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a b s t r a c t

Background: The development of bactericidal surfaces using nanotechnology has gained traction in high-
tech sectors due to their effectiveness against pathogens. However, widespread adoption in low-income
regions remains limited by the high cost of materials such as copper nanoparticles and the need for spe-
cialized application personnel. This study aims to develop a cost-effective bactericidal coating that min-
imizes nano-copper usage while maintaining strong antimicrobial performance and practical
applicability in resource-limited environments.
Results: A polymer-based coating incorporating ≤3 wt% nano-copper and carbon nanotubes was formu-
lated to enhance conductivity and mechanical stability. The fabrication process was optimized for on-site
application under ambient conditions. Scanning Electron Microscopy (SEM) revealed a uniform surface
distribution of nano-copper particles. Bactericidal activity tests confirmed efficacy against Escherichia coli,
Listeria monocytogenes, and Salmonella spp. Techno-economic analysis indicated that the coating could be
integrated into existing surface finishing systems at an incremental cost of 2.6–3.5 USD per gallon.
Conclusions: This work demonstrates the feasibility of producing and applying affordable nano-based
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bactericidal coatings under real-world conditions. The approach provides a practical pathway for imple-
menting antimicrobial surface technologies in low-resource settings. Although the present study focused
on wood substrates, future research should assess performance on diverse materials to broaden applica-
bility. The combination of cost-effectiveness, efficacy, and scalability underscores the potential for both
commercial adoption and significant public health benefits.
How to cite: Romero CP, Ramirez-Mora C, Salazar R, et al. Low-cost hybrid copper–carbon nanotube coat-
ing with antimicrobial properties in ambient conditions. Electron J Biotechnol 2026;79. https://doi.org/
10.1016/j.ejbt.2025.100700.

© 2025 The Author(s). Published by Elsevier Inc. on behalf of Pontificia Universidad Catœlica de Val-
paraÚso. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

It is well established that bactericidal surface treatments have
increasingly adopted hybrid material approaches. Over the past
five decades, materials science has undergone sustained develop-
ment and diverse research efforts, particularly in the development
and application of nanomaterials. Nanoparticles, for instance, have
been utilized in a wide range of fields, including the fabrication of
nanocomposite scaffolds for biomedical applications [1]. Surface
potential is not only relevant to bactericidal properties research.
In general, the surface kinetics are dominated by how species are
absorbed at the interphase and how these surface potentials inter-
act with an incoming atoms or molecules. Much research has been
done, ranging from bactericidal studies to for example hydrogen
adsorption on metallic systems [2], among many other areas and
topics.

Bactericidal surface treatments are critical for preventing bacte-
rial infections in medical, industrial, and domestic settings. These
treatments are designed to inhibit bacterial adhesion, growth,
and proliferation by integrating antimicrobial agents into surfaces
or modifying surface properties to enhance their bactericidal effi-
cacy [3]. The demand for such treatments has risen with increasing
concerns over hospital-acquired infections (HAIs) and the emer-
gence of antibiotic-resistant bacteria [4]. Similarly, virucidal sur-
face treatments have become an essential focus in infection
control, particularly in response to viral outbreaks such as
COVID-19. These treatments aim to inactivate or destroy viruses
upon contact, reducing transmission risks in healthcare, public,
and domestic environments [5]. Virucidal coatings and materials
play a crucial role in enhancing hygiene protocols by providing
continuous antiviral activity and minimizing surface-mediated
viral spread [6].

Low-cost bactericidal and virucidal surface treatments are espe-
cially valuable in resource-limited settings. Affordable antimicro-
bial solutions, such as copper-infused coatings, silver
nanoparticles, and plant-based extracts, have shown significant
promise due to their broad-spectrum efficacy and accessibility
[7,8]. Copper-based paints and varnishes, which require minimal
amounts of metal while maintaining antimicrobial properties, pre-
sent a cost-effective and scalable alternative to conventional disin-
fection methods [9]. The integration of carbon nanotubes with
copper composites has demonstrated enhanced bactericidal activ-
ity with low material costs [10]. Natural compounds, such as
essential oils and flavonoids, offer another sustainable and inex-
pensive solution, particularly in rural areas where synthetic
antimicrobial agents may be inaccessible [11]. These innovations
provide affordable, durable, and effective means of reducing micro-
bial contamination and mitigating disease transmission in the
developing world.

