - HDTMS (N2), Nylon cloth — silver nanoparticles — HDTMS (N3), and Nylon
cloth - HDTMS - silver nanoparticles (N4). The silver nanoparticles were performed by using Uv-
Vis spectrophotometer, antibacterial activity of Nylon against S.aureus and E.coli was determined
by measuring a diameter of clear zone, and water contact angle of the sample was measured by
a sessile drop method. Silver nanoparticles are successfully produced using Terminalia catappa
extracts as indicated by the absorption peaks at 448.50nm. Samples of Nylon cloth-silver
nanoparticles — HDTMS (N3) show the highest antibacterial activity against S. aureus and E. coli
with a strength 3 to 13 times greater than silver nanoparticles. Each sample of N1, N2, N3, and N4
shows the same ability to inhibit the growth of S.aureus and E.coli. The addition of HDTMS

increases contact angle of nylon cloth.
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INTRODUCTION

The self-cleaning textiles with antibacterial
properties are very useful for the medical world
especially those used by patients, doctors, and
nurses in a hospital. The use of polyamide fibers in
the field of apparel textiles is wide enough such as
socks, underwears, sportswear, to the use of
techniques such as tire reinforcement yarn,
tarpaulins, towing belts and as a denture base

material'. Polyamide or Nylon fabric is one example
of the first synthetic polymer made by Wallace
Carothers, produced from hexamethylenediamine
and adipic acid. On the reaction, it is produced a
fiber called “Nylon 6.6.

Development of the self-cleaning and the
antibacterial textile materials needs to be done to
have a better quality of the products. The product of
self-cleaning textile can be obtained by imitating
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Lotus leaf surface (Nelumbo nucifera) that has a
complex surface texture between micro to nano
scale or hydrophobic. This causes the dirt on the
surface of the textile will be easily separated without
making the textile to be wet?. Textile materials having
hydrophobic properties can be obtained by
modifying those with a silane compound. Silane-
based molecules have long hydrocarbon chains
and have a low enough surface energy to make a
hydrophobic textile material®.

The antibacterial properties of textile
materials can be obtained by utilizing nanotechnology,
by depositing nanometer-sized particles onto a
textile material. The development is currently quite
rapid, and it is expected that the application of
nanotechnology can improve the competitiveness
of the national textile industry*. The application of
nanotechnology or the use of nanometer-scale
chemicals for textile materials in the process of
refinement and improvement will produce a more
functional textile material than conventional textiles?.
To make antibacterial or antimicrobial textile
materials necessary on nanoparticles are
appropriate, the nanoparticles used should be able
to kill various types of microbes in a broad spectrum,
but not toxic to non-pathogenic microbes. In some
literatures, it has been disclosed that silver
nanoparticles coating on textile materials such as
polymer fibers i.e cotton and Nylon fibers can make
the textile material becoming antibacterial®.

Silver nanoparticles can be obtained by
several methods, such as chemical reduction,
electrochemistry, photochemistry, and sonochemistry.
The most common method used is the chemical
reduction. The several factors that make the method
popular are because of the convenience factor, the
relatively cheap cost and it is possible to produce
on a large scale. The silver nanoparticles which
were prepared by using polyvinylpyrrolidone (PVP)
are spherical and relatively uniform®. The chemical
reduction method for obtaining silver nanoparticles
was performed by using silver salts and sodium
citrate or sodium borohydrate®.

There is now another method of preparation
of nanoparticle by utilizing living things such as
microorganisms and plants as the reductors. The
synthesis of these nanoparticles is known as the
green synthesis of nanoparticles’. The method which
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uses the principle of green chemistry, is growing
and widely used today because the chemical
reduction process is feared to produce highly toxic
properties when applied in the field of biomedicine.
The purpose of the method is to replace toxic
substances in chemical reduction processes®.

In this research, a fabric or textile material
which is a polymer fiber was developed into self-
cleaning and antibacterial textile product. The
product of self-cleaning textile can be produced by
the addition of silane compound to be hydrophobic.
Meanwhile, the antibacterial textiles can be
produced by the addition of nanoparticles. Silver
nanoparticles were obtained by biosynthetic
methods using plant extracts of Ketapang
(Terminalia catappa) leaves®. In this method of
reduction, the extract of Ketapang leaves acts as a
bioreductor.

