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Abstract: The biofabrication of the chitosan-curcumin-capped ZnO-CuO and curcumin-capped ZnO-CuO
nanoparticles, as well as their ability to combat Escherichia coli bacteria, were the focus of this study. Fourier-
Transform Infrared (FTIR) spectroscopy, X-ray diffraction (XRD), and Scanning Electron Microscopy (SEM)
were used to examine the chitosan-curcumin-capped ZnO-CuO and curcumin-capped ZnO-CuO nanoparticles,
respectively. Both were evaluated using the agar diffusion method as antibacterials against Escherichia coli.
Results of analysis with FTIR, between 500 and 700 cm™, the functional group of Cu-O or Zn-O was seen at its
highest point. The functional group of Cu-O and Zn-O in curcumin-capped ZnO-CuO was detected at
wavenumber of 621 cm™ and 507 cm™, respectively. In chitosan-curcumin-capped ZnO-CuO, the wave
numbers of the Cu-O and Zn-O groups were observed at 619 and 653 cm™' respectively. According to XRD
analysis results, the chitosan-curcumin-capped ZnO-CuO and curcumin-capped ZnO-CuO nanoparticles'
crystalline shapes are demonstrated by their respective crystallite sizes of 12.58 and 1.88 nm. Based on the
results of analysis with SEM, curcumin-capped ZnO-CuO and chitosan-curcumin-capped ZnO-CuO
nanoparticles have a dense surface structure. The average diameter of inhibition zone (clear zone) produced by
chit-cur-ZnO-CuO nanoparticles is 14.61 mm, while the clear zone produced by cur-ZnO-CuO nanoparticles is
9.52 mm. Chit-cur-ZnO-CuO has superior antibacterial qualities to cur-ZnO-CuO nanoparticles.

Keywords: chitosan, curcumin, ZnO-CuO, Escherichia coli

Abstrak: Biofabrikasi kitosan-kurkumin yang dilapisi ZnO-CuO dan kurkumin yang dilapisi ZnO-CuO
nanopartikel, serta sifat antibakterinya terhadap Escherichia coli, menjadi subjek penelitian ini. Spektroskopi
FTIR, difraksi sinar-X (XRD), dan mikroskop elektron pemindaian (SEM) digunakan untuk analisa kitosan-
kurkumin yang dilapisi ZnO-CuO dan kurkumin yang dilapisi ZnO-CuO nanopartikel. Keduanya dievaluasi
menggunakan metode difusi agar sebagai antibakteri terhadap Escherichia coli. Hasil analisis dengan FTIR,
bilangan gelombang antara 500 dan 700 cm™, merupakan gugus fungsi Cu-O atau Zn-O. Gugus fungsi Cu-O
dan Zn-O pada kurkumin yang dilapisi ZnO-CuO nanopartikel terdeteksi masing-masing pada bilangan
gelombang 621 cm™ dan 507 cm™. Pada kitosan-kurkumin yang dilapisi ZnO-CuO nanopartikel, bilangan
gelombang gugus fungsi Cu-O dan Zn-O terdeteksi masing-masing pada bilangan gelombang 619 dan 653 cm™.
Hasil analisis dengan XRD menunjukkan bentuk kristal kitosan-kurkumin yang dilapisi ZnO-CuO nanopartikel
dan kurkumin yang dilapisi ZnO-CuO nanopartikel, ditunjukkan oleh ukuran kristalinitas masing-masing
sebesar 12,58 dan 1,88 nm. Berdasarkan hasil analisis dengan SEM, kurkumin yang dilapisi ZnO-CuQO
nanopartikel dan kitosan-kurkumin yang dilapisi ZnO-CuO nanopartikel memiliki struktur permukaan yang
padat. Diameter rata-rata zona hambat (zona bening) yang dihasilkan oleh kitosan-kurkumin yang dilapisi
ZnO-CuO nanopartikel adalah 14,61 mm, sedangkan zona bening yang dihasilkan oleh kurkumin yang dilapisi
ZnO-CuO nanopartikel adalah 9,52 mm. Kitosan-kurkumin yang dilapisi ZnO-CuO nanopartikel memiliki
kualitas antibakteri yang lebih unggul dibandingkan kurkumin yang dilapisi ZnO-CuO nanopartikel.

