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Abstract
Introduction: Nisin is one of the antimicrobial substances that is used today as a preservative in various foodstuffs.

It is a bacteriocin comprised of 34 amino acids and a molecular weight of 3.5 Da. With all the benefits of nisin, there
are barriers to its use in dairy and protein rich products. One of these barriers is the combination of nisin with fats,
proteins and sugars and the consequent reduction of its antibacterial activity. In the food science and industry, the use of
the technique of encapsulation and production of liposome is the best possible solution in such cases. Also, by adding
an antimicrobial agent such as chitosan to the coating of nanoliposomes, the antibacterial activity of the product may be
increased. The aim of the present research was to produce nanoliposomes carrying nisin with (and without) chitosan
coating and to evaluate the physical and antibacterial properties against two gram-positive bacteria, Bacillus cereus and
Staphylococcus aureus.

Materials and Methods: In this study, four treatments of nanoliposomes carrying nisin (NN), nanoliposomes
carrying nisin coated with chitosan 0.05% ((NN-CH (0.05)), nanoliposomes carrying nisin coated with chitosan 0.1%
(NN-CH (0.1)) and nanoliposomes carrying nisin coated with chitosan 0.5% (NN-CH (0.5)) were prepared and
examined in terms of physical properties (average particle size, particle dispersity index, zeta potential and
encapsulation efficiency) and antibacterial activity (against two gram-positive bacteria, Bacillus cereus and
Staphylococcus aureus with two diffusion methods in agar medium and microdilution test). This research was
conducted in a completely randomized design and SPSS and EXCEL softwares were used for statistical analysis and
drawing of diagram, respectively. Data were analyzed by one-way analysis of variance and the difference between the
means was evaluated by Duncan's test at 95% confidence level.

Results and Discussion: The results showed that the average particle sizein different treatments with each other are
significantly different (P<0.05) and vary from about 110 to 327nm; Also as the amount of chitosan in the coating
increased, the particle size increased (P<0.05). This indicates the successful binding of chitosan to the surface of the
nanoliposome, which results in the formation of a layer around the nanoliposome and an increase in particle size.
Particle dispersity index was recorded less than 0.3 in all treatments and was not related to the amount of chitosan in the
coating. With increasing the amount of chitosan in the coating of nanoliposomes, zeta potential increased significantly
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(P<0.05). This index changed from -55.34 in NN treatment to 53.14 mV in NN-CH (0.5) treatment. In fact, chitosan as
a cationic polysaccharide changes the potential to positive values. As the amount of chitosan in coating of
nanoliposomes increased, the encapsulation efficiency increased significantly in the treatments (P<0.05); this index
increased from 32.19% in NN treatment to 75.14% in NN-CH (0.5) treatment. The results of the antibacterial activity of
nisin in two methods of diffusion in agar medium and microdilution test showed that its antibacterial activity increased
with nanoencapsulation of nisin with (and without) chitosan coating (p<0.05). Also, with the increase in chitosan
concentration, the antibacterial activity of carrier nanoliposomes increased and the highest antibacterial activity was
recorded in NN-CH (0.5) treatment (p<0.05). The diameter of the non-growth halo of Bacillus cereus against the
research treatments (with five concentrations of 2.5 to 25 pg/ml) varied from about 4.5 to 17.5 mm. This amount for
Staphylococcus aureus was recorded from 2.1 to 26.5 mm. By increasing the concentration of nisin and carrier
nanoliposomes, the diameter of the halo of non-growth of both bacteria increased significantly (p<0.05). But an
exception was recorded in this case; The diameter of the non-growth halo for Staphylococcus aureus in two
concentrations of 2.5 and 5 pg/ml of treatments was the same and had no significant difference (p>0.05). The minimum
inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of the examined treatments for
Bacillus cereus were in the range of 100 to 400 and 200 to 500 pg/ml, respectively. These two concentrations for
Staphylococcus aureus were recorded as 50 to 200 and 100 to 400 pg/ml respectively. Based on the values of diameter
of non-growth halo, MIC and MBC it can be claimed that Bacillus cereus is more resistant to the examined treatments
than Staphylococcus aureus.