Bactericidal surface treatments function via diverse mecha-
nisms. Chemical release mechanisms are widely used, some sur-
faces incorporate antimicrobial agents such as silver

nanoparticles, copper coatings, or quaternary ammonium com-
pounds, which gradually release ions that disrupt bacterial cell
membranes and metabolic processes [12]. The contact-killing
mechanisms is an electrical effect, certain surfaces, such as those
modified with cationic polymers, kill bacteria upon direct con-
tact by disrupting the integrity of bacterial membranes through
electrostatic interactions [13]. The surface potential can also be
modified via surface nano-structuring, in this case emerging
technologies include nano-patterned surfaces inspired by natu-
ral antimicrobial surfaces, such as insect wings. These surfaces
physically rupture bacterial membranes through mechanical
stress, preventing bacterial colonization [14]. Then there are
the photon absorbing materials like the photo-activated antimi-
crobial surfaces. These surfaces coated with photosensitive
materials like titanium dioxide generate reactive oxygen species
(ROS) under light exposure, leading to oxidative damage to bac-
terial cells [15].

Recent advances in bactericidal and virucidal surface treat-
ments focus on improving efficiency, durability, and environ-
mental sustainability. In the case of graphene-based coatings,
both graphene oxide and reduced graphene oxide coatings
exhibit strong antimicrobial properties due to their ability to
induce oxidative stress and physical damage in bacterial mem-
branes [16]. The bio-inspired antimicrobial surfaces, where sci-
entists mimic antimicrobial structures found in nature, such as
cicada and dragonfly wings, to create self-cleaning and highly
effective bactericidal materials [17]. Further approaches worth
mentioning are the stimuli-responsive antimicrobial surfaces,
here the concept of smart surfaces that can respond to environ-
mental cues, such as pH or temperature changes, have been
designed to release antimicrobial agents on demand, reducing
the risk of bacterial resistance development [18]. In this same
category are the hybrid antiviral technologies: Combining mul-
tiple antiviral mechanisms, such as metal ions with photocat-
alytic activity, enhances the efficiency and longevity of
virucidal coatings [19].

Although many materials are available, one that stands out is
copper, it is relatively abundant, but the cost has increased over
time. Here nano sized copper has emerged as a highly effective
material for bactericidal surface treatments due to its intrinsic
antimicrobial properties. Copper and its alloys, such as brass and
bronze, have been widely utilized in healthcare, food processing,
and public spaces to reduce bacterial contamination and prevent
infections. The ability of copper to kill bacteria is attributed to mul-
tiple mechanisms, including direct membrane damage, generation
of ROS, and interference with essential cellular processes [9]. Cop-
per surfaces exhibit rapid and broad-spectrum antimicrobial activ-
ity against both Gram-positive and Gram-negative bacteria,
including antibiotic-resistant strains such as methicillin-resistant
Staphylococcus aureus (MRSA) and Escherichia coli [10]. The contin-
uous antimicrobial action of copper reduces biofilm formation and
enhances hygiene in frequently touched surfaces, such as door
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handles, railings, and medical instruments [11]. Recent advances in
copper-based surface modifications, including nano-coatings and
composites, further enhance the durability and effectiveness of
bactericidal properties [9]. The integration of copper into high-
touch surfaces offers a sustainable and cost-effective strategy for
infection control and improved public health.

