Jurnal llmu Pertanian Indonesia (JIPI), Oktober 2024
ISSN 0853-4217
EISSN 2443-3462

Vol. 29 (4): 564-572
http://journal.ipb.ac.id/index.php/JIPI
DOI: 10.18343]/jipi.29.4.564

Synthesis of Cu20, Cu20/Charcoal, and Cu.O/Activated Charcoal
Composites as Antibacterial Agents

(Sintesis Komposit Cu20, Cu20/Arang, dan Cu.O/Arang Aktif sebagai
Agen Antibakteri)

Zaenal Abidin*, Wahyu Riski Rahmawati?, Irma Isnafia Arief?, Eti Rohaeti’

(Received July 2023/Accepted July 2024)

ABSTRAK

Penggunaan antibiotik yang berlebihan untuk pengobatan infeksi bakteri dapat mengakibatkan resistensi
sehingga diperlukan bahan antibakteri lain sebagai alternatif. Penelitian ini mengombinasikan arang dan arang aktif
dengan oksida logam, yaitu tembaga oksida (Cu20) yang bersifat antibakteri terhadap bakteri Gram positif dan Gram
negatif, sehingga menghasilkan komposit antibakteri untuk proses pengolahan air. Selain itu, kajian ini juga
mengevaluasi pengaruh jenis gula yang berbeda sebagai zat pereduksi terhadap Cu2O yang dihasilkan, dan
mengidentifikasi aktivitas antibakteri Cu20 dan kompositnya. Sintesis Cu20 dengan metode raksi seperti-Tollens
menggunakan Cu(NOs). sebagai prekursor, kemudian ditambahkan NaOH, NH4OH, dan gula. Gula yang digunakan
adalah sukrosa, gula putih, dan gula merah. Jenis gula sebagai pereduksi memengaruhi ukuran dan morfologi Cu20
yang dihasilkan. Tambahan Cu.0 pada arang dan arang aktif akan menaikkan sifat antibakteri pada arang dan arang
aktif. Tembaga oksida, Cu.O/arang dan Cu.O/arang aktif memperlihatkan sifat antibakteri yang tinggi pada
Escherichiacoli (Gram negatif), yaitu secara berturut-turut 5,69 + 0,02 mm dan 6,23 + 0,03 mm, karena memiliki lapisan
dinding sel yang lebih tipis dibandingkan Staphylococcus aureus (Gram positif). Aktivitas antibakteri terbaik
ditunjukkan oleh Cu20 yang disintesis menggunakan gula putih sebagai reduktor dengan zona hambat 8,26 + 0,19
mm.

Kata kunci: antibakteri, arang, arang aktif, gula, tembaga oksida

ABSTRACT

The excessive use of antibiotics to treat bacterial infections can lead to bacterial resistance, necessitating other
antibacterial agents as alternatives. This research combined charcoal and activated charcoal with metal oxide,
namely copper oxide (Cuz20), which has antibacterial properties against Gram-positive and Gram-negative bacteria,
thus producing an antibacterial composite for water treatment processes. Furthermore, this study also examined the
effect of different types of sugar as reducing agents on the produced Cu20 and identified the antibacterial activity of
Cu20 and its compaosites. Synthesis of Cu20 through the Tollens-like reaction method using Cu(NO3)2 as a precursor,
then adding NaOH, NH4OH, and sugar. The sugars were sucrose, white sugar, and brown sugar. The type of sugar
used as a reducing agent affected the size and morphology of the Cu20 produced. Adding Cu20 to charcoal and
activated charcoal increased antibacterial properties to charcoal and activated charcoal. Copper oxide,
Cuz0O/charcoal, and CuzO/activated charcoal exhibited high antibacterial properties against Escherichia coli (Gram-
negative), as of 5.69 + 0.02 mm and 6.23 + 0.03 mm, respectively, due to their thinner cell walls compared to
Staphylococcus aureus (Gram-positive). The Cu20 synthesized using white sugar as the reducing agent showed the
best antibacterial activity, with an 8.26 £ 0.19 mm inhibition zone.

