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Abstract

The synthesis of modified chitosan has been studied. The aims of this research were modification of chitosan with ZnO nanopar-
ticle to form chitosan-ZnO. nanoparticles and its application as antibacterial agent of Staphylococcus aureus Characterization
of chitosan-ZnO nanoparticles was conducted using FTIR spectroscopy and X-Ray diffractometer. ZnO nanoparticle was
synthesized by reaction between leaf extract of Sirih hijau (piper betle L) and zinc acetate dihydrate. Modified chitosan was
synthesized by chitosan and ZnO nanoparticles. Chitosan-ZnO nanoparticles solution can act as antibacterial agent with paper
disk method. The result showed that chitosan can be modified with ZnO nanoparticle and detected at wave number of 3427
ecm™!. The crystalline size of ZnO nanoparticle is 16.47 nm. The average inhibition zone of chitosan-ZnO nanoparticles at
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concentration 10.000, 5.000 and 2.500 ppm are 28.87 + 0.4 ; 24.93 + 0.15 and 19.35 + 0.3 mm respectively.
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1. INTRODUCTION

Chitosan is an organic material and natural polymer. It is com-
posed of a linear polysaccharide of « (1-4)-linked 2-amino 2-
deoxy f- D glucopyranose. Chitosan was synthesized by deacety-
lation of chitin (Mohanasrinivasan et al., 2014). The characteris-
tic of chitosan is nontoxic and safe for further used (Agnihotri
et al., 2004; Kim and Rajapakse, 2005) but solubility of chitosan
only in dilute acidic aqueous solutions and it is a problem of
chitosan. Modification of chitosan will improve properties of
chitosan. There are two methods in modification process of -NH,
group of chitosan, i.e. physical and chemical method (Guibal,
2004). Physical method is to increase widely of surface area,
active site of adsorption, swelling polymer chain, decrease crys-
talinity and to increase the swell of it. Chemical method can be
done by grafting, impregnating and cross linking (Zhang et al.,
2016; Kyzas and Bikiaris, 2015). The aim from modification of
chitosan is change of the characteristic solubility of chitosan
(Kandile and Nasr, 2011; Dai et al., 2012).

Some plant components, such as roots, leaves, stems, seeds,
and fruits have been used for synthesis of zinc oxide (ZnO)
nanoparticles because plant extracts are rich in phytochemicals
and act as reducing and stabilization agents (Suresh et al., 2018).

ZnO nanoparticle can be synthesized in many forms: rods, wires,
whiskers, belts, bipods, tetrapods, tubes, flowers, propellers,
bridges, and cages. It have been found to exhibit interesting
properties such as large surface-to-volume ratio, high surface
reaction activity, high catalytic efficiency and strong adsorp-
tion ability (Dhillon et al., 2014). ZnO nanoparticle is currently
being investigated as an antibacterial agent in both microscale
and nanoscale formulations. ZnO nanoparticle exhibits signifi-
cant antimicrobial activities when particle size is changed to the
nanometer range. The result showed that nano-sized ZnO can in-
teract with bacterial surface and/or with the bacterial core where
it enters inside the cell and to be as bactericidal mechanisms.
The interactions between ZnO nanoparticle and bacteria cell
are very interesting and have been developed for antimicrobial
agents (Sirelkhatim et al., 2015).

Now, chitosan-ZnO nanoparticle was an efficient approach
to produce antibacterial agents with improved functional prop-
erties (Perelshtein et al., 2013). In this paper, we synthesized
modified chitosan from reaction between chitosan and ZnO
nanoparticle to form chitosan-ZnO nanoparticle. Characteriza-
tion of chitosan-ZnO nanoparticle was analyzed by FTIR spec-
troscopy and XRD. Application of chitosan-ZnO nanoparticle as
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antibacterial Staphylococcus aureus.

