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In this research, in-vitro time- kill curve effect of nano-ZnO loaded
nanoliposomes against Bacillus cereus (ATCC 11778) and Pseudomonas
aeruginosa (ATCC 9027) were evaluated. Thin layer hydration sonication and
heat methods were evaluated to preparation of nano-ZnO loaded
nanoliposomes at different level of lecithin: nano-ZnO ratio (5:1, 15:1, and 25:1
w/w). The minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of nano-ZnO loaded nanoliposomes and free nano-ZnO
against Bacillus cereus and Pseudomonas aeruginosa were determined. Results
showed that the encapsulation of nano-ZnO in nanoliposome systems
significantly increased their antimicrobial activities. Nano-ZnO loaded
nanoliposomes were prepared at the highest ratio of lecithin: nano-ZnO ratio
(25:1 w/w) showed higher antimicrobial activity compared to those prepared
by heat method. From the time- kill curves, the log phase growth of Escherichia
coli (8 hours) and Staphylococcus aureus (7 hours) in the medium containing
nano-ZnO loaded nanoliposomes prepared through the thin layer hydration
sonication at the highest level of lecithin: nano-ZnO ratio (25:1 w/w) at MIC
and MBC values decreased to 3 and 3 hours and to 1 and less than 1 hours,

respectively.
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1. Introduction
Bacillus Ceruse is a gram-positive, rod-

shaped, aerobic, and sposa bacterium and is
one of the most important poisonous
microbes in foods such as dairy products,
meat, and grains, especially rice [1, 2]. The
wide spread of this bacterium in the
environment and the ease of entering the
raw food cycle, and on the other hand, the
high resistance of the spores of this
bacterium, has increased its survival against
food processes such as sterilization,
pasteurization, and drying, which causes an
increase in There is a possibility of
contamination of food with this microbe
[1]. Pseudomonas aeruginosa
(Pseudomonas aeruginosa) is also a Gram-
negative, facultative aerobic, rod-shaped
and motile bacterium and is among the
spoilage and contaminating agents of food
such as dairy products, meat, eggs and
water. These bacteria have the ability to
grow at the temperature of the refrigerator
and by producing heat-resistant enzymes
such as lipase and protease, they cause
bitterness, sourness and decomposition of
food proteins [3, 4]. Today, the emergence
of multiple resistance of pathogenic or food
spoilage microorganisms to a variety of
antimicrobial compounds has become an
important issue that threatens food and
public health. Therefore, the development
and introduction of new antimicrobial
compounds as a response to this challenge
is always proposed [5]. Compared to many
antimicrobial compounds, nanoparticles,
especially metal nanoparticles, have good
resistance and stability in sterile or food
drying conditions.  Also, microbial
resistance  to  antimicrobial = metal
nanoparticles has not been reported so far
[6]. In the meantime, zinc oxide
nanoparticles, which are in the group of
safe compounds for the consumer, with
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many advantages such as easy production
process, cheapness, high  thermal
conductivity and suitable antimicrobial
activity, are of interest to many industries,
including Food industries have been placed
[8 and 7]. The antimicrobial power of zinc
oxide nanoparticles has been proven
against many microorganisms such as
Staphylococcus aureus, Escherichia coli,
Saccharomyces  cerevisiae, Bacillus
subtilis, Candida albicans and Aspergillus
niger [9]. The use of nanoliposomal
systems is a suitable answer to solve many
problems of food enrichment or adding
effective compounds to improve the quality
of  food, including  antimicrobial
compounds. The introduction of special
compounds into nanocarriers increases
their effectiveness, disreputability and
stability in the food environment, controls
their release in the desired tissue and
improves the bioavailability of these
substances [10]. Liposomes or lipid
vesicles are formed by the self-assembly of
phospholipid molecules in  agueous
medium. By dissolving in an aqueous
environment, these molecules
spontaneously form two-layer membranes
that have the ability to contain the aqueous
phase within their inner cavity [11].
Compared to liposomes, nanoliposomes
have a larger surface area, which is
effective in increasing solubility and
clarity, better bioavailability, improving the
conditions of controlled release, and their
greater stability [12]. Therefore, the
encapsulation of zinc oxide nanoparticles in
nanoliposome structures with the aim of
proper and stable distribution of
nanoparticles in food formulations is one of
the solutions to overcome the mentioned
challenges [13]. The study of the time-
lethality curve of antimicrobial compounds
against all types of microorganisms is more
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concerned  with measuring  their
antimicrobial power in relation to different
concentrations of the antimicrobial
substance and the length of time of
exposure to the antimicrobial substance
with the microorganism, and therefore as a
dynamic method that It provides more
accurate information than the minimal
inhibition and minimal lethality tests,
which provide only the limited effect of
antimicrobial compounds during a certain
period of time [14]. In this research, the
production of nanoliposomes containing
nanozinc oxide and the investigation of
their antimicrobial power compared to
uncoated zinc oxide nanoparticles using the
time-lethality curve against two bacteria
Bacillus cereus and  Pseudomonas
aeruginosa as two strains that cause
poisoning and disease It has been discussed
in the food industry.

