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Abstract

Background: Bacteriocins are peptides produced by lactic acid bacteria and have been considered as natural food

preservatives. Nisin is the only bacteriocin licensed as a bio-preservative. Its application is limited due to uncontrolled reactions

with food compounds and its decomposition. Encapsulation is one solution that can preserve this bacteriocin and control its

release in food products.

Objectives: The present study aimed to encapsulate nisin in niosomes and investigate its characteristics to achieve an optimal

formula based on formulation variables, cholesterol to surfactant ratio, maximum loading percentage, and sustained release

pattern for use as a preservative-containing nanocarrier in the food industry.

Methods: In this study, a completely randomized design was used to construct and select the optimal niosome formulation by

the thin film method. In this design, 6 treatments were prepared based on two variables: Surfactant to cholesterol ratio (70:30

and 80:20) and molar ratio (Span 60 to Tween 80). The effect of these variables on the encapsulation efficiency and nisin release

pattern was investigated. Formula F2, with a surfactant to cholesterol ratio (70:30) and a surfactant molar ratio of (1:1), with the

highest encapsulation efficiency (36%) and sustained release pattern, was selected as the optimal formula. Its morphological

and physicochemical indexes, including shape, size, Dispersion Index, and internal reactions, were investigated by dynamic

light scattering (DLS), atomic force microscopy (AFM), and Fourier transform infrared (FTIR) methods.

Results: The optimal formulation of niosome had a particle size of 200 nm, a loading efficiency of 36%, and a nisin release of

32% in 72 hours.

Conclusions: The results showed that niosome can be used as a suitable proposed nanocarrier for the encapsulation of nisin

in the food industry.
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1. Background

Bacteriocins are antimicrobial peptides mainly

produced by lactic acid bacteria naturally present in

food. Because they are easily broken down and digested

in the digestive system by proteolytic enzymes, they are

considered natural and safe food preservatives (1). They

are colorless, odorless, and tasteless compounds and

can be used in food without changing its organoleptic

characteristics (1-3). Therefore, they satisfy the demand

of consumers for high-quality and safe food without

using chemical preservatives (3). Nisin is the only

bacteriocin licensed as a bio-preservative and has been

widely used in related food industries (3). This

bacteriocin, which is heat resistant and consists of 34

amino acids, has a molecular weight of 3.5 kDa and is

produced by Lactococcus lactis. In 1988, nisin was
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accepted as GRAS by the FDA. Its usage in its free form as

a preservative in food products is limited due to its

absorption with food components and its uncontrolled

reactions with food compounds (such as fat and

protein) and its decomposition (4, 5). In addition, low

solubility or uneven distribution of its molecules in

food products can also severely affect its antibacterial

properties. To solve this problem, other preservation

methods are needed to increase nisin’s antibacterial

activity (2, 3).

Encapsulation of nisin in nanocarriers can protect

nisin from interaction with food components. It is one

of the solutions that can preserve and control its release

in food products (3, 5). In this regard, some studies have

been conducted and reported on the encapsulation and

controlled release of nisin in liposomes and

biopolymers such as zein, cellulose, chitosan, starch,

alginate, and lactic polyacid (6-11). According to the

results of a study by Mirhosseini and Dehghan, the

biodegradable film of chitosan-cellulose-nisin was able

to inhibit the growth of spoilage bacteria in meat for 26

days (7). The results of the study by Hassan et al. showed

that nisin encapsulated in alginate and corn starch

inhibited the growth of Clostridium thyrobutyricum in

cheddar cheese (9). Also, according to the study by de

Freitas et al., the biodegradable film of hydroxypropyl

methylcellulose containing nisin inhibited the growth

of Staphylococcus aureus and Listeria inocula in

mozzarella cheese (10).

Niosomes are colloidal particles formed by the

accumulation of non-ionic surfactants in the aqueous

medium, creating a layered structure with hydrophilic

and hydrophobic properties. Their unique structure

enables them to encapsulate hydrophobic substances in

the lipid part and hydrophilic substances inside their

aqueous core. Therefore, they can trap compounds with

different solubilities. They are carriers for the release of

antibacterial agents with desirable release properties,

high half-life, and low toxicity, which improve their

effectiveness and have advantages such as chemical

stability and low cost (4, 12).

Considering the aforementioned, it is of particular

importance to find a practical and efficient method that

can improve the biological activity of nisin in food

preservation. Despite studies conducted to find

methods to improve the activity of nisin, such as

encapsulation in liposomes and polymers (7, 9, 10),

according to the reviews conducted so far, no study has

been conducted on the encapsulation of nisin in

niosomes and its characteristics to suggest its use in

food products. Therefore, considering the advantages of

niosomes, this study aimed to load nisin into a niosomal

nanocarrier system and investigate its physicochemical

properties to use it as a preservative-containing

nanocarrier for use in the food industry.

2. Objectives

The present study aimed to encapsulate nisin in

niosomes and investigate its characteristics to achieve

an optimal formula based on formulation variables,

cholesterol to surfactant ratio, maximum loading

percentage, and sustained release pattern for use as a

preservative-containing nanocarrier in the food

industry.