Kata kunci: kitosan, kurkumin, ZnO-CuQ, Escherichia coli
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INTRODUCTION

The study of materials with a nanoscale range of
1-100 nm is the main focus of the diverse field of
nanotechnology. Food, cosmetics, medicine,
healthcare, electronics, chemicals, and agriculture
have all benefited greatly from nanotechnology
(Malik et al. 2023). Nanoscale, nanoparticle,
nanomaterial, nanocomposite, and nanostructured
materials are the core ideas in the field of
nanotechnology (Szczyglewska et al. 2023). The
scientific community accepts goods and technologies
that are safer, cleaner, and more reasonably priced
than those of the past as science and technology
advance. Thus, nanotechnology offers a solution to
this issue. In contrast to previous heavy equipment
and mass bulking, this approach is more transparent,
cleaner, and less expensive (Malik ef al. 2023)

A potential field of nanotechnology that appeals
to material scientists, chemists, and biologists is the
synthesis of metal nanoparticles (MNPs) from low-
cost, highly effective biological sources. The absence
of toxic chemical compounds used as stabilizing or
reducing agents, which results in biocompatibility,
the lack of toxic yield produced by this process, its
low energy consumption at a reasonable cost, and its
high scalability are some of the notable
characteristics of the green (biosynthesis) technique
(Bordiwala 2023). Because of their enhanced
physicochemical, optical, mechanical, and electrical
properties, bio nanoparticles made possible by the
green approach are more comparable to metal oxide
(MeO) nanoparticles in terms of their applicability
(Aigbe & Osibote 2024).

The biosynthesis of bimetallic nanoparticles is
currently in vogue. The right combination of two
distinct metals with improved reaction capabilities
and features essentially makes up bimetallic
nanoparticles. Because of this, this kind of material
has garnered a lot of interest from both a scientific
and technological standpoint. Due to biosynthesis
employing plant parts like leaves, double (bimetallic)
nanoparticles have gained more attention. According
to some earlier research, ZnO-CuO nanoparticles
were biosynthesised using plant extracts from plants
like Tragia involucrata L. (Jeevarathinam &
Asharani 2024), Sambucus nigra L. (Cao et al. 2021),
Psidium guajava (Fatoni et al. 2023a; Fatoni et al.
2023b), Artemisia vulgaris (Nepal et al. 2024),
Berberis vulgaris (Yousefinia et al. 2023), Dovyalis
caffra (Adeyemi et al. 2022), Verbascum sinaiticum
Benth (Bekru et al. 2022) and Artemisia abyssinica
(Orshiso et al. 2023).

Dadi et al. (2019) reported when bacteria were in
their exponential growth phase, the CuO and ZnO
nanoparticles demonstrated equivalent efficacy.
There is a synergistic effect between ZnO and CuO
nanoparticles as antibacterial for E. coli (Abbas et al.
2024). The combination of ZnO and CuO
nanoparticles has significant antibacterial properties

(Govindasamy et al. 2021; Widiarti et al. 2017;
Dhage et al. 2024).

One important chitin derivative that has caught
the interest of researchers is chitosan. Because it is
renewable, non-toxic, soluble in aqueous solutions,
biocompatible, and environmentally benign, it has
gained popularity in recent years (Alzahrani 2018).
For ZnO-CuO nanoparticles, chitosan can serve as a
matrix or supporting material. The resulting chitosan-
ZnO-CuO nanoparticles can be employed as an
antioxidant, antibacterial, and for dye
photodegradation (Alzahrani 2018; Fatoni et al.
2023a; Fatoni et al. 2023b; Kalia et al 2021;
Gamboa-Solana et al. 2021. The aforementioned
justifications for employing chitosan as a supporting
matrix for bimetallic oxide nanoparticles include
enhancing the mechanical and physical qualities of
chitosan (Ali et al. 2024) and the biological and
adaptive qualities of chitosan-(bi) metallic oxide
nanoparticles (Al-Rajhi et al. 2024).

The rhizomes of curcuma longa L. (turmeric) are
used to extract the nutraceutical chemical curcumin
(1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-
heptadiene-3,5-dione). The herb curcuma longa's
rhizome  yields curcumin, a  hydrophobic
polyphenolic molecule (Madian et al. 2023).
Chitosan and other biopolymers can interact with
curcumin to enhance the materials' bioavailability
and therapeutic effectiveness (Karthikeyan er al
2020). The qualities of chitosan film are improved by
adding curcuma ethanol extract to chitosan in
chitosan film products (Rachtanapun et al. 2021;
Madian et al. 2023). According to Liu et al. (2016),
Etemadi et al (2021), Jahromi et al. (2014), and
Azkia et al. (2020), chitosan and curcumin together
have antibacterial and antioxidant properties.
Carboxy methyl chitosan modified by curcumin as
antibacterial (Kabiriyel ef al. 2023) and chitosan
nanocomposite prepared by curcuma extract for
cancer treatment (Zulkifli et al. 2022; Deepika et al.
2022).