2- Materials and methods
2-1- Materials

Zinc oxide nanoparticles with a purity of
99.9% (Mina Tehiz company, Tehran), soy
lecithin (L-alpha-phosphatidylcholine)
(Sigma, Germany), ethanol 99.9%,
chloroform, Tween 80, Muller Hinton
Broth and Muller Hinton culture medium.
Agar was prepared from Merck, Germany.
Bacterial strains of Bacillus cereus (ATCC
11778) and Pseudomonas aeruginosa
(ATCC 9027) were obtained from Iran

Scientific  and  Industrial  Research
Organization (IROST).
2-2- Nanoliposome production by

thermal method

Nanoliposomes were produced according
to the method of Rasti et al. (2012) with a
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slight change and without the use of organic
solvent [12]. The aqueous phase containing
3% (weight-volume) lecithin solution in
phosphate buffer (pH = 7.4-7.2) was
prepared in a spa bath with a temperature of
50°C for 5 minutes. Certain amounts of zinc
oxide nanoparticles were added to the
aqueous phase with the aim of achieving
different levels of lecithin to zinc oxide
nanoparticles (at three levels of 5:1, 15:1
and 25:1 w/w) and in a hot water bath with
temperature It was mixed at 50 °C for 60
min on a magnetic stirrer at 600 rpm. In
order to achieve a uniform distribution of
nanoliposomes, the emulsions were stirred
with a homogenizer (Dragon-Lab, D-500,
China) at a speed of 5000 rpm for 5
minutes.

2-3- Production of nano liposome by thin
film coating method

Nanoliposomes were produced according
to the method of Chau et al. (2020) with a
slight modification [15]. First, a 3%
(weight-volume) solution of lecithin in pure
ethanol and then certain amounts of zinc
oxide nanoparticles with the aim of
achieving lecithin to zinc  oxide
nanoparticles ratios (at three levels of 5:1,
15:1 and 25:1) weight - weight) was added
to the above composition. This compound
was slowly added to the phosphate buffer
solution (pH = 7.4-7.2) containing Tween
80 and stirred for 2 hours at 60°C. The
resulting solution was transferred to a
rotary evaporator under vacuum (LabTech
EV311H, China) to evaporate ethanol at a
temperature of 60 degrees Celsius. The
formed thin layer was mixed with 10 ml of
sterile deionized water washed with a
homogenizer (Dragon-Lab, D-500, China)
at a speed of 5000 rpm for 5 minutes. At the
end, the liposomal mixture was mixed
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in an ice bath using a sonicator prop
(Ultrasonic Homogenizer UH-600) with the
power of 5 cycles of one minute with one-
minute rest.

2-4- Activation of microbial strains

Two microbial strains of Bacillus cereus
(ATCC 11778) and  Pseudomonas
aeruginosa (ATCC 9027) were purchased
from the Scientific and Industrial Research
Organization of Iran. Microbial strains
were cultured linearly on Mueller Hinton
agar culture medium at 37°C for 24 hours.
The strains were stored in Mueller Hinton
broth culture medium containing 15%
glycerol at -18°C until use [7].

2-5-  Determination of minimum
inhibitory concentration (MIC) and
minimum lethal concentration
(Minimum Bactericidal Concentration
(MBC))

In order to determine the minimum
inhibitory concentration (MIC) of zinc
oxide nanoparticles and nanoliposomes
containing zinc oxide nanoparticles on the
growth of the studied bacteria, the dilution
method using 96-well microplates was
used. At first, 100 microliters of Mueller
Hinton Broth culture medium was added to
each well. Then, 100 microliters of
nanooxygen  stock  solutions  with
concentrations of 80, 100, 120, and 140
mg/ml were added to the first well of each
row separately, and serial dilution was done
from the first well in each row. At the end,
each microbial strain with a concentration
of half McFarland (cfu/mL) 1.5 x 108 was
added to all the wells so that the final
concentration of bacteria was 106. The
concentration of nanostructured
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compounds was set between 0.78 and 50
mg/ml. The last well of each row containing
culture medium and bacteria (medium
without nanoparticles) was considered as
positive control and one row of microplate
containing culture medium and different
concentrations of nanoparticles (medium
without bacteria) was considered as
negative control. The microplates were kept
in a greenhouse at 37°C for 24 hours. The
lowest concentration of nano material
suspension in the well that did not show
turbidity was determined as MIC of
nanoparticles. The amount of 100
microliters from each of the wells in which
bacteria did not grow and no turbidity was
observed was transferred to Mueller Hinton
agar medium and cultured superficially.
After 24 hours of incubation at 37°C, the
plates were checked for bacterial growth.
The lowest concentration of nanomaterials
that bacteria did not grow was considered
as minimum bactericidal concentration
(MBC) [16].

