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Zinc oxide (ZnO) has been used in the pharmaceutical, cosmetic, paint, textile, and food industries
to coat surfaces and absorb UV rays. As a result of its antimicrobial properties in nanoscale, it may
be a promising chemical for decontamination. Zinc oxide nanoparticles (ZnO-NPs) are generally
considered safe (GRAS) for their stability under challenging processing conditions. Our study
investigated the antimicrobial activities of rosmarinic acid and propolis, prepared at different
concentrations together with ZnO-NPs. For this purpose, six leading foodborne pathogens and a
starter culture were chosen. The invitro decontamination effects of ZnO-NPs, rosmarinic acid, and
propolis combinations on selected bacteria in the first 24 hours were demonstrated by bacterial
counts at regular intervals. According to our results, propolis and ZnO-NPs showed remarkable
results together. In addition, rosmarinic acid’s lower concentrations were also found to induce the
decontamination effect of ZnO-NPs. Although the antimicrobial effect of ZnO-NPs, when used
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alone, was less than when used in combination, it was still found to be sufficient.
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Introduction

Particles which dimensions between 1-100 nanometers
(nm) are termed nanoparticles. It is known that large
surface areas and unique physicochemical properties are
displayed as the source of nanoparticles powerful
antimicrobial effects (Bharat et al., 2019). In the last
decade, correspondingly with contemporary developments
in the understanding of hygiene, the importance of
nanoparticles began to increase globally. Nanoparticles
have started to appear in many areas as a new, effective and
alternative weapon in the fight against zoonotic diseases,
one of the most critical public health problems today
(Deshmukh et al., 2019). Today, disinfectants such as
alcohols, quaternary ammonium compounds, aldehydes,
and oxidizing agents are frequently used to improve
hygienic conditions and combat zoonotic agents. However,
corrosive character, not being environmentally friendly,
and losing their effectiveness over time are important
disadvantages of these chemicals. Nanoparticles, which are
not thought to have the disadvantages mentioned above,
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are accepted as a new approach in this field (Gupta and
Silver, 1998).

According to their core’s character, nanoparticles are
divided into two main groups: inorganic and organic. Zinc
oxide nanoparticles (ZnO-NPs) are placed in the inorganic
group with other metals and metal oxide members (Al, Bi,
Co, Cu, Au, Fe, In, Mo, Ni, Ag, Sn, Ti, W, Al;0O3, CeO,,
CUO, CUzO, In203, Lazos, MgO, NiO, Ti02, Sn02, ZI’Oz)
(Shrestha et al., 2013). Zinc oxide nanoparticles which
have a solid antibacterial aspect, are widely used in many
sectors such as fabric, pharmaceutical, and food industries
due to their durable, stable, and reliable character under
challenging conditions (Raghupathi et al., 2011).

Rosmarinic acid (RA) originates from plants belonging
to the Lamiaceae family including, Rosmarinus officinalis
(rosemary). It has been reported that RA has impressive
biological effects such as antiviral, antibacterial,
antioxidant, antiallergic, and anti-inflammatory activities
(Nadeem et al., 2019). Several studies showed that the
antibacterial effect of RA on S. aureus, methicillin-
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resistant S. aureus (MRSA), Enterobacteriaceae spp.,
Pseudomonas spp., lactic acid bacteria, yeast and mold,
and Listeria monocytogenes had been exerted (Ekambaram
et al., 2016; Raeisi et al., 2016; Zhuang et al., 2016). RA is
also advised as natural food conservative due to its
antimicrobial properties (Zhang et al., 2021).

The word "Propolis” originated from Greek, means
entrance of the city. It is also known as bee glue, a sticky,
resinous chemical used to defend the hive by honeybees
(Apis mellifera). It is naturally in antimicrobial character,
and propolis has been used for this purpose since ancient
Greek and Egyptian times (Buchta et al., 2011; Simone-
Finstrometal., 2017; Wagh, 2013). The antibacterial effect
of propolis is well examined by numerous studies on both
gram-negative and positive bacteria. Today, where multi-
drug resistance is shown as one of the most critical public
health problems, a unique chemical like propolis is thought
to be an essential solution to this problem. The antibacterial
effect of propolis on resistant bacteria such as S. aureus and
E. coli has been proven by many studies (Darwish et al.,
2010).