MATERIALS AND METHODS

Materials and Procedures

Nylon fabrics were purchased from the
fabric store in Yogyakarta, Indonesia. Silver nitrate,
polyvinyl alcohol (PVA), ethanol, acetone, and
hexadecyltrimethoxysilane (HDTMS) were
purchased as commercial products and used as
they were without any further purification. Nutrient
Agar (NA) and Nutrient Broth (NB) were purchased
from Oxoid. Staphylococcus aureus ATCC 25923
and Escherichia coli 32518 were obtained from a
collection of Faculty of Medicine, Gadjah Mada
University.

The study was conducted in the following
stages: extraction of Ketapang Leaf (Terminalia
catappa), preparation of silver nanoparticle,
deposition of silver nanoparticle on Nylon fabrics,
modification of Nylon fabrics with the addition of
HDTMS, and characterization of Nylon fabrics.

Preparation of silver nanoparticle by using
Terminalia catappa

About 20 g of Terminalia catappa leaves
were washed with aquadest, put into a 500 ml beaker
glass then 100 ml of distilled water was added to
extract on boiling for about 20 minutes. It was then
filtered using Whatman No. 42 at room temperature.
To about 1 ml of the extract, 40 ml of silver nitrate
solution 1.10®* M was added. The mixture was left
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for about 2 h. to react and then about 12 ml of 1% of
PVA solution was added while stirring for about
2 hours. The solution was then allowed to stand for
4 days to produce a colloidal silver nanoparticle.
The colloidal was characterized using a UV-Vis
spectrophotometer.

Application of silver nanoparticles on Nylon fiber
(Nylon - Ag)

Nylon fabric was cut to the size of 5 cm x
5 cm. It was washed by soaking in acetone for
30 min. and then rinsed with or soaked in distilled
water nonion for about 30 min. and dried using a
hairdryer. Then, Nylon fiber was immersed in the
colloidal of silver nanoparticle, twisted around using
a shaker with a speed of 153 rpm for 24 h and
finally dried at room temperature.

Modification of Nylon fiber surface with
HDTMS (Nylon - HDTMS)

HDTMS was dissolved in ethanol. Then,
Nylon and the Nylon-Ag were immersed into the
4% of HDTMS solution. The mixture was allowed to
react for about 6 h at room temperature. Nylon and
Nylon-Ag immersed in silane solution were twisted
using shaker at 155 rpm for 1 h followed by drying
at room temperature. Then, Nylon fabric before and
after modification was analyzed by using
antibacterial activity test and contact angle test. The
sample which was prepared in this study were
labeled as the followings, Nylon cloth (NO), Nylon
cloth - silver nanoparticles (N1), Nylon cloth
— HDTMS (N2), Nylon cloth — silver nanoparticles
— HDTMS (N3), and Nylon cloth - HDTMS - silver
nanoparticles (N4).

Test of antibacterial activity

Antibacterial activity was performed by
preparing bacterial growth in media such as
Nutrient Agar and Nutrient Broth by dissolving
14 g of NA in 500 ml of distilled water and 1.3 g of
NB in 250 ml of distilled water. All the tools and
media for growing bacteria were sterilized in
autoclave. Rejuvenation of Staphylococcus aureus
ATCC25923 and Escherichia coli ATCC32518
were performed on an agar medium NA and
incubated for 24 h at room temperature.
Staphylococcus aureus 25923 and Escherichia coli
ATCC32518 which has been rejuvenated for 24
Escherichia coli and Staphylococcus aureus were
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analyzed by statistic test using SPSS version 15
program. The test was done by ANOVA test, LSD
test, and t-Independent. ANOVA test was used to
determine the effect of sample type, incubation time,
and interaction between samples and incubation
time on the antibacterial activity. LSD test was used
to determine the significance between samples,
and a t-Independent test was used to determine
whether there were significant differences in
antibacterial activity of Nylon samples between
Escherichia coli (Gram negative) and Staphylococcus
aureus (Gram positive).

Test of water contact angle

The hydrophobic properties of the samples
were determined by measuring the water contact
angle (8) between the fluid and the sample surface
using sessile drop method'?. Samples were placed
on the surface of a table or a flat board and
micropipette was placed on the top then paired with
the upright. By using a pipette, a water was dripped
from a height of 1 cm of the sample. Once the water
dripped, the contact angle shooting was done using
the camera with adjustable contrast, light, and focus
settings. The images were processed using Corel
Draw software X4 version to determine the contact
angle automatically between the liquid surface and
the sample.

