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ﭘﯿﺶ ﺑﯿﻨﯽ ﺧﺎﺻﯿﺖ ﺿﺪﻣﯿﮑﺮﻭﺑﯽ ﭘﻮﺷﺶ ﺧﻮﺭﺍﮐﯽ ﺗﻮﻟﯿﺪ ﺷﺪﻩ ﺍﺯ ﻧﺸﺎﺳﺘﻪ ﺣﺎﻭﯼ ﻋﺼﺎﺭﻩ
ﺍﻟﮑﻠﯽ ﭘﻮﺳﺖ ﺍﻧﺎﺭ ﺑﺎ ﺭﻭﺵ ﺍﻟﮕﻮﺭﯾﺘﻢ ﮊﻧﺘﯿﮏ
ﺩﺭ ﺍﯾﻦ ﺗﺤﻘﯿﻖ ﺍﺛﺮ ﺿﺪ ﻣﯿﮑﺮﻭﺑﯽ ﻓﯿﻠﻢ ﻧﺸﺎﺳﺘﻪ ﺣﺎﻭﯼ ﻏﻠﻈﺖ ﻫﺎﯼ ﻣﺨﺘﻠﻒ ﻋﺼﺎﺭﻩ ﺍﻟﮑﻠﯽ ﭘﻮﺳﺖ ﺍﻧﺎﺭ ﺑﺮ
ﺑﺎﮐﺘﺮﯼ ﻫﺎﯼ ﻟﯿﺴﺘﺮﯾﺎ ﻣﻮﻧﻮﺳﯿﺘﻮﮊﻧﺰ ،ﺍﺷﺮﺷﯿﺎ ﮐﻠﯽ ،ﺍﺳﺘﺎﻓﯿﻠﻮﮐﻮﮐﻮﺱ ﺍﻭﺭﺋﻮﺱ ،ﺳﺎﻟﻤﻮﻧﻼ ﺗﯿﻔﯽ ﻣﻮﺭﯾﻮﻡ،
ﺳﻮﺩﻭﻣﻮﻧﺎﺱ ﺍﯾﺮﻭﮊﯾﻨﻮﺯﺍ ﻭ ﺑﺎﺳﯿﻠﻮﺱ ﺳﺮﺋﻮﺱ ﻣﻮﺭﺩ ﺑﺮﺭﺳﯽ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ،ﻭﯾﮋﮔﯽ ﻫﺎﯼ ﻣﮑﺎﻧﯿﮑﯽ ﻭ ﻓﯿﺰﯾﮑﯽ ﻓﯿﻠﻢ
ﻫﺎﯼ ﺗﻬﯿﻪ ﺷﺪﻩ ﻣﻄﺎﻟﻌﻪ ﮔﺮﺩﯾﺪ ﻭ ﺑﻪ ﭘﯿﺶ ﺑﯿﻨﯽ ﺧﺎﺻﯿﺖ ﺿﺪﻣﯿﮑﺮﻭﺑﯽ ﭘﻮﺷﺶ ﻫﺎﯼ ﺧﻮﺭﺍﮐﯽ ﺗﻬﯿﻪ ﺷﺪﻩ ﺑﺎ ﺭﻭﺵ
ﺍﻟﮕﻮﺭﯾﺘﻢ ﮊﻧﺘﯿﮏ ﭘﺮﺩﺍﺧﺘﻪ ﺷﺪ .ﺑﺮﺍﯼ ﺑﺮﺭﺳﯽ ﺧﻮﺍﺹ ﺿﺪ ﻣﯿﮑﺮﻭﺑﯽ ﺍﺯ ﺭﻭﺵ ﺍﻧﺘﺸﺎﺭ ﺍﺯ ﺩﯾﺴﮏ ﺍﺳﺘﻔﺎﺩﻩ ﮔﺮﺩﯾﺪ .ﺍﺯ
ﻓﯿﻠﻢ ﻫﺎﯼ ﻧﺸﺎﺳﺘﻪ ﺩﯾﺴﮏ ﻫﺎﯾﯽ ﺑﻪ ﻗﻄﺮ  10ﻣﯿﻠﯽ ﻣﺘﺮ ﺗﻬﯿﻪ ﮔﺮﺩﯾﺪ ﻭ ﺑﺮ ﺭﻭﯼ ﻣﺤﯿﻂ ﻫﺎﯼ ﮐﺸﺖ  BHIﺁﮔﺎﺭ ﮐﻪ
ﻗﺒﻼ ﺑﺎ ﻫﺮ ﯾﮏ ﺍﺯ ﺑﺎﮐﺘﺮﯼ ﻫﺎ ﺗﻠﻘﯿﺢ ﺷﺪﻩ ﺑﻮﺩﻧﺪ ﻗﺮﺍﺭ ﮔﺮﻓﺖ .ﻗﻄﺮ ﻫﺎﻟﻪ ﻫﺎﯼ ﻣﻬﺎﺭﯼ ﺑﻪ ﻋﻨﻮﺍﻥ ﺷﺎﺧﺺ ﻣﯿﺰﺍﻥ
ﻓﻌﺎﻟﯿﺖ ﺿﺪ ﻣﯿﮑﺮﻭﺑﯽ ﻓﯿﻠﻢ ﻫﺎ ﺩﺭ ﻧﻈﺮ ﮔﺮﻓﺘﻪ ﺷﺪ .ﻣﯿﺰﺍﻥ ﻧﻔﻮﺫﭘﺬﯾﺮﯼ ﻓﯿﻠﻢ ﻫﺎ ﺩﺭ ﺑﺮﺍﺑﺮ ﺑﺨﺎﺭ ﺁﺏ ﺑﺎ ﺩﺳﺘﻮﺭﺍﻟﻌﻤﻞ
ﺍﺻﻼﺡ ﺷﺪﻩ ﺍﯼ ﺍﺯ ﺭﻭﺵ  E96-95ﻣﺼﻮﺏ  ASTMﻣﺤﺎﺳﺒﻪ ﮔﺮﺩﯾﺪ .ﺧﻮﺍﺹ ﮐﺸﺸﯽ ﻓﯿﻠﻢ ﻫﺎ ﻧﯿﺰ ﺑﺎ ﺩﺳﺘﮕﺎﻩ
ﺳﻨﺠﺶ ﮐﺸﺶ ﻭ ﺭﻭﺵ  D882-91ﻣﺼﻮﺏ  ASTMﺑﺮﺭﺳﯽ ﺷﺪ .ﻣﺤﺎﺳﺒﺎﺕ ﺁﻣﺎﺭﯼ ﺑﺎ ﻧﺮﻡ ﺍﻓﺰﺍﺭ  SPSSﻭ ﺩﺭ
ﻗﺎﻟﺐ ﻃﺮﺡ ﮐﺎﻣﻼ ﺗﺼﺎﺩﻓﯽ ﺍﻧﺠﺎﻡ ﻭ ﻣﻘﺎﯾﺴﻪ ﻣﯿﺎﻧﮕﯿﻦ ﻫﺎ ﺍﺯ ﺁﺯﻣﻮﻥ ﭼﻨﺪ ﺩﺍﻣﻨﻪ ﺍﯼ ﺩﺍﻧﮑﻦ ﺻﻮﺭﺕ ﮔﺮﻓﺖ .ﺟﻬﺖ
ﺗﺨﻤﯿﻦ ﺑﻬﯿﻨﻪ ﺗﺮﯾﻦ ﻣﻘﺎﺩﯾﺮ ﺑﺮﺍﯼ ﭘﺎﺭﺍﻣﺘﺮﻫﺎﯼ ﺩﻣﺎ ،pH ،ﻗﻄﺮ ﻫﺎﻟﻪ ﺿﺪﻣﯿﮑﺮﻭﺑﯽ ﻭ ﻏﻠﻈﺖ ،ﮐﺮﻭﻣﻮﺯﻭﻡ ﻣﺮﺑﻮﻃﻪ
ﺗﺸﮑﯿﻞ ﻭ ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺩﺍﺩﻩ ﻫﺎﯼ ﺁﺯﻣﺎﯾﺸﮕﺎﻫﯽ ﻣﯿﺰﺍﻥ ﺑﺮﺍﺯﺵ ﻫﺮ ﯾﮏ ﺍﺯ ﮐﺮﻭﻣﻮﺯﻭﻡ ﻫﺎ ﻣﺤﺎﺳﺒﻪ ﻭ ﺍﻣﺘﯿﺎﺯ ﺁﻥ
ﮐﺮﻭﻣﻮﺯﻭﻡ ﺗﻌﯿﯿﻦ ﮔﺮﺩﯾﺪ .ﻧﺘﺎﯾﺞ ﻧﺸﺎﻥ ﺩﺍﺩ ﮐﻪ ﻓﯿﻠﻢ ﻫﺎﯼ ﺣﺎﻭﯼ ﻋﺼﺎﺭﻩ ﺩﺭ ﻏﻠﻈﺖ  %5ﻭ ﺑﺎﻻﺗﺮ ﺑﺮ ﺗﻤﺎﻡ ﺑﺎﮐﺘﺮﯼ