A key limitation of existing state-of-the-art solutions (as described
above) is that they rarely reach low-income communities and coun-
tries. In contrast, this work aims to deliver a practical, low-cost alter-
native with straightforward steps − accessible to households at all
income levels. To ensure real-world applicability, the method was
implemented entirely by hand under everyday conditions, minimiz-
ing reliance on specialized equipment or laboratory settings.

In this work, we test a low-cost procedure to demonstrate that a
novel copper-based composite, incorporating carbon nanotubes,
exhibits enhanced bactericidal and virucidal properties compared
to untreated surfaces. The primary advancement of this research
lies in the utilization of a minimal concentration of copper parti-
cles, synergistically combined with charge-transferring carbon
nanotubes, to develop a transparent, slightly conductive coating.
This coating, formulated as a paint-like substance, can be applied
as a conventional varnish on a wide range of surfaces, this offers
a cost-effective and scalable solution for antimicrobial protection.
Included in this work we provide a list with specific steps to obtain
an active antimicrobial surface.

2. Methods

Samples were prepared using a basic proprietary formulation
containing Cu nanoparticles, single-walled carbon nanotubes
(SWCNTs) bought from the company Tuball (https://www.tuball.-
com) and a resin. The formulation was designed to meet the fol-
lowing criteria: (a) minimal utilization of Cu nanoparticles to
reduce cost, as Cu nano particles represent the highest cost in
any coating carrying these nano particles, in this work ≤3 wt%
was used, (b) production of a coating that does not exhibit a metal-
lic appearance or a copper-like coloration, and (c) maintenance of
low electrical conductivity.

Multiple sets of samples were fabricated under consistent con-
ditions. The application process involved the use of a one-inch
paintbrush to uniformly coat the substrate surfaces with the for-
mulated substance. Following application, the samples were
allowed to dry for 24 h under ambient conditions (22°C and 30%
relative humidity). The substrate material (wood) was cleaned only
to remove dust prior to coating, without additional surface treat-
ment, to ensure the sample preparation closely resembled real-
world application conditions.

A total of 36 sample spaces were produced, all with the same
surface treatment. The application of the active layer on the sur-
faces can be seen in Fig. 1.

The main steps to develop this coating are listed here in this
paragraph, these steps may be modified for other specific
applications.

1) Coating base: The coating is based on a two-component
monomer, specifically designed to prevent premature poly-
merization during the dispersion of single-walled carbon
nanotubes, which act as a structural modification agent of
the polymer. The first component of the monomer acts as
a vehicle to disperse the nanotubes without initiating the
polymerization reaction. Only after this dispersion is com-
plete can the catalyst be added.

2) Carbon nanotube dispersion: Use a Cowles-type agitation
system in a cylindrical vessel with a flat bottom. Disperse
carbon nanotubes in an initial stage at a 1:49 ratio relative

to the base monomer (e.g., 4 g in 196 g of resin). Mix at a
peripheral speed between 7 and 10 m/s for 20 min. Then
add the rest of the monomer (final dilution) and mix for an
additional 5 min at the same speed.

3) Catalyst addition: Add peroxide to the monomer once the
carbon dispersion is complete. This peroxide acts as the
polymerization catalyst.

4) Incorporation of dendritic copper: Before polymerization
progresses too far, making further additions difficult, add
3% dendritic copper particles. These particles must be den-
dritic (never spherical), as their geometry prevents sedimen-
tation and ensures a homogeneous distribution throughout
the polymer layer.

5) Active component: Add dendritic copper powder with a par-
ticle size of approximately 6 lm. Its low apparent density
facilitates uniform suspension in the polymer.

6) Material ratio (per 200 g batch of monomer): 200 g of mono-
mer, 10 g of peroxide (5%). Ensure that adequate mass of
dendritic copper for the desired outcome of the application.

7) Coloring and visual identification (optional): To aid in iden-
tifying the painted area, a mix of copper and tin powder can
be added. This gives the coating a distinctive color without
affecting its functional properties.