Curcumin-chitosan can be used as a
biocompatible alternative to metallic nanoparticles
(Khezri et al. 2018), and curcumin-chitosan
combined with metallic nanoparticles can have
antibacterial properties (Karthikeyan et al. 2020).
Combining two metal oxides results in a mixture with
numerous significant properties, including a high
surface area and remarkable heat stability. They can
perform tasks like antimicrobial activity more
successfully because they have more active patches
on their surface, which enhances their reaction time
(Takele et al. 2023) and finally, coating the surface of
nanomaterial curcumin-ZnO-CuO with chitosan will
increase the antibacterial properties of ZnO-CuO
nanoparticles.

In this study, chitosan-curcumin capped ZnO-
CuO nanoparticles (chit-cur-ZnO-CuO nanoparticles)
were prepared and utilized as an antibacterial against
E. coli. This is based on chitosan as a biocompatible
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polymer and has antibacterial properties (Sanmugam
et al. 2024), curcumin as a principal reducing agent
and stabilizing compounds in the production of
metallic nanoparticles (Patra & El Kurdi 2021), metal
oxides with inherent antibacterial and the ability to
generate reactive oxygen species (ROS) (Ren et al.
2020) and the combination of these materials leads to
a synergistic antimicrobial effect than individual
components. These nanomaterials were characterized
using scanning electron microscopy (SEM), X-ray
diffraction (XRD), and Fourier-transform infrared
spectroscopy (FTIR). Additionally, the agar diffusion
method was used to assess these nanoparticles'
antibacterial efficacy.

MATERIALS AND METHOD
Materials and Equipment

These include nutritional agar, sodium hydroxide,
zinc acetate  pentahydrate, copper sulphate
pentahydrate, and glacial acetic acid (Merck) except
chitosan (DD 87%). Aquadest is one of the
Escherichia coli bacteria that we utilize in our lab.
Palembang's curcuma longa. X-Ray Diffraction
(Shimadzu XRD  6000), Scanning Electron
Microscopy (Axia ChemiSEM, Thermo Fisher
Scientific), Ultra Violet-Visible (UV-Vis Genesys
150 Thermo Scientific) and FTIR spectrophotometer
(Shimadzu Prestige-21). Hot Plate (HS 7 IKA C
Mag), Oven (model DHG - 9053 A) and Analytical
Balance (VIBRA Shinko Denshi). The equipment
used is standard laboratory glassware (pyrex).

Ethanolic Extract as Medium in Biosynthesis

In a nutshell, 250 mL of solvent (ethanol 96%,
v/v) is added to a maceration bottle containing 25
grams of freshly grated turmeric (Curcuma longa)
and left for 48 hours. Macerate (I) was produced by
filtering the solution after 48 hours to remove the
solid material from the extract solution. After 48
hours of macerating the solid material once more
with 96% ethanol (v/v, 250 mL), the solution was
decanted to produce macerate (II). For usage in the
biosynthetic process (ethanolic extract of curcuma
longa), macerates I and II are mixed.
Curcumin-capped zinc oxide
nanoparticles biofabrication

With minor adjustments, this process is based on
earlier studies (Arab et al. 2021; Karthikeyan et al.
2020). In a 500 mL beaker glass, 200 mL of curcuma
longa ethanolic extract is combined with 0.1 M, 100
mL solutions of zinc acetate dihydrate and copper
sulphate pentahydrate. After that, the mixture was
constantly mixed (60 minutes, 25°C). The mixture's
pH was raised to 9 by adding 0.8 M NaOH solution.
After that, the whole mixture was heated to 80°C
while being constantly stirred. At room temperature,
the residual mixture was allowed to precipitate for a
single night. In a vacuum oven set at 80°C, the
precipitate (curcumin-capped ZnO-CuO

oxide-copper

nanoparticles) was completely cleaned using distilled
water and a 96% v/v ethanol solution. The precipitate
was then dried until it was completely dry.

