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ABSTRACT

ARTICLE INFO

The objective of this study was to in-vitro investigation of antimicrobial
activity effect of nano-ZnO loaded nanoliposomes at different level of
lecithin: nano-ZnO ratio (5:1, 15:1, and 25:1 w/w) against Escherichia coli
(ATCC 2592) and Staphylococcus aureus (ATCC 25923). Nano-ZnO
loaded nanoliposomes were prepared through thin layer hydration
sonication and heat methods. The minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) of nano-ZnO loaded
nanoliposomes and free nano-ZnO against Escherichia coli and
Staphylococcus aureus were determined and their antimicrobial activities
were evaluated by time- kill curve analysis. Results showed that the
encapsulation of nano-ZnO in nanoliposome systems significantly
increased antimicrobial activities of them by increasing their penetration
into the microbial cell. Nano-ZnO loaded nanoliposomes were prepared
through thin layer hydration 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
5 and 4 hours and to 2 and less than 1 hours, respectively.
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1. Introduction

Nanotechnology refers to the method of
design, production and application of
structures, tools and systems on a nano
scale[1]. Among the important uses of
thisTechnology in the food industry is the
production of materials with new functions,
facilitating the process of delivering the
product to the customer, producing new
food formulations and packaging, and
developing material transfer processes in
nanometer dimensions.[2] . Nanocarriers are
systems for transporting nutrients, drugs or
biomolecules by entrapping them in internal
cavities or by adsorbing them on their
external surface.[3]. Encapsulation is a
process of entrapping active compounds in
small capsules by releasing their contents at
controlled rates and times. This technology
is used in various fields of pharmaceuticals,
making cosmetics and hygiene products and
food industries[4] . Nanocarriers used in
food industry are classified into two
categories: biopolymer and lipid. Lipid
nanocarriers include nanoemulsions,
nanoliposomes and solid lipid nanoparticles.
Liposomes have the ability to carry and
absorb  hydrophilic and hydrophobic
compounds in  oily and aqueous
environments due to their polar structure
consisting of two layers of phospholipid
membrane.[5]. Among the advantages of
liposomes, we can mention the possibility of
production on an industrial scale,
compatibility  with  the  environment,
biodegradability and the absence of toxic
compounds in their structure.[6]. The size of
the vesicle, the number of layers and the
production method are the basis for the
classification of liposomes[8 and 7].
Liposomes that contain only one bilayer
membrane are called unilamellar vesicles.
Single-layer vesicles are also divided into
two types: small single-layer vesicles with a
size of less than 100 nm and large single-
layer vesicles with a size greater than 100
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nm.[9]. Multilamellar vesicles are liposomes
consisting of a number of concentric bilayer
vesicles. Vesicles composed of several non-
concentric vesicles surrounded by a bilayer

membrane are called  multivesicular
vesicles.[10]. Among the methods of
producing liposomes, we can refer to
mechanical methods such as thin film

coating and sonication, homogenization and
microfluidization, and  non-mechanical
methods such as reverse phase evaporation,
freeze drying, and thermal methods.[7].
Nanostructured materials with antimicrobial
properties are divided into two groups:
inorganic  antimicrobial ~ nanomaterials
(silver, titanium dioxide, zinc oxide, copper,
clays and carbon nanotubes) and organic
antimicrobial materials.[11]. In the
meantime, zinc oxide nanoparticles, which
are in the group of safe compounds for the
consumer, have attracted the attention of
many industries, including the food industry,
with many advantages such as easy
production process, cheapness, high thermal
conductivity, and suitable antimicrobial
activity. . The antimicrobial activity of zinc
oxide nanoparticles has been proven against
many Gram-positive, Gram-negative
bacteria and fungi.[13 and 12]. The
composition and addition of zinc oxide
nanoparticles to food formulations is very
challenging due to the lack of uniform
distribution in the components of the
formula. Therefore, encapsulation of zinc
oxide nanoparticles in  nanoliposome
structures with the aim of proper and stable
distribution of zinc oxide nanoparticles in
food formulations is one of the solutions to
overcome the above challenge.[14].
Nanoliposome production by thin layer
water coating method due to its ease of
operation and cheaper price, and thermal or
mozafari method due to the absence of
organic solvent and the ability to be
industrialized have received a lot of
attention in the industry.[15]. According to
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the mentioned cases, it is necessary to find a
suitable method for uniform distribution and
minimum  amount of zinc  oxide
nanomaterials in food formulations with the
aim of enriching or using the antimicrobial
properties of this compound.

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%,
phosphate buffer, Tween 80, Muller Hinton
broth and Muller Hinton agar culture
medium They were prepared from Merck,
Germany.  Microbial  strainsEscherichia
coli(ATcc 2592) AndStaphylococcus aureus
(ATCC 25923(from the Scientific and
Industrial  Research ~ Organization  of
Iran)IROST) were prepared.

2-2- Nanoliposome production by thermal
method

Nanoliposomes were produced according to
the method of Rasti et al. (2012) with a
slight change and without using organic
solvent.[16]. The agueous phase contains a
3% (weight-volume) lecithin solution in
phosphate buffer (2/7- 4/7 = pH) 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 heated in a hot water
bath with a temperature of 50°C for 60 It
was mixed on a magnetic stirrer at a speed
of 600 rpm. In order to achieve a uniform
distribution of nanoliposomes, emulsions
with a homogenizer (Dragon-Lab, D-500, China)
were stirred at a speed of 5000 rpm for 5
minutes.
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2-3- Production of nano liposome by thin
film coating method

Nanoliposomes were produced according to
the method of Chow et al. (2020) with a
slight modification[17]. First, a 3% (weight-
volume) solution of lecithin in pure ethanol
and then specified amounts of zinc oxide
nanoparticles with the aim of achieving the
ratios of lecithin to zinc oxide nanoparticles
(at three levels of 5:1, 15:1 and 25:1 weight-
weight) to the composition The above was
added. This compound is slowly added to
the phosphate buffer solution (2/7- 4/7 = pH)
containing Tween 80 was added and stirred
for 2 hours at 60°C. The resulting solution is
sent to the rotary evaporator under vacuum
(LabTech EV311H, China) was transferred to
evaporate ethanol at a temperature of 60 °C.
The thin layer formed with 10 ml of sterile
deionized water washed with a homogenizer
(Dragon-Lab, D-500, China) were stirred at a
speed of 5000 rpm for 5 minutes. At the end,
the liposomal mixture was mixed in an ice
bath using a sonicator prop.Ultrasonic
Homogenizer UH-600) was mixed with the
power of 5 cycles of one minute with one
minute rest.

4-2- Initial activation of microbial strains

Microbial strains were cultured linearly on
Mueller Hinton agar medium at 37°C for 24
hours. To ensure the type of strain, a single
colony was selected and microscopic
examinations were performed after warm
staining. The strains were stored in Mueller
Hinton broth culture medium containing
15% glycerol at -18°C until use.[12].



Iran Journal of Food Sciences and Industries

No. 141, Volume 20, November 2023

5-2- Determining the minimum
concentration of growth inhibition
(Minimum inhibitory concentration (MIC)(and
the minimum lethal
concentration)Minimum Bactericidal
Concentration (MBC))

In order to determine the minimum
concentration of growth inhibitory (MiIC)
zinc oxide nanoparticles and nanoliposomes
containing zinc oxide nanoparticles were
used on the growth of the studied bacteria by
dilution method using 96-well microplates.
In the first well of each row, 100 microliters
of nano-oxygen stock solutions with
concentrations of 80, 100, 120 and 140
mg/ml  were added separately. The
concentration of nanostructured compounds
was set in the range of 0.78 to 50 mg/ml.
100 microliters of fresh microbial culture
suspension in Mueller Hinton Broth culture
medium of each strain with half McFarland
concentration (cfu/mL) 10% 1.5 x was added
to all studied wells. 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 as the minimum inhibitory
concentration (MIC) Nanoparticles were
determined. 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. A concentration of
nanomaterials at which the bacteria did not
grow, as the minimum bactericidal
concentration (MBC) Was considered[18].
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6-2- Evaluation of the time curve-—
lethality (Time-kill curve analysis)