The study aims (i) Investigation of in-vitro
decontamination effect of ZnO-NPs and combinations of
ZnO-NPs, rosmarinic acid, and propolis on E. coli
0O157:H7 ATCC 43895, Salmonella Typhimurium,
Proteus mirabilis, S. aureus ATCC 46300, L.
monocytogenes ATCC 7644, B. cereus ATCC 10987 and a
starter culture Lactobacillus delbrueckii subsp. bulgaricus
ATCC 11842 (ii) Understanding the antibacterial
efficiency of Anatolian Propolis, (iii) Understanding the
most appropriate concentration and application method of
Zn0O-NPs, rosmarinic acid, and propolis.

Materials and Methods

Materials

Preparation of Bacterial Strains

In the present study, three gram-negative and three
gram-positive foodborne pathogens (E. coli O157:H7
ATCC 43895 (EC), Salmonella Typhimurium (ST),
Proteus mirabilis (PT), Staphylococcus aureus ATCC
46300 (SA), Listeria monocytogenes ATCC 7644 (LM), B.
cereus ATCC 10987 (BC) and a starter culture
(Lactobacillus delbrueckii subsp. bulgaricus ATCC 11842
(LB)) were used for understanding the decontamination
effect of ZnO-NPs, rosmarinic acid, and propolis. All
strains were kept at -20°C before activating in Brain Heart
Infusion Broth (BHI, HiMedia M210). All bacterial strains
were cultured under optimal growth conditions
recommended by the International Organization for
Standardization (ISO). In this sense, 1SO 16654, 1SO 6888,
ISO 9232 conditions were used for E. coli O157:H7,
Staphylococcus aureus, and Lactobacillus delbrueckii
subsp. bulgaricus, respectively.

Preparation of ZnO-NPs Solution

1 M stock solution of nanopowder ZnO, which has <50
u particle size and 10.8 m?/g surface area (Sigma-Aldrich
677450) diluted in Maximum Recovery Diluent (MRD,
Merck 146809). Within the scope of the study,
experimental groups were contained 10 mmol/L
concentration of ZnO-NPs in diluting solution.

Preparation of 1% Rosmarinic Acid

The rosmarinic acid (Merck 536954) was dissolved in
MRD at 1% final concentration and then used for
inoculation.

Extraction of Propolis

Approximately 30 g propolis was obtained from a
honeybee facility in Mugla (Southwest of Turkey). Firstly,
the propolis was sliced into small pieces. Then it was
ground into flour using a blender. For extraction of
propolis, 80% ethanol was used for 48 h at room
temperature. Then, ethanol — propolis mixture was filtered
with Whatman No. 4 paper and concentrated by a rotary
evaporator to get pure extract (Jafarzadeh Kashi et al.,
2011). The extracted pure propolis was dissolved with 80%
ethanol at 200 mg/mL final concentration. This stock
solution was diluted in MRD (1/10) for experimental
analysis in the final concentration.

All chemicals were filter-sterilized using 0.22 pm filters
(Minisart® Syringe Filters. Sartorious) and stored at 4°C.

Determination of Experimental Groups

A total of six experimental groups were formed. These
groups were included ZnO-NPs, rosmarinic acid, and
propolis separately, ZnO-NPs/propolis, ZnO-
NPs/rosmarinic acid, and ZnO-NPs/propolis/rosmarinic
acid in combinations.

Methods

Broth dilution method was used for the investigation of
in-vitro antibacterial activity of ZnO-NPs, rosmarinic acid,
and propolis. The bacterial strains used in the study were
stored at -20°C before activating in BHI by incubating at
37°C for 24h. Then, tested bacteria were plated onto Plate
Count Agar (PCA, Merck 105463). After this, the bacterial
turbidity was adjusted to 0.5 McFarland (~1.5 x 108) in the
MRD, which also contains antibacterial chemicals in final
concentrations (McFarland Biosan DEN-1). Then, the
antibacterial effect of chemicals and their combinations
were investigated by a counting procedure at 0, 1%, 2", 41",
gt 12 and 24™ hours using the PCA. Enumeration of
microorganisms was accomplished according to 1SO 4833-
1 method by pour plate technic (ISO, 2014).

Results

In the present study, the decontamination effect of 10
mmol/L ZnO-NPs (<50 ), 1% rosmarinic acid, and 20
mg/mL propolis on important foodborne bacteria was
examined. For this purpose, a total of six different
experimental groups were formed. At 0-hour, the bacterial
turbidity was adjusted to 0.5 McFarland (~1.5 x 102
CFU/mL) in the MRD in all test groups and a counting
process was performed to control the initial load.