Chitosan-curcumin-capped zinc
oxide nanoparticles biofabrication

With minor adjustments, the biosynthesis process
was taken from Arab et al. (2021) and Karthikeyan et
al. (2020). A 500 mL beaker containing solutions of
copper sulphate pentahydrate (0.1 M, 100 mL) and
zinc acetate dihydrate (0.1 M, 100 mL) was filled
with a 2% w/v chitosan solution (2 g of chitosan, 100
ml of acetic acid 3% v/v). For half an hour, the
mixture was constantly swirled at room temperature.
After adding 200 mL of curcuma longa ethanol
extract, the mixture was constantly agitated for an
hour at room temperature. NaOH solution (0.8 M)
was added after an hour until the pH reached 9. At
80°C, the mixture was heated while being constantly
stirred. After that, the mixture is precipitated for the
entire night until a solid that separates from the liquid
is formed. Following separation, the solid is washed
with 96% v/v ethanol and distilled water. The solids
(chitosan-curcumin-capped ZnO-CuO nanoparticles)
were dried in an oven set to 80°C.

oxide-copper

Antibacterial study

Curcumin-capped ZnO-CuO and chitosan-
curcumin-capped ZnO-CuO nanoparticles were
tested for their antibacterial properties utilizing the
diffusion method on the E. coli bacterial strain.
Escherichia coli bacteria were used as the microbial
inoculum. Briefly, to create the inoculum suspension,
sterile 0.9% NaCl solution was added to a fresh
culture, shaken, and the optical density at 580 nm
was measured and adjusted until the inoculum's
transmittance was 25% (Isnaeni et al. 2020) and the
nutrient agar that had solidified in the plates was
swabbed onto 10 mL of nutrient agar that had been
created in petri plates (Fatoni et al. 2023b). In order
to assess the antibacterial activity, 1.5 %, and 2 % of
curcumin-capped ZnO-CuO nanoparticles and
chitosan-curcumin-capped ZnO-CuO nanoparticles
were disseminated in 10 mL of dimethyl sulfoxide
(DMSO). After 24 hours of overnight incubation at
37°C, the zones of inhibition levels were determined.
The positive and negative controls in this case were
DMSO and regular chloramphenicol, respectively.
Every test was conducted in triplicate.

Characterization

FTIR, XRD, and SEM were used to characterize
the curcumin-capped ZnO-CuO and chitosan-
curcumin-capped Zn0O-CuO nanoparticles,
respectively. With a wave number range of 400 to
4000 cm™, functional groups curcumin-capped ZnO-
CuO and chitosan-curcumin-capped ZnO-CuO
nanoparticles were examined using FTIR. In order to
determine their crystallinity size, both were subjected
to physical structural analysis using XRD. A Cu Ka
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X-ray tube with a scan speed and duration time of
10,000 degrees per minute, running at 1.5406 A, 30
kV, and 10 mA, and a 2O range of 0° to 90°, is the
operating condition for X-ray diffraction. Both were
examined for surface morphology using SEM at
10.00 Kv at x 3500 magnifications (scale bars = 5

um).

RESULT AND DISSCUSION
The process by which chitosan-curcumin-capped
ZnO-CuO and curcumin-capped ZnO-CuO
nanoparticles are formed

The image of the biosynthesis process is as shown
in Figure 1. The current study uses the phenolic
groups found in turmeric extract as a reduction
technique to create curcumin-capped ZnO-CuO
nanoparticles (Yazdani et al. 2023). Compared to
naked curcumin, curcumin-capped ZnO-CuO
nanoparticles have a comparatively greater surface
area for solvent interaction. This characteristic
increases their solubility in water, which enhances
the bound's bioavailability (Venkatas et al. 2022).

The ability of the reaction pH to alter the
electrical charges of biomolecules may have a
significant impact on their capacity to cap and
stabilize, which may in turn have an impact on the
development of nanoparticles (Khalil et al. 2014;

Mohammadi & Ghasemi 2018). Metal oxide
nanoparticles have high solubility in low pH regions
and partial disaggregation at high pH, with a pH
range of 4 to 10 being advised (Mohammadi &
Ghasemi 2018).

The reaction of precursors (zinc acetate dihydrate
and copper sulphate pentahydrate) with polyphenols
(R-OH in curcumin) to produce an intermediate
chemical (zinc or copper hydroxide) is one potential
mechanism  for  curcumin-capped  ZnO-CuO
nanoparticles biosynthesis. The heat generated during
the drying step subsequently converts this chemical
into either copper oxide or zinc oxide, as indicated by
the subsequent reactions (Alallam ef al. 2023):

A carbon-nitrogen double bond (Schiff base),
which is the nucleophilic creation of the nitrogen
atom of the amino group (-NH) that produces
chitosan-curcumin-capped ZnO-CuO nanoparticles,
can be formed when chitosan binds to the carbonyl

carbon (C=0) of the chemical structure curcumin
(Karthikeyan et al. 2020).

FTIR result

Figure 2 provides an explanation of the FT-IR
spectra of curcumin, curcumin-capped ZnO-CuO,
and chitosan-curcumin-capped Zn0O-CuO
nanoparticles.