RESULTS AND DISCUSSION

Characteristic of Silver Nanoparticles

The extracts of Terminalia catappa leaves
and silver colloidal of silver nanoparticles in this
synthesis are shown in Fig.1. The leaves extract
after the addition of silver nitrate solution and PVA
solution changed from colorless to dark brown. The
color change of the solution occurring due to the
-OH group in the tannin as the main component of
Terminalia catappa extract has oxidized to the
C = O group. It indicates that reduction process of
silver nitrate solution has occurred and formed
colloidal of silver nanopatrticles.

The analysis using UV-Vis spectrophotometer
in this study was conducted at the wavelength range
190-600nm for an AgNO, solution and 200-600nm
for the analysis of colloidal silver nanoparticles.
The UV-Vis spectra patterns are presented in Fig.2.
The AgNO, solution shows the absorption band



ROHAETI et al., Orient. J. Chem., Vol. 33(6), 2905-2912 (2017)

(@) (b) (c)

(d) (e)

Fig.1. The extracts of Terminalia catappa leaves (a), extracts of leaves + AgNO, solution + PVA solution
(b), silver colloidal after 1, 3, and 4 days (c, d, and e)

peak at a wavelength of 218.50 nm. While the silver
nanoparticles show three band peaks. The first band
peak that appears at a wavelength of 214 nm
indicates that it's still Ag* which could not be
reduced by leaf extract to Ag®. While the second
band peak that appears at 254 nm and the third

band peak at 448.50 nm show Ag* has been
successfully reduced to AgP by leaf extract. The leaf
extract of Terminalia catappa has tannins
compounds, that are thought to play an important
role as the reducing agents, the reaction mechanism
is estimated as in Figure. 3.

Fig.3. Molecular structure of Tannins (a), simple structures of Tannins (b), and reaction mechanisms of AgNP
establishment (c)'"
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Fig.2. The Uv-Vis spectra of AgNO, 1.10°M (a) and silver nanoparticles (b)
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Antibacterial activity of Nylon against
Staphylococcus aureus ATCC 25923 and Escherichia
coli ATCC 35218

Figure.4 shows the diameter of the clearzone
formed of Nylon 6.6 fabrics against Staphylococcus
aureus ATCC 25923 and Escherichia coli ATCC
35218. The clear zone formed shows that bacteria
do not grow in the area. Clear zone measurements
were performed for 72 h of incubation. Data from
observation of clear zone on samples NO, N1, N2,
N3, and N4 in inhibiting the growth of
Staphylococcus aureus ATCC 25923 are presented
in Table. 1.

Table. 1: Diameter of clear zone of Nylon
against Staphylococcus aureus ATCC 25923

Time Diameter of Clear Zone (mm)
(hours) against Staphylococcus aureus
ATCC 25923

NO N1 N2 N3 N4
42 11.2 22.2 19.2 253 128
48 131 24.4 22.3 30.5 215
54 14.7 241 23.4 28.2 17.7
60 14.0 23.7 18.9 125 16.1
66 13.8 21.7 17.8 10.7 15.6
72 17.2 16.7 14.5 6.70 12.3

The sample of N3 shows the highest
antibacterial activity compared to other cloth
samples at 48 h of incubation. This suggests that
the addition of silver nanoparticles and HDTMS
increases the antibacterial activity of Nylon fabrics
to inhibit the growth of Staphylococcus aureus. The
sample of N3 has much higher antibacterial activity
than silver nanoparticles. Whereas silver nanopatrticles
are a good antibacterial ingredient'®. Silver
nanoparticles demonstrated a diameter of the clear
zone as much as 2.3 mm™. Thus, the samples of
N3 at 48 h of incubation can be used as antibacterial
agents in inhibiting S. aureus with a strength 13
times greater than silver nanoparticles. The diameter
of a clear zone of the N3 sample at
72 h incubation still showed antibacterial activity 3
times greater than the antibacterial activity of the
silver nanoparticles.

Table. 2 shows clear zone on samples NO,
N1, N2, N3, and N4 in inhibiting the growth of
Escherichia coli ATCC 35218. The sample of N3
shows the highest antibacterial activity compared
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to other cloth samples at 60 h of incubation. This
suggests that the addition of silver nanoparticles
and HDTMS increases the antibacterial activity of
Nylon fabrics to inhibit the growth Escherichia coli.
The sample of N3 has much higher antibacterial
activity than silver nanoparticles. A diameter of the
clear zone of silver nanoparticles was as much as
2.3 mm against E. coli'?. Thus, the samples of N3 at
60 h of incubation can be used as antibacterial
agents in inhibiting E. coli with a strength 13.5 times
greater than silver nanoparticles.

