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Table 1 Coding of nisin microcapsules
Nisin concentration Coding of nisin

v

(IU/mg) microcapsules
0/25 N1
0/5 N2
| N3
1/5 N4
2 N5
2/5 N6

2. Brain Heart Infusion Broth
3. Ionotropic Gelification
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1. ATCC - American Type Culture Collection
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Table 2 Coding of limonene microcapsules
Concentration of  Coding of limonene

limonene (pul/mg) microcapsules
5 L1
7 L2
10 L3
14 L4
21 LS
28 L6
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Process cheese treatments

Fig 1 Comparison of mean bacterial population index of whole cheeses packaged with antimicrobial coating and
control treatment at the significant level of 0.05
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Fig 2 Comparison of mean microbial population index of whole processed cheese packed with antimicrobial
coating and control treatment based on difference in storage time levels at the significant level of 0.05
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Fig 3 Comparison of mean microbial population index of whole processed cheeses packaged with
antimicrobial coating and control treatment based on treatment interaction x storage time levels at significance
level of 0.05
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Process cheese treatments

Fig 4 Comparison of Escherichia coli Mean Protein Cheese Packed with Antimicrobial Coating and Control at
Significance Level 0.05
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Antimicrobial Coating and Control Treatment Based on Difference in Storage Time Levels at Significance
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.Fig 6 Comparison of Average Population Index of Escherichia coli with Antimicrobial Packaged Cheeseproof
Treatments and Control Treatment Based on Treatment Interaction Effects* Storage Time Levels at Significance
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Fig 7 Comparison of Mean Staphylococcus Coagulase Positive in Antimicrobial Packaged CheeseProcesses and
Control Treatments at Significance Level 0.05
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Fig 8 Comparison of Mean Population Index of Staphylococcus coagulase-Positive Antimicrobial-Packaged
CheesePressures and Control Treatments Based on Difference in Storage Time Levels at Significance Level
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Fig 9 Comparison of Mean Population Index of Staphylococcus coagulase-Positive Antimicrobial-Packaged
CheesePressures and Control Treatments Based on Treatment Interaction Effects* Storage Time Levels at
Significance Level 0.05
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Fig10. Comparison of mean population of mold and yeast processed cheeses packaged with antimicrobial
coatingand control treatment at the significant level of 0.05
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The aim of this study was to investigate the properties of polyethylene antimicrobial film containing
niacin and limonene microcapsules in cheese process packaging. In this study microcapsules
containing nisin (0.5, 1, 1.5, 2 and 2.5) and limonene (5, 7, 10, 14, 21 and 28 pg / mg) were prepared
by gelation method. . After optimization, niacin and limonene microcapsules were used in
polyethylene film based film formulation. After packaging cheese cheese in the film containing
optimized microcapsules containing concentrations (1, 1.5 and 2 pg / mg nisin and 5, 7 and 10 pg /
mg limonene), total microbial populations, mold and Yeast, Staphylococcus coagulase positive,
Escherichia coli were examined on the first days of production, 20th, 40th, and 60th storage.

The results were analyzed by two-way ANOVA and Duncan tests at the significant level of 0.05.
During 60 days of storage, total microbial indices, mildew and yeast, Staphylococcus coagulas
positive and Escherichia coli significantly decreased (p<0.05).

The results showed that treatment with Nisin containing 2 IU / mg concentration and limonene with
concentration of 10 pg / mg resulted in higher quality of processed cheese during storage period and
were selected as optimal treatment.

Keywords: Processed cheese, Nisin, Limonene, Antimicrobial packaging film.
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