500 microliters suspension of each
microbial strain that was at the end of the
logarithmic phase with an approximate
concentration of 49 ml of Mueller Hinton
brothcfu/mL) 10°- 10° added. 500 microliters
of each of the concentrations (MIC AndMBC)
the prepared nanoliposomes and uncoated
nanooxydroid were added separately to the
desired medium and placed in a greenhouse
at a speed of 150 rpm and a temperature of
37 degrees Celsius. 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 (one hour) and within
8 hours, samples were taken from the
environment, cultured on Mueller Hinton
agar culture medium and kept at 37 degrees
Centigrade were kept for 24 hours. The
number of colonies as (Log cfu/mL(Report
and growth curve of bacteria according to
changes in the number of bacteria)Log
cfu/mL) was drawn in the unit of time[19].

2-7- Statistical analysis

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

3. Results and Discussion

1-3- Examining the minimum
concentration of growth inhibition
(MIC(and the minimum lethal

concentration)MBC)

Comparison of the averages of minimum
growth inhibition and minimum lethal
concentration of free zinc  oxide
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nanoparticles and nanoliposomes prepared

by thermal method (Thin(and thin layer
waterproofing)Therm) against
bacteriaStaphylococcus aureus

AndEscherichia coli It is given in Table 1.
The  results show a  significant
increase(05/0p<) The antimicrobial power of
coated zinc oxide nanoparticles in
nanoliposomal systems was compared to
uncoated zinc oxide nanoparticles. This
increase can be related to the increased
flexibility and maneuverability of zinc oxide
nanoparticles encapsulated in nanoliposomal
carriers compared to free samples.[20]. The
antimicrobial power of zinc oxide
nanoparticles to create 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  related[13].  The
difference in the cell wall structure of Gram-
positive and Gram-negative bacteria has an
effect on the binding rate of zinc oxide

nanoparticles to the surface of the cell wall.
Despite the existence of a thicker
peptidoglycan layer in the wall of gram
positive bacteria which prevents the
penetration of nanoparticles into the cell, the
surface proteins of peptidoglycan as well as
lipoteichoic acids act as binding sites for
zinc oxide nanoparticles in the cell wall and
therefore the sensitivity of gram positive
bacteria is compared to Gram-negative
bacteria increase zinc oxide compared to
nanoparticles. The presence of
lipopolysaccharide outer membrane around
the cell wall of Gram-negative bacteria is a
good protective factor against the
penetration of nanoparticles.[21]. Li et al.
(2009) in investigating the antimicrobial
effect of zinc oxide nanoparticles coated on
polyvinyl chloride film against
bacteriaStaphylococcus aureus
AndEscherichia coli They showed that the
antimicrobial power of these nanoparticles
against Gram-positive bacteria is more than
Gram-negative, which was consistent with
the  results of this  research.[22].

Table 1. The minimum inhibitory concentration (MIC) and the minimum bacteriocidal 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 Escherichia coli
(ATCC 2592) and Staphylococcus aureus (ATCC 25923). Different letters indicate statistically significant

differences at (p < 0.05).
Antimicrobial Microorganisms type
agents Escherichia coli (ATCC 2592) Staphylococcus aureus (ATCC 25923)
MIC value MBC value MIC value MBC value

Free nano-ZnO 15.27%+0.07 20.00 %+ 0.07 7.59%+0.07 15.15%+0.07

Therm 5:1 6.66 "+ 0.07 13.34° +0.07 6.66 " + 0.07 6.65"°+0.14

Therm 15:1 5.33°+0.14 10.65 ¢ +0.14 2.65°+0.14 5.32°°+0.08

Therm 25:1 2.65+0.08 531+ 0.08 1.327+0.08 2.657+0.02

Thin 5:1 6.66 "+ 0.07 13.34° +0.07 6.66 " + 0.07 6.65 "+ 0.03

Thin 15:1 5.33°+0.14 10.65 ¢ +0.14 2.65°+0.14 5.32°+0.15

Thin 25:1 2.65 %+ 0.08 5.31%+ 0.08 1.32 %+ 0.08 1.32"%+0.10
uncoated zinc oxide nanoparticles,
minimum inhibitory concentration decreased
to 5 hours and the minimum lethal

