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ﺗﻮﻟﯿﺪ ﻭ ﺑﻬﯿﻨﻪ ﺳﺎﺯﯼ ﭘﻮﺩﺭ ﻧﻮﺷﯿﺪﻧﯽ ﻓﻮﺭﯼ ﻓﺮﺍﺳﻮﺩﻣﻨﺪ ﺑﺮ ﭘﺎﯾﻪ ﺑﺎﺩﺍﻡ ﺗﻮﺳﻂ ﻓﻨﺎﻭﺭﯼ
ﺍﮐﺴﺘﺮﻭﮊﻥ ﻭ ﺍﺭﺯﯾﺎﺑﯽ ﻣﺪﺕ ﺯﻣﺎﻥ ﻣﺎﻧﺪﮔﺎﺭﯼ ﺑﺮ ﺍﺳﺎﺱ ﺳﯿﺴﺘﻢ ﻫﺎﯼ ﻫﻮﺷﻤﻨﺪ
ﺑﺎ ﻫﺪﻑ ﺑﻬﯿﻨﻪ ﺳﺎﺯﯼ ﻓﺮﺍﯾﻨﺪ ﭘﺨﺖ ﺍﮐﺴﺘﺮﻭﮊﻥ ﻭ ﻓﺮﻣﻮﻻﺳﯿﻮﻥ ﻓﺮﺍﻭﺭﺩﻩ ﺑﺎﻓﺖ ﺩﺍﺩﻩ ﺷﺪﻩ ﺑﺮ ﭘﺎﯾﻪ ﺑﺎﺩﺍﻡ  ،ﻓﺮﺍﯾﻨﺪ
ﺍﮐﺴﺘﺮﻭﮊﻥ ﺗﺤﺖ ﺷﺮﺍﯾﻂ ﺳﺮﻋﺖ ﭼﺮﺧﺶ ﻣﺎﺭﭘﯿﭻ  ،rpm120-220ﺭﻃﻮﺑﺖ 12-16ﺩﺭﺻﺪ ﻭ ﻧﺴﺒﺖ ﮐﻨﺠﺎﻟﻪ
ﺑﺎﺩﺍﻡ-ﺁﺭﺩ ﺫﺭﺕ  10:90-30:70ﺑﻪ ﮐﺎﺭ ﮔﺮﻓﺘﻪ ﺷﺪ .ﺁﺯﻣﺎﯾﺶ ﺩﺭ ﻗﺎﻟﺐ ﻃﺮﺡ ﺗﺮﮐﯿﺒﯽ ﺍﻧﺠﺎﻡ ﮔﺮﺩﯾﺪ .ﻧﺘﺎﯾﺞ ﻓﺎﺯ ﺍﻭﻝ
ﻧﺸﺎﻥ ﺩﺍﺩ؛ ﺑﺎ ﺍﻓﺰﺍﯾﺶ ﺳﺮﻋﺖ ﭼﺮﺧﺶ ﻣﺎﺭﭘﯿﭻ ،ﺍﻓﺰﺍﯾﺶ ﺭﻃﻮﺑﺖ ﻭ ﮐﺎﻫﺶ ﺳﻄﺢ ﮐﻨﺠﺎﻟﻪ ﺑﺎﺩﺍﻡ  ،ﮊﻻﺗﯿﻨﻪﺷﺪﻥ
ﻧﺸﺎﺳﺘﻪ ﺑﻬﺒﻮ ﺩ ﯾﺎﻓﺘﻪ ﻭ ﻭﯾﮋﮔﯽﻫﺎﯼ ﻣﺎﮐﺮﻭﺳﺎﺧﺘﺎﺭ )ﺗﺨﻠﺨﻞ ،ﺳﺨﺘﯽ ﻭ ﺿﺮﯾﺐ ﺍﻧﺒﺴﺎﻁ(،
ﻣﯿﮑﺮﻭﺳﺎﺧﺘﺎﺭ)ﺗﺼﺎﻭﯾﺮﻣﯿﮑﺮﻭﺳﮑﻮﭖ ﺍﻟﮑﺘﺮﻭﻧﯽ ﺳﻄﺢ ﻣﻘﻄﻊ( ﻭﯾﮋﮔﯽ ﻋﻤﻠﮕﺮﯼ)ﻣﺤﻠﻮﻟﯿﺖ ﺩﺭ ﺁﺏ ﻭ ﻭﯾﮋﮔﯽ
ﺣﺮﺍﺭﺗﯽ( ﻣﻄﻠﻮﺑﯿﺖ ