ANNALS OF THE UNIVERSITY OF ORADEA
FASCICLE OF TEXTILES, LEATHERWORK

METAL OXIDE DOPED ANTIBACTERIAL POLYMERIC COATED
TEXTILE MATERIALS AND ASSESSEMENT OF ANTIBACTERIAL
ACTIVITY WITH ELECTRON SPIN RESONANCE
GEDIK Gorkem1, AKSIT Aysun1, ENGIN Birol2, PAKSU Ufuk2
1

Dokuz Eylül University Textile Engineering Department, 35397, Buca-Izmir/Turkey
2 Dokuz

Eylül University Physics Department, 35390, Buca-Izmir/Turkey

Corresponding author: Gedik, Gorkem, E-mail: gorkem.gedik@deu.edu.tr
Abstract: Antibacterial activity of a food conveyor belt is an essential property in some cases. However, every
antibacterial chemical is not suitable to contact with food materials. Many metal oxides are suitable option for
this purpose. The aim of this study was to investigate antibacterial properties of zinc oxide doped PVC
polymer coated with electron spin resonance technique. Therefore, optimum zinc oxide containing PVC paste
was prepared and applied to textile surface. Coating construction was designed as double layered, first layer
did not contain antibacterial agent, thin second layer contained zinc oxide at 10-35% concentration. Oxygen
radicals released from zinc oxide containing polymeric coated surface were spin trapped with DMPO
(dimethylpyrroline-N-oxide) spin trap and measured with Electron Spin Resonance (ESR). Besides
conveyor belt samples, oxygen radical release from zinc oxide surface was measured with ESR under UV light
and dark conditions. Oxygen radical release was determined even at dark conditions. Antibacterial properties
were tested with ISO 22196 standard using Listeria innocua species. Measured antibacterial properties were
related with ESR results. Higher concentration of zinc oxide resulted in higher antibacterial efficiency.
DCFH-DA flourometric assay was carried out to determine oxidative stress insidebacteria. It is tought that,
this technique will lead to decrease on the labour and time needed for conventional antibacterial tests.
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1. INTRODUCTION
A conveyor system is a very important part of an industrial facility with regard to continuous
production. A conveyor belt has to fulfil some special expectations of the industry branch that it is used.
From this point of view, food carrying conveyor belts are generally produced with antibacterial
properties. Since those are in direct contact with food products, the antibacterial agents should be chosen
form a very narrow list. Metal oxides, such as zinc oxide, magnesium oxide, calcium oxide, are very
suitable option for an antibacterial addition for food conveyor belts due to non-toxic and durable
properties [1-3]. Besides, with their low prices, metal oxides will be feasible alternative.
Though there are still some different thoughts about the antibacterial mechanisms of metal
oxides, current researches concentrated on antibacterial effect with oxygen radical releasing of these
chemicals. The electronic structure of metal oxides allows them to produce oxygen radicals such as ●OH,
O2●, 1O2 [4-10]. Especially with UV light photons, the excitation and motion of electrons from valance
band to conduction band leads to hole and electron couple formation. Electrons react with molecular
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oxygen to form superoxide anion, holes take electrons from hydroxyl ions or water to form hydroxyl
radical and superoxide anion reacts with water and singlet oxygen occurs [11].
Since oxygen radicals are highly unstable, it is difficult to detect these radicals under normal
environmental conditions. Therefore, oxygen radicals must be reacted with special chemicals to obtain
more stable and detectable compounds. Electron Spin Resonance (ESR) is one of the most important
techniques to study with these oxygen containing compounds that have one or more unpaired electrons.
The physical concept of ESR technique depends on the orientation of unpaired electron spins in the
magnetic field. Under specific conditions, radicals have characteristic ESR spectrum. Signal intensities
change with the radical concentration, thus, it is possible to predict about radical concentration [12, 13].
Spin traps are used in ESR to detect oxygen radicals. Spin traps react with oxygen radicals to
form a stable radical which have a lifetime that at least let to take an ESR measurement. DMPO
(dimethylpyrroline-N-oxide) is a suitable spin trap to detect ●OH radical [13]. The reaction between ●OH
radical and DMPO spin trap is shown on Figure 1.