2-3-  Examining the time curve- concentration decreased to 3 hours. The

fatalityEscherichia coli

According to Figure 1, the length of 8 hours
of the logarithmic phase of
bacteriaEscherichia coli In the presence of
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length of the logarithmic phase of
bacteriaEscherichia coli In the presence of
thermally coated zinc oxide nanoparticles at
different levels of lecithin to nanoparticles
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(5:1, 15:1 and 25:1 w/w) in the minimum
inhibitory concentration to 5, 5 and 5 hours
respectively and in the minimum lethal
concentration It was reduced to 3, 2 and 2
hours. 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 wiw)
respectively at the minimum inhibitory
concentration of 5, 4 and 4 hours and At the
minimum lethal concentration, it was
reduced to 3, 2 and 2 hours. Increasing the
ratio of lecithin to zinc oxide nanoparticles
decreases  the  minimum inhibitory
concentration values (Mic(and the minimum
lethal concentration)MBC) Nanoliposomes
containing zinc oxide nanoparticles against
the growth of bacteriaEscherichia coli
within 8 hours. The length of the logarithmic
phase of bacteriaEscherichia coli in equal
amounts (MIC AndMBC) nanoliposomes
containing  zinc  oxide  nanoparticles
produced by thermal and water coating
method of thin layer in low ratios of lecithin
to zinc oxide nanoparticles (5:1) were the
same. Increasing the ratio of lecithin to zinc
oxide nanoparticles in equal amounts (MBC)
Nanoliposomes containing zinc  oxide
nanoparticles produced by thermal and
water coating method of thin layer, the
length of the logarithmic phase of
bacteriaEscherichia coli reduced Increasing
the ratio of lecithin to zinc oxide
nanoparticles in equal amounts (MIC)
Nanoliposomes produced by thermal method
change during the logarithmic phase of
bacteriaEscherichia coli did not create
According to Figure 1, changing the number
of (Log cfu/ml) bacteriaEscherichia coli
compared to the initial number during 8
hours of growth, it was equal to 2.44. The
amount of these changes in equal amounts
(Mic  AndmBC) uncoated zinc oxide
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nanoparticles (+0.64 and -1.19) and
nanoliposomes containing nanooxide 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 (0.34 and -
1.36), (0.04 and -1.66), and (-0.24 and -2.66)
and in the water covering method,
respectively (34 0.0 and -1.66), (0.04 and -
2.16) and (0.31 and -2.66) were measured.
Examining the curves in Figure 1 showed
that the nanoliposomes produced using the
thin film coating method compared to the
thermal method have greater antimicrobial
power againstEscherichia coli They had
lecithin in the same concentrations. The
logarithm of the number of bacteria
Escherichia coliln  the presence of
nanoliposomes containing zinc nanooxide
with a ratio (25:1) of lecithin to nanooxide
(weight-weight), in the thin film coating
method after 7 hours, and in the presence of
the same nanoliposomes produced in the
thermal method, it reached zero after 8
hours. .

Ware et al. (2004) investigated the
antimicrobial power of nisin encapsulated in
phospholipid  liposomes againstListeria
monocytogenes showed that the
encapsulation of nisin in liposomes reduced
the number of bacteria by 2 logarithmic
cycles compared to free nisin.[23]. Jin et al.
(2009) also showed that the use of zinc
oxide nanoparticles coated with
polyvinylpyrrolidone has a greater ability to
reduce the number of bacteria compared to
uncoated zinc oxide
nanoparticles.Escherichia coli There is
liquid in the egg white environment, which
was consistent with the results of this
research[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 E. coli (ATCC 2592) at MIC value of free hano-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- Examining the time
fatalityStaphylococcus aureus