2-6- Time-kill curve analysis

500 microliter suspension of each microbial
strain that was at the end of the logarithmic
phase with an approximate concentration of
105-106 CFU/mL was added to 49 ml of
Mueller Hinton Broth culture medium. 500
microliters of each of the MIC and MBC
concentrations of prepared nanoliposomes
containing zinc oxide nanoparticles and
uncoated zinc oxide nanoparticles were
added separately to the desired medium and
placed in a greenhouse at a speed of 150
rom and a temperature of 37 degrees
Celsius. took In order to evaluate the
growth curve of bacteria without the
presence of nanoparticles and in the
presence of each of the nanoparticles and at
specific time intervals (30 minutes),
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samples were taken from the environment
during 8 hours, cultured on Mueller Hinton
agar culture medium and kept at a
temperature of 37 degrees. Centigrade were
kept for 24 hours. The number of colonies
was reported as (Log CFU/mL) and the
growth curve of bacteria was drawn
according to changes in the number of
bacteria (Log CFU/mL) per time unit [17].

2-7- Statistical analysis

This evaluation was done based on the
factorial method and  completely
randomized design with three replications.
Data analysis was done with analysis of
variance (ANOVA) with SPSS software.
Means were compared based on least
significant difference (LSD) at the 5%
probability level.

3- Results and Discussion

3-1-  Investigating the  minimum
inhibitory  concentration (MIC) of
growth and the minimum lethal

concentration (MBC) of bacteria

The comparison of the averages of the
minimum lethal concentration and the
minimum inhibitory concentration of zinc
oxide nanoparticles in free form and
nanoliposomes prepared by thermal method
(Thin) and thin layer water coating method
(Therm) against Bacillus cereus and
Pseudomonas aeruginosa bacteria is given
in Table 1. has been The results showed a
significant increase (p<0.05) in the
antimicrobial power of coated zinc oxide
nanoparticles in nanoliposomal systems

compared to uncoated zinc oxide
nanoparticles. This increase can be related
to the increased flexibility and

maneuverability of zinc oxide nanoparticles
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encapsulated in nanoliposomal carriers
compared to free samples [18]. The
antimicrobial power of zinc oxide
nanoparticles is related to the creation of
oxidative stress resulting from the
production of free oxygen radicals (ROS) in
the cell membrane, the release of zinc
cations in the growth medium of
microorganisms, or the direct contact of
zinc oxide nanoparticles with the cell wall
of microorganisms. is [8]. The methods of
attaching nanoparticles to the surface of
Gram-positive and Gram-negative bacteria
are different. Teichoic acid in cell wall
peptidoglycan and lipoteichoic acid in the
cell membrane of microorganisms act as
sources of negative charge generation and
positive charge absorbers on the cell
surface. The electrostatic attractive force
between the positive charge caused by zinc
oxide nanoparticles and the negative charge
of the cell surface is the main factor in the
attachment of nanoparticles to the surface
of the microbial cell. The intensity of the
electrochemical gradient, which is created
due to the transfer of hydrogen ions into the
cell membrane, facilitates the transfer of
zinc ions into the cell. The strength and
weakness of this mechanism has a direct
relationship with the size of the particles, in
such a way that the intensity of the
electrostatic forces increases with the
decrease in the size of the particles, which
ultimately leads to an increase in the
antimicrobial power of nanometer-sized
zinc oxide particles. Of course, the
antimicrobial power of zinc oxide
nanoparticles, in addition to size, also
depends on the concentration and time of
exposure of microorganisms  to
nanoparticles [19]. Mohammad Yari et al.
(2022) also reported that zinc oxide
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nanoparticles alone or in combination with
organic chlorine solvents have good
antimicrobial power against Pseudomonas
aerogeniza bacteria, which was consistent
with the results of this study [6]. Nadafi et
al. (2020) reported the minimum lethal
concentration of zinc oxide nanoparticles
against the Bacillus cereus strain isolated
from food as 16 mg/ml, which was
consistent with the results of this research
[20]. Didar (2019) also announced that zinc

oxide nanoparticles had good antimicrobial
activity against Bacillus cereus, which
increased significantly with increasing
concentration of nanoparticles [21]. While
evaluating the antimicrobial effect of zinc
oxide nanoparticles against Bacillus cereus,
Krazypliko et al. (2023) reported the
production of oxidizing radicals by
nanoparticles due to their antimicrobial
power even at concentrations lower than the
MIC values [22].

Table 1. The minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) values
of free nano-ZnO and nano-ZnO loaded nanoliposomes prepared by thin layer hydration sonication (Thin) and
heat method (Therm) with the different ratio of lecithin: nano-ZnO (5:1, 15:1 and 25:1 w/w), against Bacillus
cereus (ATCC 11778) and Pseudomonas aeruginosa (ATCC 9027). Different letters indicate statistically

significant differences at (p < 0.05).

