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Abstract
The casting method was used for the synthesis of film chitosan-ZnO nanoparticles-CTAB. The Analysis of the functional groups
of film chitosan-ZnO nanoparticles-CTAB with FTIR spectroscopy and its physical structure with X-ray diffraction. The method of
agar disk diffusion was used to this film for study as an antibacterial of Staphylococcus aureus. The functional groups of Zn-O at the
film of chitosan-ZnO nanoparticles-CTAB were detected at wavenumber between 578-619 cm−1. The band at 2852.72-2854.65
cm−1 is the band of C-H groups in the film of chitosan-ZnOnanoparticles-CTAB. The influence of ZnOnanoparticles-CTAB changed
the physical structure of chitosan. The inhibition zone in the film of chitosan-ZnO nanoparticles-CTAB I, II, and III was 10.37±0.55,
11.31±1.27, and 10.38±0.24 mm respectively.
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1. INTRODUCTION

The one of an organic polymer is chitosan and chitosan was
obtained by the deacetylation reaction process of chitin. This
process can be done by adding alkali solution and �nally, the
acetyl groups (COCH3) can be removed from the chitin struc-
ture. Chitosan has a structure formula C6H11O4N because
every monomer has one primary amine and two free hydroxyl
groups (Goy et al., 2016). The properties of chitosan can be
enhanced by modi�cation via chemically or physically of these
primary amine groups (Cheba, 2020) and hydroxyl groups
(Brasselet et al., 2019). This modi�cation aims to enhance the
biological and chemical properties of chitosan and the chitosan
modi�ed can be used in any �eld such as in foods, environ-
mental, material, cosmetic, pharmaceutical, and biomedical
(Brasselet et al., 2019).

The researchers used the metal oxide nanoparticles as the
modi�er agent of chitosan such as ZnO (Dananjaya et al., 2018;
Fatoni et al., 2020b; Fatoni et al., 2020a; Fatoni et al., 2021),
CuO nanoparticles (Fatoni et al., 2020), and AgO nanoparti-
cles (Hajji et al., 2019) because the primary amine groups of
chitosan can be reacted with metal oxide nanoparticles (Usman
et al., 2012; Haldorai and Shim, 2013; Abdelhady, 2012). Ap-
plication of chitosan modi�ed metal oxide nanoparticles was

studied by researchers such as antibacterial (Dananjaya et al.,
2018; Fatoni et al., 2020b; Fatoni et al., 2020a; Fatoni et al.,
2020; Fatoni et al., 2021; Hajji et al., 2019), dye degradation
(Preethi et al., 2020), adsorbent (Muinde et al., 2020) and
analytical sensor (Nainggolan et al., 2020).

The properties of metal oxide nanoparticles can be en-
hanced by adding cetyltrimethylammonium bromide (CTAB,
C19H42BrN). Metal oxide such as AgO nanoparticles was syn-
thesized by the green method and this product was modi�ed
by CTAB (Jang et al., 2015; Al-Thabaiti et al., 2015; Khan
et al., 2012). The ZnO nanoparticles can be modi�ed by
CTAB with several methods such as hydrothermal (Geetha and
Thilagavathi, 2010; Narayanan and Karthigeyan, 2016Rami-
moghadam et al., 2012), calcination method (Medina et al.,
2018), pulsed laser ablation (Abdi and Dorranian, 2018) and
sol-gel (Khan et al., 2016). The mechanism of interaction be-
tween CTAB and metal nanoparticles is the non-polar chain
of CTAB will interact with the hydrophobic layer of the metal
nanoparticles and the polar groups from CTAB are facing out,
stabilizing the particles in aqueous media (Guivar et al., 2015).
The metal oxide nanoparticles-CTAB can be used such as an-
tibacterial (Tamuly et al., 2013), therapeutic and/or diagnostic
applications (Medina et al., 2018).

Recently, chitosan can be shaped into chitosan �lm. Chi-
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tosan �lm has an advantage such as �exibility but it has limita-
tions such as low regeneration (Estevam et al., 2012; Rodrigues
et al., 2018). ZnO nanocomposite can act as modi�er agent of
chitosan to be chitosan-ZnO nanocomposite �lm (Rahman et
al. , 2018; Qiu et al., 2019). Although the above studies on
chitosan �lm modi�ed ZnO nanoparticles have well been pub-
lished but there is a little study of the chitosan was combined
by metal nanoparticles and CTAB in a �lm form as a prod-
uct. Modi�cation of chitosan with ZnO nanoparticles-CTAB
in the �lm form is expected to increase the �exibility of chi-
tosan. The ability of chitosan as an antibacterial agent can be
enhanced by adding the ZnO nanoparticles and CTAB. This
assumption based on chitosan can act as antibacterial (Benhab-
iles et al., 2012), CTAB can change the surface properties of
ZnO nanoparticles such as surface charge (Siboni et al., 2015)
and it has an e�ect to increase the antibacterial activity (Jang
et al., 2015).