Fig. 1. The reaction of ●OH radical and DMPO

DCFH-DA is not a fluorescent compound, it can be pass through cell membrane and it is
decomposed to DCFH inside the cell by intercellular esterases. When DCFH molecule reacts with
oxygen radicals, it turns into DCF which is highly fluorescent. By this way, oxidative stress inside the
cell can be detected [14-19].
The aim of this study is to confirm a relation between the radical formation that is detected by
ESR measurements and antibacterial activity of textile materials. By this way, the labour and time (at
least four days) which is spent for antibacterial test will be eliminated. Also, it will be possible to predict
the antibacterial activity without pausing the production of the food producing facility.

2. EXPERIMENTAL
Zinc oxide (Sigma-Aldrich) was used as the antibacterial agent. Aqueous suspensions of 1, 10
and 100 g/L zinc oxide concentrations were investigated. Conveyor belts were produced with %10 and
%35 zinc oxide concentration. Knife coating method was carried out and PVC polymer was used. Two
layer of coating was carried out, top layer (0,05-0,1 mm) was the antibacterial layer. Oxygen radical
releasing was observed under UV light and in dark conditions for zinc oxide powders and under UV light
for conveyor belt samples. UV light exposure was 15 minutes.
ISO 22196-2011-Measurement of antibacterial activity on plastics surfaces and other nonporous surfaces standart was performed for antibacterial tests and Listeria innocua was used as the test
bacteria.
ESR measurements were performed with Bruker e-scan model X-band spectrometer with
following conditions: Microwave frequency, 9.80 GHz; scan width 65G; receiver gain 1.26x102;
resolution 512; conversion time, 81.92 msec; time constant 655 msec; scans, 4; modulation frequency, 86
kHz. 0.02 M DMPO (Sigma-Aldrich) was used as a spin trap. 360nm UV light was used for UV
excitation of zinc oxide.
The concentration of released oxygen radical was calculated by the comparison of spin-adduct
signals with signals of the known concentrations (1-30 µM) of stable TEMPO radical (Sigma-Aldrich)
[20-22]. A calibration curve was built with the double integration of the ESR spectrum (signals only) of
TEMPO ((2,2,6,6-Tetramethylpiperidin-1-yl)oxyl) in different concentrations. The bottom point of each
signal was set to zero for area calculation.
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Oxidative stress inside the bacterial cells was monitored under florescent microscobe using 100
µM DCFH-DA (Fluka). Bacteria culture in soy broth was incubated with 100g/L zinc oxide at 37oC for 3
hours. After 3 hours of incubation, DCFH-DA solution was added to the culture media and incubation
was continued for 1 hour. After 4 hours of total incubation, samples were analized under fluorescent
microscobe. Excitation and emission wavelengths were λex= 498 nm and λem=522 nm, respectively

3. RESULTS AND DISCUSSION
The antibacterial efficiency is a very complicated phenomenon since there are countless
parameters to be taken into account depending on the used antibacterial agent. As for metal oxides, such
as zinc oxide, it is important to understand the mechanism of antibacterial activity in order to predict
possible antibacterial effects and design a zinc oxide containing antibacterial product considering these
properties. In this study, oxygen release from zinc oxide surface and the relation between antibacterial
activity was studied and possible usage of zinc oxide in food conveyor belts was evaluated.
The ESR spectra of 100 g/L zinc oxide under UV light and in dark conditions are, shown on
Figure 3. Specific signals for DMPO-OH adduct were obtained for ESR measurement of zinc oxide –
DMPO solution interaction. As seen in Figure 2, even in dark conditions, the existence of oxygen radicals
was seen in Fig.2B and C.
Effect of UV light on zinc oxide is clearly seen in Fig.2D. Electron-hole pairs created by
electron excitation led to high amount of oxygen radical formation.