Antimicrobial Microorganisms type
agents Bacillus cereus (ATCC 11778) Pseudomonas aeruginosa (ATCC 9027)
MIC value MBC value MIC value MBC value
Free nano-ZnO 10.08 2 £ 0.08 15.10%+0.07 8.782+0.11 17.552+0.16
Therm 5:1 6.65°+0.02 13.33°+0.16 6.65°+0.06 13.35°+0.11
Therm 15:1 5.33°+0.06 10.66 €+ 0.09 5.33°+£0.10 10.66 ©+£ 0.08
Therm 25:1 2.659+0.12 5.339+0.08 2.659+0.02 5.339+0.06
Thin 5:1 6.65°+0.17 13.33°+0.08 6.65°+0.03 13.35°+0.06
Thin 15:1 5.33°+£0.07 10.66°+0.04 5.33°+£0.07 10.66 £ 0.01
Thin 25:1 1.659+0.03 3.339+0.11 2.659+0.09 5.339+0.05

3-2- The lethality curve of Bacillus cereus

According to Figure 1, the length of the
logarithmic phase of the growth curve of
Bacillus cereus in the control sample
(without antimicrobial substance) was 8
hours, which was reduced to 5 hours in the
presence of uncoated zinc oxide
nanoparticles at the minimum inhibitory
concentration and to 4 hours at the
minimum  lethal concentration. The
logarithmic phase length of Bacillus cereus
bacteria in the presence of thermally coated
zinc oxide nanoparticles at different levels
of lecithin to nanoparticles (5:1, 15:1 and
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25:1 wiw) respectively at the minimum
inhibitory concentration of 4, 4 and 3 hours
and decreased to 2, 2 and 1 hours at the
minimum lethal concentration. Also, in the
presence of nanoliposomes containing zinc
oxide nanoparticles prepared by thin layer
coating method at different levels of
lecithin to nanoparticles (5:1, 15:1 and 25:1
w/w) respectively at the minimum
inhibitory concentration of 4, 4 and 3 hours
and decreased to 2, 2 and 1 hours at the
minimum lethal concentration. Increasing
the ratio of lecithin to zinc oxide
nanoparticles decreased the duration of the
logarithmic phase in the growth curve in the
presence  of  minimum inhibitory
concentration (MIC) and minimum lethal
concentration (MBC) values of
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nanoliposomes containing zinc oxide
nanoparticles against the growth of Bacillus
cereus bacteria. The length of the
logarithmic phase of Bacillus cereus
bacteria was the same in MIC and MBC
values of nanoliposomes containing zinc
oxide nanoparticles produced by the
thermal and water coating method of thin
layer in low ratios of lecithin to zinc oxide
nanoparticles (5:1). Increasing the ratio of
lecithin to zinc oxide nanoparticles in
amounts equal to the MBC of
nanoliposomes containing zinc oxide
nanoparticles produced by the thermal and
water coating method of thin layer
decreased the length of the logarithmic
phase of Bacillus cereus bacteria.
Increasing the ratio of lecithin to zinc oxide
nanoparticles in equal amounts (MIC) of
nanoliposomes produced by thermal
method did not change the length of the
logarithmic phase of Bacillus cereus
bacteria. According to Figure 1, the change
in the number (Log CFU/ml) of Bacillus
cereus bacteria compared to the initial
number during 8 hours of growth in the
control sample was equivalent to a
logarithmic increase of 22.3. The amount of
these changes during 8 hours of bacterial
growth in amounts equal to MIC and MBC
of uncoated zinc oxide nanoparticles (+1.33
and -1.33) and nanoliposomes containing
zinc oxide nanoparticles with the ratio of
lecithin to zinc oxide nanoparticles
(weight-weight) at different levels (5:1),
(15:1) and (25:1) in the thermal method,
respectively (0.23 and -1.47), (0.27 and -
1.72) and (0.57 and -2.47) and in the water
covering method (-0.34 and -1.57), (0.04
and -1.97) and (-0.31 and -2.47) were
measured respectively. Examining the
curves in Figure 1 showed that the
nanoliposomes produced using the thin
layer water coating method compared to the
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thermal method had more antimicrobial
power against Bacillus cereus at the same
concentration of lecithin. The logarithm of
the number of Bacillus cereus bacteria in
the presence of MBC values of
nanoliposomes containing zinc nanooxide
with a ratio (25:1) of lecithin to nanozinc
oxide (weight-weight), in the thin film
coating method after 7 hours and in the
presence of the same nanoliposomes -
produced in the thermal method reached
zero after 8 hours. Didar (2019) with
manganese coating in zinc nanooxide
structure increased the antimicrobial power
of coated zinc oxide nanoparticles against
Bacillus cereus. The formation of active
oxygen resulting from the reaction of the
compound on the zinc oxide nanoparticles
and their interaction with oxygen and water
molecules on the surface of the
nanoparticles has been reported as the
reason for increasing the antimicrobial
power of the coated composite
nanoparticles [21]. Mir-Hosseini and
Barzegar Firouzabadi (2015) investigated
the effect of zinc oxide nanoparticles on
Bacillus cereus bacteria and stated that the
antimicrobial power of zinc oxide
nanoparticles depends on the concentration,
size of the particles and their dispersion in
the environment, and increased deposition
and lack of proper dispersion Zinc oxide
nanoparticles in  the vicinity  of
microorganisms reduced their
antimicrobial power, which was in
harmony with the results of this research
[23]. Rihani Pool et al. (2022) improved
their physical properties by coating nisin in
the form of nanoliposomes and increased
their antibacterial properties in (MIC) and
(MBC) values against Bacillus cereus by
50% [24].
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Fig. 1. Time-kill graph of free nano-ZnO and nano-ZnO loaded nanoliposomes prepared by thin layer hydration
sonication (Thin) and heat method (Therm) with the different ratio of lecithin: nano-ZnO (5:1, 15:1 and 25:1 w/w)
against Bacillus cereus (ATCC 11778) at MIC value of free nano-ZnO and nano-ZnO loaded nanoliposomes
prepared by Therm (A) and Thin (B) and MBC value of free nano-ZnO and nano-ZnO loaded nanoliposomes
prepared by Therm (C) and Thin (D). In all figures “Control” means growth without any antimicrobial agent