This study was aimed to modify the chitosan using ZnO
nanoparticles-CTAB to be a �lm of chitosan-modi�ed ZnO
nanoparticles-CTAB. The e�ect of both chitosan and ZnO
nanoparticles-CTAB was studied. The �lm of ZnO nanopartic
les-CTAB was prepared by casting method and it was analyzed
by Fourier transform infrared spectroscopy and X-ray di�rac-
tion. Antibacterial activity of �lm chitosan-ZnO nanoparticles-
CTAB to Staphylococcus aureus (S. aureus) was investigated by
the agar di�usion method.

2. EXPERIMENTAL SECTION

2.1 Materials and Instruments
All chemicals are purchased from Merck such as zinc acetate
dihydrate (Zn(CH3COO)2.2H2O), cetyltrimethyl-ammonium
bromide (CTAB, [CH3(CH2)15N(Br)(CH3)3]), sodium hydrox-
ide (NaOH), nutrient agar, and acetic acid glacial (CH3COOH).
Chitosan with a deacetylation degree of 87%, purchased from
local industry (CV. Ocean Fresh Bandung). Aquadest and
bacteria of S. aureus are obtained from laboratory of our insti-
tution. Guava seed of leaf (Psidium guajava L) from Palembang
city, province of South Sumatera. The speci�cation of FTIR
Spectrophotometer and XRD is the Shimadzu Prestige-21 and
Shimadzu 6000 respectively.

2.2 Preparation of Aqueous Leaf Extract of Guava Seed
The procedure fromDaphedar and Taranath (2018) with slight
modi�cation was used in the preparation of an aqueous extract
of guava seed leaf. A small shape of cleaned leaves of guava seed
(50 g) was added into 500 mL of beaker glass that containing
250 mL of aquadest and heated at 90°C (30 minutes). After
30 minutes, the beaker glass was let until cold. The �ltrate was
used for biosynthesis procedure.

2.3 Biosynthesis of ZnO nanoparticles-CTAB
ZnO nanoparticles-CTAB was biosynthesized by procedure of
Nasrollahzadeh et al. (2017) with slight modi�cation. About
150 mL of aqueous leaf extract of guava seed was mixed to 50
mL of Zn(CH3COO)2 · 2H2O solution (0.1 M) at erlenmeyer

�ask 250 mL. 0.728 g of CTAB was added to this mixture.
All the mixture was heated on a hot plate at 60°C and stirred
continuously for 30 minutes. The mixture was allowed to
cool at room temperature and added of solution NaOH 0.1
M with stirring continuously until pH 8. The mixture was
kept until the precipitation appeared (6-12 hours). A top is a
�ltrate and the bottom is a solid of ZnO nanoparticles-CTAB.
ZnO nanoparticles-CTAB was rinsed with 15 mL of aquadest
before dried at 50°C (4-5 hours). The comparison of volume
between aqueous leaf extract of guava seed (mL) and 0.1 M of
Zn(CH3COO)2 · 2H2O solution (mL) was made by the same
procedure and tabulated in Table 1.

Table 1. Biosynthesis of ZnO Nanoparticles-CTAB

No Type
Aqueous leaf extract

CTAB (g)
Zn(CH3COO)2.2H2O

of guava seed (mL) solution (0.1 M, mL)

1 A 50 0.728 150
2 B 100 0.728 100
3 C 150 0.728 50

2.4 Fabrication of The Film Chitosan-ZnO Nanoparticles-
CTAB

All �lm was made by casting method and adopted from Jaya-
suriya et al. (2013). Chitosan �lm (as control, 1% w/v) was
prepared by dissolving 0.1 g of chitosan powder in acetic acid
(1% v/v,10 mL) solution at 250 mL of beaker glass, the mix-
ture was continuously stirred (room temperature, 1h). This
solution was moved into a petri dish and kept at room tem-
perature until dry. For the fabrication of �lm chitosan-ZnO
nanoparticles-CTAB (Film I), chitosan powder (0.1 g) was
added in acetic acid solution (1% v/v,10 mL) at 250 mL of
beaker glass by continuous stirring for 1 h (room temperature).
The ZnO nanoparticles-CTAB (type A, 0.1 g) were mixed into
the beaker glass. The mixture was shaken by continuously stir-
ring at room temperature for 1 h. The mixture was moved into
a petri dish and kept at room temperature until dry. Chitosan
�lm and �lm of chitosan-ZnO nanoparticles-CTAB were saved
in a desiccator for the next experiment. Film II and III were
prepared with the same procedure and tabulated in Table 2.