Fig 2: ESR spectra of 100 g/l zinc oxide samples (A: Only DMPO solution, B: DMPO + zinc oxide
under dark conditions, C: Pre-exposure of zinc oxide than mixing with DMPO solution, D: UV exposure of
DMPO + zinc oxide suspension)

As mentioned above, oxygen radical concentrations were determined by the comparison of
DMPO-OH spin adduct ESR signals with the stable radical TEMPO’s signal. The calibration curve
obtained with signal area and concentration of TEMPO is shown in Figure 3.

Fig. 3: Calibration curve obtained with known concentrations of TEMPO stable radical
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Oxygen radical concentrations indicate that there is no dramatic change on oxygen radical
release depending on the zinc oxide concentration. The lowest oxygen radical concentration (0.3 µM)
was detected for 1 g/L zinc oxide concentration without UV light. Oxygen radical amounts detected with
DMPO spin trap under dark conditions were 1.15 and 0.82 µM for 10 g/L and 100 g/L zinc oxide
concentrations, respectively. On the other hand, zinc oxide exhibited antibacterial activity at much lower
concentrations in dark conditions. Small amount of oxygen radical could be adequate for the antibacterial
effect. Thus, increasing the zinc oxide concentration is not necessary for antibacterial efficiency due to
slight changes of oxygen radical amount depending on concentration.
During UV exposure, oxygen radical releasing increases dramatically. Under UV light, there is
almost no difference on oxygen radical concentration between 1, 10 and 100 g/L zinc oxide
concentrations (7.78 µM, 7.67 µM, 7.82 µM, respectively). There are two situations conceivable; since
zinc oxide release oxygen radicals via catalytic reaction, the potential of the medium for catalytic reaction
might be limited or since zinc oxide is not water soluble, the UV exposure area of zinc oxide powder
could be limited.
0.03 µM oxygen radical releasing was detected in 15 minutes of DMPO solution interaction
with %10 zinc oxide containing conveyor belt material. On the other hand, 0,72 µM oxygen radical
releasing was determined for 35% ZnO containing belt material. ESR signals of conveyor belt samples
are shown on Figure 5.

Fig. 4: ESR signals of DMPO interaction with zinc oxide containing conveyor belts (10% ZnO:
above, 35% ZnO: below)

Very low concentration of oxygen radical was released from the surface of %10 ZnO
containing belt material. The antibacterial activity of this belt material was 86.84%. 35% ZnO containing
conveyor belt material exhibited % 99.99 antibacterial activity. These results are consistent with the
calculated oxygen radical concentrations by using ESR measurements. The oxidative stress related ZnO
inside the cells is shown in Fig.5. ZnO related oxidative stress inside the cells is seen on Figure 5.

Fig. 5: Fluorescent microscobe images of DCFH-DA treated bacteria (ZnO treated bacteria on the
left, only bacteria and DCFH-DA on the right)

Fluorescent microscope images belong to DCFH-DA assay was confirmed that ZnO caused an
oxidative stress inside Listeria innocua.
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4. CONCLUSION
Since the antibacterial activity arises from the oxygen radicals, determination of the radical
quantity through the signal area of DMPO-OH spin adduct is a suitable way for the assessment of
antibacterial activity. Even at low oxygen radical concentrations, antibacterial activity occurred.
In light of the information derived from this study, the concentration of the zinc oxide does not
have a dramatic effect on antibacterial activity in the powder form. The released oxygen radical amounts
for different concentrations were close to each other. UV light exposure created a significant effect on
oxygen radical formation.
It can be told that, if a metal oxide (zinc oxide) will be used as an antibacterial agent in a
conveyor belt, small amount of metal oxide usage will be effective. The important point is the contact of
metal oxide powders with bacteria, otherwise, since the oxygen radicals have a very short time and might
be fade and cause a decrease of antibacterial activity. At this point, the construction of the conveyor belt
has an important role. Metal oxides should not be buried inside the polymer coating. Double layered
coating with a higher concentration of ZnO on top layer would be an appliciable construction.
UV light usage is an important factor to increase antibacterial activity of zinc oxide. Oxygen
radical amount increased nearly 20 times for 1 g/L ZnO concentration with UV light exposure. A facility
that uses a zinc oxide containing antibacterial conveyor belt can use UV light in a point of the production
and by this way, the antibacterial activity will be raised.
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