3. Methods

3.1. Materials Preparation

The chemicals used in this study include sorbitan

monostearate (Span 60) and polysorbate 80 (Tween 80)

from Quelab, UK; cholesterol, chloroform, and methanol

from Merck, Germany; nisin powder (w/w) 2.5% from

Arnova, Turkey; a dialysis bag MWCO 12 KD from Sigma

Aldrich, USA; and phosphate buffered saline (PBS) from

Medicago, Sweden.

3.2. Preparation of Nisin Solution

To prepare a stock solution of nisin with a

concentration of 400 μg/mL, 0.8 g of nisin powder (2.5%)

was dissolved in 10 mL of 0.02 molar HCl solution. After

passing through a 0.22-micron syringe filter, the

solution was brought to a volume of 50 mL in a

volumetric flask (6).

3.3. Niosomal Formulation

In this study, nanoniosomes containing nisin were

prepared by the thin film hydration method of

Moghtaderi et al., with a slight modification. In short,

non-ionic surfactants with different molar ratios (Table

1) and cholesterol were dissolved in the organic solvent

of chloroform and methanol (in a ratio of 2:1). Then, the

organic solvents were evaporated under vacuum using a

rotary evaporator (Heidolph, Germany) at a

https://brieflands.com/articles/jjnpp-163741
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Table 1. Different Niosome Formulations Synthesized Based on Molar Ratios of Cholesterol and Surfactant

Formulations Cholesterol Molar Ratio (Percentage) Span 60 Molar Ratio (Percentage) Tween 80 Molar Ratio (Percentage)

F1 30 15 55

F2 30 35 35

F3 30 55 15

F4 20 20 60

F5 20 40 40

F6 20 60 20

temperature of 50ºC and 120 rpm for 20 minutes,

forming a thin layer film on the balloon wall. The thin

layer film was then hydrated with 10 mL of 200 μg/mL

nisin solution (5 mL of 400 μg/mL nisin solution and 5

mL of PBS buffer) using a rotary evaporator at 55ºC for

60 minutes at 120 rpm to obtain a niosome suspension.

To reduce the size of niosome particles, the suspension

was sonicated using an ultrasonic bath machine (Elma,

Germany) for 20 minutes (13).

3.4. Encapsulation Efficiency Determination

Encapsulation efficiency is the ratio of nisin included

in the niosome structure to the initial nisin consumed.

To determine the amount of encapsulated nisin, the

niosome suspension containing nisin was centrifuged

(Vision, Korea) at 2ºC and 22,000 rpm for 30 minutes.

The optical absorption of free nisin in the supernatant

was read and calculated using a UV-Visible

spectrophotometer (SHIMADZU, JAPAN) at a wavelength

of 220 nm. The amount of nisin entrapment was

calculated using Equation 1 (14, 15).

Equation 1.

3.5. Release Behavior

The release pattern of nisin from the niosome

nanosystem was investigated using the method of Wang

et al. with slight modifications (5). This was done using a

dialysis membrane in lab conditions at 25ºC and PBS

buffer with pH = 7. For this purpose, after separating the

niosomal precipitate from its supernatant, it was

diluted with 2 mL of deionized water and placed on the

dialysis membrane of the diffusion cell. A certain

amount of PBS buffer and a magnet were placed in the

cell compartment of the diffusion dialysis chamber, and

the entire cell set was placed on a magnetic stirrer. At

specific time intervals (1, 2, 3, 4, 8, 24, 48, and 72 hours), 1

mL of the solution was removed from the receiving

chamber as a sample and replaced with an equal volume

of fresh PBS. The optical absorption of the samples was

read by a spectrophotometer at a wavelength of 220 nm,

and the nisin concentration was calculated using a

standard concentration curve. The standard curve of

nisin at different concentrations was previously

determined and plotted as a straight line with the

equation Y = 0.0182X + 0.0498 and R2 = 0.998, and a

graph was drawn showing the cumulative release of

nisin over 72 hours (5).

3.6. Size and Dispersity Determination

The size of niosome particles was measured and

determined using the dynamic light scattering (DLS)

method with the Scattroscope 1 device, and it was

measured in three repetitions. The Particle Size

Distribution Index was also calculated using Equation 2

(16).

Equation 2.

D(90%) is a value indicating that 90% of the particles

are smaller than this size, D(10%) is a value indicating

that 10% of the particles have a particle size smaller than

this, and D(50%) is the "average size", meaning that 50%

of the particles are smaller than this value.