Table 2. The Comparison Between Chitosan and ZnO
Nanoparticles-CTAB in The Synthesis Film of Chitosan-ZnO
Nanoparticles-CTAB

Film
The comparison ZnO nanoparticles

chitosan (g) CTAB (g)

I 0.1 0.1 (type A)
II 0.1 0.2 (type B)
III 0.2 0.1 (type C)

2.5 Characterization
FTIR Spectrophotometer was used for the analysis of the
functional group of chitosan �lm, CTAB, ZnO nanoparticles-
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CTAB (type A, B, and C), and �lm of chitosan-ZnO nanoparti
cles-CTAB (Film I, II, and III). The crystallite size of ZnO
nanoparticles-CTAB (type A, B, and C) and evaluating the
crystalline level of chitosan �lm and �lm of chitosan-ZnO
nanoparticles-CTAB (Film I, II, and III) were based on the
di�ractogram. The di�ractogram was obtained from the anal-
ysis of the sample with X-ray di�raction. The operation pro-
cedure of FTIR Spectrophotometer and X-ray di�raction are
referring to sample characterization as reported by Fatoni et al.
(2021).

2.6 The Application of Film Chitosan-ZnO Nanoparticles-
CTAB to S. aureus

Three Petri dishes were used in this experiment. The pro-
cedure to prepare the inoculum suspension of S. aureus was
adopted by Isnaeni et al. (2020). The preparation of nutrient
agar for used application of �lm chitosan-ZnO nanoparticles-
CTAB and ready to use are referred to Fatoni et al. (2021)
procedure. The �lm of chitosan-ZnO nanoparticles-CTAB (a
�lm I, II, and III) and chitosan �lm was prepared as the sterile
of paper disks with a diameter of 6 mm respectively and pasted
aseptically on the second layer. The incubation of the all sam-
ples was done at 37°C (24 h). After 24 h, the clear zone from
the e�ect of �lm of chitosan-ZnO nanoparticles-CTAB (a �lm
I, II, and III) and chitosan �lm was observed and measured
respectively.

3. RESULTS AND DISCUSSION

3.1 Biosynthesis of ZnO Nanoparticles-CTAB
Aqueous extract of leaves guava seed, sodium hydroxide, CTAB,
and Zn(CH3COO)2.2H2O solution are the materials on this
biosynthesis. Aqueous extracts of leaves guava seed are con-
taining biomolecules as reported by Joseph et al. (2016). ZnO
nanoparticles-CTAB was biosynthesized in pH 8 because the
biomolecules are not active under acidic conditions (Ibrahim,
2015), but at pH 8, the biomolecules in aqueous extract of
leaves guava seed maybe will a�ect the ability to change the
electrical charges of biomolecules as capping and stabilizing
agent (Khalil et al. , 2014). The mechanism reaction between
aqueous extract of leaves guava seed, sodium hydroxide, CTAB,
and zinc acetate dihydrate solution is below (Junior et al., 2017):

Zinc acetate dihydrate solution is the precursor and aque-
ous extract of leaves guava seed as media will be hydrolyzed to
Zn(OH)2. Zn(OH)2 in alkaline solution will form [Zn(OH)4]2−

complex. CTA+ dan B– (Br– ion) will be formed from CTAB.
The reaction between positive charge of CTA+ and [Zn(OH)4]2−

complex will form of CTA+-[Zn(OH)4]2− complex. Finally,

CTA+-[Zn(OH)4]2− is changed to ZnO, H2O and CTA+ ion
(Junior et al., 2017). Figure 1 is the photograph of types A, B,
and C of ZnO nanoparticles-CTAB.