Keywords: activated charcoal, antibacterial, charcoal, copper oxide, sugar

INTRODUCTION

Inorganic materials have become important
antibacterial agents used in the biological field. Metal
oxide materials show broad-spectrum antibacterial
activity on Gram-positive and Gram-negative bacteria
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(Hong et al. 2018). Copper oxide (Cuz20) is an excellent
material for antibacterial applications due to its high
antibacterial activity, effectiveness, and good storage
stability (Hemmati et al. 2019). Copper oxide has
shown multitoxicity across many bacteria species
(Xiong et al. 2015). Copper oxide particles have been
reported to exhibit lower toxicity than silver oxide
(Bezza et al. 2020). Copper oxide has been widely
used in the antibacterial field as an antiseptic and
germicide in daily life (Kiaune & Singhasemanon 2011),
antibacterial for medical treatment tools (Allaker &
Memarzadeh 2014), and in removing pathogens from
the aquatic environment (Fan et al. 2012). Synthesis of
Cu20 by chemical reduction (Tollens-like reaction)
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requires a reducing agent. Typical reducing agents are
sodium borohydride, hydrazine or borane compounds,
and sugar (Gawande et al. 2016). Sugar is a low-cost
and environmentally friendly reducing agent to produce
Cu20.

Copper oxide, with its antibacterial properties, can
be combined with other materials to form antibacterial
composites. Charcoal and activated charcoal have
been widely used in water treatment to remove organic
and inorganic pollutants because of their high surface
area, amount, and adsorption rate. However, when
charcoal and activated charcoal are used to purify
water, bacteria will adhere due to the excellent
biocompatibility properties of charcoal and activated
charcoal. It causes bacteria to breed on charcoal and
activated charcoal during the water purification process
so that charcoal and activated charcoal become
polluted (Zhao et al. 2013). This problem can be
overcome by combining charcoal and activated
charcoal with copper oxide, which has antibacterial
properties.

Combining charcoal and activated charcoal with
copper oxide will produce a composite. Composite is a
material formed from a combination of two or more
materials that have different mechanical properties
from their constituents. Composite formation aims to
improve certain mechanical properties and/or specific
properties to obtain materials that have new properties
from their constituents. Copper oxide can be used as a
composite with charcoal. Therefore, this research
combines charcoal and activated charcoal with metal
oxide, namely copper oxide (Cu20), which has
antibacterial properties against Gram-positive and
Gram-negative  bacteria, thus producing an
antibacterial composite for water treatment processes.
Furthermore, this study also examines the effect of
different types of sugar as reducing agents on the
produced Cu20 and identifies the antibacterial activity
of Cu20 and its composites.

MATERIALS AND METHODS

The experiment used analytical balance (Precissa
XT 220 A), micropipette (Nichipet EX), hotplate (Torrey
Pines  Scientific), oven (Memmert), UV-Vis
spectrophotometer (Jenway 7300), and Fourier-
transform infrared (FTIR) (Perkin Elmer Spectrum
One). The materials included Cu(NO3)2.3H20
(Merck), commercial charcoal, commercial activated
charcoal (Setiaguna), NaOH, NH4OH (Merck), ethanol
(Merck), distilled water, Mueller Hinton agar (Oxoid),
sucrose, white sugar (Gulaku), and brown sugar.

Cu20 Synthesis through Tollens-like reaction

The Cu(NOs3)2.3H20 10 mM precursor consisted of
2 mL, prepared in 3 test tubes. Each test tube was
added with 1 mL of 0.4 M NaOH and 1 mL of 10 mM
NH4OH. The next step was adding a reducing agent of
37% (b/v) sugar, as much as 1 mL. The sugars used
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were sucrose, white sugar, and brown sugar. The test
tube containing the precursor and reagents was heated
using a hotplate at 80°C for 10 minutes. In the next
step, the sample is washed with ethanol and then
distilled water until the pH is neutral. The supernatant
was separated from the precipitate and then dried
using an oven at 105°C for 1 hour. Cu20 synthesized
using sucrose as a reducing agent was labeled as
Cu20 (1), Cu20 which uses white sugar as a reducing
agent was named Cu20 (2), and Cu:0 which is
synthesized using brown sugar as a reducing agent
was labeled as Cuz0 (3).