Zn(CH,CO,), ,, + 2R-OH,,, —> Zn(OH), ,, + 2R-CH,, CO, . ...(1)

Zn(OH), , + heat — ZnO
CuSO,,, T2R-OH,
Cu(OH), , + heat - CuO

o0, ()

+H,0,,, ..(4)

(s)

Copper sulfate
pentahvdrate solution +

Ethanolic extract of

Chitosan solution %
curcumin

(a)
Zinc acetate dihydrate
solution

E s |
' & p
Zinc acetate dihydrate |
" ;77 A ] —

Ethanolic extract of

curcumin

Copper sulfate
pentahydrate solution

— Cu(OH),,, , + 2R-SO, ) --(3)

Chitosan-curcumin:
capped ZnO-CuO
nanoparticles

Curcumin capped ZnO-
CuO nanoparticles

Figure 1. Representative image of biosynthesis chitosan-curcumin-capped ZnO-CuO (a) and curcumin-capped

ZnO-CuO nanoparticles (b)
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Figure 2. FTIR spectra of curcumin, curcumin-capped ZnO-CuO and chitosan-curcumin-capped ZnO-CuO

nanoparticles

In curcumin, the FTIR spectrum showed
characteristic stretching bands and peaks matching
with the FTIR spectra reported in the literature. The
OH stretch was observed at 3415 cm™! (3427 cm™! by
Sathiyabama et al. 2020). The C-H stretch as CH»
and CH3 asymmetric stretching was observed at 2924
cm! (2916 cm! by de Rocha et al. 2020). At 1593
cm’!, the distinctive aromatic (C=C) band was
detected (602 cm™' by Sathiyabama et al. 2020). A
band at 1512 cm'! is assigned to (C=0) (1508 cm™' by
de Rocha et al. 2020; 1509 cm™! by Saif et al. 2024;
1516 cm! by Qasem et al. 2020). CH, band was
observed at 1429 cm™ (1422 cm™! by de Rocha ef al.
2020). The measurement of the phenolic stretch (C-
0) was 1276 cm™! (1278 cm™! by Qasem et al. 2020;
1284 cm! by de Rocha et al. 2020; 1280 cm™! by Saif
et al. 2024; 1281 cm™ by Sathiyabama et al. 2020).
The 1031 cm™! peaks are attributed to C-O-C (1025
cm?! by Saif et al. 2024) and at 994 cm’!, the
benzoate trans-CH vibration peak was discovered
(962 cm™! by de Rocha et al. 2020 & Saif et al. 2024).

Using Fourier-transform infrared (FT-IR), the
transmittance of the curcumin-capped ZnO-CuO
nanoparticles as a function of wavenumber has been
used to examine their surface characteristics. The
FTIR spectra of the curcumin-capped ZnO-CuO
nanoparticles showed the stretching bands at
wavenumbers of 3444 cm™ due to the presence of —
OH intermolecular (El-Kattan et al. 2022). According
to Saif et al. (2024), there are distinctive absorption
bands at 1564 cm™ because of C=O stretching, at
1411 cm™ because of C—H bending, and at 1090 cm™
because of C—O—C stretching vibration. However,
one peak was obtained in this region at 1639 cm™* for

the curcumin-capped ZnO-CuO nanoparticles, where
the 1639 cm™ peak could be due to w(C=0) of
curcumin (Moussawi & Patra 2016). In curcumin-
capped ZnO-CuO nanoparticles, the main
characteristic peak of Zn-O is located in the range of
500-700 cm™, indicating the stretching of the Zn—-O
bond (Mosallanezhad et al. 2022). Another reference,
the peak in the range 500-700 cm™, should be a
stretching of Cu-O (Qasem et al. 2020). The FTIR
spectrum showed the expected Cu—O and Zn—O
stretching vibrations at 621 cm™ and 507 cm™,
respectively (Qasem et al. 2020; Mosallanezhad et al.
2022; Madeo et al. 2023).

The band's position in this FTIR spectrum
changed from 3415 cm™ to 3444 cm™, suggesting
that these phenolic hydroxyls interacted with ZnO-
CuO nanoparticles (Moussawi & Patra 2016). The
absence of bands at 3500 cm™ and 1600 cm™, which
are often ascribed to the hydroxyl functional group's
O-H stretching vibration peak and the surface H-OH
bending vibration, indicates that there was no
hydroxyl group adsorption on the ZnO-CuO
nanoparticle surface. Curcumin chelates with ZnO-
CuO nanoparticles through the enol form, according
to current FTIR study.