3.7. Morphology Study

Atomic force microscopy (AFM) was used to

investigate the shape and appearance of niosomes

containing nisin. For this purpose, niosome suspension

(1:100) was diluted with deionized water, and some of it

EE% = × 100
      primary nisin level − free nisin level

 primary nisin level  span value =   
D(90%)−D(10%)

D(50%)
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Table 2. Size Attributes, Encapsulation Efficiencies and 72 Hours Release of Various Nicin Niosomal Formulations a, b

Formulation Encapsulation Efficiency %EE Mean Size (nm) Dispersity % Release (72 hr)

F1 34.30 ± 2.37 ab 140.60 ± 19.90 0.979 ± 0.08 29.54 ± 0.30 d

F2 36.30 ± 1.05 a 200.00 ± 12.00 0.965 ± 0.06 32.00 ± 0.64 c

F3 27.80 ± 1.55 c 139.30 ± 14.30 0.975 ± 0.01 38.60 ± 0.19 a

F4 27.70 ± 1.95 c 244.00 ± 10.70 0.974 ± 0.03 33.83 ± 0.25 b

F5 32.70 ± 1.14 ab 255.00 ± 43.00 0.98 ± 0.02 21.84 ± 0.02 e

F6 31.30 ± 0.83 bc 137.00 ± 30.00 0.99 ± 0.04 20.29 ± 0.51 f

a Values are expressed as mean ± SD.

b The letters a, b, c, d, e, and f in each column signify statistically significant differences among the means (P < 0.05).

was poured on a glass slide. The glass was then placed at

room temperature until the samples were dried and a

thin layer was formed on the slide. Images were taken

using an atomic force microscope (17).

3.8. Fourier Transform Infrared

Nisin samples, niosome suspension without nisin,

and niosome suspension encapsulated with nisin were

exposed to the infrared spectrum. The samples were

mixed with KBr and pressed into tablets, and the

samples’ Fourier transform infrared (FTIR) spectra were

investigated to analyze the functional groups in the

wavelength range of 400 - 4000 cm-1. Finally, FTIR

spectra of niosome systems containing nisin and

without nisin were compared to investigate the possible

chemical interactions between nisin and the

nanosystem (18).

3.9. Statistical Analysis

EXCEL and SPSS software were used to draw graphs

and analyze data. The data were analyzed using one-way

analysis of variance (ANOVA), and the significance of the

difference between means was examined using

Duncan’s test with a confidence level of 95%.

4. Results

4.1. Nisin Encapsulation and Release Pattern

The results of the encapsulation percentage of nisin

extracts in different formulations are given in Table 2.

Based on that, the encapsulation efficiency of nisin in

different formulas varied from 27.7% to 36.3%.

Additionally, the accumulation percentages of released

nisin varied from 20.29% to 38.6% over 72 hours, as

shown in Figures 1. and 2. The rate of encapsulation and

release of nisin over 72 hours for formulas containing

30% cholesterol was higher than for formulas

containing 20% cholesterol. The percentage of nisin

encapsulation and release increased in formulas

containing 30% cholesterol with an increase in the

molar ratio of Span 60 to Tween 80 and in formulas

containing 20% cholesterol with an increase in the

molar ratio of Tween 80 to Span 60.

4.2. Size and Dispersity

The results of measuring nanoparticles (Table 2)

showed that nisin-containing nano-niosomes have an

average size of 137.00 - 255.00 nm with a Dispersity Index

(DI) of 0.96 to 0.99.

4.3. Infrared Spectroscopy

The FTIR spectroscopy was used to determine any

possible chemical interaction between nisin and the

niosome nanocarrier. Figure 3 shows the FTIR spectrum

of nisin, empty niosomes, and the niosomes containing

nisin. In the spectrum of nisin, which is an amino acid

compound with -NH2 and -COOH functional groups, the

stretching vibrations related to -COOH and -NH2 groups

in the region of 3447 cm-1 are relatively broad and

strong, and the peaks related to the vibrations of

urethanes and carbonyl groups (C=O) are observed in

the region of 2073 cm-1 and 1638 cm-1, respectively. The

bending vibrations of CH2 groups also appeared in the

region of 661 cm-1. In the FTIR spectrum of niosome

suspension encapsulated with nisin, stretching

https://brieflands.com/articles/jjnpp-163741
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Figure 1. Comparison between the nisin encapsulation and release in different formulas. Letters a, b, c, d, e, and f in each column are significant differences between the means (
P < 0.05)

Figure 2. Comparison between the release patterns of nisin from noisome formulas in 72 hours

vibrations related to COOH and NH2 groups are

observed in the region of 3453 cm-1 as a relatively broad

and strong peak. This peak has been shifted compared

to the corresponding peaks in the niosomal suspension

(3437 cm-1) and nisin (3447 cm-1), which is attributed to

the hydrogen bonds created through hydroxyl and

amine groups. The peaks related to the vibrations of

urethanes and carbonyl groups (C=O) present in the

niosome suspension and nisin are observed in the

region of 2081 cm-1 and 1638 cm-1, respectively. The peak

related to the C-O stretching vibrations of ester groups

can also be found in the region of 1103 cm-1, confirming

https://brieflands.com/articles/jjnpp-163741
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Figure 3. FTIR spectrum of A, nisin; B, empty noisome; and C, niosome containing nisin

the presence of niosome compounds in this sample. The

bending vibrations of the CH2 groups of niosome and

nisin compounds are also observed in the region of 658

cm-1.