3-3- The lethality curve of Pseudomonas
aeruginosa

According to Figure 2, the length of the
logarithmic  phase of Pseudomonas
aeruginosa bacteria in the control sample
was about 6 hours, which was reduced to 5
hours in the minimum inhibitory
concentration (MIC) and 4 hours in the
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minimum lethal concentration (MBC) in
the presence of uncoated zinc oxide
nanoparticles. The logarithmic phase length
of these bacteria in the presence of
thermally coated zinc oxide nanoparticles
at different levels of lecithin to zinc oxide
nanoparticles (5:1, 15:1 and 25:1 w/w)
respectively at the minimum inhibitory
concentration to 4, 4, and 3 hours and
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decreased to 2, 2, and 1 hours at the
minimum lethal concentration. On the other
hand, the length of the logarithmic phase of
Pseudomonas aeruginosa bacteria in the
presence of nanoliposomes containing zinc
oxide nanoparticles prepared by thin layer
coating method at different levels of
lecithin to zinc oxide nanoparticles (5:1,
15:1 and 25:1 w/w) It reached 4, 4, and 3
hours at the minimum inhibitory
concentration and 1, 1, and less than one
hour at the minimum lethal concentration.
The use of nanoliposomes in all ratios of
lecithin to zinc oxide nanoparticles was
effective in reducing the length of the
logarithmic  period of Pseudomonas
aeruginosa bacteria at values equal to MIC
and MBC in both thermal and water coating
thin layer methods, and increasing the ratio
of lecithin to zinc oxide nanoparticles It
reduced the length of the logarithmic phase
of Pseudomonas aeruginosa bacteria.
According to Figure 2, the change in the
number (Log CFU/ml) of Pseudomonas
aeruginosa bacteria compared to the initial
number during 8 hours of growth in the
control sample was equivalent to a
logarithmic increase of 1.22. These changes
in equal amounts of MIC and MBC of
uncoated zinc oxide nanoparticles (+0.17
and -0.48) and nanoliposomes containing
zinc oxide prepared with the ratio of
lecithin to zinc oxide nanoparticles
(weight-weight) at different levels. (5:1),
(15:1) and (25:1) in the thermal method,
respectively (-0.08 and -0.83), (-0.33 and -
1.38) and (0.44) - and 2.38 -) and in the
water covering method, respectively (0.20
and -2.04), (0.34 and -3.04) and (0.48 and -
3.04) size was taken The results of Figure 2
showed that increasing the ratio of lecithin
to zinc oxide nanoparticles decreased the
minimum growth inhibition concentration
and the minimum lethal concentration of
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nanoliposomes containing zinc oxide
nanoparticles  against Pseudomonas
aeruginosa bacteria within 8 hours.