Chitosan-curcumin-capped ZnO-CuO
nanoparticles’FTIR  spectrum shows the main
characteristic peaks of curcumin, chitosan and ZnO-
CuO nanoparticles. For the functional group of
curcumin, Karthikeyan et al. (2020) reported in the
region between 1750 and 750 ¢m™ was overlapping
of the functional group of chitosan and curcumin. A
peak at 1639 c¢cm! for amide I group of chitosan
(Ramalingam et al. 2015). Amide II from chitosan
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was observed at 1564 cm™! (Ramalingam et al. 2015)
and C=C for curcumin (Sathiyabama et al. 2020).
Amide III was detected at 1411 cm™ for C-N
stretching vibrations (El-Naggar et al. 2022). A peak
at 1180 cm™! for asymmetric stretching of the C-O-C
bridge and 1116-1020 cm! for C-O stretching
(Enumo et al. 2020). Zn-O and Cu-O group were
noted at 653 and 619 respectively (Soumya et al.
2017; Qasem et al. 2020).

In addition, the peak relating to the —OH/~NH>
stretching vibration in chitosan (at 3450 cm™) is
shifted to the lower wavenumber (3442 cm ') in the
FTIR spectra of chitosan-curcumin-capped ZnO-CuO
nanoparticles, suggesting the strong intermolecular
hydrogen bonding interaction between chitosan and

ZnO-CuO nanoparticles (Nguyen et al. 2020) and
these interactions are due to the electrostatic
interaction between chitosan and ZnO-CuO
nanoparticles in the chitosan-curcumin-ZnO-CuO
nanoparticles surface matrix (Karthikeyan et al.
2020). The C=0 functional group of curcumin (1512
cm’') does not appear in this FTIR spectrum of
curcumin-capped ZnO-CuO nanoparticles but the
wave number of 1658 c¢cm’' in chitosan becomes
lower in this FTIR spectrum (1639 cm™). This
change is possible due to the formation of a schiff
base functional group between the C=0O functional
group of curcumin and the NH, of chitosan
(Karthikeyan et al. 2020; Saranya et al. 2018; Kocak
et al. 2012) as described in Figure 3.

OH
o 0
HsC 0
CHs
HO NH; n

+

OH

HsC—O N

HO

OH
o o}
H3C %
CH
HO N n>s
OH

ZH(CH3 COO)2 2H20
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P O——CHjs
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O_CH3

CuS0, 5H,0
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&
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HyC—O

HO

J(o
X
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Figure 3. Reaction illustration of chitosan-curcumin-capped ZnO-CuO nanoparticles (Karthikeyan et al. 2020;

Saranya et al. 2018; Kocak et al. 2012)
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XRD result

XRD was used to study the structural analysis of
the curcumin as functionalized ZnO-CuO

nanoparticles, and the results are shown in Figure 4.
In good agreement with the findings of Sathiyabama
et al. (2020), the characteristic peaks of curcumin
appeared at diffraction angles of 20 at 16.58° with
high intensity. Additionally, some peaks of lower
intensity were observed at diffraction angles of
13.84°, 19.25°, and 28.15°. CuO nanoparticles were
identified by distinctive peaks in the XRD pattern at a
diffraction angle of 26 at 35.80° (Kamble ef al. 2016;
Qasem et al. 2020; Varaprasad et al. 2020). The
peaks observed in 26=32.40° and 59.3° confirmed the
crystalline structure of zinc oxide nanoparticles (Cao
et al. 2021; Kalpana et al. 2018)

The curcumin’s physical structure analysis as
functionalized  chitosan-ZnO-CuO  nanoparticles
showed in Figure 5. The characteristics peaks of
curcumin appeared at the diffraction angles of 20 at
28.19° (low intensity). It was found that the CuO
nanoparticles had main intensity peaks at 26 =38.69°
and 48.10° (Varaprasad et al. 2020; Qasem et al.
2020). The peak at 29.24° is Cu,O nanoparticles
(Ranjan & Shukla 2025). XRD analysis of the ZnO
nanoparticles shows diffraction peaks at 36.37°,
56.46°, 62.84° and 67.98° (Kalirajan & Palanisamy
2019). Chitosan peaks do not appear in this
diffractogram, Ismail et al. (2022) reported the
diffraction peaks became flatter and less noticeable
when curcumin was added to the chitosan, suggesting
that the crystallinity was lost. When these chemicals
are introduced to chitosan, the crystallinity index
drops and the polymer chains are less closely packed,
which also causes a noticeable shift to a higher 20.
This might be because active compounds and
biopolymers interact more strongly via Van der

Equation 5 illustrates how the crystallite size of
nanoparticles is determined using Debye Scherrer's
formula.