4.4. Atomic Force Microscopy Image of Nisin-Containing
Niosomes

The morphology of niosomes containing nisin was

evaluated by AFM imaging (Figure 4). The results

showed that the nanoparticles encapsulated with nisin

were spherical, and the size of the nanoparticles was in

the range of 90 - 110 nm, which was smaller than the

results observed by the DLS method.

5. Discussion

As mentioned in the introduction, nisin, as a natural

antibacterial, is the only bacteriocin licensed as a bio-

preservative, but its tendency to bind to food

components and degrade them reduces its effectiveness.

Encapsulation is one of the solutions that can preserve

this bacteriocin and control its release in food products.

In this study, which was conducted to investigate the

https://brieflands.com/articles/jjnpp-163741
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Figure 4. Atomic force microscopy (AFM) image of nisin-containing niosomes

possibility of encapsulating nisin in niosomes, we

succeeded in encapsulating nisin in niosomes, and its

physicochemical properties were investigated to assess

the feasibility of using it as a nanocarrier containing a

preservative for use in the food industry. Based on the

results, the encapsulation efficiency of nisin in different

formulas varied from 27.7% to 36.3%. Similarly, the

entrapment rate of nisin in nanoliposomes with

different formulations was reported to be between 12%

and 54% in the study of Colas et al. and 70.3% in the

liposomes studied by Zou et al. Also, the encapsulation

efficiency of nisin in nanoliposomes prepared by Poul et

al. was reported to be 32.19%, which increased to 75% with

chitosan coating (17, 19, 20). Tizchang et al. reported the

encapsulation efficiency of nisin in their study

liposomes as 30% and attributed the low encapsulation

efficiency to the presence of cholesterol, the nature, and

purity of the encapsulated material based on a previous

study (21).

As shown in Figures 1, and 2, the accumulation

percentages of released nisin varied from 20.29% to

38.6% over 72 hours. Figure 2 shows the slope of the nisin

release graph is steeper at first, indicating the rapid

release of nisin in the early hours. Previous studies

attribute this to the presence of nisin on the surface of

the nanocapsules or near it (5). Following that, the slope

of the graph decreases, showing that the trends of nisin

release are stable over a longer period. The results also

showed that, in general, the rate of encapsulation and

release of nisin over 72 hours for formulas containing

30% cholesterol was higher than for formulas

containing 20% cholesterol. Previous studies have

shown that increasing cholesterol in the structure of

nanoparticles can speed up the release from the system,

but excessive cholesterol causes instability of the

synthesized nanoparticles (22).

The percentage of nisin encapsulation and release

increased in formulas containing 30% cholesterol with

an increase in the molar ratio of Span 60 to Tween 80

and in formulas containing 20% cholesterol with an

increase in the molar ratio of Tween 80 to Span 60. In

both formulas F3 (30% cholesterol group with the

highest percentage of Span 60) and F4 (20% cholesterol

group with the highest percentage of Tween 80), the

lowest encapsulation and highest release were

observed, and the results of statistical analysis do not

https://brieflands.com/articles/jjnpp-163741
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show a significant difference (P > 0.05). The maximum

encapsulation efficiency was found in the F2 formula

with a 1:1 ratio of surfactants and 30% cholesterol, which

had a significant difference with formulas F4, F6, and F3

(P < 0.05). Although there was no significant difference

with formulas F1 and F5 (P > 0.05).

Entrapment efficiency is an important parameter for

the industrial application of the niosomal system. This

efficiency depends on the components of the carrier

(18). Due to the higher amount of encapsulation (36.3%)

and the more stable nisin release pattern over 72 hours,

formula F2 was chosen as the optimal formulation. The

drug release profile is also considered one of the most

fundamental practical aspects of nanocarriers (23).

Given the instability of nisin in the food system, its

release pattern from the niosome must be such that it

can both exert its antimicrobial effect and last until the

end of the product’s shelf life, although more and more

accurate studies are needed to meet these goals. In this

study, due to the nisin release pattern in the F2 formula,

it was selected as the optimal formula. The size and

Dispersion Index of nanoparticles in the optimal

formula were 200.00 ± 12.00 nm and 0.96, respectively.

In a similar study, curcumin-containing niosomes

with different molar ratios of Tween 80, Span 60, and

cholesterol were prepared, showing that their particle

size and Dispersion Index varied from 344 to 1800 nm,

and 0.137 to 0.954, respectively. It was also reported that

by increasing the amount of Span 60 and Tween 80, the

size of the vesicles increased and decreased, respectively

(24). According to the results of the present study, the

size of F4 - F6 niosomes (20% cholesterol group) was also

reported to be larger with increasing Span 60. In the

study of Akhlaghi et al., the particle size of

nanoniosomes containing licorice extract was reported

to be 90.7 ± 3.6 nm and its Dispersion Index was 0.53

(25). In the study of Machado et al., the average size of

niosomes containing the antioxidant resveratrol was

reported to be 445 nm and its Dispersion Index was 0.37

(26). The Dispersion Index represents the population

size distribution in a certain sample and is usually

expressed as an index of particle diameter in colloidal

systems. The lower the level of this index, the more

uniform the diameter of the particles, with the

numerical value of DI ranging from 0.0 (for a

completely uniform sample regarding particle size) to

1.0 (for a much-dispersed sample with several particle

size populations). In drug delivery applications using

lipid-based carriers, such as liposome and

nanoliposome formulations, a DI of 0.3 or less is

considered acceptable and indicates a homogeneous

population of phospholipid vesicles. Although the latest

edition of the FDA’s "Industry Guidance" on liposome

drug products emphasizes the importance of size and

size distribution as "critical quality characteristics" and

the essential components of the stability of these

products, it does not specify acceptable DI criteria. More

specific standards and guidelines are needed for the

acceptability of the DI range of the product for various

applications in food, cosmetics, medicine, etc., to be

regulated by regulatory authorities (27).