In the first group, where only the decontamination
effect of ZnO-NPs was determined, after 24 hours,
bacterial reduction of EC, ST, PM, SA, LM, BC, and LB
were calculated as 3.61, 3.55, 3.9, 3.43, 3.3, 3.0, and 3.44
Log CFU/mL, respectively. In the second group, where
only the decontamination effect of rosmarinic acid was
investigated, the bacterial reduction on EC, ST, PM, SA,
LM, BC, and LB were 2.22,2.17, 1.99, 2.07, 2.0, 2.05, and
1.85 Log CFU/mL, respectively. In the third group, where
only the decontamination effect of propolis was inspected,
the bacterial reduction on EC, ST, PM, SA, LM, BC, and
LB were 3.95, 4.0, 3.7, 3.67, 3.5, 3.2, and 3.05 Log CFU/mL,
respectively. In the fourth group, where the decontamination
effect of ZnO-NPs/propolis combination was measured, the
bacterial reduction on EC, ST, PM, SA, LM, BC, and LB
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were 552, 5.75, 5.40, 5.01, 4.95, 4.65, and 5.26 Log
CFU/mL, respectively. In the fifth group, where the
decontamination effect of ZnO-NPs/rosmarinic acid
combination was determined, the bacterial reduction on EC,
ST, PM, SA, LM, BC, and LB were 4.21, 4.15, 4.10, 4.05,
3.95, 4.05, and 4.20 Log CFU/mL, respectively. Finally, in
the sixth group, where the decontamination effect of ZnO-
NPs/rosmarinic acid/propolis combination was researched,
the bacterial reduction on EC, ST, PM, SA, LM, BC, and LB
were 6.54, 6.50, 6.45, 6.64, 6.75, 6.8, and 6.60 Log
CFU/mL, respectively. Results are shown in Figure 1.

Discussion

As a result of the increasing resistance ability of
bacteria in recent years, new approaches have gained
importance in the combat against foodborne pathogens.
Accordingly, our study aimed to investigate the
antibacterial effects of different active substances such as
ZnO-NPs, rosmarinic acid and propolis on leading food
borne pathogens.

It has been reported that ZnO-NPs produce
antibacterial effects by disrupting cell morphology,
generating reactive oxygen species (ROS), or creating
oxidative stress (Raghupathi et al., 2011; Sirelkhatim et al.,
2015). The antibacterial effect of ZnO-NPs has been
investigated in several studies so far. Navale et al. (2015)
were investigated the antibacterial effect of ZnO in
different concentrations on critical foodborne pathogens.
According to their results, 60 pg/mL ZnO-NPs showed the
bacteriostatic effect on target bacteria; however, 80 ng/mL
ZnO-NPs was found inhibitory on S. aureus (gram-
positive) and Salmonella Typhimurium (gram-negative).
In another study, Manzoor et al. (2016) were observed the
antibacterial effect of <20 nm ZnO-NPs on food and water-
borne pathogenic bacteria. Their investigation used E. coli
(EPEC), Campylobacter jejuni, S. aureus (MRSA), and
Vibrio cholerae as target microorganisms. The results
showed that nanoparticle was efficient against all tested

pathogens in different concentrations. After electron
microscopy examinations, they determined that ZnO-NPs
disrupted the cellular morphology, resulting in the death of
the target bacteria. Reddy et al. (2007) observed the
toxicity of different concentrations of ~13 nm ZnO-NPs on
E. coli and S. aureus. As a result of their studies, it was
determined that >3.4 mM nanoparticles were completely
inhibited the tested bacteria. Raghupathi et al. (2011) were
measured antibacterial activity mechanisms of ZnO-NPs
on both gram-positive and gram-negative microorganisms
(methicillin-sensitive S. aureus, methicillin-resistant S.
aureus, Staphylococcus epidermidis, Streptococcus
pyogenes N315, Enterococcus faecalis, Bacillus subtilis,
B. cereus, Escherichia coli, Proteus vulgaris, Salmonella
Typhimurium,  Shigella  flexinari,  Pseudomonas
alcaligenes, and Enterobacter aerogenes). According to
their results the bacterial reduction was found nearly 95%.
In the mentioned studies above, the antibacterial activities
of ZnO-NPs were demonstrated at different levels. In our
study, it was determined that ZnO-NPs were showed very
effective antibacterial properties on the tested bacteria. The
differences between studies are due to the diameter and
concentration of ZnO-NPs, different in-vitro methods, and
the specific conditions of applications made.

