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Abstract

Global health is under serious threat due to antimicrobial resistance, especially in bacteria.
Therefore, this study offers an alternative in the form of an antibacterial agent based on
g cobalt ferrite/ AC/DMSO ferrofluid. This ferrofluid was successfully synthesized using the
WWM coprecipitation method, which was confirmed by XRD, SEM, FTIR characterization, and
International License antibacterial tests. XRD results showed that cobalt ferrite nanoparticles formed an inverse
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cubic spinel crystal structure, and the AC material was amorphous. The particles were
spherical in shape that were quite agglomerated with particle sizes of 28.5 + 0.5 nm. Then,
the formation of cobalt ferrite and AC was also confirmed by the appearance of M-O and
C-0, C=0 bonds. DMSO surfactant was shown with a typical bond, namely S=0O. While
coconut oil was detected by C-O, C=0O, CH,, and CH3 bonds. Interestingly, the
performance of cobalt ferrite/ AC/DMSO ferrofluid is shown by the antibacterial test
results which produce an inhibition zone diameter of Escherichia coli bacteria of 9.50 +
1.01 mm.
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1. Introduction
In recent years, antimicrobial resistance, particularly in bacteria, has become a serious threat to

global human health. This condition can reduce the effectiveness of treatment and cause the spread of
infections to become more widespread. The WHO reported in 2019 that the death toll due to resistance
has increased to 5 million annually [1]. One of the bacteria that causes various serious infections is
Escherichia coli. Based on data from the China Antimicrobial Resistance Surveillance System
(CHINET), this bacteria is the pathogen that contributes to the highest number of deaths due to
antimicrobial resistance [2]. This threat has highlighted the need for more effective and safe alternatives,
one of which is through a nanotechnology approach in the form of cobalt ferrite nanoparticles as an
antibacterial agent.

The use of cobalt ferrite nanoparticles is now attracting attention because it has unique properties
such as large surface area, good biocompatibility, non-toxic, and has good interaction with bacterial
cells so that it is easier to inhibit the growth of bacteria through the formation of reactive oxygen species
(ROS) [3], [4]. However, this utilization has challenges such as easy agglomeration, so it is necessary
to compost with other materials. Activated carbon (AC) with its porous structure can function as a
support matrix that can help disperse cobalt ferrite nanoparticles by multiplying the active sites so that
it can facilitate direct contact with bacteria and improve the oxidative mechanism in cell inhibition in
bacteria [5].

Interestingly, cobalt ferrite/AC nanocomposites can be modified in the form of ferrofluids to
enhance antibacterial activity. These ferrofluids have good stability and homogeneity to carry
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nanocomposites towards bacterial targets [6]. The addition of dimethyl sulfoxide (DMSO) as a
surfactant in ferrofluids can dissolve polar and non-polar compounds, prevent clumping, and increase
bioactive fractions in favor of antibacterial activity [7]. Furthermore, the homogeneity of ferrofluids
can be overcome by adding a dispersing medium in the form of coconut oil. Coconut oil contains
compounds, especially lauric acid, oleic acid and linoleate which have antibacterial properties to
increase its antibacterial performance [8]. Thus, cobalt ferrite/ AC/DMSO ferrofluids can be a more
effective alternative as an antibacterial agent.

2. Methods

The synthesis of cobalt ferrite/ AC nanocomposites begins by reacting iron sand and HCI 12 M
to obtain FeCl, and FeCl; solutions as in previous studies [9]. Next, the solution was added to CoCl»
and composted with AC. After that, the sediment is washed to a neutral pH. After neutralization, the
precipitate was dried using an oven at 100°C for 1 hour and then characterized by XRD and SEM. Next,
the synthesis of cobalt ferrite/ AC nanocomposite precipitate is carried out with DMSO surfactant and
dispersed using coconut oil. The results of the synthesis formed a cobalt ferrite/ AC/DMSO ferofluid
characterized by FTIR and antibacterial test.

3. Results and Discussion

The XRD results of the cobalt ferrite/AC nanocomposite are shown in Figure 1. The peak of
diffraction of cobalt ferrite nanoparticles appears at 20 = 30.2°; 35.5°; 43.4°; 53.5°; 57.2°; and 62.9°
with Akl planes (22 0),(311),(400),(422),(511),and (44 0) as in previous research by Ramadhani,
et. to [10]. The crystal structure formed from these nanoparticles is an inverted cubic spinel that has a
space group Fd-3m with a = b = ¢ = 8,376 A [10]. Then, cobalt ferrite is composed of Co>" ions that
occupy the Fe atom at the tetrahedral site [11]. Moreover, in this diffraction peak, the AC material does
not appear because it is amorphous and is covered by the cobalt ferrite composition [12].

Intensity (arb. u.)