The FTIR spectroscopy was used to determine any

possible chemical interactions between nisin and the

niosome nanocarrier. Based on the results, the peaks of

stretching vibrations related to COOH and NH2 groups

are observed in the region 3437 - 3453 cm-1, the peaks

related to urethane vibrations in the region 2073 - 2081

cm-1, and the peaks related to carbonyl C=O groups and

secondary amines in the region 1638 cm-1. The bending

vibrations of CH2 groups also appeared in the region 661

cm-1 (28-32). In the nisin-containing niosomes, the

stretching vibrations related to COOH and NH2 groups

in the region 3453 cm-1 have shifted compared to the

corresponding peaks in the empty niosomes (3437 cm-1)

and nisin (3447 cm-1), which is attributed to the

hydrogen bonds formed through hydroxyl and amine

groups. Also, the peak values of nisin, nisin-containing

niosomes, and empty niosomes, are approximately at

wave numbers 2073 and 1638 cm-1, and have a small shift.

Since no new peaks were created and no peaks

disappeared in the FTIR spectrum of the nisin-

containing niosome system, it indicates that there is no

chemical interaction between nisin and the carrier

compounds and both have maintained their nature. In a

similar study by Bernela et al., nisin was loaded into an

alginate-chitosan composite, which according to the

FTIR results, peak 3288 was attributed to the OH

stretching of the COOH group, peak 2960 to the C-H

stretching, and peak 1232 to the O-H group. They also

attributed the peak at 1645 to the amide group and the

peak at 1527 to the bending of the primary amines. They

https://brieflands.com/articles/jjnpp-163741
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reported that the functional groups of the polymeric

materials on the surface of the nanoparticles had almost

the same chemical properties as nisin, indicating that

chemical interactions between the functional groups of

nisin and the polymer, which could change the

chemical structure of nisin, did not occur (14).

The morphology of niosomes containing nisin was

evaluated by AFM imaging. Based on the results of AFM,

the size of the nanoparticles was smaller than the

results observed by the DLS method. In accordance with

AFM image results in this study, similar findings have

been reported by other researchers, due to the fact that

the particle size analyzer measures the hydrodynamic

diameter of the particle in its original environment and

cannot distinguish between nanoparticle impurities (14,

15). They have reported the occurrence of shriveling and

shrinking of nanoparticles during the sample drying

process for electron imaging (33, 34).

5.1. Conclusions

The use of nisin as a natural preservative in food can

be an effective measure to meet the demands and

reduce the concerns of consumers about the presence of

chemical preservatives in food. It is of particular

importance to protect food and gradually release this

preservative to make it effective for a long time. In this

study, niosome nanoparticles containing nisin were

prepared using Span 60 and Tween 80 surfactants,

which are allowed to be used in the food industry, by the

thin film hydration method. From among them, the

optimal formula with the appropriate amount of

encapsulation and release was selected. Its other

characteristics, including size, form, and the lack of

chemical interaction of nisin with formulation

components, were evaluated and confirmed by DLS,

FTIR, and AFM methods. The results of the present study

show that the use of a niosomal system carrying nisin in

food is a suitable solution for the limitations, such as

reduction in effectiveness and increase of the dose of

the preservative, which can prevent problems related to

the binding of nisin to food components by gradual

release of nisin during the storage of food products.

However, considering the tendency of nisin to bind to

food components, which leads to a decrease in its

biological activity in the food system, it is necessary that

the amount of nisin encapsulation and its release

should be such that it can perform its antimicrobial

effect and persist during the product’s shelf life. To

achieve these goals, further studies are needed in this

field.

Acknowledgements

The authors of the article hereby express their

sincere gratitude and appreciation to the Faculty of

Pharmacy, Ahvaz Jundishapur University of Medical

Sciences, Ahvaz, Iran and Science and Research Branch,

Islamic Azad University, Tehran, Iran.

Footnotes

Authors' Contribution: S. F. synthesized the

niosomes, performed the relevant experiments, and

wrote the article. S. A. A. A. gave the main idea of the

project and revised the article. E. M. supervised the

process of niosomes synthesis and encapsulation, and

conducted experiments to determine the characteristics

of niosomes, supervised the writing of the article, and

revised it. A. M. supervised the nisin measurement

experiments and gave revised ideas if needed. M. T.

helped in conducting the experiments and performed

statistical analysis.

Conflict of Interests Statement: The authors declare

no conflict of interests.