Synthesis of CuzO/charcoal and Cu,O/activated
Charcoal Composites

Charcoal and activated charcoal were pulverized
first to 100 mesh size. A physical mixing method was
used to synthesize copper oxide/charcoal composite.
The initial steps of the synthesis were the same as the
synthesis of copper oxide through the Tollens reaction
until heating at a temperature of 80°C for 10 minutes.
After that, 10 mg of the commercial activated charcoal
was added to each test tube and shaken until
homogeneous. In the next step, the sample was
washed with ethanol and then distilled water until the
pH was neutral. The supernatant was separated from
the precipitate and dried using an oven at 105°C for 1
hour.

Specific Surface Area Calculation (Okeola et al.
2012)

Calculating the specific surface area (S) used
methylene blue adsorption with the isotherm
adsorption model, which was the Langmuir model. The
value of Xm is the amount of solute adsorbed on the
monolayer per gram of adsorbent (mol/g), Am is the
surface area occupied by the adsorbent either in the
form of molecules or aggregates on the surface (m2),
NA is Avogadro’s number, and Mw is the molecular
weight of adsorbate. The calculation of the specific
surface area follows the following equation:

S_XmXAmKNA
B Mw

The Adsorption Capacity of Methylene Blue

The adsorption capacity of methylene blue is the
maximum amount of dye that can be adsorbed by 1 g
of adsorbent. This analysis began with preparing a
2000 ppm methylene blue stock solution. The
methylene blue stock solution was diluted to eight
concentrations (50, 125, 250, 500, 750, 1000, 1500,
and 2000 ppm). A total of 20 mg of charcoal and
activated charcoal were added to 5 mL of methylene
blue solution of various concentrations in different
containers, then shaken every hour. Adsorption was
carried out for 24 hours. The filtrate concentration was
determined using a visible light spectrophotometer at A
maximum. The adsorption data was calculated for its
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capacity and analyzed using the Freundlich and
Langmuir equations.

Freundlich equation:

Km _ 1
Log = =Log k+ " Log Ce

where Ce is the ion concentration after adsorption
(mg/L), Xm/m is the mass of ions adsorbed per
adsorbent mass (mg/g adsorbent), k is the maximum
adsorption capacity (mg/g), and n is the Freundlich
constant.

Langmuir equation:

Ce 1 1

}(mfm:ﬁJrECE

where Ce is the ion concentration after adsorption
(mg/L), Xm/m is the mass of ions adsorbed per
adsorbent mass (mg/g adsorbent), a is the maximum
adsorption capacity (mg/g), and b is the Langmuir
constant.

Antibacterial Test on Disc Diffusion

Inoculating the pure bacteria of Staphylococcus
aureus (Gram-positive) and Escherichia coli (Gram-
negative) were prepared with a 103 CFU/mL
concentration. A total of 20 mL of liquid Mueller Hinton
agar (MHA) media was poured into a petri dish and
then allowed to stand until agar was formed. A total of
1 mL of bacteria culture was spread evenly on the
surface of the media. Paper discs with a diameter of 5
mm were dripped with 20 L of sterile distilled water, and
0.5 mg of copper oxide samples were added. The
paper disc containing the sample was placed on the
surface of the media at a certain distance, and the
procedure was repeated three times. The plates were
incubated at 37°C for 24 hours. The diameter of the
inhibition zone for each sample was measured. The
sterile distilled water blank was used as a comparison.

Analysis of scanning electron microscope

Samples were prepared and coated with gold using
a Hitachi MC1000 instrument and then analyzed using
a JSM-IT300LA SEM (EDS Detector JED-2300 Series)
at 1000x and 5000x magnification.