2. EXPERIMENTAL SECTION

2.1 Materials

Chitosan (DD 87%) obtained from CV. Ocean Fresh Bandung,
West Java, Indonesia. Acetic acid glacial, sodium hydroxide, zinc
acetate dihydrate, sulfuric acid 97% (v/v) and nutrient agar. All
in analytical grade were used without further purification and
purchased from Merck. Staphylococcus aureus from Microbiol-
ogy laboratory of Bhakti Pertiwi School of Pharmacy Science .
Sirih hijau leaf (piper betle L) from Palembang, South Sumatera,
Indonesia.

2.2 Methods

2.2.1 Preparation of leaf extract

Leaf extract of Sirih hijau (piper betle L) was synthesized ac-
cording to Daphedar and Taranath (2018) procedure with slight
modification. The first, about 50 g of piper betle L leaves were
washed several times with aquadest to remove dust and other
impurities. The second, cleaned leaves of piper betle L were in-
cised into small pieces and added to 100 ml aquadest in a 250
ml Erlenmeyer flask and boiled at 90 °C for 15 minutes. The
reaction mixture was allowed to cool at room temperature. After
cooling, the suspension was filtered through Whatman No. 1
filter paper and filtrate was stored in the refrigerator for further
experimental use.

2.2.2 Synthesis of zinc nanoparticles

About 7.5 ml of leaf extract of Sirih hijau (piper betle L) was
added to 92.5 ml of zinc acetat dihydrate solution 1 M in a 250 ml
Erlenmeyer flask and imcubated at 60 °C for 10 min. The reaction
mixture was allowed to cool at room temperature, and pH was
adjusted to 10 with added NaOH solution 0.1 M. During the
reaction period, the color of the solution changed from slightly
yellow to dark yellowish. The change of color, indicates the
formation zinc nanoparticle and reduction of zinc ions (Daphedar
and Taranath, 2018) .

2.2.3 Synthesis of chitosan-ZnO nanoparticles

ZnO nanoparticle (0.1 g) was dissolved in 100 mL of acetic acid
10 % (v/v). Chitosan (0.1 g) was added to this solution. The
mixture was stirred continuously for 30 min, after which 1 M
of NaOH solution was added dropwise to the solution until the
pH was 10. The solution was then heated in a hot plate at 60 °C
for about 1 h. Finally, this solution was filtered and the residue
was washed several times with aquadest until the residue has
neutral pH, and then dried at 50 °C for 1 h in an electrical oven
(AbdElhady, 2012).

2.2.4 Characterization

FTIR Spectrophotometer (Shimadzu Prestige-21) used for identi-
fying the presence of functional groups of chitosan and chitosan-
ZnO nanoparticle with the help of KBr pellets and spectra were
recorded at a range of 4500-500 cm™!. X-Ray diffractometer
(Shimadzu XRD-6000) used for evaluating the crystalline level
and the crystalline size.
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2.2.5 Antibacterial Study

The antibacterial activity was studied against Staphylococcus au-
reus (Gram-positive bacteria) according to in vitro. The concen-
tration of chitosan-ZnO nanoparticle were prepared ini 10.000,
5.000 and 2.500 ppm respectively. Paper disks were sterilized
in an autoclave and saturated with solution of chitosan-ZnO
nanoparticle, acetic acid (10 % v/v, as a solution of negative
control), tetracycline solution (104 ppm, as a solution of posi-
tive control) and ZnO nanoparticle (104 ppm) respectively. All
samples were placed aseptically in the petridishes containing
nutrient agar media inoculated with the above mentioned bacte-
ria separately. The petridishes were incubated at 37 °C and the
inhibition (clear) zones were recorded after 24 h of incubation
period.

