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ﺍﺭﺯﯾﺎﺑﯽ ﻭ ﻣﺪﻝ ﺳﺎﺯﯼ ﺗﻐﯿﯿﺮﺍﺕ ﺍﺳﯿﺪ ﻟﯿﻨﻮﻟﺌﯿﮏ ﮐﻨﮋﻭﮔﻪ ) (CLAﺩﺭﻓﺮﺍﯾﻨﺪ ﺗﻮﻟﯿﺪ
ﻣﺤﺼﻮﻻﺕ ﻟﺒﻨﯽ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺳﯿﺴﺘﻢ ﺍﺳﺘﻨﺘﺎﺝ ﻓﺎﺯﯼ
ﺩﺭ ﺍﯾﻦ ﺗﺤﻘﯿﻖ ﺗﻐﯿﯿﺮﺍﺕ ﻓﺼﻠﯽ ﺗﺮﮐﯿﺐ ﺍﺳﯿﺪﻫﺎﯼ ﭼﺮﺏ ﺑﻪ ﻭﯾﮋﻩ  CLAﺩﺭﺷﯿﺮ ﻭ ﻓﺮﺁﻭﺭﺩﻩ ﻫﺎﯼ ﺁﻥ ﺑﺎ
ﮐﺮﻭﻣﺎﺗﻮﮔﺮﺍﻓﯽ ﮔﺎﺯﯼ ﻣﺸﺨﺺ ﮔﺮﺩﯾﺪ .ﻫﻤﭽﻨﯿﻦ ﺗﺎﺛﯿﺮ ﻓﺮﺍﯾﻨﺪﻫﺎﯼ ﻣﺨﺘﻠﻒ ﺗﻮﻟﯿﺪ ﺑﺮ ﺭﻭﯼ ﺍﯾﻦ ﺗﺮﮐﯿﺒﺎﺕ ﺑﺮﺭﺳﯽ
ﺷﺪ .ﺑﻄﻮﺭ ﻣﺸﺨﺺ ،ﭘﺎﺭﺍﻣﺘﺮﻫﺎﯼ ﺳﯿﻨﺘﯿﮑﯽ ﺍﺛﺮ ﺣﺮﺍﺭﺕ ﺑﺮ  CLAﭼﺮﺑﯽ ﺷﯿﺮ ﺗﻌﯿﯿﻦ ﮔﺮﺩﯾﺪ .ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺭﻭﺵ
ﻣﺪﻝ ﺳﺎﺯﯼ ﻣﻤﺪﺍﻧﯽ ﺗﺤﺖ ﻗﺎﻋﺪﻩ ﺍﮔﺮ ﺁﻥ ﮔﺎﻩ ﻓﺎﺯﯼ CLA ،ﺍﻧﺪﺍﺯﻩ ﮔﯿﺮﯼ ﺷﺪﻩ ﺣﺎﺻﻞ ﺍﺯ ﺗﯿﻤﺎﺭﻫﺎﯼ ﺍﻋﻤﺎﻝ ﺷﺪﻩ
ﺩﻣﺎﻭﺯﻣﺎﻥ ﺩﺭ ﺍﺑﺰﺍﺭ ﻣﻨﻄﻖ ﻓﺎﺯﯼ ﻧﺮﻡ ﺍﻓﺰﺍﺭ MATLABﺷﺒﯿﻪ ﺳﺎﺯﯼ ﺷﺪﻧﺪ .ﺑﻪ ﻣﻨﻈﻮﺭ ﺗﻌﯿﯿﻦ ﺗﺎﺛﯿﺮ ﺗﺮﮐﯿﺐ ﺍﺳﯿﺪ
ﭼﺮﺏ ﺑﺮ ﺧﺼﻮﺻﯿﺎﺕ ﺫﻭﺏ ،ﭘﺮﻭﻓﺎﯾﻞ  DSCﺫﻭﺏ ﭼﺮﺑﯽ ﺷﯿﺮ ﺩﺭ ﭼﻬﺎﺭ ﻓﺼﻞ ﻣﺸﺨﺺ ﮔﺮﺩﯾﺪ.