Data analysis

The antibacterial data were the mean and standard
deviation of the triple replications. The data was
analyzed using one way ANOVA (analysis of variance)
and continued with the Tukey test to identify differences
in the test data. The difference was considered
statistically significant if p<0.05.

JIPI, Vol. 29 (4): 564-572

RESULT AND DISCUSSION

Cu0 Synthesis through Tollens-like Reaction
Synthesis of Cu20 used a chemical reduction
method by modifying the Tollens method. Tollens
reagent, consisting of a solution of AGNOs in this study,
was replaced by Cu(NOs)2, NaOH, and NH4OH. The
synthesis was started by mixing 10 mM Cu(NO3s)2
solution with 0.4 M NaOH then stirred in which the
mixture would turn into a dark blue suspension. This
change indicates the formation of Cu(OH)2 deposits
(Xue et al.2016). The next step was adding 10 mM
NH4OH as a complexing agent to form a complex of
Cu(NH)?* ions (Shenoy & Shetty 2012). The color of the
mixture changed to light blue, and then the mixture was
added with 37% sugar as a reducing agent and heated
at 80°C for 10 minutes. The mixture's color will turn
brown, indicating the formation of Cu2O (Yu et al.
2015). The copper oxide formed in the solution was
then rinsed using ethanol and distilled water. The
neutral Cu20 precipitate was then dried using an oven
at 105 °C to obtain Cu20 solids. A reducing sugar is a
sugar that contains a free aldehyde or ketone group.
Reducing sugars can donate electrons to electron-
acceptor molecules. All monosaccharides, such as
glucose and fructose, reduce sugars. Sucrose is a
disaccharide and has no free aldehyde or ketone
groups. Sucrose cannot be a reducing agent in metal
oxide synthesis because it has a glycosidic bond that
prevents the ring opening of glucose and fructose
monomers (components of sucrose) (Filippo et
al.2010). However, sucrose can become a reducing
sugar through hydrolysis, breaking the glycosidic bond,
producing glucose and fructose (Hurtado et al. 2016).
The presence of carbonyl groups, especially
aldehydes, in the structure of glucose and ketones in
fructose can facilitate the synthesis of metal oxides.
Glucose is more easily oxidized than fructose due to
the presence of a hydrogen atom in its primary group,
so glucose is responsible for reducing metal ions to
their metallic state (Naika et al. 2015). Glucose acts as
a reducing agent that will form gluconic acid or gluconic
acid salts in the metal oxide synthesis process
(Agudelo et al. 2018). This study used a reducing agent
of pure sucrose, white, and brown sugar. White sugar
and brown sugar are sugars often used by the public.
Each sugar is made up of a different combination of
ingredients. White sugar and brown sugar contain
different levels of sucrose. White sugar is made from
sugarcane juice that has undergone a purification
process. The purification process aims to remove
molasses so that white sugar is obtained. Molasses are
by-product of the sugar processing industry. Unlike
white sugar, brown sugar still contains molasses. The
presence of molasses causes the sugar to turn brown.
Brown sugar is the result of processed sap. The sap
used is derived from sugarcane, sap, or palm juice.
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Copper oxide is a semiconductor material. The color
of the light reflected, absorbed, transmitted, or emitted
by a semiconductor material highly depends on the
bandgap energy value. A material's chemical
composition, structure, size, and shape affect bandgap
energy values. Therefore, the resulting color variations
indicate that materials synthesized using different
reducing agents possess distinct chemical
composition, structure, size, or shape. Usually, Cu20
absorbs light in the wavelength range from UV to red
(Markina et al.2016). Cu20 is a semiconductor material
whose bandgap energy depends on the size and shape
of the crystal. The synthesis of Cu20 in this study used
a reducing agent of 37% sugar. The synthesis in
various types of sugar gave different Cu2O colors.
Synthesis by reducing sucrose, white sugar, and brown
sugar gave orange-brown, orange, and brown (Figure
1). It showed that Cu20 produced by different reducing
agents had different sizes and crystal shapes.