3. RESULTS AND DISCUSSION

3.1 Synthesis of ZnO nanoparticles using the leaf extract
of sirih hijau (piper betle L)

The main chemical reactions involved in the synthesis of ZnO
nanoparticles using the leaf extract of sirih hijau are either re-
duction or an oxidation mechanism as seen in Fig. 1. The bi-
ological materials possess were take part in the conversion of
metal zinc compound to specific nanoparticles. The leaf extract
of sirih hijau has variety of metabolites such as tannin, organic
acids, terpenoids and aromatic dicarboxylic acid, amides etc.
This metabolites are responsible for the antioxidant or reducing
property that aids in the immediate reduction of zinc ions in
to nano-sized ZnO (Vijayakumar et al., 2018). Daphedar and
Taranath (2018) reported that the size particle of ZnO nanoparti-
cles was affected by NaOH solution. The photo of product ZnO
nanoparticles as seen in Fig 2.

Zn(CH;C00);.2H,0  +  secondary metabolites (tannin, organic acids, terpenoids|

, aromatic dicarboxylic acid, amides etc.)

L Reduction

@ = Molecules

O
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Figure 1. Illustration for biosynthesis of ZnO nanoparticles
using leaf extract of sirih hijau (Vijayakumar et al., 2018)

3.2 Formation of chitosan/ZnO Nanoparticles

When chitosan and zinc oxide are dissolved in acetic acid solution
10 % (v/v), the solution became acid and Zn?" metal ions was
formed. At pH 6 to 9, the unstable compound of Zn[(OH)], was
formed. Since the NH, and OH groups chitosan can form co-
ordination bond with metal ions, by increasing pH of the solution
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Figure 2. The product of ZnO nanoparticles

to pH = 10 with dropwise addition of NaOH 1 M, the stable
complex of chitosan-ZnO nanoparticles is formed (AbdElhady,
2012) .

3.3 Analysis of functional group with FTIR
FTIR spectra of chitosan was compared by FTIR spectra of chitosan-
ZnO nanoparticle and as seen ini Fig. 3

%T
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Figure 3. FTIR spectra of: (a) chitosan and (b) chitosan-ZnO
nanoparticles

The main bands and their assignments in chitosan (Fig. 3a)
are as shows : stretching vibrations of O-H, v(O-H) and overlap
with v(N-H) at 3448 cm™!. Stretching vibration of C-H, v(C-H)
at 2922 cm™! (Kumari et al., 2015). Bending vibration of N-H,
d(N-H) at 1656 cm ™! (Mohammed et al., 2013; Kumari et al., 2015)
and deformation vibration in primary amine can be found at
1425 cm™! (Li and Bai, 2005). Bending vibration of C-H, d(C-H)
at 1381 cm™! (Huang et al., 2013). Stretching vibration of C-O
group, v(C-O) at 1097 ecm™! (Kandile et al., 2014).

The main band and its of interpretation data in chitosan-
ZnO nanoparticles (Fig.3b) are as follows : compared with FTIR
spectra of chitosan, the stronger peak is stretching vibration -OH
group, v(OH) and overlap with v(N-H). The wave number was
shifted to lower wave number at 3427 cm™! which indicated the
strong interaction between these groups and ZnO (AbdElhady,
2012). The bending vibration of -NH group, d(N-H) at 1635 cm™!.
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Stretching vibrations of -CH, v(C-H) at 2956 cm™!. Stretching
vibrations of C-O-C group, v(C-O-C) at 1156 cm™! (Coates, 2006).
A broad absorption peak for the vibration of the O-Zn-O group
was in 621 cm™! (Yusof et al., 2019; AbdElhady, 2012).

3.4 Analysis of physical structure with XRD
Diffractogram of chitosan, ZnO nanoparticle and chitosan-ZnO
nanoparticles can be seen in Fig.4.

©
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Figure 4. XRD powder patterns of chitosan (a), ZnO
nanoparticles (b) and chitosan-ZnO nanoparticles (c).