Nanoencapsulation of nisin in the form of carrier nanoliposomes with chitosan coating is a suitable solution to
improve its physical and antibacterial properties. In such a way that by increasing the concentration of chitosan in the
coating, both of the aforementioned properties improved significantly. Nanoliposomes carrying nisin with (and without)
chitosan coating have the ability to inhibit the growth and killing Bacillus cereus and Staphylococcus aureus bacteria.
The antibacterial activity increases with the increase in nisin and carrier nanoliposomes concentrations. The value of
non-growth halo, minimum inhibitory concentration and minimum bactericidal concentration confirm that Bacillus
cereus is more resistant to nisin and its carrier nanoliposomes than Staphylococcus aureus.
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Table 1- Research treatments

Treatments Contents
NN Nanoliposomes carrying nisin (no chitosan)
NN-CH (0.05)  Nanoliposomes carrying nisin with 0.05% (W/V) chitosan coating
NN-CH (0.1) Nanoliposomes carrying nisin with 0.1% (W/V) chitosan coating
NN-CH (0.5) Nanoliposomes carrying nisin with 0.5% (W/V) chitosan coating
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Different letters indicates a significant difference between the data (p<0.05).
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Table 2- Diameter of the non-growth halo of Bacillus cereus bacteria against nanoliposomes carrying nisin (mm)

Treatments Concentrations (ug/ml) l:((:fllttll'zf
2.5 5 10 20 25 Doxycycline
N R R 3.56+0.08% 6.72+0.158¢ 9.43+0.29A¢
NN R R 4.82+0.11°¢ 8.36+0.145¢ 11.25+0.554¢
NN-CH (0.05) R  4.56+0.12°> 6.58+0.19 9.98+0.378° 14.74+0.36"° 23.11+0.37
NN-CH (0.1) R 4.64+0.15P° 6.73+0.1°P 10.15+1.04%°  14.97+0.114°
NN-CH (0.5) R  7.48+0.24"* 8.62+0.21%%  12.87+0.428%  17.11+0.38"

R= Resistance

(P<e/+0) sl odly (p yls ixo BMB] 3g2g 01103 Ll (gt ¢ ylaw )3 by 4y Sglite S oS 5 55 gy
Different uppercase and lowercase letters in rows and columns, respectively, indicate significant differences between the data

(p<0.05).
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Table 3- Diameter of the non-growth halo of Staphylococcus aureus bacteria against nanoliposomes carrying nisin (mm)

Concentrations (ng/ml)

Positive control

Treatments
2.5 5 10 20 25 Doxycycline
N 2.14+0.06"¢ 2.25+0.1P¢ 5.76+0.12% 8.46+0.11Bd 12.81+0.77Ad
NN 3.11+0.12P¢  3.12+0.04P¢  7.39+0.24° 11.85+0.828¢ 14.47+0.634¢
NN-CH (0.05)  3.96+0.19°®  3.99+0.21P® 10.35+0.43°°  14.31+1.06%° 19.1241.23 31.11+0.37
NN-CH (0.1) 4.11+0.83%°  4.11+0.57™ 10.69+0.56°°  14.55+0.745P 19.25+0.9440
NN-CH (0.5) 6.43+0.1P2 6.61+0.25P2  12.81+0.64%@  18.11+1.0182 26.34+1.017

(P<e/+0) Casl aodly oy o me BMB] 35535 adimd LS (5w g slaw ;5 el 4y Sglite oo g 55 gy
Different uppercase and lowercase letters in rows and columns, respectively, indicate significant differences between the data

(p<0.05).
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Table 4- MIC and MBC of research treatments for Bacillus cereus and Staphylococcus aureus (ng/ml)

Strain

Bacillus cereus

Treatments MIC MBC
N 400 500
NN 200 400

NN-CH (0.05) 200 400

NN-CH (0.1) 200 400
NN-CH (0.5) 100 200

Staphylococcus aureus

N 200 400
NN 200 400

NN-CH (0.05) 100 200

NN-CH (0.1) 100 200
NN-CH (0.5) 50 100
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