Different functional groups in reducing agents, such
as ketones, aldehydes, hydroxyl, amine, and carboxyl,
are responsible for reducing metal ions to metal atoms
(Devi et al. 2014). Aldehyde groups and their
concentration in reducing sugars are essential in
forming metal oxide particles (Shukla & Iravani 2016).
In general, carbohydrates can act as reducing agents
due to carbonyl groups, which can lead to the formation
of metal oxides with specific shapes. However, their
specific influence depends on the presence of other
functional groups. Different types of sugar affect the
shape of metal oxide particles (Filippo et al. 2010).
Sucrose, white sugar, and brown sugar have different
functional groups. It causes differences in the growth of
Cu20 crystals, so the size and shape of the resulting
crystals are different. Differences in the size and shape
of Cu20 crystals affect the bandgap energy values,
resulting in different Cu20 colors. The morphology of all
Cu20 synthesized with three sugars used as reducing
agents needs to be further characterized to determine
the size and shape of the crystals.

|
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Figure 1 Cu20 products with various types of reducing
agents, sucrose (a), white sugar (b), and brown
sugar (c).

———
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CuxO/charcoal and Cu.O/activated Charcoal
Composites

This experiment synthesized Cu20 composites with
two charcoal types: activated charcoal and charcoal.
Activated charcoal is made through carbonization and
activation, while charcoal only goes through
carbonization. The difference in the activation process
causes differences in size, number of pores, surface
area, and active side in charcoal. The activated
charcoal that goes through an activation process has
more surface area, active side, size, and number of
pores than charcoal. This difference will affect the
resulting composite. When added to charcoal or
activated charcoal, copper oxide that was orange or
brown formed a composite and changed color to black-

brown (Figure 2).

Charcoal and Activated Charcoal Specific Surface
Area

The specific surface area is the area covered by a
solid surface per unit of material. The surface area of
the adsorbent is one of the critical factors that affect the
adsorption ability. The larger surface area possesses

T T W g W vvw*

Figure 2 Cu2O composite with activated charcoal (1) and

charcoal (2) reducing variations, sucrose (a), white
sugar (b), and brown sugar (c).
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more active adsorbent sites to interact with the
adsorbate, which is material that gets adsorbed. The
adsorption ability of an adsorbent can be determined
by comparing its surface area. This study used
methylene blue dye to determine the surface area of
the adsorbent. The methylene blue adsorption method
in the liquid phase to determine specific surface area
has been carried out on various solids such as
charcoal, graphite, and silica. The adsorbents used in
this study were charcoal and activated charcoal.
Methylene blue (MB) is an organic cationic dye with the
molecular formula Ci16H18CIN3S. The methylene blue
molecule has an area of about 130-135 A2 The
adsorbed methylene blue molecule must follow the
Langmuir isotherm model, assuming only one layer is
formed. The number of adsorbed methylene blue
molecules can be used to determine the specific
surface area (Itodo et al. 2010). Based on the
calculations, the charcoal had a surface area of 30, and
the activated charcoal was 720 m?/g (Table 1). The
activated charcoal has a larger surface area than
charcoal. It is because activated charcoal goes through
an activation process, while charcoal does not. The
activation process will open the pores of the activated
charcoal so that the activated charcoal's surface area
increases and the adsorbent's adsorption capacity
increases. The larger the surface area of the
adsorbent, the larger the contact area for the adsorbate
will be so that more adsorbates can be adsorbed.