8) Application and masking tape removal: Apply the mixture
uniformly on the wood substrate. Remove masking tape
strips approximately 5 min after application, before the
coating begins to dry, to prevent tearing or adhesion.

The techno-economic analysis indicates that this coating can be
incorporated into existing floor and wall finishes, with an esti-
mated incremental cost ranging from 2.6 to 3.5 USD per gallon.

3. Characterization

To characterize the samples and their layout, scanning electron
microscopy (SEM) was used. These results are shown in Fig. 2 and
Fig. 3.

Analysis of Fig. 2 reveals that the dendritic copper distribution
has a maximum copper-free diameter of 450 nm (indicated by
red annotation). Quantitative characterization was performed
using ImageJ software (v1.53 m, NIH) following standard image
processing protocols. The surface coverage analysis yielded an esti-
mated free surface area of 83 ± 5%, determined through threshold-
based particle analysis (Fig. 3, inset). This measurement accounts
for the inherent sensitivity of threshold selection, where incremen-
tal parameter adjustments (± 2.5% threshold level variation) pro-
duced a 5% fluctuation in calculated free surface area, a
systematic error incorporated into our reported values. The edge
detection algorithm, shown in Fig. 2, demonstrated robust perfor-
mance, with clearly defined boundaries between copper deposits
and the substrate matrix. This facilitated accurate binary segmen-
tation and subsequent morphometric analysis. The observed
threshold sensitivity underscores the importance of standardized
image processing parameters for reproducible quantification of
surface coverage characteristics.

The samples were analyzed using a Thermo Scientific ESEM
Quattro S scanning electron microscope at the University of Val-
paraíso’s ‘‘Hub Microscopía” facility (Chile). Standard SEM imaging
conditions were employed, with conventional vacuum operation
selected a priori, due to the conductive nature of the samples.

Image analysis revealed a non-uniform distribution of dendritic
Cu nanoparticles across the surface, with localized agglomerations.
Nevertheless, there was no larger surface area without some
degree of dendritic copper particles as shown in Fig. 2. While the
obtained resolution adequately captured the particles’ structural
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characteristics, significant charge accumulation occurred during
imaging, more than expected, thus proving that the conductive
nature of the samples where not sufficient to dissipate all the
charge buildup from the electron beam.

Characterization of the dendritic copper was also performed.
Fig. 4 and Fig. 5 show an SEM image of the dendritic copper. Table 1
and Table 2, show the Energy Dispersive Spectroscopy (EDS)
results of the analysis of the dendritic copper composition.

The data in Table 1 and Table 2, demonstrate that the dendritic
copper flakes are metallic.

The full characterization of the system (dendritic cop-
per + SWCNT + resin) was conducted using Raman Spectroscopy.
We employed a Modular Micro Raman Confocal RENISHAW-
SPECTROMETER system, with a visible light excitation source of
532 nm (Fig. 6).

The most characteristic Raman-active mode of cuprite is
observed at approximately 218 cm−1, corresponding to the second
order Raman mode, strong and sharp. This is considered the funda-
mental fingerprint of Cu2O in Raman spectroscopy and corre-
sponds to the vibration of the CuAO bond. In addition to the
primary peak, several higher-order and overtone bands are typi-
cally observed: 145, 412, 630 cm−1.

Fig. 1. The images show the sample preparation on the wood substrate in regular indoor ambient conditions.

Fig. 2. Representative SEM image, where the Cu nano particles are visible in a

dendritic layout on the surface. Scale set to 3 lm. Largest diameter with no
visible dendritic copper ranges at 450 nm, shown in red. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article).

Fig. 3. Shows post produced image for clear edge identification using ImageJ

software. The inset shows the effect of Color Threshold post processing to calculate
the average surface without dendritic copper.