Data Availability: All data generated or analyzed

during this study are published in this article and the

raw data are available upon request.

Ethical Approval: The present study was approved by

Science and Research Branch, Islamic Azad University

Tehran, Iran (IR.IAU.SRB.REC.1403.313 ).

Funding/Support: The present study was financially

supported by Science and Research Branch, Islamic Azad

University, Tehran, Iran.

References

1. Silva CC, Silva SP, Ribeiro SC. Application of Bacteriocins and

Protective Cultures in Dairy Food Preservation. Front Microbiol.

2018;594(9):1-15. https://doi.org/10.3389/fmicb.2018.00594.

2. Mills S, Stanton C, Hill C, Ross RP. New developments and

applications of bacteriocins and peptides in foods. Annu Rev Food Sci

Technol. 2011;2:299-329. [PubMed ID: 22129385].

https://doi.org/10.1146/annurev-food-022510-133721.

https://brieflands.com/articles/jjnpp-163741
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=513972
https://doi.org/10.3389/fmicb.2018.00594
http://www.ncbi.nlm.nih.gov/pubmed/22129385
https://doi.org/10.1146/annurev-food-022510-133721


Feghhi S et al. Brieflands

10 Jundishapur J Nat Pharm Prod. 2025; 20(3): e163741

3. Soltani S, Hammami R, Cotter PD, Rebuffat S, Said LB, Gaudreau H, et

al. Bacteriocins as a new generation of antimicrobials: toxicity

aspects and regulations. FEMS Microbiol Rev. 2021;45(1). [PubMed ID:

32876664]. [PubMed Central ID: PMC7794045].

https://doi.org/10.1093/femsre/fuaa039.

4. Khan I, Oh D. Integration of nisin into nanoparticles for application

in foods. Innov Food Sci Emerg Technol. 2016;34:376-84.

https://doi.org/10.1016/j.ifset.2015.12.013.

5. Wang H, Yang B, Sun H. Pectin-Chitosan polyelectrolyte complex

nanoparticles for encapsulation and controlled release of nisin. Am J

Polym Sci Technol. 2017;3(5):82-8.

6. Malheiros Pda S, Sant'Anna V, Barbosa Mde S, Brandelli A, Franco BD.

Effect of liposome-encapsulated nisin and bacteriocin-like substance

P34 on Listeria monocytogenes growth in Minas frescal cheese. Int J

Food Microbiol. 2012;156(3):272-7. [PubMed ID: 22554928].

https://doi.org/10.1016/j.ijfoodmicro.2012.04.004.

7. Mirhosseini M, Dehghan R. Development of Antibacterial Nano-

cellulose–Chitosan Films Activated with Nisin for Food and Medicine

Application. J Agric Sci. 2024;26:5.

8. Xiao D, Davidson PM, Zhong Q. Release and antilisterial properties of

nisin from zein capsules spray-dried at different temperatures. LWT-

Food Sci Technol. 2011;44(10):1977-85.

9. Hassan H, Gomaa A, Subirade M, Kheadr E, St-Gelais D, Fliss I. Novel

design for alginate/resistant starch microcapsules controlling nisin

release. Int J Biol Macromol. 2020;153:1186-92. [PubMed ID: 31756478].

https://doi.org/10.1016/j.ijbiomac.2019.10.248.

10. de Freitas PA, Silva RR, de Oliveira TV, Soares RR, Soares NF.

Biodegradable film development by nisin Z addition into

hydroxypropylmethylcellulose matrix for mozzarella cheese

preservation. Int J Food Stud. 2020;9(2):360-72.

https://doi.org/10.7455/ijfs/9.2.2020.a8.

11. Ji S, Lu J, Liu Z, Srivastava D, Song A, Liu Y, et al. Dynamic

encapsulation of hydrophilic nisin in hydrophobic poly (lactic acid)

particles with controlled morphology by a single emulsion process. J

Colloid Interface Sci. 2014;423:85-93. [PubMed ID: 24703672].

https://doi.org/10.1016/j.jcis.2014.02.025.

12. Dabaghian Amiri A, Mirzaie A, Ali Asgari E, Mahmoudzadeh A.

[Preparation of niosome loaded Artemisia chamamelifolia extract:

antibacterial and anti-cancer activities and apoptosis gene

expression analysis in breast cancer cell line (MCF-7)]. Feyz Med Sci J.

2021;25(2):839-49. FA. https://doi.org/10.48307/FMSJ.2021.25.2.839.

13. Moghtaderi M, Mirzaie A, Zabet N, Moammeri A, Mansoori-Kermani

A, Akbarzadeh I, et al. Enhanced antibacterial activity of Echinacea

angustifolia extract against multidrug-resistant Klebsiella

pneumoniae through niosome encapsulation. Nanomaterials.

2021;11(6):1573.

14. Bernela M, Kaur P, Chopra M, Thakur R. Synthesis, characterization of

nisin loaded alginate–chitosan–pluronic composite nanoparticles

and evaluation against microbes. LWT-Food Sci Technol.

2014;59(2):1093-9. https://doi.org/10.1016/j.lwt.2014.05.061.