Adsorption Isotherm

The adsorption isotherm shows the distribution of
molecules between the liquid and solid phases. Solid-
liquid phase adsorption generally refers to the isotherm
type of Freundlich and Langmuir (Hameed et al. 2007).
Langmuir isotherm model shows that monolayer
adsorption occurs on a homogeneous surface. The
Langmuir model assumes that the adsorbent has a
homogeneous structure, and that the monolayer
adsorption process occurs with uniform adsorption
energy. The Langmuir adsorption model uses a linear
relationship equation between equilibrium
concentration (Ce) and equilibrium concentration per
adsorption capacity (Ce/Qe). The Freundlich isotherm
assumes that the surface energy is heterogeneous.
Freundlich's model uses a linear equation that relates
log Ce to log Qe (Xiong et al. 2017). The analysis
showed that the charcoal and activated charcoal
followed the Langmuir isotherm type. It is indicated by

Table 1 Surface area of charcoal and activated charcoal
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the constant value and coefficient of determination of
the Langmuir isotherm, which was higher than that of
the Freundlich isotherm (Table 2). It showed that the
adsorbent used in this study has a homogeneous
surface (Sahara et al.2017). The maximum adsorption
capacity of activated charcoal was higher than that of
charcoal. The maximum adsorption capacity of
activated charcoal was 294.118 mg/g, while that of
charcoal was only 12.107 mg/g.

Antibacterial Activity

Gram-positive and Gram-negative bacteria have a
negatively charged surface (Slavin et al. 2017). Gram-
positive bacteria have a thick peptidoglycan layer
formed by alternating linear chains of N-
acetylglucosamine (NAG) and N-acetylmuramic acid
(NAM) residues linked together by crosslinked 3 to 5
amino acid sequences. The negative charge on Gram-
positive bacteria comes from the phosphate group on
lipoteichoic acid on the surface of the bacteria. Gram-
negative bacteria have a slightly more complex
structure. Gram-negative bacteria have a thin
peptidoglycan layer and a phospholipid outer
membrane in lipopolysaccharide (LPS), increasing the
negative charge on the bacteria's surface (Lopez et al.
2020). The negatively charged bacteria cell wall
attracts positively charged metal particles to its surface
due to electrostatic interactions. Copper oxide can
significantly inhibit bacteria growth because it can
directly contact the surface of bacteria cells. Positively
charged copper-based particles form strong bonds with
bacteria cell membranes (Letchumanan et al.2021). It
causes the permeability of the bacteria cell membrane
to increase. Cells will rupture, and intracellular
components will leak. Leakage of intracellular
components causes shrinkage of the bacteria cell
membrane (Li et al. 2015). Disturbances in the bacteria
cell membrane can open or close channels to the cell
membrane. It damages membrane proteins and lipid
bilayers, disrupting cell metabolism (Matai et al. 2014).
The interaction of bacteria with Cu2O also causes
changes in bacteria cells from regular to irregular
shapes (Raffi et al. 2010).

Copper oxide and its composites have better
antibacterial activity against E. coli bacteria than S.
aureus. It was indicated by the value of the inhibition
zone and arbitrary unit of E. coli (Table 3), which was
higher than that of S. aureus (Table 4). The same result
was also shown by Hong et al. (2018), that Cu20 can

Sample

Surface area (m2/g)

Charcoal
Activated charcoal

30
720

Table 2 Constant value and linearity of charcoal and activated charcoal adsorption isotherm

Sample Freundlich Langmuir
k (mg/g) R2 a (mg/g) R2
Charcoal 3.539 0.717 12.107 0.999
Activated charcoal 2.447 0.760 294.118 0.999
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Table 3 Effect of reducing agent on the antibacterial activity of E. coli

Sample — - E. coli
Inhibitory Unit (mm) AU (mg?)

Cuz20 (1) 6.65+0.16 P 30.14 +3.38°
Cu20 (2) 8.26 £0.192 67.82 4992
Cu20 (3) 6.69+0.01° 31.09 £0.23°
Cuz0 (1)/activated charcoal 6.23+0.034 21.62 £ 0.49 cd
Cu20 (2)/ activated charcoal 6.47 + 0.05 bec 26.54 + 0.94b.c
Cu20 (3)/ activated charcoal 6.33 £ 0.06 ¢ 23.73 +£1.15¢d
Cu20 (1)/charcoal 5.69+0.02¢ 11.58+0.31¢
Cu20 (2)/charcoal 6.23 +0.06 ¢d 21.76+ 1.13cd
Cu20 (3)/charcoal 6.09 £ 0.03 ¢ 19.04+ 0.629
Activated charcoal 5.07 £ 0.03f 1.06 + 0.46f

Charcoal 5.04 + 0.01f 0.58 +0.18f

Descriptions: *Numbers in the same column and row followed by different letters are significantly different (p<0.05).