Fig. 4. Closeup SEM image of one dendritic copper flake used to elaborate the
coating.
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The relative intensity and peaks position may vary slightly
depending on crystallinity, particle size, strain, and the excitation
wavelength used during Raman measurement. However, the pres-
ence of the ∼218 cm−1 mode remains the most reliable marker for
identifying cuprite, thus the presence of Cu+2. The Raman analysis
supports that the low oxygen levels detected in the EDS indicate a
thin layer of cuprite (Cu2O) on the surface.

4. Experimental procedure

Two sets of surface samples were prepared within a single large
test area, as illustrated in Fig. 1. Additionally, two more surfaces
were prepared and divided into rectangular zones, also shown in
Fig. 1. The large, undivided area was designated as the control sam-
ple throughout all experiments.

Three microbial strains were selected for testing, based on their
high prevalence in common environments and relevance to food
safety. All procedures were conducted in accordance with the Chi-
lean sanitary regulation IM78 Rev.3, issued by the Ministry of
Health. The selected aerobic mesophilic microorganisms were
E. coli, Listeria monocytogenes, and Salmonella spp.

The IM78 Rev.3 standard defines permissible microbiological
limits for surfaces that come into contact with food, aiming to
ensure food hygiene and safety across production, processing,
and handling operations. Enforced by Chile’s Health Authority,
the regulation emphasizes the evaluation of surface cleanliness
via microbial load quantification. According to this standard, one
key microbiological indicator is Aerobic Mesophilic Count (AMC)
must be <100 CFU/cm2. The standard further specifies validated
sampling methodologies, analytical procedures, and adherence to
good laboratory practices.

Sample preparation was carried out by the research team under
ambient laboratory conditions. All microbiological analyses were
performed by the certified laboratory SiLob Chile, located in Val-
paraíso, Chile. Additional information on their services is available
at: https://www.silobchile.cl. Each test was performed in triplicate
to ensure reproducibility and statistical reliability. Reported values
for each microorganism represent the average of three indepen-
dent measurements. Initial bacterial deposition was conducted
on all surfaces, followed by microbial re-counts at defined time
intervals, as detailed in Table 3.

At each time interval specified in Table 3, a quantitative bacte-
rial count was performed. This measurement follows standard
microbiological procedures commonly applied to food, water, and
surfaces in contact with food, as outlined in Chilean regulation
IM78 Rev.3. The assessment was conducted using culture-based
methods that quantify microbial load in terms of colony forming
units (CFU) per square centimeter (CFU/cm2) or per gram (CFU/
g), depending on the sample type.

The initial inoculum concentrations applied to the surface were
2.1 × 102 CFU/mL of E. coli (±0.3), 1.2 × 103 CFU/mL of Listeria
(±0.2), and 1.2 × 102 CFU/mL of Salmonella (±0.5). After inoculation,
the bacterial suspensions were allowed to dry on the surface. Sam-
ples were then collected using swabs and diluted in water. The
specific time intervals for sample collection are presented in
Table 3. Neutralization was not conducted, as the surface does
not release or desorb any known chemical compounds.

5. Results and discussion

Fig. 7, Fig. 8 and Fig. 9 present the temporal evolution of bacte-
rial colony counts for the three selected species. CFU counts are
plotted over time to evaluate microbial survival on the various test
surfaces. Fig. 7 illustrates the behavior of E. coli on the different
surface samples. A significant reduction in CFU count is observed
for the treated surfaces (represented by the red and grey lines), rel-
ative to the control surface (black line). Notably, the treated sur-
faces exhibited a rapid decline in bacterial load, falling below the
regulatory threshold of 100 CFU/cm2 within the first 30 min. In
contrast, the control surface only reached this threshold after
approximately 1 h. Additionally, all surface types showed further
bacterial reduction over time, with CFU counts dropping below
15 CFU/cm2 by the 6 h mark. Subset A exhibited the most rapid
antimicrobial activity, reaching this low bacterial count within just
30 min.

Fig. 8 depicts the temporal reduction of L. monocytogenes CFU
across the different test surfaces. A progressive decline in microbial
load is observed for all samples over time. Notably, both treated
surfaces (Subset A and Subset B) exhibited a more pronounced
and rapid reduction compared to the control.