Compared to the thermal method, the
nanoliposomes produced using the thin film
coating method had greater antimicrobial
power against Pseudomonas aeruginosa at
the same concentration of lecithin, so that
in the presence of the nanoliposomes
produced with a weight-to-weight ratio
(25:1)) lecithin to zinc oxide nanoparticles
in the thin film coating method after 7 hours
and in the presence of the same
nanoliposomes produced in the thermal
method reached zero after 8 hours. Zafari et
al. (2013) compared the antimicrobial
power of iron oxide nanoparticles coated
with starch compared to uncoated iron
oxide nanoparticles against Pseudomonas
aerogenisa and reported that starch coating
on iron oxide nanoparticles increased the
dispersion of nanoparticles in the
environment. increased them into the cell
and caused a decrease in the concentration
(MIC) and (MBC) values of nanoparticles,
which was consistent with the results of this
study [25]. Abdulsada et al. (2022) reported
that coating metal nanoparticles with
antimicrobial properties such as iron oxide
using polyethylene glycol increases their
antimicrobial power due to increased
stability in the environment and improved
penetration and diffusion within cells [26 ].
Gharib et al. (2012) by evaluating the effect
of nanoliposomes containing the antibiotic
tetracycline and uncoated tetracycline on
Pseudomonas using the time-lethal curve,
the increase in electrostatic attraction
between the outer membrane of the cell and
the membrane of nanoliposomes is the
reason for the increase in the antimicrobial
power of the produced nanoliposomes.
reported that it was consistent with the
results of this study [27]. Khagani Borujeni
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et al. (2018) investigated the effect of zinc
oxide nanoparticles against Pseudomonas
aeruginosa and Bacillus cereus bacteria
and reported that encapsulating zinc oxide
nanoparticles in the matrix network
prevents the release and production of large
clumps of zinc oxide particles. It had a
significant effect on maintaining and
increasing the antimicrobial capabilities of
these nanoparticles, which was consistent
with the results of this research [28].
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Fig. 2. Time-kill graph of free nano-ZnO and nano-ZnO loaded nanoliposomes prepared by thin layer hydration
sonication (Thin) and heat method (Therm) with the different ratio of lecithin: nano-ZnO (5:1, 15:1 and 25:1 w/w)
against Pseudomonas aeruginosa (ATCC 9027) at MIC value of free nano-ZnO and nano-ZnO loaded
nanoliposomes prepared by Therm (A) and Thin (B) and MBC value of free nano-ZnO and nano-ZnO loaded
nanoliposomes prepared by Therm (C) and Thin (D). In all figures “Control” means growth without any

antimicrobial agent.

4- Conclusion

Increasing the resistance of microbes to
common antimicrobial compounds is one
of the important problems in the field of
health and food safety. The use of
antimicrobial compounds on the nanometer
scale has created a huge transformation in
various industries, especially the food
industry. In recent years, the use of
nanoliposomes in the food industry has
been considered in order to improve the
quality and transfer of beneficial food
components or antimicrobial compounds.
The results of this research showed a
significant increase in the antimicrobial
power of zinc oxide nanoparticles with
nanoliposome membranes (p<0.05). The
type of method used in the production of
this type of nanoparticles was also
significantly effective in increasing their
antimicrobial activity. In nanoliposomes
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containing zinc oxide nanoparticles,
increasing the ratio of lecithin to
nanoparticles showed a significant decrease
in the minimum inhibitory concentration
(MIC) and minimum lethal concentration
(MBC) values (p<0.05). The use of the thin
layer coating method compared to the
thermal method also had a greater effect in
improving and enhancing the antimicrobial
properties of nanoliposomes containing
zinc oxide nanoparticles (p<0.05). The
results of this study showed that the use of
nanoliposome containing zinc oxide
nanoparticles was effective in inhibiting
Bacillus cereus and Pseudomonas
aeruginosa isolates in food and it has a
good potential to replace preservatives to
reduce the microbial spoilage of food.



Parvin Souri et al

Antimicrobial activity evaluation of nano...

5- References

[1] Molayi Kohneshahri S., Taghinejad, J., &
Hosainzadegan, H. (2015). A review on structure
and virulence of Bacillus cereus. Journal of
Laboratory and Diagnosis, 7(29), 51-67 [in Persian].
[2] Yolmeh, M., Habibi-Najafi, M. B., &
Najafzadeh, M. (2015). nanotechnologies in food
science: applications, recent trends, and future
perspectives. Iranian Food Science and Technology
Research Journal, 11 (7), 319-324 [in Persian].

[3] Sharafati Chaleshtori, R., Mazroii Arani, N.,
Alizadeh, E., & Etemadi, A. (2019). Prevalence and
antimicrobial resistance pattern of Pseudomonas
aeruginosa strains isolated from rose water and
herbal distillates in Kashan, 2018, Journal of Food
Microbiology, 7(2), 10-17 [in Persian].

[4] Shahbazi, N., Jamshidi, A., & Azizzadeh, M.
(2019). The effect of short-time microwave
exposure, organic Acid and Salt on Pseudomonas
aeruginosa inoculated in veal parts during
refrigerated shelf life. Journal of food science and
technology (lran), 88(16), 357-364 [in Persian].

[5] Sim, J. H., Jamaludin, N. S., Khoo, C. H., Cheah,
Y. K., Nadiah Binti, S., Halim, A., Seng, H. L., &
Tiekink, E.R.T. (2014). In vitro antibacterial and
time-kill evaluation of  phosphanegold(l)
dithiocarbamates, R3Pau [S2CN (iPr)CH2CH20H]
for R = Ph, Cy and Et, against a broad range of
Gram-positive and Gram-negative bacteria. Gold
Bulletin, 47, 225-236.