ﻧﺘﺎﯾﺞ ﻧﺸﺎﻥ ﺩﺍﺩﻧﺪ ﺩﺭ ﺑﯿﻦ ﺷﯿﺮ ﻭﻣﺤﺼﻮﻻﺕ ﻟﺒﻨﯽ ،ﺍﯾﺰﻭﻣﺮ  11t ،9CLAcﺣﺪﺍﻗﻞ ﻣﻘﺪﺍﺭ ﺭﺍ ﺩﺭ ﺷﯿﺮﺧﺎﻡ ﺑﻬﺎﺭﻭﮐﺮﻩ
ﺗﺎﺑﺴﺘﺎﻥ )( 0.01ﺩﺍﺷﺖ ﻭﺣﺪﺍﮐﺜﺮ ﺁﻥ ﺩﺭ ﺷﯿﺮﺍﺳﺘﺮﯾﻞ ﺯﻣﺴﺘﺎﻥ ) (0.08ﺑﻮﺩ .ﺣﺪﺍﻗﻞ ﻣﻘﺪﺍﺭ ﺍﯾﺰﻭﻣﺮ12t ،10CLAc
ﺩﺭ ﺷﯿﺮﺍﺳﺘﺮﯾﻞ ﺗﺎﺑﺴﺘﺎﻥ ) ( 0.38ﻭﺣﺪﺍﮐﺜﺮ ﺁﻥ ﺩﺭ ﺷﯿﺮﺧﺎﻡ ﺗﺎﺑﺴﺘﺎﻥ ﻭﺷﯿﺮﺍﺳﺘﺮﯾﻞ ﭘﺎﯾﯿﺰ ﻭﺑﻬﺎﺭ) (0.59ﺑﻮﺩCLA .
ﮐﻞ ﺩﺭ ﺷﯿﺮﺍﺳﺘﺮﯾﻞ ﺯﻣﺴﺘﺎﻥ ) (0.42ﮐﻤﺘﺮﯾﻦ ﻣﻘﺪﺍﺭ ﻭﺩﺭ ﺷﯿﺮﺍﺳﺘﺮﯾﻞ ﺑﻬﺎﺭ ) (0.65ﺑﯿﺸﺘﺮﯾﻦ ﻣﻘﺪﺍﺭ ﺭﺍ ﺩﺍﺷﺖ.
ﺗﻐﯿﯿﺮﺍﺕ ﻓﺼﻠﯽ ﺑﺎ ﺍﻃﻤﯿﻨﺎﻥ  % 95ﺑﺮ ﻣﻘﺪﺍﺭ ﺍﯾﺰﻭﻣﺮﻫﺎﻭ  CLAﮐﻞ ﺩﺭ ﺷﯿﺮ ﻭﻓﺮﺍﻭﺭﺩﻩ ﻫﺎﯼ ﺁﻥ ﺗﺎﺛﯿﺮ ﻧﻤﯽ ﮔﺬﺍﺭﺩ
ﻭﺍﺧﺘﻼﻑ ﻣﻌﻨﯽ ﺩﺍﺭﯼ ﺩﺭ ﻓﺼﻮﻝ ﻣﺨﺘﻠﻒ ﺩﯾﺪﻩ ﻧﺸﺪ.
ﺭﻭﻧﺪ ﺗﻐﯿﯿﺮﺍﺕ  CLAﮐﻞ ﺍﺯ ﺷﯿﺮ ﺧﺎﻡ ﺑﻪ ﻣﺤﺼﻮﻝ ﺩﺭ ﺷﯿﺮ ﺍﺳﺘﺮﯾﻞ ﻭﻣﺎﺳﺖ ﻧﺰﻭﻟﯽ ،ﺩﺭ ﮐﺮﻩ ﺻﻌﻮﺩﯼ ﻭﺩﺭ ﭘﻨﯿﺮ
ﺗﻐﯿﯿﺮﯼ ﻧﺪﺍﺷﺘﻪ ﺍﺳﺖ .ﺍﻣﺎ ﺍﺧﺘﻼﻓﺎﺕ ﻣﻮﺟﻮﺩ ﺩﺭ  CLAﮐﻞ ﻭﺍﯾﺰﻭﻣﺮﻫﺎﯼ ﺁﻥ ،ﺩﺭ ﻓﺮﺍﯾﻨﺪﻫﺎﯼ ﻣﺨﺘﻠﻒ ﺗﻮﻟﯿﺪ
ﻓﺮﺍﻭﺭﺩﻩ ﻫﺎﯼ ﻟﺒﻨﯽ ﻣﻌﻨﯽ ﺩﺍﺭ ﻧﺒﻮﺩ.ﺩﺭ ﺗﺮﮐﯿﺐ ﺍﺳﯿﺪﻫﺎﯼ ﭼﺮﺏ ﺍﺷﺒﺎﻉ ﻭ ﻏﯿﺮ ﺍﺷﺒﺎﻉ ﻣﺤﺼﻮﻻﺕ ﻟﺒﻨﯽ ﺑﻪ ﺍﺳﺘﺜﻨﺎﯼ
ﭘﻨﯿﺮ ،ﺩﺭ ﻃﯽ ﻓﺮﺍﯾﻨﺪ ﺗﻮﻟﯿﺪ ﺍﺧﺘﻼﻑ ﻣﻌﻨﯽ ﺩﺍﺭ ﻭﺟﻮﺩ ﻧﺪﺍﺷﺖ .ﺍﺳﯿﺪﻫﺎﯼ ﭼﺮﺏ ﺍﺷﺒﺎﻉ ﺩﺭ ﭘﻨﯿﺮ ﺗﻮﻟﯿﺪ ﺷﺪﻩ ﭘﺲ
ﺍﺯﭘﻨﺞ ﺭﻭﺯ ﻧﮕﻬﺪﺍﺭﯼ ﺑﯿﺸﺘﺮﯾﻦ ﻣﻘﺪﺍﺭ ﺭﺍ ﺩﺍﺷﺖ.