Subset A (red line) showed a decrease from 1390 CFU/cm2 to
337 CFU/cm2 within the first hour, while Subset B (gray line)
declined from 1240 CFU/cm2 to 180 CFU/cm2 in the same time-
frame. In contrast, the control surface exhibited a more gradual

Fig. 5. SEM of several dendritic copper flakes and the location of EDS.

Table 1

Shows the atomic composition in weight % of the EDS spectrum on all 5 locations of the dendritic copper.

Elemental analysis (Normalized)

Spectrum In stats. O Cu Total

Spectrum 1 Yes 1.86 98.14 100
Spectrum 2 Yes 1.24 98.76 100
Spectrum 3 Yes 3.27 96.73 100
Spectrum 4 Yes 3.16 96.84 100
Spectrum 5 Yes 1.69 98.31 100
Mean 2.24 97.76 100
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decline, with CFU counts dropping from 1076 to 716 CFU/cm2 dur-
ing the first hour.

The bacterial load on Subsets A and B fell below the 100 CFU/
cm2 threshold after approximately 5 h, whereas the control sample
reached this level only after 6 h. At the 24-h mark, Subsets A and B
maintained minimal bacterial presence, with CFU counts remain-
ing below 25, whereas the control surface still exhibited a count
of approximately 150 CFU/cm2. These results highlight the

enhanced antimicrobial efficacy of the treated surfaces compared
to the untreated control.

Fig. 9 illustrates the temporal reduction in Salmonella spp.
colony-forming units (CFU) across the various surface samples. A
gradual decline in bacterial counts is observed for all surfaces over
the duration of the experiment. Treated surfaces (Subsets A and B)
demonstrated moderate antimicrobial activity, with CFU counts
decreasing to below 100 CFU/cm2 at approximately 6 h. In contrast,
the untreated control surface did not reach this threshold at any
time point during the 24 h observation period.

By the 24 h mark, all three surfaces −treated and untreated-
exhibited CFU levels at or above 100 CFU/cm2, indicating a resur-

Table 2

Show the atomic composition in weight % of the EDS spectrum on all 5 locations of the different dendritic copper flakes.

Elemental analysis (Normalized)

Spectrum In stats. O Cu Total

Spectrum 1 Yes 1.44 98.56 100
Spectrum 2 Yes 1.98 98.02 100
Spectrum 3 Yes 0.63 99.37 100
Spectrum 4 Yes 0.53 99.47 100
Spectrum 5 Yes 0.23 99.77 100
Mean 0.96 99.04 100

Fig. 6. RAMAN spectra of samples measured at room temperature in the range 0–
1500 cm−1, compared with cuprite pattern.

Table 3

Time when bacteria recount was performed
during the experiment.

Time Unit

0 min
30 min
60 min
360 min
1440 min

Fig. 7. Shows E. coli colony forming units versus time. The black line depicts the
test sample without surface treatment.

Fig. 8. Shows L. monocytogenes colony forming units versus time. The black line
depicts the test sample without surface treatment.
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gence or persistence of viable Salmonella cells over extended peri-
ods. These results suggest that while the treated surfaces provide
temporary suppression of Salmonella proliferation, their long-
term antimicrobial efficacy against this particular microorganism
is limited compared to their performance against E. coli and L.

monocytogenes.
Although both E. coli and Salmonella are Gram-negative bacte-

ria, the surface appears to inhibit the proliferation of E. coli but
not Salmonella. This differential response may be attributed to
structural differences in their outer membranes, particularly the
O-antigen component of lipopolysaccharides. Salmonella is known
to possess longer and more complex O-antigen chains, which can
contribute to a higher negative surface charge compared to
E. coli, potentially affecting interactions with the surface material
[20]. However, this study did not include membrane permeability
assays (e.g., LIVE/DEAD staining) or surface charge characterization
through zeta potential measurements, which could provide valu-
able insights into the mechanisms underlying the observed bacte-
ricidal activity.