ﻫﺎﯼ ﻣﻮﺭﺩ ﻣﻄﺎﻟﻌﻪ ﺩﺍﺭﺍﯼ ﺧﺎﺻﯿﺖ ﻣﻬﺎﺭﯼ ﺑﻮﺩ ﻫﺮ ﭼﻨﺪ ﮐﻪ ﻏﻠﻈﺖ  %1ﻋﺼﺎﺭﻩ ﺑﺎﻋﺚ ﻣﻬﺎﺭ ﺳﻮﺩﻭﻣﻮﻧﺎﺱ
ﺍﯾﺮﻭﮊﯾﻨﻮﺯﺍ ،ﺑﺎﺳﯿﻠﻮﺱ ﺳﺮﺋﻮﺱ ﻭ ﺍﺳﺘﺎﻓﯿﻠﻮﮐﻮﮐﻮﺱ ﺍﻭﺭﺋﻮﺱ ﮔﺮﺩﯾﺪ .ﺍﻓﺰﻭﺩﻥ ﻋﺼﺎﺭﻩ ﺑﻪ ﻓﯿﻠﻢ ﻧﺸﺎﺳﺘﻪ ﻭ ﺍﻓﺰﺍﯾﺶ
ﻏﻠﻈﺖ ﺁﻥ ﺳﺒﺐ ﺑﺎﻻ ﺭﻓﺘﻦ ﻣﻌﻨﯽ ﺩﺍﺭ ﻣﯿﺰﺍﻥ ﻧﻔﻮﺫﭘﺬﯾﺮﯼ ﻓﯿﻠﻢ ﻫﺎ ﻧﺴﺒﺖ ﺑﻪ ﺑﺨﺎﺭ ﺁﺏ ،ﮐﺎﻫﺶ ﻣﻘﺎﻭﻣﺖ ﮐﺸﺸﯽ ﻭ
ﺍﻓﺰﺍﯾﺶ ﺍﺯﺩﯾﺎﺩ ﻃﻮﻝ ﮔﺮﺩﯾﺪ .ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺿﺮﺍﯾﺐ ﻫﻤﺒﺴﺘﮕﯽ ﻣﺤﺎﺳﺒﻪ ﺷﺪﻩ ﺑﯿﻦ ﻣﻘﺎﺩﯾﺮ ﻭﺍﻗﻌﯽ ﻭ ﻣﻘﺎﺩﯾﺮ ﭘﯿﺶ
ﮔﻮﯾﯽ ﺷﺪﻩ ،ﻣﺪﻟﺴﺎﺯﯼ ﺑﻪ ﺭﻭﺵ ﺍﻟﮕﻮﺭﯾﺘﻢ ﮊﻧﺘﯿﮏ ﺑﻌﻨﻮﺍﻥ ﯾﮏ ﺭﻭﺵ ﻣﻨﺎﺳﺐ ﺟﻬﺖ ﭘﯿﺶ ﺑﯿﻨﯽ ﺧﺎﺻﯿﺖ
ﺿﺪﻣﯿﮑﺮﻭﺑﯽ ﭘﻮﺷﺶ ﻫﺎﯼ ﺧﻮﺭﺍﮐﯽ ﺗﻮﻟﯿﺪ ﺷﺪﻩ ﺍﺯ ﻧﺸﺎﺳﺘﻪ ﺣﺎﻭﯼ ﻋﺼﺎﺭﻩ ﺍﻟﮑﻠﯽ ﭘﻮﺳﺖ ﺍﻧﺎﺭ ﺑﺮ ﺭﻭﯼ ﺷﺶ ﻧﻮﻉ
ﺑﺎﮐﺘﺮﯼ ﻣﻮﺭﺩ ﻣﻄﺎﻟﻌﻪ ﺍﺭﺯﯾﺎﺑﯽ ﺷﺪ.
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Ph.D. Dissertation:

Prediction of antimicrobial properties of starch based
edible coating incorporated with alcoholic extract of
pomegranate rind with genetic algorithm
In this study, the antimicrobial activity of starch based edible film incorporated with
different concentration of pomegranate rind alcoholic extract against Listeria
monocytogenes, Escherichia coli, Staphylococcus aureus, Salmonella typhimurium,
Pseudomonas aeroginusa and Bacillus cereus were surveyed, mechanical and physical
properties of the films were studied, and antimicrobial activity of developed edible coatings
was predicted by genetic algorithm. The disc diffusion method was used for determination
of the antimicrobial effect of films. Starch films were cut to the discs with 10 mm diameter
and were placed in to BHI Agar medium which had been previously seeded with tested
bacteria. The inhibitory activity was measured based on the average diameter of the
inhibitory zone. The water vapor permeability of films was determined using a modified
ASTM E96-99 procedure. Tensile properties of the films were determined using a tensile
tester according to ASTM standard method D882-91. Statistics on a completely
randomized design were performed in SPSS software and Duncans multiple range tests was
used to detect differences among mean values. To determine the optimal values for the
temperature, pH, concentration and inhibition zone, corresponding chromosomes formed
and according to experimental data the fitness of each chromosome calculated and
chromosome were rated. The results show that all films containing 5% and higher
concentration of extract inhibited the growth of tested bacteria, although the films
containing 1% of extract inhibited the growth of P. aeroginusa, B. cereus and S. aureus. The
addition of extract to starch films and increasing of its concentration significantly increased
WVP, decreased tensile strength and increased elongation. According to the calculated
correlation coefficient between actual and predicted values, genetic algorithm modeling
were determined as a suitable method for forecast antimicrobial activity of edible coatings
produced from starch-containing alcoholic extract of pomegranate peel on six types of
bacteria.
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