curve—

According to Figure 2, the length of the
logarithmic phase of bacteriaStaphylococcus
aureus It was about 7 hours in the presence
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of uncoated zinc oxide nanoparticles at the
minimum inhibitory concentration (MIC(to 5
and at the minimum lethal
concentration)MBC) was reduced to 4 hours.
The logarithmic phase length of these
bacteria in the presence of thermally coated
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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 of 5, 5,
and 4 hours and decreased to less than one
hour in the minimum lethal concentration.
On the other hand, the length of the
logarithmic phase of bacteriaStaphylococcus
aureus 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) respectively at the
minimum inhibitory concentration of 5, 4
and 4 hour and in the minimum lethal
concentration reached less than one hour.
The use of nanoliposomes in all ratios of
lecithin to zinc oxide nanoparticles in
reducing the length of the logarithmic period
of bacteriaStaphylococcus aureus in equal
amounts (MIC AndMBC) was effective in
both thermal and water coating thin film
methods and increasing the ratio of lecithin
to oxide nanoparticles on the length of the
logarithmic  phase of the bacteria
Staphylococcus aureus reduced According
to Figure 2, the number change (Log cfu/ml)
bacteriaStaphylococcus aureus compared to
the initial number during 8 hours of growth,
it was equal to 2.76. These changes in equal
amounts (MIC AndMBC) uncoated zinc oxide
nanoparticles (+0.21 and -1.54) and
nanoliposomes  containing  nanooxide
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 (-0.04 and -
1.84), (-0.19 and -2.54) and (-0.39 and -
3.04) and in the water covering method to
The order of (-0.14 and -2.04), (-0.40 and -
3.04) and (-0.54 and -3.04) were measured.
The results of Figure 2 showed that
increasing the ratio of lecithin to zinc oxide
nanoparticles caused a decrease in the
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minimum inhibitory concentration (Mic(and

the minimum lethal concentration)MBC)
Nanoliposomes containing zinc  oxide
nanoparticles against

bacteriaStaphylococcus aureus It was over 8
hours. Examining the curves in Figure 2
showed that the nanoliposomes produced
using the thin film coating method compared
to the thermal method have greater
antimicrobial power againstStaphylococcus
aureus They had lecithin in the same
concentrations, so that in the presence of
nanoliposomes produced with a ratio (25:1)
of lecithin to zinc oxide nanoparticles
(weight - weight), in the thin layer coating
method after 7 hours and in the presence of
the same nanoliposomes produced in the
method The temperature reached zero after 8
hours. Elaghil et al.'s studies (2016) showed
that the antimicrobial power of zinc oxide
nanoparticles againstStaphylococcus
aureusCompared  with ~ Nanooxidation
increased greatly[25]. Ziyai et al. (2017) by
investigating the antimicrobial effect of
nanoliposomes  containing  nisin  and
natamycin on growthStaphylococcus aureus
reported that the use of encapsulated nisin
and natamycin compared to the free form
had a significant effect on reducing the
number of bacteriaStaphylococcus aureus
had[26]. In this connection, Firouzabadi et al.
(2016) showed in their studies that the use of
a suspension of zinc oxide nanoparticles
containing citric acid in the environment of
mango fruit juice during storage at room
temperature caused a decrease of 5
logarithmic cycles in the number of
bacteria.Staphylococcus aureus which was
consistent with the results of this
research[27].
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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 Staphylococcus aureus (ATCC 25923) 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

The use of antimicrobial compounds on the
nanometer scale has created a huge
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transformation in  various industries,
especially the food industry. Meanwhile,
metal nanoparticles, especially metal oxides,
including zinc oxide nanoparticles, have
attracted more attention among food
industry researchers due to their favorable
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antimicrobial power and on the other hand,
the approval of the Food and Drug
Organization for food use. The results of this
research showed that by encapsulating zinc
oxide nanoparticles inside nanoliposomes,
their  antimicrobial  power increased
significantly.(05/0p<). The type of method
used in the production of this type of
nanoparticles was also significantly effective
in increasing their antimicrobial activity.
Zinc oxide nanoparticles encapsulated in
nanoliposomes produced by the thin layer
water  coating method had  higher
antimicrobial power compared to the
thermal method.(05/0p<). Increasing the ratio
of lecithin to zinc oxide nanoparticles has a
significant effect on reducing the minimum
inhibitory concentration values (Mic(and the
minimum lethal concentration)MBC) had
zinc oxide nanoparticles encapsulated in
nanoliposomes. In general, the increase in
the antimicrobial power of nanoparticles
coated with nanoliposomes can be related to
the increase in penetration into the
microorganism cell and the better adhesion
of nanoliposomes to the surface of the cell
wall of microorganisms.
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