The physical structure of chitosan is crystalline form because
it has two strong diffractions at 20 = 9.90° and 20° (Kumari et al.,
2015). The crystalline form chitosan is an indication that chitosan
structure has intra and intermolecular hydrogen bond included
all polymer chain (Fig.4a). The peaks in the XRD spectrum of
ZnO nanoparticle (Fig. 4b) have sharp and narrow diffraction
peaks, indicating that the synthesized nanoparticles are pure
and crystalline in nature. The Debye Scherrer’s formula can be
used for calculating the crystalline size of the synthesized ZnO
nanoparticles. The Debye scherrer’s formula can be written as
follows:

D = (0.9.4/B.cos®) (1)

Where D is the crystallite size, 4 is the wavelength of X-ray
used (1.5406 A), B is the full width at half maximum (FWHM) and
© is the Bragg’s angle (Vijayakumar et al., 2018). From this for-
mula, the average particle size of the synthesized ZnO nanopar-
ticles is 16,47 nm. Diffractogram of chitosan-ZnO nanoparticles
(Fig. 4c) have changed the crystallinity of chitosan form. This
fact showed that strong hydrogen bond in chitosan framework
can be deformed by insertion of the functional group of chi-
tosan (Ding et al., 2007) because substituted of primary amine of
chitosan framework (Pereira et al., 2017).
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3.5 Antibacterial Study

The efficient antibacterial of tetracycline solution (A : 104 ppm
, positive control), acetic acid solution (B : 10% v/v, negative
control), ZnO nanoparticle solution (C : 104 ppm) and chitosan-
ZnO nanoparticles solution (D1 : 2.500, D2 : 5.000 and D3 :
10.000 ppm respectively) were investigated in Fig.5. The average
inhibition zone of A, B and C are 20.13 £ 0.8, 8.45+ 0.2 and 16.2 +
0.3 mm respectively. The average inhibition zone of D1, D2 and
D3 are 19.35 + 0.3, 24.93 £ 0.15 and 28.87 + 0.4 mm respectively.

D3
D2 DI B c D2

D3

f
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Figure 5. Antibacterial study of acetic acid 10 % v/v (B,
negative control), ZnO nanoparticle (C) and chitosan-ZnO
nanoparticles (D) to S. aureus respectively. Tetracycline solution
(A, positive control).

It was seen that the inhibition zone increases with increasing
the concentrations of chitosan-ZnO nanoparticles. The antimi-
crobial activities of ZnO nanoparticles in contact with bacteria
of S. aureus is influenced by particle sizes, morphologies and
specific surface areas of ZnO nanoparticles (Suresh et al., 2018).
In other hand, reactive oxygen species (ROS) including hydrogen
peroxide (H,0,), OH™ (hydroxyl radicals), and O, 2 (peroxide)
is resulted by ZnO nanoparticle (Sirelkhatim et al., 2015). The in-
crease of chitosan-ZnO nanoparticles propertise as antibacterial
agent because there is an interaction between positive charge of
NH3* group chitosan and negative charge of surface cell bacteria
(Benhabiles et al., 2012).

Acetic acid can act as antibacterial agent because penetration
of acetic acid in the cell cytoplasm. The increasing H* ion in the
cytoplasm and leads to decrease of the local pH of the cell and
the cell becomes more acidic (Sedira et al., 2014).

4. CONCLUSIONS

Zinc asetate dihydrate can be changed by leaf extract of Sirih
hijau (piper betle L) to form ZnO nanoparticle. Particle size of
ZnO nanoparticle is 16,47 nm. Zn-O group appeared at 621
cm™!. Chitosan can be modified by ZnO nanoparticle to form
chitosan-ZnO nanoparticle and it has wave number at 3427 cm™!.
Application of chitosan-ZnO nanoparticle as antibacterial agent.
The inhibition zone from chitosan-ZnO nanoparticles is more
high than ZnO nanoparticle. The inhibition zone is increases
with increasing the concentrations of chitosan-ZnO nanoparti-
cles.

© 2020 The Authors.