D=(094/ B.cos@ ...(5)

In which D is the crystallite size in nm, A is the
wavelength of the incident radiation of Cu ko
radiation (1.5406 A), k is a constant (=0.89), 6 and B
are the diffraction angle and the full width at half
maximum (FWHM) intensity, respectively. The
crystallite size of curcumin as functionalized ZnO-
CuO nanoparticles and curcumin as functionalized
chitosan-ZnO-CuO nanoparticles was calculated by
using the Debye—Scherrer equation were 1.88 and
12.58 nm respectively. The presence of other
materials, such as ZnO-CuO nanoparticles, can also
influence the crystallinity of chitosan-curcumin

composites. These materials (ZnO-CuO
nanoparticles) can interact with chitosan and
curcumin, altering the overall crystallinity and

morphology of the composite (Karthikeyan et al.
2020).

SEM result

Typical SEM images micrographs of curcumin as
functionalized  ZnO-CuO and curcumin as
functionalized chitosan-ZnO-CuO nanoparticles are
presented in Figure 5. The curcumin as
functionalized  chitosan-ZnO-CuO  nanoparticles
(Figure 5b) has a compressible surface structure. This
is possible due to several things, such as the
macropore structure is disturbed by the crystallization
of curcumin on the porous structure of chitosan as
reported by Wijayawardana et al. (2024). The
morphology of ZnO-CuO nanoparticles are not very
uniform,  irregular-sized  spherical  structures
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Figure 4. Curcumin-capped ZnO-CuO and chitosan-curcumin-capped ZnO-CuO nanoparticles’ diffractogram
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Figure 5. Structure morphology of curcumin-capped ZnO-CuO (a) and chitosan-curcumin-capped ZnO-CuO
nanoparticles was analyzed using SEM at a magnification of x 3500 (b)

(Jeevarathinam & Asharani 2024) and most of the
morphology exhibited nanosheet-like structure (Ma e?
al. 2016). Chitosan's amorphous nature can affect its
interaction with other molecules (such as curcumin
capped ZnO-CuO nanoparticles). The curcumin as
functionalized ZnO-CuO nanoparticles also have a
more compressible surface structure (Figure 5a). The
combination of CuO and ZnO nanoparticles,
indicating that this combination does not alter the
overall structure of the curcumin as functionalized
Zn0O-CuO nanoparticles (Jeevarathinam & Asharani
2024).

Antibacterial activity result

Using different serial dilutions of the
nanoparticles, as indicated in Table 1 and Figure 6,
respectively the disc diffusion test was used to
examine the antibacterial activity of the as-prepared
curcumin-capped ZnO-CuO and chitosan-curcumin-
capped ZnO-CuO nanoparticles.

E. coli was used to investigate the antibacterial
activity and inhibitory zone of chloramphenicol,
chitosan-curcumin-capped ZnO-CuO nanoparticles,
and curcumin-capped ZnO-CuO nanoparticles
(Figure 6 and Table 1). Every sample has
antimicrobial properties. Interestingly, the ZnO-CuO
nanoparticles capped with chitosan and curcumin had
greater antibacterial activity than the ones covered
with curcumin. The higher the concentration, the
larger the inhibition zone formed.

Figure 7 shows an example of the antibacterial
mechanism of ZnO-CuO nanoparticles coated with
chitosan and curcumin. Explanation of Figure 7
includes: the antibacterial activity of nanoparticles is
known to be governed by their surface composition
and oxidative metal dissolution. Furthermore, the
antibacterial mechanism of action of nanoparticles is
also influenced by the presence of chitosan on them
close to the surface. Chitosan adheres to the negative-
charged cells of bacterial walls, triggering cell
disruption and One mechanism that has been
suggested 1is altering membrane permeability.
Attachment to DNA follows, which prevents DNA
replication and finally results in cell death (Mawazi
et al. 2024).

Karthikeyan et al. (2020) examined how chitosan-
curcumin-metal oxide nanoparticles interacted with
bacterial cells, affecting the integrity of the cell
membrane, membrane disarray, and macromolecule
structural changes. Larger surface area, irregular
outer surface ridges, and electrostatic attraction are
examples of physical and chemical characteristics
that significantly impact the antibacterial mechanism.