[6] Mohammadyari, M. Mozaffari, Z., & Rahimian
Zarif, B. (2022). Investigation of the Inhibitory
Effect of Zinc nanoparticles on Pseudomonas
aeruginosa. The Quarterly Journal of School of
Medicine, 46(3), 41-49.

[7] Mirhosseini, M. Kiany Harchegani, M., Kakai
Dehkordi, S., & Barzegary Firouzabadi, F. (2013).
Comparison of antibacterial effect of ZnO
nanoparticles in apple juice at 25 and 4. Quarterly
Journal of Experimental Animal Biology, 2 (3), 9-
15.

[8] Emamifar, A., & Mohamadizadeh, M. (2020).
Influence of sonication and antimicrobial
packaging-based nano-ZnO on the quality of fresh
strawberry juice during cold storage. Journal of
Food Measurement and Characterization, 14 (6),
3280-3290.

[9] Krzepilko, A., Matyszczuk, K. M., & Swigcito,
A. (2023). Effect of Sublethal Concentrations of
Zinc Oxide Nanoparticles on Bacillus cereus.
Pathogens (Basel, Switzerland), 12(3), 485.

[10] Ghanbarzadeh, B., Pezeshky, A., Hamishehka,
H., & Moghadam, M. (2016) Vitamin A palimitate-
loaded nanoliposomes: study of particle size, zeta
potential, efficiency and stability of encapsulation.
Iranian Food Science and Technology Research
Journal, 12(2), 261- 275 [in Persian].

[11] Pormazen, J. (2014). Liposomes or naan lipids:
Detection, characterization and  preparation

117

methods. Nano World Quarterly, 10 (34), 16-25[in
Persian].

[12] Rasti, B., Jinap, S., Mozafari, M. R., & Yazid,
A. M. (2012). Comparative study of the oxidative
and physical stability of liposomal and
nanoliposomal polyunsaturated fatty acids prepared
with conventional and Mozafari methods. Food
Chemistry, 135, 2761-2770.

[13] Dimapilis, E. A. S., Hsu, C. S., Mendoza, R. M.
O., Lu, M. C. (2018). Zinc oxide nanoparticles for
water  disinfection.  Sustainable  Environment
Research, 28 (2), 47-56.

[14] Pelligand, L., Lees, P., Sidhu, P. K., & Toutain,
P. L. (2019). Semi-mechanistic modeling of
florfenicol time-kill curves and in silico dose
fractionation for calf respiratory pathogens.
Frontiers in microbiology, 10, 1237.

[15] Cao, D., Shu, X., Zhu, D., Liang, S., Hasan, M.,
& Gong, S. (2020). Lipid-coated ZnO nanoparticles
synthesis, characterization and cytotoxicity studies
in cancer cell. Nano Convergence, 7, 14.

[16] Momeni-Javid, Z, Hamishekar, H., Rahmati-
Yamchi, M., Zarghami, N., Akbarzadeh, A. &
Milani, M. (2017) Evaluation and study of
antimicrobial activity of nanoliposomal meropenem
against Pseudomonas aeruginosa isolates. Artificial
Cells, Nanomedicine, and Biotechnology, 45 (5),
975-980.

[17] Avila, J. G., de Liverant, J. G., Martinez, A.,
Martinez, G., Munoz, J. L., Arciniegas, A., & de
Vivar, A. R. (1999). Mode of action of Buddleja
cordata verbascoside against Staphylococcus
aureus. Journal of ethnopharmacology, 66(1), 75-
78.

[18] Gortzi, O., Lala, S, Chinou, 1., & Tsaknis, J.
(2007). Evaluation of the antimicrobial and
antioxidant activities of Origanum dictamnus
extracts before and after encapsulation in liposomes.
Molecules. 12(5), 932-945.

[19] Mendes, C. R., Dilarri, G., Forsan, C. F., & et
al. (2022). Antibacterial action and target
mechanisms of zinc oxide nanoparticles against
bacterial pathogens. Scientific Reports, 12, 2658.
[20] Naddafi, S., Soltan Dallal, M. M., Partoazar, A.,
& Dargahi, Z. (2020). Antibacterial activity of ZnO
nanoparticles on standard and isolated strains of
Salmonella  enteritidis and Bacillus cereus
associated with Iranian foods. Journal of Grogan
University Medical Science, 22 (2), 82-88 [in
Persian].

[21] Didar, Z. (2019). Investigation of Antimicrobial
and Synergistic effects of doped Zinc Oxide
Nanoparticles against Bacillus cereus. Iranian Food
Science and Technology Research Journal, 15(2),
257-266 [in Persian].

[22] Krzepitko, A., Matyszczuk, K. M., & Swigcito,
A. (2023). Effect of Sublethal Concentrations of
Zinc Oxide Nanoparticles on Bacillus cereus.
Pathogens (Basel, Switzerland), 12(3), 485.