Table 4 Effect of reducing agent on the antibacterial activity of S. aureus

Sample _ _ S. aureus
Inhibitory Unit (mm) AU (mg?)
Cuz20 (1) 6.12 £ 0.03 b 19.49 + 0.56 b
Cu20 (2) 6.76 £ 0.052 32.43+1.092
Cu20 (3) 6.13 £0.10b¢ 19.76 + 1.92b¢
Cu20 (1)/activated charcoal 6.08 £ 0.03bc 18.85 + 0.55b¢
Cu20 (2)/ activated charcoal 6.22 £0.04b 21.43+0.81°b
Cu20 (3)/ activated charcoal 6.10 £ 0.04be 19.17 £+ 0.83b¢
Cu20 (1)/charcoal 5.41+0.02¢ 6.70 +£0.30¢
Cu20 (2)/charcoal 6.04 +0.05¢ 18.09+ 0.97¢
Cu20 (3)/charcoal 5.62 +0.104d 10.29+1.704
Activated charcoal 5.07 £ 0.03f 1.06 +0.46f
Charcoal 5.00 £ 0.00f 0.00 +0.00f
Descriptions: *Numbers in the same column and row followed by different letters are significantly different (p<0.05).
inhibit E. coli better than S. aureus. The peptidoglycan  potentials due to differences in their chemical

layer of E. coli, a Gram-negative bacterium, is thinner
than that of S. aureus (a Gram-positive bacteria).
Copper oxide is easier to damage and penetrate the
outside of E. coli, so the antibacterial activity of Cu20
on E. coli is higher. The thick peptidoglycan layer of S.
aureus makes it difficult for Cu20 to penetrate the
outside of the bacteria, making it more difficult to enter
the internal bacteria organelles. Based on this, Cu20 is
more effective in inhibiting E. coli, a major pathogen
associated with waterborne diseases. E. coli in food or
wa ter indicates poor food or water processing
hygiene. E. coli contamination can cause
gastrointestinal infections, such as stomach cramps,
vomiting, and diarrhea (Odonkor & Mahani 2020). The
resulting copper oxide can be used in water treatment
processes. Copper oxide will kill E. coli, improving
water quality.

Different types of reducing agents and adding
activated charcoal and charcoal as composites
resulted in different antibacterial activities. The order of
antibacterial from the best, namely Cu20 (2), Cu20 (3),

Cu20 (1), Cu20 (2)/activated charcoal, Cu20
(3)/activated, Cu20 (1)/activated charcoal, Cu20
(2)/charcoal, Cu20 (3)/charcoal, and Cu20

(1)/charcoal. Copper oxide with white sugar reducer
gave the best inhibition zone and activity unit. The best
order of Cu20 antibacterial was based on the reducing
sugars: white sugar, brown sugar, and sucrose.
Different types of sugars have varying reduction

structures and impurities. Brown sugar, which contains
molasses, may have a higher reducing potential than
refined white sugar. This difference in reducing
potential can influence the rate and extent of reduction
reactions. Furthermore, the presence of impurities in
sugar can act as nucleation sites or surface modifiers
during metal oxide crystal growth. That may affect the
nucleation kinetics of the resulting Cu20 crystals, so the
size and shape of the Cu20 crystals produced are
different. The smaller size of metal oxide particles will
increase the size of the surface area. The large surface
area increases the interaction of metal oxides with
bacteria, increasing the antibacterial activity. On the
other hand, the large metal oxide particle size causes
the surface area to decrease so that the antibacterial
activity decreases (Slavin et al. 2017).