Table. 2: Diameter of clear zone of Nylon
against Escherichia coli ATCC 35218

Time Diameter of Clear Zone (mm) against
(hours) Escherichia coli ATCC 35218

NO N1 N2 N3 N4
42 15.1 10.7 13.1 15.4 10.3
48 19.1 18.4 24.9 26.9 22.3
54 18.0 20.5 23.5 25.6 21.1
60 20.1 23.1 25.3 31.1 21.1
66 21.9 22.7 23.4 28.7 21.3
72 17.6 17.9 17.5 14.5 14.9

The N3 has the highest antibacterial
activity in inhibiting the growth of S. aureus and E.
coli. The silver nanoparticles inhibit and destroy a
microorganism through a mechanism, beginning
with silver nanoparticles that release Ag*, then the
Ag* will interact with the thiol group (-SH) on the
surface protein, followed by the replacement of the
hydrogen cation (H*) of the thiol group to give a
more stable S-Ag group. This will disable the
protein, and decrease the membrane permeability.
The next process is that silver ions will enter the
cell and change the DNA structure and ultimately
lead to cell death™.

The formation of high-energy molecules
such as ATP is essential for bacterial metabolism.
In the ATP molecule, there is a high-potency of group
transfer that is a phosphate group, the phosphate
group is easily transferred when attacked by more
negative molecules (nucleophiles) as hydroxyl
groups'*. HDTMS compounds have hydroxyl groups
so that the hydroxyl group can attack or react with
the phosphate group and disrupt the process of
energy formation in bacteria, causing the growth of
bacteria to be inhibited. The effect of HDTMS
compounds in inhibiting the bacterial growth may
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also be due to the nature of HDTMS compounds
being similar to detergents that are hydrophilic and
hydrophobic. In addition, HDTMS compounds can
also reduce the surface tension as well as
detergents. The detergent containing hydrophilic
and hydrophobic groups are antibacterial agents
that can damage cytoplasmic membranes and Kkill
bacterial cells™.

The result of ANOVA test is presented in
Table.3., the result of LSD test is presented in
Table.4., and the result of the t-independent test is
presented in Table.5. The incubation time affects
the antibacterial activity of the Nylon sample in

ROHAETI et al., Orient. J. Chem., Vol. 33(6), 2905-2912 (2017)

inhibiting the growth of S. aureus and E. coli (Table.
3 and Table.4). The type of fabric affected
antibacterial activity only in inhibiting the growth of
S. aureus. Each type of cloth and incubation time
affects the antibacterial activity of the fabric in
inhibiting S. aureus bacteria. Thus, the method of
modification of the Nylon fabric through the addition
of silver nanoparticles and HDTMS compounds
affects the antibacterial activity properties of the
modified fabric significantly. However, the time of
incubation and the type of Nylon cloth did not
simultaneously affect the antibacterial activity of the
cloth in inhibiting the growth of each bacterium.

Table. 3 : The effect of time and type of sample to antibacterial activity of Nylon against
Staphylococcus aureus and Escherichia coli

Staphylococcus aureus ATCC 25923

Source of data Sum Df Average F Sig.

Time 0.086 5 0.017 3.449 0.008
Sample 0.072 4 0.018 3.616 0.010
Time and Sample 0.120 20 0.006 1.197 0.289

Escherichia coli ATCC 35218

Source of data Sum Df Average F Sig.

Time 0.151 5 0.030 5.403 0.000
Sample 0.037 4 0.009 1,647 0.174
Time and Sample 0.033 20 0.002 0.294 0.998

As in Table. 4, sample N3 and N4 show a
significant difference in inhibiting the growth E. coli.
Table. 4: Interpretation of the result of LSD test
between samples type against Staphylococcus
aureus and Escherichia coli

Type of Conclusion

sample E. coli S. aureus
NO — N1 Not significant Significant
NO — N2 Not significant Significant
NO — N3 Not significant Significant
NO — N4 Not significant Not significant
N1 — N2 Not significant Not significant
N1 — N3 Not significant Not significant
N1 — N4 Not significant Significant
N2 — N3 Not significant Not significant
N2 — N4 Not significant Not significant
N3 — N4 Significant Not significant