Iranian Journal of Food Sciences and Industries

No. 146, Volume 21, April 2024

[23] Mirhosseini M, Barzegari Firouzabadi F.
Reduction of Listeria monocytogenes and Bacillus
cereus in Milk by Zinc Oxide Nanoparticles. Iranian
Journal of Pathology,10(2), 97-104.

[24] Reyhani Poul, S., Yeganeh, S., & Safari, R.
(2022). Production of nanoliposomes carrying nisin
with chitosan coating and evaluation of physical and
antibacterial properties of the product against
Bacillus cereus and Staphylococcus aureus. Iranian
Food Science and Technology Research Journal,
18(4), 561-573 [in Persian].

[25] Zzafari, M., Jafarpour, M., Biazar, E., &
Heidari, K. S. (2013). Antimicrobial effects of iron
oxide nanoparticles in the presence of dispersing
agent. Journal of Pure and Applied Microbiology, 7
(1), 143-149.

[26] Abdulsada, F. M., Hussein, N. N., Sulaiman, G.
M., Al Ali, A., & Alhujaily, M. (2022). Evaluation
of the Antibacterial Properties of Iron Oxide,
Polyethylene Glycol, and Gentamicin Conjugated
Nanoparticles against Some Multidrug-Resistant
Bacteria. Journal of Functional Biomaterials, 13,
138.

[27] Gharib, A., Faezizadeh, Z., & Godarzee, M.
(2012). In vitro and in vivo activities of ticarcillin-
loaded nanoliposomes with different surface charges
against Pseudomonas aeruginosa (ATCC 29248).
DARU Journal of Pharmaceutical Sciences, 20 (1),
41,

[28] Khaghani Boroujeni, A., Madani, H., &
Shakeri, S. (2018). Investigation of the antibacterial
effect of cement matrix containing zinc oxide
nanoparticles on bacillus cereus and pseudomonas
aeruginosa. Journal of Water and Wastewater, 29(4),
88-100 [in Persian].

118



VY ‘,JJ)}..’%J‘\ 692 AR a)Ls.\i »Q\_‘\é_}\,—\.&« ML«J}<’)1—941>LA
4 v AN &

ol S8 @lo g pols aloxo

www.fsct.modares.ac.ir :ases ol

H :
L)
Ree a

S

‘;.5'.&‘5};_‘5«1.9 Jse

bl ade (59,051 D550 G5l Sap s s SU a9 Seeds Il oL

(ATCC 9027) Ujgj,;/'wbyj.ay, (ATCC 11778) v ¢/ pow

" S585 e KV bl ) s o

Sl s Jo g oKls ¢ plie slge (g5l5 Al ol )8 st ol ils )

Ol cLl._-.A JLGJ.» aK.iJ]: “;_»l..l.b @Lmo L A‘}.."‘J; @L«ﬁ 0‘5; )L:...:..v'lé -y

Olden uL'\:M: b‘l&}: NESHN udl.lﬁ C:L»ﬂ oA s gu_:\.lﬁ @th ojjf Jkﬂ}l;wl -v

oS>

dle SleMb|

e (5 ,denST D350 ol slapsisd U (SAiS — Oloy e SR ol 5o
15 (ATCC 9027) fi30 35,7 ulignsssw 5 (ATCC 11778) s sl
W5 53 ol 5 S3baY Glag OF gy 55 Ad s ARALST ciS b
b S 4 pred il Glacand 53 SasST S S0 Gl lap s S0
clale Plas olie . 8 513 oLl asse (S35 555 Y0:) 5100 0:)) (55,4
sl glaesssd 56 MBC) Juis clle Blu- 5 MIC) 13, 51 S04
S s ade 35 O oy LS OS50 L alie 3 () AeST D3
S ealinal oS ol O s s 8 s st fo T wlisasdsm 5 i skl
Gl sme D30 4 2555 U Gladbele js 0l SL g 0505 G ST O350
ST D3 56 sl 05 s 56 (P 0 0) 3ls (2l s 0T Ly S s 55
i 3 Solm s b amlie 53 S Y Slig O i, 4 edd WS s
E3R IBPTI WINW RUSR U QRPN TR LR DET-SER Wi RCHEY SP PR I
3 b sl Slap s s s g 53 ¢ SHES ~0le3 o o bl Ly izl
AeeST D360 4 rted Cond b S5U Y Sl OF s 4 ekd W5 asnS]
5 (ol A) sl slnl Gla SU e, 56 b (355 — g5 YOI
YooY Sl ckile Plas pslie s o5 (Gl V) s s T olse 03 s

il halS el Ky 5l S ) 4 SatS chle il sl

Pllis s gyl

VEeY/e/YN :a‘g‘)é é)u

VEYVA L5k sl

1S wlls
TR WIRWRLN P
955 5L
SCESERIPH

10.22034/FSCT.20.146.106
Qu&a d}im.a *
a.emamifar@basu.ac.ir

119


mailto:a.emamifar@basu.ac.ir
http://www.fsct.modares.ac.ir/