Science and Technology Indonesia, 5 (2020) 1-5

5. ACKNOWLEDGEMENT

We are thankful to Kadek Asmadi, Ade Yuniar and Nurul Aniza
for valuable contribution in this research. Thanks to Sekolah
Tinggi Ilmu Farmasi (STIFI) Bhakti Pertiwi for funding this re-
search.

REFERENCES

AbdElhady, M. (2012). Preparation and characterization of chi-
tosan/zinc oxide nanoparticles for imparting antimicrobial
and UV protection to cotton fabric. International journal of
carbohydrate chemistry, 2012

Agnihotri, S. A., N. N. Mallikarjuna, and T. M. Aminabhavi (2004).
Recent advances on chitosan-based micro-and nanoparticles
in drug delivery. Journal of controlled release, 100(1); 5-28

Benhabiles, M., R. Salah, H. Lounici, N. Drouiche, M. Goosen, and
N. Mameri (2012). Antibacterial activity of chitin, chitosan
and its oligomers prepared from shrimp shell waste. Food
hydrocolloids, 29(1); 48-56

Coates, J. (2006). Interpretation of infrared spectra, a practical
approach. Encyclopedia of analytical chemistry: applications,
theory and instrumentation

Dai, B., M. Cao, G. Fang, B. Liu, X. Dong, M. Pan, and S. Wang
(2012). Schiff base-chitosan grafted multiwalled carbon nan-
otubes as a novel solid-phase extraction adsorbent for deter-
mination of heavy metal by ICP-MS. Journal of hazardous
materials, 219; 103-110

Daphedar, A. and T. C. Taranath (2018). Green synthesis of zinc
nanoparticles using leaf extract of Albizia saman (Jacq.) Merr.
and their effect on root meristems of Drimia indica (Roxb.)
Jessop. Caryologia, 71(2); 93-102

Dhillon, G. S., S. Kaur, and S. K. Brar (2014). Facile fabrication and
characterization of chitosan-based zinc oxide nanoparticles
and evaluation of their antimicrobial and antibiofilm activity.
International Nano Letters, 4(2); 107

Ding, P., K.-L. Huang, G.-Y. Li, and W.-W. Zeng (2007). Mecha-
nisms and kinetics of chelating reaction between novel chi-
tosan derivatives and Zn (I). Journal of hazardous materials,
146(1-2); 58—64

Guibal, E. (2004). Interactions of metal ions with chitosan-based
sorbents: a review. Separation and purification technology,
38(1); 43-74

Huang, R., B. Yang, and Q. Liu (2013). Removal of chromium
(VI) ions from aqueous solutions with protonated crosslinked
chitosan. Journal of applied polymer science, 129(2); 908-915

Kandile, N. G. and A. S. Nasr (2011). Hydrogels based on a
three component system with potential for leaching metals.
Carbohydrate polymers, 85(1); 120-128

Kandile, N. G., T. M. Razek, A. M. Al-Sabagh, and M. M. Khattab
(2014). Synthesis and evaluation of some amine compounds
having surface active properties as H2S scavenger. Egyptian
Journal of Petroleum, 23(3); 323-329

Kim, S.-K. and N. Rajapakse (2005). Enzymatic production and
biological activities of chitosan oligosaccharides (COS): A re-
view. Carbohydrate polymers, 62(4); 357-368

Page 4 of 5



Fatoni et. al.