Figure 1. X-Ray Diffraction Pattern of Cobalt Ferrite/AC Nanocomposite.
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Furthermore, the morphology and particle size of the SEM results are shown in Figure 2. The
morphological shape of the cobalt ferrite/ AC nanocomposite shows a spherical shape with particles that
are sufficiently agglomerated on the surface of the AC. This agglomeration occurs due to the strong
force between magnetic particles [13]. The nanocomposite produces a particle size of 28.5 = 0.5 nm.
The value in this study is smaller than previous studies that obtained CoFe,O4 particle sizes of 47.6,
51.6 and 50.1 nm [14]. This shown that the addition of AC is able to function as a supporting matrix
that increases active sites and is quite helpful in the distribution of cobalt ferrite nanoparticles [5].

The formation of cobalt ferrite/ AC/DMSO ferrofluid was confirmed by FTIR results at wave
numbers of 4000 — 400 cm™ as in Figure 3. The material formed was indicated by the appearance of
functional groups, where cobalt ferrite was confirmed by the appearance of M-O functional groups at
wave numbers of 468 cm™ and 589 cm™ [11]. At wave numbers of 1315 cm™ and 1743 cm’!, C-O and
C=0 bonds appeared, indicating the presence of AC [15]. Then, the emergence of a typical bond of
DMSO, namely S=0, which appeared at wave numbers of 952 cm™ and 1027 cm™ [7]. While coconut
oil as a dispersing medium was indicated by C-O and C=0 bonds at wave numbers of 1315 cm™! and
1165 cm [16]. In addition, these results have shown CH, and CHs bonds which indicate the presence
of bioactive compounds from coconut oil at wave numbers 2851 cm™ and 2953 cm™ [17].
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Figure 2. Morphology and Particle Size Distribution of Cobalt Ferrite/AC Nanocomposite.

O-H
CHj and CH3

%Transmittance (arb. u.)

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 3. FTIR Spectrum of Ferrofluid Cobalt Ferrite/AC/DMSO.
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Figure 4. Diameter of the Inhibition Zone of Escherichia coli Bacteria.

Based on the results of the cobalt ferrite/ AC/DMSO ferrofluid antibacterial test using the
diffusion method shown in Figure 4. The results of this study show the diameter of the inhibition zone
of Escherichia coli bacteria of 9.50 £ 1.01 mm. This antibacterial activity is caused by the interaction
between the positively charged ferrofluid from Co?*, Fe** Fe*" ions with negatively charged bacteria
resulting in electrostatic forces. This interaction causes the ferrofluid to damage the cell wall and allows
the ferrofluid to penetrate the bacterial cell wall. In bacteria, the ferrofluid produces reactive oxygen
species (ROS) originating from the sample surface such as O*, OH, and H>O, which can kill cells in
bacteria [6]. Interestingly, in the ferrofluid there is a dispersing medium in the form of coconut oil which
also plays a role in dissolving the cobalt ferrite/AC nanocomposite, making it easier to penetrate the
bacterial cell wall and helping to damage bacterial cells with the presence of lauric acid compounds
[16]. Thus, the cobalt ferrite/ AC/DMSQO ferrofluid is able to produce bacterial inhibition zone values
as in Figure 4.

4. Conclusion

Cobalt ferrite/ AC/DMSO ferrofluid as an antibacterial agent was successfully synthesized by
coprecipitation method. XRD results have shown that cobalt ferrite nanoparticles form an inverse cubic
spinel crystal structure and amorphous AC material. The formed particles tend to agglomerate with a
spherical shape and produce a particle size of 28.5 = 0.5 nm. Then, the formation of cobalt ferrite and
AC was also confirmed by the appearance of M-O and C-O, C=0 bonds. DMSO surfactant is shown
by a typical bond, namely S=0. While coconut oil is detected by C-O, C=0O, CH,, and CH3 bonds.
Furthermore, cobalt ferrite/ AC/DMSO ferrofluid can be applied as antibacterial agent as it exhibits an
inhibition zone diameter towards Escherichia coli bacteria of 9.50 = 1.01 mm.

5. Acknowledgement
This work was financially supported by DRTPM-PTM 2024 with Grant Number
11.6.33/UN32.14.1/LT/2024

References

[1] C.S. Ho et al., “Antimicrobial resistance: a concise update,” The Lancet Microbe, vol. 6, no. 1,
p. 100947, Jan. 2025, doi: 10.1016/j.lanmic.2024.07.010.

[2] Y.Luetal., “High prevalence of cefiderocol resistance in carbapenem-resistant Escherichia coli:
A warning from multicenter clinical data in China,” Journal of Infection, vol. 91, no. 3, p. 106563,
Sept. 2025, doi: 10.1016/5.jinf.2025.106563.