15. Kaur H, Ahuja M, Kumar S, Dilbaghi N. Carboxymethyl tamarind

kernel polysaccharide nanoparticles for ophthalmic drug delivery.

Int J Biol Macromol. 2012;50(3):833-9. [PubMed ID: 22138451].

https://doi.org/10.1016/j.ijbiomac.2011.11.017.

16. Teeranachaideekul V, Souto EB, Junyaprasert VB, Muller RH. Cetyl

palmitate-based NLC for topical delivery of Coenzyme Q(10) -

development, physicochemical characterization and in vitro release

studies. Eur J Pharm Biopharm. 2007;67(1):141-8. [PubMed ID: 17346953].

https://doi.org/10.1016/j.ejpb.2007.01.015.

17. Colas JC, Shi W, Rao VS, Omri A, Mozafari MR, Singh H. Microscopical

investigations of nisin-loaded nanoliposomes prepared by Mozafari

method and their bacterial targeting. Micron. 2007;38(8):841-7.

[PubMed ID: 17689087]. https://doi.org/10.1016/j.micron.2007.06.013.

18. Emtiazi H, Salari sharif A, Haghirosadat F, Pardakhti A. Preparation

and Characterization of Nano-Niosomes Containing Essential Oils of

Thymus caramanicus Jalas and Evaluation of its Total Phenolic

Contents and Antioxidant Properties. Pharm Lett. 2018;10(6):24-36.

19. Zou Y, Lee HY, Seo YC, Ahn J. Enhanced antimicrobial activity of nisin-

loaded liposomal nanoparticles against foodborne pathogens. J Food

Sci. 2012;77(3):M165-70. [PubMed ID: 22329855].

https://doi.org/10.1111/j.1750-3841.2011.02580.x.

20. Poul SR, Yeganeh S, Safari R. Production of nanoliposomes carrying

nisin with chitosan coating and evaluation of physical and

antibacterial properties of the product against Bacillus cereus and

Staphylococcus aureus. Iran Food Sci Technol Res J. 2022;18(4):561-73.

21. Tizchang S, Sowti Khiabani M, Rezay Mokaram R, Ghanbarzadeh B,

Javadzadeh Y. [Optimization and Study of physical properties of

liposomes containing nisin]. Innov Food Technol. 2013;1(2):59-68. FA.

https://doi.org/10.22104/jift.2013.29.

22. Taebpour M, Akhlaghi M, Shahriary S, Hajihosseini S, Haghiralsadat F,

Oroojalian F, et al. Synthesis, physicochemical characterization and

pharmaceutical function of niosomal nanoparticles-encapsulated

bioactive compound for osteosarcoma treatment. Nanomed J.

2022;9(3):205-15.

23. Pourmahmoudian MJ, Kalantar M, Haghiralsadat F. [Design and

Synthesis of a Highly Efficient Niosomal Drug Delivery System for

Berberine Delivery to Osteosarcoma Cell Line (Saos-2)]. J Mazand Univ

Med Sci. 2021;31(202):25. FA.

24. Shehata TM, Ibrahim MM, Elsewedy HS. Curcumin Niosomes

Prepared from Proniosomal Gels: In Vitro Skin Permeability, Kinetic

and In Vivo Studies. Polymers. 2021;13(5):791. [PubMed ID: 33806659].

[PubMed Central ID: PMC7961916].

https://doi.org/10.3390/polym13050791.

25. Akhlaghi M, Ebrahimpour M, Ansari K, Parnian F, Zarezadeh Mehrizi

M, Taebpour M, et al. [Synthesis, study and characterization of nano

niosomal system containing Glycrrizha glabra extract in order to

improve its therapeutic effects]. New Cell Mol Biotechnol J.

2021;11(42):65. FA.

26. Machado ND, Gutierrez G, Matos M, Fernandez MA. Preservation of

the Antioxidant Capacity of Resveratrol via Encapsulation in

Niosomes. Foods. 2021;10(5). [PubMed ID: 33946473]. [PubMed Central

ID: PMC8147147]. https://doi.org/10.3390/foods10050988.

27. Danaei M, Dehghankhold M, Ataei S, Hasanzadeh Davarani F,

Javanmard R, Dokhani A, et al. Impact of Particle Size and

Polydispersity Index on the Clinical Applications of Lipidic

Nanocarrier Systems. Pharmaceutics. 2018;10(2). [PubMed ID:

29783687]. [PubMed Central ID: PMC6027495].

https://doi.org/10.3390/pharmaceutics10020057.

28. Zarepour A, Egil AC, Cokol Cakmak M, Esmaeili Rad M, Cetin Y,

Aydinlik S, et al. Fabrication of a Dual-Drug-Loaded Smart Niosome-g-

Chitosan Polymeric Platform for Lung Cancer Treatment. Polymers.