This means modification of Nylon fabric by using 2
types of materials affecting the antibacterial activity
of the fabric. Coating the silver nanoparticles first,
and then coating with the HDTMS compound show
better fabric antibacterial activity in inhibiting the
growth of E. coli (Table. 2). While between sample
NO — N1, NO — N2, NO — N3, and N1-N4 show a
Table. 5: Interpretation of the result of

t-Indepndent against Staphylococcus aureus
ATCC 25923 and Escherichia coli ATCC 35218

Nylon t-Independent
NO Difference

N1 No difference
N2 No difference
N3 No difference
N4 No difference
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significant difference in inhibiting the growth
S. aureus. This shows that modification of Nylon
fabric by adding the silver nanoparticles, HDTMS
compound, and also the silver nanoparticle and
HDTMS compound can increase antibacterial
activity of the Nylon fabrics (NO) significantly against
S. aureus. Between Nylon — Ag (N1) and Nylon
—HDTMS — Ag (N4) have the different antibacterial
activity significantly. N1 has the higher antibacterial
activity than N4 against S. aureus (Table.1). It means
the addition of HDTMS into fabrics first in
modification Nylon fabrics can decrease their
antibacterial activity. In Table.5, sample N1, N2, N3,
and N4 show the same ability to inhibit the growth
of both S. aureus and E. coli, while NO shows
significantly different in inhibiting the growth
between the two, S. aureus and E. coli.

(b)

Fig.4. Diameter of clear zone of Nylon against
Staphylococcus aureus ATCC 25923 (a) and
Escherichia coli ATCC 35218 (b)
The water contact angle of Nylon

The water contact angle of Nylon before
and after modification with the addition of silver
nanoparticles and HDTMS compound are
presented in Fig. 5. Sample N2 shows the highest
contact angle (120.75°) in this study. Therefore, the
addition of HDTMS compound clearly can increase
the contact angle of Nylon.

The HDTMS compound is an amphiphilic
molecule with a hydrophilic head section, (Si(OCH,),),
and a tail portion which is a hydrophobic long alkyl
group (C,H.,). This compound can provide a low
surface free energy's. The HDTMS compound that
was superimposed on Nylon fabric sample will
interact and form a bond that results in free surface
energy down so that the surface of the fabric sample
will be hydrophobic. Initially, the HDTMS compound
superimposed on a material surface that will be
hydrolyzed and produce the -OH group. The
hydrolysis reaction of HDTMS is as follows'®:

C HySi(OCH,), + H,0-C H, Si(OH), + 3CH,0H

16H33
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The -OH group of HDTMS will form a bond
with a typical group of Nylon fabric surfaces i.e
-CONH- forming Si-O-N bonds. As a result of the
bonding, the tail of the HDTMS is a long hydrophobic
alkyl group that extends outward, and becomes a
barrier for water molecules soaking the fabric
surface so that the Nylon fabric will be hydrophobic.

The addition of silver nanopatrticles to a
Nylon fabric also coated with HDTMS causes a
decrease in contact angle. The decrease of the
contact angle value due to the silver nanoparticles
on the sample surface can be resulted from the
contact of the HDTMS on the surface of the Nylon
fabric being smaller. The silver nanoparticles
deposited on the surface of the Nylon fabric have a
nanometer size and the smaller the size of a
material the smaller the contact angle would be.
The surface area will be even greater so that
HDTMS compounds can’t coat the surface of the
fabrics perfectly.

0= 90.00 0 = 107.30
(a) (b)

6 =120.75 6 = 106.50
(c) (d)

6 = 106.35
(e)

Fig.5. The water contact angle of NO (a), N1 (b),
N2 (c), N3 (d), and N4 (e)
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CONCLUSIONS

Silver nanoparticles were successfully
produced using Terminalia catappa extracts as
indicated by the absorption band peak at 448.50nm.

Samples of Nylon cloth - silver nanoparticles
- HDTMS showed the highest antibacterial activity
against S. aureus and E. coli with a strength 3to 13
times greater than silver nanoparticles.

The incubation time affected the
antibacterial activity of the Nylon sample in inhibiting
the growth of S. aureus and E. coli. The time of
incubation and the type of Nylon cloth did not
simultaneously affect the antibacterial activity of the
cloth in inhibiting the growth of each bacterium.
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Each sample of N1, N2, N3, and N4
showed the same ability to inhibit the growth of both
S. aureus and E. coli, while NO showed significantly
different to inhibit the growth between the two, S.
aureus and E. coli.

Nylon cloth — HDTMS (N2) showed the
highest contact angle.
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