The composites produced lower antibacterial
activity than Cu20. CuzO/activated charcoal
composites were better than Cu2O/charcoal, while the
activated charcoal and charcoal produced the lowest
antibacterial activity. Bacteria have different strengths
when attached to different types of charcoal. The
difference is due to the number of active sites in the
charcoal due to the interaction with the outer layer of
the bacteria surface (Karnib et al. 2013). Bacteria
attach to the activated charcoal particles through strong
van der Waals forces between the bacteria and the
activated charcoal surface (Akasaka & Watari 2009).
The number of metal oxide particles in charcoal also
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affects the antibacterial activity. The more metal oxides
in activated charcoal, the higher the antibacterial ability
(Zhao et al. 2013).

Through activation, activated charcoal has a larger
surface area, active site, size, and number of pores
than charcoal. Based on this, activated charcoal can
interact with Cu20 and more bacteria. The higher the
amount of Cu20, the higher the antibacterial activity.
On the other hand, charcoal, without an activation
process, has a smaller surface area, active site, size,
and number of pores. Thus, the number of bacteria and
Cu20 caught was less, so the antibacterial activity was
lower than that of activated charcoal. Metal particles
can also release metal ions from the extracellular
space, be able to enter cells, and interfere with
biological processes. Metal ions can induce the
production of reactive oxygen species (ROS). Under
normal conditions, bacteria have defense mechanisms
against ROS, such as glutathione, superoxide
dismutase, and catalase, which act as antioxidant
enzymes and remove ROS. High concentrations of
metal ions result in extreme levels of oxidative stress,
although antioxidant enzymes can remove some metal
ions. Itis not sufficient to neutralize the number of metal
particles that enter. The resulting oxidative stress
causes glutathione oxidation, suppressing the
antioxidant defense mechanisms of bacteria against
ROS. Metal ions entering bacteria cells are free to
interact with cellular structures, such as proteins,
membranes, and DNA, so cell function is disrupted
(Stensberg et al. 2011).

Analysis of Scanning Electron Microscope

SEM analysis showed that the synthesized Cu20
morphology was spherical and some were octahedral
(Figure 3a). Figure 3b shows the morphology of
activated charcoal has small pores, while charcoal has
large pores (Figure 3c). The number of pores in
activated charcoal is more than charcoal because
activated charcoal is prepared through an activation
process that causes the hydrocarbon bonds to break
and the molecules on the surface are oxidized. This
causes there are physical and chemical changes so
that the number of active sites and surface area of
activated charcoal increases (Ajayi & Olawale 2009).

Activated charcoal or charcoal combined with
Cu20 will form a composite. The morphology of the
activated charcoal/Cu20 composite differed from that
of charcoal/Cu20 because the morphology and surface
structure of the precursors were different. The
interaction of charcoal or activated charcoal with Cu20
is affected by the surface area, active site, and pore
size. The large surface area, active site, and pore size
will increase the amount of Cu20 that sticks to and
occupies the pores of charcoal or activated charcoal
(Shu et al. 2017). Figures 3d and 3e show that
spherical Cu20 molecules scattered randomly occupy
the pores and surfaces of charcoal and activated
charcoal. The amount of Cu20 attached to activated
charcoal is more than charcoal because the number of
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pores and the active side of activated charcoal is much
more.

CONCLUSIONS

Copper oxide (Cu20) and composites of
Cuzx0O/charcoal, CuxO/activated charcoal can be
synthesized by the Tollens-like reaction method.

(1) (ii)

Figure 3 Cu20 (a), activated charcoal (b), charcoal (c),
CuzO/activated charcoal (d), Cu2O/charcoal (e) at
1000X (i) and 5000X (ii).
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Sucrose, white sugar, and brown sugar can be used in
supporting environmentally friendly agents. Various in
reducing agents affect the morphology of Cu20.
Differences in preparing charcoal and activated
charcoal affect the surface area, pores, and active
sites. The activated charcoal can capture more Cu20
than charcoal. Copper oxide and the resulting
composite have higher antibacterial properties in E. coli
than S. aureus. The best antibacterial activity is the
Cu20 (2).
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