[3] F. Ameen and N. Majrashi, “Recent trends in the use of cobalt ferrite nanoparticles as an
antimicrobial agent for disability infections: A review,” Inorganic Chemistry Communications,
vol. 156, p. 111187, Oct. 2023, doi: 10.1016/j.inoche.2023.111187.

83



JPSE (Journal of Physical Science and Engineering), Vol. 9, No. 2, 2024, Page 80-84

[4]

[6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

B. C. Meena et al., “Simple co-precipitation synthesis of activated carbon-cobalt ferrite (AC-
CoFe»04 ) nanocomposites: enhanced photocatalytic dye degradation and antimicrobial activity,”
Zeitschrift fiir Physikalische Chemie, vol. 238, no. 4, pp. 631-641, Apr. 2024, doi: 10.1515/zpch-
2023-0475.

R. Askari et al., “Synthesis of activated carbon from walnut wood and magnetized with cobalt
ferrite (CoFe,O4 ) and its application in removal of cephalexin from aqueous solutions,” Journal
of Dispersion Science and Technology, vol. 44, no. 7, pp. 1183-1194, June 2023, doi:
10.1080/01932691.2021.2008421.

D. Berliana Ramadhani et al., “Synthesis of Fes O4 — Zingiber officinale extract/ZnO/OA/DMSO
ferrofluid as antimicrobial agent,” Phys. Scr., vol. 100, no. 4, p. 045944, Apr. 2025, doi:
10.1088/1402-4896/adbd86.

F. Yamani, St. U. . Subadra, N. Mufti, and A. Taufiq, “Preparation of TiO»/Fe;O4s /DMSO
Ferrofluid as an Antimicrobial Agent,” J. Phys.: Conf. Ser., vol. 2980, no. 1, p. 012025, Apr.
2025, doi: 10.1088/1742-6596/2980/1/012025.

M. E. Elnosary et al., “Uncovering and evaluating coconut oil-loaded silica nanoemulsion as anti-
viral, bacterial, and fungal: synthesis, fabrication, characterization, and biosafety profiles,” Beni-
Suef Univ J Basic Appl Sci, vol. 13, no. 1, p. 56, June 2024, doi: 10.1186/s43088-024-00513-w.
L. R. Herawati et al., “Synthesis of Diethylamine-Templated FesO+4/Ag Nanocomposites as
Effective Antibacterial Agents,” JMAG, vol. 30, no. 2, pp. 225-232, June 2025, doi:
10.4283/IMAG.2025.30.2.225.

F. A. F. Ramadhani et al., “Excellent Removal Copper Performance by CoxFes:x04/ZnO/AC
Nanocomposite,”  Jurnal  Teknologi, vol. 87, mno. 5, pp. 931-938, doi:
https://doi.org/10.11113/jurnalteknologi.v87.23126.

M. M. A. Yahya et al., “Investigation of the optical, magnetic, and radar absorption characteristics
of CoyFes«04/Zn0O/graphite nanocomposites,” Materials Science in Semiconductor Processing,
vol. 165, p. 107683, Oct. 2023, doi: 10.1016/j.mssp.2023.107683.

M. Om Prakash, G. Raghavendra, S. Ojha, and M. Panchal, “Characterization of porous activated
carbon prepared from arhar stalks by single step chemical activation method,” Materials Today:
Proceedings, vol. 39, pp. 1476-1481, 2021, doi: 10.1016/j.matpr.2020.05.370.

A. Taufiq et al., “Excellent antimicrobial performance of co-doped magnetite doublelayered
ferrofluids fabricated from natural sand,” Journal of King Saud University - Science, vol. 32, no.
7, Art. no. 7, Oct. 2020, doi: 10.1016/j.jksus.2020.08.009.

S. Hunpratub, S. Phokha, P. Kidkhunthod, N. Chanlek, and P. Chindaprasirt, “The effect of cation
distribution on the magnetic properties of CoFe,O4 nanoparticles,” Results in Physics, vol. 24, p.
104112, May 2021, doi: 10.1016/j.rinp.2021.104112.

I. Demiral, C. Samdan, and H. Demiral, “Enrichment of the surface functional groups of activated
carbon by modification method,” Surfaces and Interfaces, vol. 22, p. 100873, Feb. 2021, doi:
10.1016/j.surfin.2020.100873.

K. Gandhi, R. Sharma, R. Seth, and B. Mann, “Detection of coconut oil in ghee using ATR-FTIR
and chemometrics,” Applied Food Research, vol. 2, no. 1, p. 100035, June 2022, doi:
10.1016/j.afres.2021.100035.

H. Susanto et al., “Moringa oleifera Leaf Powder — Silver Nanoparticles (MOLP-AgNPs)
efficiently inhibit metastasis and proliferative signaling in HT-29 human colorectal cancer cells,”
Journal of Agriculture and Food Research, vol. 16, p. 101149, June 2024, doi:
10.1016/j.jafr.2024.101149.

84