Figure 1. The Photograph of ZnO Nanoparticles-CTAB, Type
A (a), Type B (b), and Type C (c)

3.2 Synthesis of The FilmChitosan-ZnONanoparticles-CT
AB

The principle of this synthesis is the reaction between met-
als (such as ZnO) and N-H or O-H groups in the chitosan
structure via the covalent bond (Daphedar and Taranath, 2018;
Muinde et al., 2020; Chen et al., 2019). The photograph of
�lm chitosan-ZnO nanoparticles-CTAB as a �lm I, II, and III
as seen in Figure 2. The synthesis of �lm of chitosan-ZnO
nanoparticles-CTAB was illustrated by Wu and Zhang (2018)
with slight modi�cation and illustrated in Figure 3.

Figure 2. The Photograph of Film Chitosan-ZnO
Nanoparticles-CTAB, Film I (a), Film II (b), and Film III (c)

Figure 3. Illustration of The Preparation Film Chitosan-ZnO
Nanoparticles-CTAB

3.3 Analysis of Functional Groups
The functional groups analysis of CTAB andZnOnanoparticles-
CTAB (type A, B and C) as seen in Figure 4, 5 and tabulated
in Table 3.

The stretching vibration of -CH2 asymmetric and symmet-
ric are observed at 2918.30 and 2848.86 cm−1 respectively.
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Table 3. Analysis of The Functional Groups CTAB and ZnO
Nanoparticles-CTAB

No.

The Functional Wave number (cm−1)
Groups

CTAB
ZnO nanoparticles-CTAB

Type A Type B Type C

1 O-H/N-H 3423.65 3421.72 3419.79
2 C-O-C 1610.56 1579.7 1566.2
3 C-H asymmetric 2918.3 2918.3 2920.23 2916.37
4 C-H symmetric 2848.9 2850.86 2850.79 2848.86
5 N-CH3 asymmetric 1481.3 1469.76 - 1481.33
6 N-CH3 symmetric 1400.3 1409.96 1409.96 1409.96
7 N-CH3 3014.7 - - -
8 C-N 908.47 910.4 910.4 910.4
10 Zn-O - 617.22 619.15 621.08

Figure 4. FTIR Spectra of CTAB

The bending vibration of N-CH3 asymmetric and symmetric
are located at 1481.33 and 1400.32 cm−1 respectively but
the stretching and bending vibration of N-CH3 appeared at
3014.74 and 1400.32 cm−1 respectively. The stretching vi-
bration of C-N appeared at 908.47 cm−1. All bands consist as
reported by Viana et al. (2012) about FTIR spectra of CTAB
(Figure 4).

FTIR spectra of ZnO nanoparticles-CTAB are the result
of interaction between leaves extract of guava seed, zinc ac-
etate dihydrate, CTAB, and sodium hydroxide (Figure 5a-c).
The peak between 3419-3423 cm−1 is stretching vibrations
of the -O-H group (Matinise et al., 2017). The peak between
1566-1610 cm−1 is stretching vibrations of the C-O-C group
(Raj and Lawerence, 2018). Stretching vibration of the C-H
group (asymmetric and symmetric), N-CH3 group (asymmet-
ric and symmetric), and C-N group in ZnO nanoparticles-
CTAB (all types) are the stretching vibration of the group from
CTAB (Viana et al., 2012). This result showed that the ZnO
nanoparticles-CTAB are containing the functional groups of
CTAB. The functional group of Zn-O (stretching vibration) ap-
peared between 617-621 cm−1 (Dobrucka and Długaszewska,
2016). This indicates that the existence of Zn-O groups in
ZnO nanoparticles-CTAB.

The functional groups analysis of chitosan �lm and �lm of
chitosan-ZnO nanoparticles-CTAB (�lm I, II and III) as seen
in Figure 6 and tabulated in Table 4.

Figure 5. The Pro�le of FTIR Spectra ZnO
Nanoparticles-CTAB Type A (a), Type B (a), and Type C (c)

The Figure of 6a is the FTIR spectra of chitosan and its
main band of functional groups appeared between 1033.85-
3427.51 cm−1and it was reported by Rahman et al. (2018).
The band at 3427.51 cm−1 is stretching vibration of –N-H and
–O-H groups. Stretching vibration group of –CH2- appeared
at 2881.65-2920.23 cm−1. The stretching vibration of –C=O,
-C-N- and –C-O-C- linkages groups are displayed at the band
of 1595.13, 1381.03, and 1033.85 cm−1 respectively. The
N-H group appeared at 1656.85 cm−1 as bending vibration.