ﺑﺎ ﺍﻧﺪﺍﺯﻩ ﮔﯿﺮﯼ  CLAﭼﺮﺑﯽ ﺷﯿﺮ ﺩﺭ ﻃﯽ ﺣﺮﺍﺭﺕ ﺩﻫﯽ ﻣﺸﺨﺺ ﮔﺮﺩﯾﺪ ﺑﺎ ﺍﻓﺰﺍﯾﺶ ﺩﻣﺎ ﺍﺯ  C°70ﺑﻪ C°130 ،
 CLAﺑﯿﺸﺘﺮ ﺗﺨﺮﯾﺐ ﻭﺍﮐﺴﯿﺪ ﺷﺪ .ﺩﺭﺑﺮﺭﺳﯽ ﺳﯿﻨﺘﯿﮏ ﺗﺨﺮﯾﺐ ﺣﺮﺍﺭﺭﺗﯽ  ،CLAﻧﺘﺎﯾﺞ ﻧﺸﺎﻥ ﺩﺍﺩ ﮐﻪ ﺗﺠﺰﯾﻪ
ﺣﺮﺍﺭﺗﯽ  CLAﺍﺯ ﻣﻌﺎﺩﻟﻪ ﺩﺭﺟﻪ ﺻﻔﺮ ﭘﯿﺮﻭﯼ ﻣﯽ ﮐﻨﺪ .ﺍﺯ ﻣﺪﻝ ﺁﺭﻧﯿﻮﺱ ﺑﺮﺍﯼ ﺗﻮﺻﯿﻒ ﻭﺍﺑﺴﺘﮕﯽ ﺩﻣﺎﯾﯽ
ﺗﺠﺰﯾﻪCLAﺩﺭ ﭼﺮﺑﯽ ﺷﯿﺮ ﺍﺳﺘﻔﺎﺩﻩ ﺷﺪﻭﺍﻧﺮﮊﯼ ﻓﻌﺎﻝ ﺳﺎﺯﯼ  23.10ﮐﯿﻠﻮﮊﻭﻝ/ﻣﻮﻝ ﻣﺤﺎﺳﺒﻪ ﮔﺮﺩﯾﺪ.
ﻣﻘﺎﺩﯾﺮ ﭘﯿﺶ ﺑﯿﻨﯽ ﺷﺪﻩ CLAﺗﻮﺳﻂ ﻣﺪﻝ ﻣﻨﻄﻖ ﻓﺎﺯﯼ ﺩﺭ ﺑﺮﺍﺑﺮ ﻣﻘﺎﺩﯾﺮ ﺗﺠﺮﺑﯽ ،ﺿﺮﯾﺐ ﻫﻤﺒﺴﺘﮕﯽ ﺑﺎﻻﺗﺮ ﺍﺯ
 0.99ﺭﺍ ﻧﺸﺎﻥ ﺩﺍﺩ ﮐﻪ ﺍﯾﻦ ﺧﻮﺩ ﺩﻟﯿﻠﯽ ﺑﺮ ﺍﺭﺯﯾﺎﺑﯽ ﺩﻗﯿﻖ ﻣﺪﻝ ﻣﻨﻄﻖ ﻓﺎﺯﯼ ﻣﯽ ﺑﺎﺷﺪ.
ﻣﻨﺤﻨﯽ ﻫﺎﯼ ﺫﻭﺏ ﺗﺠﺰﯾﻪ ﯼ ﮔﺮﻣﺎﺳﻨﺠﯽ ﺍﻓﺘﺮﺍﻗﯽ ،ﻭﺟﻮﺩ ﺳﻪ ﭘﯿﮏ ﺫﻭﺑﯽ ﻣﺸﺨﺺ ﺩﺭ ﻧﺘﯿﺠﻪ ﯼ ﻭﺟﻮﺩ ﺗﺮﯼ
ﮔﻠﯿﺴﺮﯾﺪﻫﺎﯼ ﻣﺨﺘﻠﻒ ﺑﺎ ﻣﻘﺎﺩﯾﺮ ﻣﺨﺘﻠﻒ ﺍﺳﯿﺪﻫﺎﯼ ﭼﺮﺏ ﺩﺭ ﻧﻤﻮﻧﻪ ﻫﺎﯼ ﭼﺮﺑﯽ ﺷﯿﺮ ﻓﺼﻮﻝ ﻣﺨﺘﻠﻒ ﺭﺍ ﻧﺸﺎﻥ ﺩﺍﺩ.