Kumari, S., P. Rath, A. S. H. Kumar, and T. Tiwari (2015). Extrac-
tion and characterization of chitin and chitosan from fishery
waste by chemical method. Environmental Technology & Inno-
vation, 3; 77-85

Kyzas, G. Z. and D. N. Bikiaris (2015). Recent modifications of
chitosan for adsorption applications: a critical and systematic
review. Marine drugs, 13(1); 312-337

Li, N. and R. Bai (2005). A novel amine-shielded surface cross-
linking of chitosan hydrogel beads for enhanced metal adsorp-
tion performance. Industrial & engineering chemistry research,
44(17); 6692-6700

Mohammed, M. H., P. A. Williams, and O. Tverezovskaya (2013).
Extraction of chitin from prawn shells and conversion to low
molecular mass chitosan. Food Hydrocolloids, 31(2); 166-171

Mohanasrinivasan, V., M. Mishra, J. S. Paliwal, S. K. Singh, E. Sel-
varajan, V. Suganthi, and C. S. Devi (2014). Studies on heavy
metal removal efficiency and antibacterial activity of chitosan
prepared from shrimp shell waste. 3 Biotech, 4(2); 167-175

Pereira, F. S., S. Lanfredi, E. R. P. Gonzalez, D. L. da Silva Agostini,
H. M. Gomes, and R. dos Santos Medeiros (2017). Thermal and
morphological study of chitosan metal complexes. Journal of
Thermal Analysis and Calorimetry, 129(1); 291-301

Perelshtein, 1., E. Ruderman, N. Perkas, T. Tzanov, J. Beddow,
E. Joyce, T. J. Mason, M. Blanes, K. Molla, A. Patlolla, et al.
(2013). Chitosan and chitosan-ZnO-based complex nanopar-
ticles: formation, characterization, and antibacterial activity.
Journal of Materials Chemistry B, 1(14); 1968-1976

© 2020 The Authors.

Science and Technology Indonesia, 5 (2020) 1-5

Sedira, S., A. A. Ayachi, S. Lakehal, M. Fateh, and S. Achour
(2014). Silver nanoparticles in combination with acetic acid
and zinc oxide quantum dots for antibacterial activities im-
provement—A comparative study. Applied surface science, 311,
659-665

Sirelkhatim, A., S. Mahmud, A. Seeni, N. H. M. Kaus, L. C. Ann,
S. K. M. Bakhori, H. Hasan, and D. Mohamad (2015). Review
on zinc oxide nanoparticles: antibacterial activity and toxicity
mechanism. Nano-Micro Letters, 7(3); 219-242

Suresh, J., G. Pradheesh, V. Alexramani, M. Sundrarajan, and
S. I. Hong (2018). Green synthesis and characterization of
zinc oxide nanoparticle using insulin plant (Costus pictus D.
Don) and investigation of its antimicrobial as well as anti-
cancer activities. Advances in Natural Sciences: Nanoscience
and Nanotechnology, 9(1); 015008

Vijayakumar, S., S. Mahadevan, P. Arulmozhi, S. Sriram, and
P. Praseetha (2018). Green synthesis of zinc oxide nanoparti-
cles using Atalantia monophylla leaf extracts: Characteriza-
tion and antimicrobial analysis. Materials Science in Semicon-
ductor Processing, 82; 39-45

Yusof, N. A. A., N. M. Zain, and N. Pauzi (2019). Synthesis of
Chitosan/Zinc Oxide Nanoparticles Stabilized by Chitosan via
Microwave Heating. Bulletin of Chemical Reaction Engineering
& Catalysis, 14(2); 23

Zhang, L., Y. Zeng, and Z. Cheng (2016). Removal of heavy metal
ions using chitosan and modified chitosan: A review. Journal
of Molecular Liquids, 214; 175-191

Page 5 of 5



	INTRODUCTION
	EXPERIMENTAL SECTION
	Materials
	Methods
	Preparation of leaf extract
	Synthesis of zinc nanoparticles
	Synthesis of chitosan-ZnO nanoparticles 
	Characterization
	Antibacterial Study


	RESULTS AND DISCUSSION
	Synthesis of ZnO nanoparticles using the leaf extract of sirih hijau (piper betle L)
	Formation of chitosan/ZnO Nanoparticles
	Analysis of functional group with FTIR
	Analysis of physical structure with XRD
	Antibacterial Study

	CONCLUSIONS
	ACKNOWLEDGEMENT