Rosmarinic acid is a natural biologically active and
phenolic antibacterial chemical that is harmless to the
human body. Its antibacterial activity has been
demonstrated in various investigations. Zhang et al. (2021)
were revealed the antibacterial properties of rosmarinic
acid in different concentrations on E. coli, Salmonella, S.
aureus, and B. subtilis. According to their results,
Salmonella and E. coli were the most resistant, and S.
aureus and B. subtilis were the most sensitive in the tested
bacteria. In another research, the antimicrobial effect of
rosmarinic acid against S. aureus and E. coli was
investigated, and S. aureus was found more sensitive (Sun
et al., 2005).
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Figure 1. The invitro decontamination effect of ZnO-NPs, rosmarinic acid, propolis, and their combinations on E. coli

0157:H7 ATCC 43895 (EC), Salmonella Typhimurium (ST), Proteus mirabilis (PT), Staphylococcus aureus ATCC

46300 (SA), Listeria monocytogenes ATCC 7644 (LM), B. cereus ATCC 10987 (BC) and Lactobacillus delbrueckii
subsp. bulgaricus ATCC 11842 (LB) for 24 hours.

Cetin-Karaca and Newman (2015) were researched the
bactericidal effect of rosmarinic acid on nine different
foodborne pathogens (B. subtilis (ATCC 6051), B. cereus
(ATCC 11778), B. polymyxa (ATCC 842), C. perfringens,
C. butyricum (ATCC 8260), C. sporogenes (ATCC 7955),
and three strains of L. monocytogenes) for 60 h (extended
incubation). They reported that all tested strains were
found sensitive in different levels to rosmarinic acid.
However, during prolonged incubation, some strains like
Bacillus, Listeria and Clostridium spp. were turned into
resistant. Jordan et al. (2012) were inspected the
decontamination effect of rosmarinic acid on important
foodborne pathogens such as L. monocytogenes, S. aureus,
Salmonella Typhimurium, and E. coli O157:H7. As stated
in their work, tested gram-positive strains were more
sensitive to rosmarinic acid than tested gram-negative
bacteria. In the studies mentioned earlier, the antibacterial
effect of rosmarinic acid has been demonstrated. The
differences between studies can be explained because
rosmarinic acid was prepared at different concentrations.

However, since rosmarinic acid is an antioxidant chemical,
it can protect bacterial cells when prepared in high
concentrations.

The antibacterial potency of propolis has been
documented against microorganisms in many studies so
far. The antibacterial activity of Iranian propolis on P.
aeruginosa and S. aureus was investigated, and the
inhibitory effect was found relatively higher on tested
gram-positive strains (Aryaei and Pakzad, 2018). Bucio-
Villalobos and Martinez-Jaime (2017) were studied the
decontamination effect of Mexican propolis against
Salmonella Typhimurium (ATCC-13311), E. coli (ATCC-
10536), S. aureus (ATCC-11632), and L. monocytogenes
(ATCC-19115) in their project. According to their data, S.
aureus and L. monocytogenes were inhibited dramatically,
but no antibacterial effect occurred on Salmonella
Typhimurium and E. coli. An investigation by Veiga et al.
(2017) in Brazil revealed that ethanolic extracts of propolis
showed a remarkable antibacterial effect on methicillin-
sensitive S. aureus and methicillin-resistant S. aureus. The

317



Kevenk and Aras / Turkish Journal of Agriculture - Food Science and Technology, 10(2): 313-318, 2022

activity of propolis was observed by Petruzzi et al. (2020)
on some foodborne strains as Pseudomonas spp.,
Enterobacteriaceae, Lactobacillus plantarum,
Saccharomyces cerevisiae, Debaryomyces hansenii, and
Fusarium oxysporum. As stated in their research, no
antibacterial effect was demonstrated against Lactobacillus
plantarum. However, it has been determined that propolis
provides effective decontamination on Pseudomonas spp.
and Enterobacteriaceae. It is thought that conditions such
as the different compositions of propolis obtained from
different regions, extraction method, concentration,
application method, type, and enumeration of target
bacteria may affect the antibacterial activity of propolis.
However, as a result of our study, it was determined that
propolis obtained from Mugla/Turkey has a high
antibacterial effect.
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