ﺩﻣﺎﯼ ﺫﻭﺏ ﺟﺰﺀ ﺑﺎ ﻧﻘﻄﻪ ﺫﻭﺏ ﭘﺎﯾﯿﻦ ﻭﺟﺰﺀ ﺑﺎ ﻧﻘﻄﻪ ﺫﻭﺏ ﺑﺎﻻﺩﺭ ﺯﻣﺴﺘﺎﻥ ﺑﯿﺸﺘﺮﯾﻦ ﻣﻘﺪﺍﺭ ﻭﺩﺭ ﺗﺎﺑﺴﺘﺎﻥ ﮐﻤﺘﺮﯾﻦ
ﻣﻘﺪﺍﺭ ﺭﺍ ﺩﺍﺷﺖ .ﺩﻣﺎﯼ ﺫﻭﺏ ﺟﺰﺀ ﺑﺎ ﻧﻘﻄﻪ ﺫﻭﺏ ﻣﺘﻮﺳﻂ ﺩﺭ ﭘﺎﯾﯿﺰ ﺑﯿﺸﺘﺮﯾﻦ ﻣﻘﺪﺍﺭ ﻭﺗﺎﺑﺴﺘﺎﻥ ﮐﻤﺘﺮﯾﻦ ﻣﻘﺪﺍﺭ ﺭﺍ
ﺩﺍﺷﺖ.
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 ﺷﯿﺮ، ﺁﻧﺎﻟﯿﺰ ﮔﺮﻣﺎﺳﻨﺠﯽ ﺍﻓﺘﺮﺍﻗﯽ، ﺳﯿﻨﺘﯿﮏ ﺗﺨﺮﯾﺐ ﺣﺮﺍﺭﺗﯽ، ﻣﻨﻄﻖ ﻓﺎﺯﯼ، ﺍﺳﯿﺪ ﻟﯿﻨﻮﻟﺌﯿﮏ ﻣﺰﺩﻭﺝ:ﮐﻠﯿﺪﻭﺍﮊﻩﻫﺎ
ﻭﻓﺮﺍﻭﺭﺩﻩ ﻫﺎﯼ ﺁﻥ
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Ph.D. Dissertation:

Evaluation and modeling of conjugated linoleic acid
(CLA) changes in production process of dairy products
using fuzzy inference system
The present study was designed to investigate the seasonal changes of fatty acid
compounds, especially CLA in milk and its products using the gas chromatography
approach. In addition, the effect of various processes on such compounds was studied.
Using the Mamdani-type fuzzy inference under the if-then principle, the estimated CLA
induced by the implemented conditions on time and temperature was simulated in the fuzzy
logic model of MATLAB software.Moreover, the milk fats melting DSC profile was
determined in four seasons in order to investigate the effect of fatty acids compounds on
melting features.
The results indicated that in among milk and dairy products, the CLAc9-t11 isomer was
lowest (0.01) in springs intact milk and summers butter, and highest (0.08) in winters
sterilized milk. As for the CLAc10, t12 isomer, the lowest amount (0.38) was detected in
summers sterilized milk and the highest amount (0.59) was found in summers intact milk
and spring and summers sterilized milk. The total CLA was lowest (0.42) in winters
sterilized milk and highest (0.65) in springs sterilized milk. Seasonal changes showed no
effect on the amount of isomers and the total amount of CLA in milk and its products
within a 95% confidence interval, nor was there any significant difference among the four
seasons in this respect.
Regarding changes in the total CLA value from intact milk to the products, the pattern was
descending in sterilized milk and yoghurt, ascending in butter, and unchanged in cheese.
On the other hand, differences observed in the total CLA amount and its isomers were
insignificant as far as the different production processes of the products under investigation
are concerned.
Through the measurement of milk fats CLA during heating, it was shown that CLA was
prone to a greater degree of decomposition and oxidization following a temperature
increase from 70?C to 130?C. In the kinetic analysis of CLAs thermal degradation, the
results showed that CLA thermal degradation follows the zero equation model. With
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respect to the description of CLA degradations temperature dependence in milk fat, the
Arrhenius equation yielded an activation energy estimation of 23.10 KJ/M.
The predicted CLA amounts based on the fuzzy logic model as opposed to empirical
amounts induced a correlation coefficient exceeding 0.99, which proves the accuracy
involved in the estimations within the fuzzy logic model.
The melting curves of differential scanning calorimetry showed three conspicuous melting
peaks owing to different triglycerides with different amounts of fatty acids in seasonspecific samples. Melting temperature in low and high melting fractions was highest in
winter and lowest in summer. Melting temperature in medium melting fraction was highest
in fall and lowest in summer.
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