Bacterial cell membranes, which are created when
two systems interact, are generally negatively
charged, while Zn?>* and Cu®' ions are positively
charged. Along with an increase in oxygen vacancies
and the transport ability of the reactant molecules
(chitosan and curcumin), there is also a substantial
stimulation of the release of Zn?*" and Cu?" ions,
which can cause oxidative stress within the bacterial
cell and the creation of reactive oxygen species
(ROS). ROS are oxygen-containing molecules
composed of extremely unstable oxygen radicals,
such as singlet oxygen (0O2), hydroxyl (OHe),
superoxide (0O¢), and hydrogen peroxide (H»O»)
(Takele et al. 2023; Perera et al. 2020).

Curcumin's low water solubility and low
bioavailability severely limit its therapeutic utility,
even though it and chitosan have well-established
antibacterial qualities (Valencia et al. 2021). These
results corroborate those of Karthikeyan et al. (2020),
who also observed that curcumin and other agents
that create nanomaterials have a synergistic impact
against bacteria. Additionally, they show how
curcumin, which is present in nanomaterials, can
enhance the inhibition of bacterial growth, especially
in Gram-negative bacteria.

Research indicates that the mechanism underlying
curcumin's antibacterial activity varies depending on
the strain being examined. Since curcumin's entry
into bacteria is preferred in Gram-negative bacteria
like E. coli, it can promote cell membrane
permeabilization, which raises oxidative stress and
causes DNA fragmentation and lipid peroxidation
(Valencia et al. 2021). According to the justification
provided, the nanoparticles' antimicrobial activity and
curcumin release were both satisfactory. Chitosan's
antibacterial properties may be explained by the way
it’s positive amino groups interact electrostatically
with the negatively charged components on the
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Table 1. Inhibition zones produced by curcumin-capped ZnO-CuO, chitosan-curcumin-capped ZnO-CuO

nanoparticles, chloramphenicol and DMSO respectively

Test compound Concentration Zone of inhibition (mm)
(%) 1 2 3 Average

Curcumin-capped ZnO-CuO 1.5 7.80 8.56 9.74 8.70 £ 0.97
nanoparticles 2 8.84 9.21 10.52 9.52+0.88
chitosan-curcumin-capped ZnO-CuO 1.5 9.22 9.87 11.10 10.06 + 0.95
nanoparticles 2 9.88 1545 18.50 14.61 +4.37
chloramphenicol 0.01 12.15 11.54 10.49 11.39 +£0.83
DMSO - 0 0 0 0

Figure 6. Curcumin-capped ZnO-CuO nanoparticles (1,2), chitosan-curcumin-capped ZnO-CuO nanoparticles
(3,4), chloramphenicol (5), and DMSO (6) all exhibit antibacterial properties

peptidoglican bilayer of bacteria weakening peptidoglican bilayer

MM — Oﬁ?Oﬁ

peptidoglican bilayer of
bacteria

weakem’ng peptidoglican bilayer

Figure 7. An example of how chitosan-curcumin-capped ZnO-CuO nanoparticles work as antibacterial agents

(Perera et al. 2020; Dhlamini et al. 2024)

bacterial cell surface. As a result, chitosan may cause
intracellular components to leak out (Li & Zhuang
2020; Meng et al. 2020; Dhlamini et al. 2024).

CONCLUSION

It is possible to biofabricate the chitosan-
curcumin-capped ZnO-CuO and curcumin-capped
ZnO-CuO nanoparticles. Both FTIR spectra show
that the groups of Zn-O and Cu-O are detected in the
range of 500-700 cm™. The crystalline form was
shown by the XRD pattern of the curcumin-capped
ZnO-CuO and chitosan-curcumin-capped ZnO-CuO
nanoparticles. The surface appearance of ZnO-CuO

covered with chitosan and curcumin and curcumin-
capped ZnO-CuO nanoparticles is a compressible
surface structure. Chitosan-curcumin-capped ZnO-
CuO nanoparticles have more antibacterial activity
against E. coli bacteria than do curcumin-capped
ZnO-CuO nanoparticles. Chitosan-curcumin-capped
ZnO-CuO nanoparticles showed the most promising
activity against tested bacterial strains. Chitosan
enhances antibacterial activity through various
mechanisms, primarily by interacting with bacterial
cell membranes and disrupting their function. Our
findings highlight the applicability of using
curcumin-capped ZnO-CuO and chitosan-curcumin-
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capped ZnO-CuO nanoparticles considering the
potential impact of the capping process on
actibacterial activity. Future work on this study
should focus on optimizing synthesis methods for
enhanced properties, investigate their potential in
various fields like food packaging, exploring their
applications in drug delivery and wound healing, and

investigating  their  long-term  stability and
biocompatibility.
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