The synergistic combination of electronically donating dendritic
copper particles embedded in a semiconductive polymer-carbon
nanotube matrix creates a multifunctional composite system with
antimicrobial properties. Experimental characterization reveals
substantial bactericidal activity despite the remarkably low copper
nanoparticle concentration (≤3 wt%) incorporated in the coating
formulation. This enhanced performance appears to originate from
three interconnected mechanisms: first, the carbon nanotube net-
work facilitates efficient charge transfer throughout the matrix;
second, the dendritic copper morphology provides increased effec-
tive surface area; and third, optimized electrochemical activity
occurs at the copper-polymer interface. The demonstrated antimi-
crobial efficacy suggests the system operates primarily through an
electron-mediated mechanism rather than relying solely on con-
ventional copper ion release. These findings indicate promising
potential for developing effective, low-copper-content antimicro-
bial coatings where the conductive substrate actively contributes
to the biocidal functionality through charge transfer phenomena.

Long term stability of this coating has not been performed in
this work, for further commercial application long term stability
studies must be carried out. Although the coating exhibits a pro-
nounced bactericidal effect, it remains unclear to what extent this
activity arises from the synergistic interaction between SWCNTs
and dendritic copper particles, or whether it is predominantly
attributable to SWCNTs alone. Further investigations are required
to elucidate this important aspect.

6. Conclusions

This low-cost antimicrobial coating developed in this study was
evaluated for its effectiveness in inhibiting aerobic mesophilic bac-
terial growth on treated surfaces. The microorganisms selected for
testing E. coli, L. monocytogenes, and Salmonella spp. were chosen
due to their relevance in food safety and prevalence in food pro-
cessing environments.

The coating was applied under standard ambient conditions with-
out specialized surface pre-treatment, apart from basic dust removal
from industrial wood substrates. Surface characterization using SEM
confirmed the presence of dendritic copper particles uniformly dis-
tributed across the surface. The embedded SWCNTs were not visible
under SEM, as they were homogenized within the polymer matrix.
The SEM images show the presence of dendritic copper was dis-
tributed over all the surfaces. The largest area with no or little copper
was a circular area with a diameter of 450 nm approximately. The
copper free area as visible from the SEM images was estimated to
be 83%. To enhance uniformity in future coatings, it is recommended
to optimize the homogenization protocol during the dispersion
phase. Improved mixing techniques could contribute to more consis-
tent particle distribution and reduce agglomeration, thereby improv-
ing both the physical and functional properties of the coating.

The surface application protocol was done deliberately to mimic
the real-life conditions in normal household conditions. No labora-
tory preparations were done on the surface apart from removing dust
accumulation with a cloth. The results demonstrated notable antimi-
crobial efficacy against E. coli and also L. monocytogenes. In particular,
E. coli colony counts on treated surfaces fell below the Chilean regu-
latory limit of 100 CFU/cm2 in under 27 min, compared to 1 h on the
untreated control, representing a 55 % reduction in time to compli-
ance. Similar trends were observed for L. monocytogenes, where both
treated surfaces exhibited faster and more sustained reductions in
bacterial counts compared to the control.

In contrast, the results for Salmonella spp. were less conclusive.
While treated surfaces showed a reduction in CFU counts during
the first 6 h, bacterial levels increased thereafter across all surfaces,
including the control. These findings suggest that although the
coating exhibits initial inhibitory effects, its long-term effective-
ness against Salmonellamay be limited. Further research, including
extended-duration studies and formulation optimization, is rec-
ommended to improve efficacy against this microorganism.

The data of this report suggest that it is possible to manufacture
low-cost coatings in rustic settings, that decreases the bacterial
growth when applied to wood surfaces, reaching bacterial counts
bellow the Chilean regulatory limit.
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