2023;15(2). [PubMed ID: 36679179]. [PubMed Central ID: PMC9860619].

https://doi.org/10.3390/polym15020298.

https://brieflands.com/articles/jjnpp-163741
http://www.ncbi.nlm.nih.gov/pubmed/32876664
https://www.ncbi.nlm.nih.gov/pmc/PMC7794045
https://doi.org/10.1093/femsre/fuaa039
https://doi.org/10.1016/j.ifset.2015.12.013
http://www.ncbi.nlm.nih.gov/pubmed/22554928
https://doi.org/10.1016/j.ijfoodmicro.2012.04.004
http://www.ncbi.nlm.nih.gov/pubmed/31756478
https://doi.org/10.1016/j.ijbiomac.2019.10.248
https://doi.org/10.7455/ijfs/9.2.2020.a8
http://www.ncbi.nlm.nih.gov/pubmed/24703672
https://doi.org/10.1016/j.jcis.2014.02.025
https://doi.org/10.48307/FMSJ.2021.25.2.839
https://doi.org/10.1016/j.lwt.2014.05.061
http://www.ncbi.nlm.nih.gov/pubmed/22138451
https://doi.org/10.1016/j.ijbiomac.2011.11.017
http://www.ncbi.nlm.nih.gov/pubmed/17346953
https://doi.org/10.1016/j.ejpb.2007.01.015
http://www.ncbi.nlm.nih.gov/pubmed/17346953
https://doi.org/10.1016/j.ejpb.2007.01.015
http://www.ncbi.nlm.nih.gov/pubmed/17689087
https://doi.org/10.1016/j.micron.2007.06.013
http://www.ncbi.nlm.nih.gov/pubmed/22329855
https://doi.org/10.1111/j.1750-3841.2011.02580.x
https://doi.org/10.22104/jift.2013.29
http://www.ncbi.nlm.nih.gov/pubmed/33806659
https://www.ncbi.nlm.nih.gov/pmc/PMC7961916
https://doi.org/10.3390/polym13050791
http://www.ncbi.nlm.nih.gov/pubmed/33946473
https://www.ncbi.nlm.nih.gov/pmc/PMC8147147
https://doi.org/10.3390/foods10050988
http://www.ncbi.nlm.nih.gov/pubmed/29783687
https://www.ncbi.nlm.nih.gov/pmc/PMC6027495
https://doi.org/10.3390/pharmaceutics10020057
http://www.ncbi.nlm.nih.gov/pubmed/36679179
https://www.ncbi.nlm.nih.gov/pmc/PMC9860619
https://doi.org/10.3390/polym15020298


Feghhi S et al. Brieflands

Jundishapur J Nat Pharm Prod. 2025; 20(3): e163741 11

29. Chesalov YA, Chernobay GB, Boldyreva EV. Temperature effects on the

IR spectra of crystalline amino acids, dipeptides, and polyamino

acids. II. L-and DL-serines. J Struct Chem. 2008;49(4):627-38.

https://doi.org/10.1007/s10947-008-0087-3.

30. Narasimha G, Praveen B, Mallikarjuna K, Deva PRB. Mushrooms

(Agaricus bisporus) mediated biosynthesis of sliver nanoparticles,

characterization and their antimicrobial activity. Inter J Nano

Dimension. 2011;2(1):29-36.

31. Rehman MU, Rasul A, Khan MI, Hanif M, Aamir MN, Waqas MK, et al.

Development of niosomal formulations loaded with cyclosporine A

and evaluation of its compatibility. Trop J Pharm Res. 2018;17(8):1457-

64.

32. Farmoudeh A, Akbari J, Saeedi M, Ghasemi M, Asemi N, Nokhodchi A.

Methylene blue-loaded niosome: preparation, physicochemical

characterization, and in vivo wound healing assessment. Drug Deliv

Transl Res. 2020;10(5):1428-41. [PubMed ID: 32100265]. [PubMed

Central ID: PMC7447683]. https://doi.org/10.1007/s13346-020-00715-6.

33. Chang R, Lu H, Li M, Zhang S, Xiong L, Sun Q. Preparation of extra-

small nisin nanoparticles for enhanced antibacterial activity after

autoclave treatment. Food Chem. 2018;245:756-60. [PubMed ID:

29287437]. https://doi.org/10.1016/j.foodchem.2017.11.116.

34. Cheng X, Jin Y, Fan B, Qi R, Li H, Fan W. Self-Assembly of Polyurethane

Phosphate Ester with Phospholipid-Like Structures: Spherical, Worm-

Like Micelles, Vesicles, and Large Compound Vesicles. ACS Macro Lett.

2016;5(2):238-43. [PubMed ID: 35614685].

https://doi.org/10.1021/acsmacrolett.5b00789.

https://brieflands.com/articles/jjnpp-163741
https://doi.org/10.1007/s10947-008-0087-3
http://www.ncbi.nlm.nih.gov/pubmed/32100265
https://www.ncbi.nlm.nih.gov/pmc/PMC7447683
https://doi.org/10.1007/s13346-020-00715-6
http://www.ncbi.nlm.nih.gov/pubmed/29287437
https://doi.org/10.1016/j.foodchem.2017.11.116
http://www.ncbi.nlm.nih.gov/pubmed/35614685
https://doi.org/10.1021/acsmacrolett.5b00789