The FTIR spectra of the �lm of chitosan-ZnOnanoparticles-
CTAB (a �lm I, II, and III) showed in Figure 6b-c. The band
between 3427-3450 cm−1 is higher than 3427.51 cm−1 (chi-
tosan) and it has a sharp band. The di�erence of this band
was indicating that ZnO nanoparticles-CTAB bound at the
primary amine groups of chitosan structure via coordination
covalent bonds (Rahman et al. , 2018; Abdelhady, 2012). The
functional groups of C-H at the �lms I, II, and II have a sharp
band. There is a di�erence between the band of chitosan and
all �lm. In �lm I, II, and III, the wavenumber of the func-
tional group of Zn-O appeared between 578.64-619.15 cm−1

(Prabhu et al., 2017; Santhoshkumar et al., 2017). Based on
the interpretation of FTIR spectra above have proved that the
ZnO and CTAB exist in the product of �lm chitosan-ZnO
nanoparticles-CTAB.

3.4 The XRD Study
The XRD pattern of ZnO nanoparticles-CTAB can be seen in
Figure 7, 8, and 9. The di�ractogram of ZnO nanoparticle-
CTAB (type A, Figure 7a) has 2\ = 8.60, 12.60, 30.00, 32.91
and 59.05°. There is a sharp peak at 2\ = 32.91 and 59.05°.
The di�ractogram of ZnO nanoparticles-CTAB (type B, Fig-
ure 8a) had 2\ = 21.17 and 32.87°. A sharp peak at 2\ = 32.87°.
The di�ractogram of ZnO nanoparticles-CTAB (type C, Fig-
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Table 4. Analysis of The Functional Groups Chitosan Film and Film of Chitosan-ZnO Nanoparticles-CTAB

No.

The Functional Wave number (cm−1)
Groups

Chitosan �lm
The �lm of chitosan-ZnO nanoparticles-CTAB

I II III

1 O-H 3427.51 - - -
2 N-H 3427.51 3450.65 3429.43 3427.51
3 C-H 2881.65- 2852.72- 2854.65- 2852.72-

2920.23 2924.09 2924.09 2922.16
4 N-H 1656.85 - - -
5 C=O 1595.13 1579.7 1583.56 1583.56
6 C-N 1381.03 1408.04 1409.96 1409.96
7 C-O-C 1033.85 1022.27 1024.2 1026.13
8 Zn-O - 578.64 619.15 619.15

Figure 6. The Pro�le of FTIR Spectra Chitosan (a) and Film
Chitosan-ZnO Nanoparticles-CTAB I (b), II (c) and III (c)

ure 9a) has 2\ = 19.10, 2.18, 28.00 and 33.28°. The peak at
2\ = 19.1 and 21.18° is the sharp peak. The sharp peaks at all
the types of XRD pattern ZnO nanoparticles-CTAB were the
hexagonal structure of ZnO (Iqbal et al., 2019). The crystallite
size of the ZnO nanoparticles-CTAB is calculated by Debye
Scherrer’s formula (Vijayakumar et al., 2018).

D =

(
0.9_
V cos \

)
(1)

The crystallite size of the biosynthesized ZnOnanoparticles-
CTAB type A, B, and C were estimated at 10.08, 9.31, and
1.17 nm respectively.

Figure 7. XRD Pattern of ZnO Nanoparticles-CTAB Type A
(a), Chitosan Film (b), and Film of Chitosan-ZnO
Nanoparticles-CTAB III (c)

The XRD pattern of chitosan �lm and �lm chitosan-ZnO
nanoparticles-CTAB are displayed in Figure 7b-c, 8b-c, and
9b-c respectively. The XRD pattern of all chitosan �lm has
2\ = 14.3, 20.6 and 65.4°. The strongest peak appears at
2\=14.3° and 20.6°, it is assigned to (100) re�ection respec-
tively (Feng et al., 2012). The two strongest peaks showed that
chitosan �lm at semicrystalline form Kumari et al. (2015). The
di�ractogram of the �lm chitosan-ZnO nanoparticles-CTAB
(a �lm I, Figure 7c) was noted at 2\ = 10.8, 16.58, 21.1, 27.3,
and 62.24°. The peak at 2\ = 17.11° appeared in the di�rac-
togram of the �lm chitosan-ZnO nanoparticles-CTAB (�lm
II, Figure 8c). The di�ractogram of the �lm chitosan-ZnO
nanoparticles-CTAB (�lm III, Figure 9c) was displayed at 2\
= 20.6, 62.2, 65.9, and 67.8°. The XRD pattern of the �lm
chitosan-ZnO nanoparticles-CTAB (a �lm I, II and III) has a
broad peak at 2\ = 21.1° for a �lm I, 17.11° for �lm II and 20.6°
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Figure 8. XRD Pattern of ZnO Nanoparticles-CTAB Type B
(a), Chitosan Film (b), and Film of Chitosan-ZnO
Nanoparticles-CTAB II (c)

for �lm III respectively. A broad peak at all di�ractograms of
the �lm is caused by the in�uence of ZnO nanoparticles-CTAB
to N-H groups of chitosan and it has an e�ect on the hydrogen
bond at the chitosan structure, �nally, it will change the order-
liness of the chitosan structure (Mohamed and Fahmy, 2012).
As a result, the chemical structure of chitosan changed from
semicrystalline to amorph form.

3.5 TheApplication of ChitosanZnONanoparticles-CTAB
Film as Antibacterial

The clear zone of the �lm of chitosan-ZnO nanoparticles-
CTAB was investigated as shown in Figure 10 and the calcula-
tion of the inhibition zone was tabulated in Table 5.

Table 5. The Calculation of Inhibition Zone of Compound

Compounds
The inhibition zone (mm) of compounds in the petri dishes:

I II III average ± SD

A 14.72 9.1 12.04 11.95 ± 2.30
B 10.57 13.1 10.25 11.31 ± 1.27
C 10.37 10.68 10.08 10.38 ± 0.24
D 9.75 10.28 11.08 10.37 ± 0.55
E 0 0 0 0
F 0 0 0 0
G 0 0 0 0
H 16.05 13.25 12.58 13.96 ± 1.51

The average inhibition zone of �lm I (D), III (C), and II (B)
against S. aureus bacteria were 10.37±0.55, 10.38±0.24, and
11.31±1.27 mm respectively but the average inhibition zone
of the �lm II (A, wet �lm, this �lm was dipped in sterile aqua
dest) is higher than all �lm. Chitosan �lm (E, chitosan �lm was
dipped in sterile aqua dest) and F did not have the inhibition
zone to S. aureus bacteria. Sterile aqua dest (G) did not have

Figure 9. XRD Pattern of ZnO Nanoparticles-CTAB Type C
(a), Chitosan Film (b), and Film of Chitosan-ZnO
Nanoparticles-CTAB III (c)

Figure 10. The Photograph of The Clear Zone of Film II (Wet,
A), Film II (Dry, B), Film III (Dry, C), Film I (Dry, D),
Chitosan Film (Wet, E), Chitosan Film (Dry, F), Sterile
Aquadest (G) and Amoxicillin (1000 ppm, H)

the inhibition zone but the amoxicillin (H) has the inhibition
zone to S. aureus bacteria.

The �lm I, II, and III can inhibit the growth of bacterial.
There is an e�ect of ZnO nanoparticles-CTAB on chitosan.
The antimicrobial mechanism of the �lm of chitosan modi-
�ed ZnO nanoparticles-CTAB as reported by El-Fawala et
al. (2020): the outer cell wall of S.aureus has pores and the
ZnO can go on these pores. This argument is explained by
Rahman et al. (2018) that the cell wall of bacteria has a neg-
ative charge. On other hand, the positive charge of zinc (II)
ion, the reactive oxygen species, and the surface of chitosan
modi�ed ZnO nanoparticles will have interacted with a neg-
ative charge of bacteria through electrostatic interaction and
as a result, the process of protein synthesis of bacteria will be
disturbed (Dananjaya et al., 2018). Finally, there is an e�ect of
the CTAB. The penetration to the negatively charged bacterial
cell wall was enhanced by the overall positive charge of the
ZnO nanoparticles-CTAB (Jang et al., 2015) and CTAB as a
biocidal activity against S. aureus (Khanmirzaee et al., 2020).
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The average inhibition zone of chitosan �lm is zero and is sup-
ported by the literature of Foster and Butt (2011) and Sharma
et al. (2012). They reported that the chitosan in the �lm form
does not interact with the cell wall and it can not inhibit the
growth of bacterial.

4. CONCLUSIONS

Aqueous extract of leaves guava seed, CTAB, sodium hydrox-
ide, and Zn(CH3COO)2.2H2O solution asmaterials for biosyn-
thesis of ZnO nanoparticles-CTAB. ZnO nanoparticles-CTAB
can be reacted with chitosan form a chitosan-ZnOnanoparticles-
CTAB �lm. The existence of Zn-O group and C-H in the
structure of the chitosan-ZnO nanoparticles-CTAB �lm. The
chitosan-ZnO nanoparticles-CTAB �lm can be used as the
antibacterial agent of S. aureus bacteria.
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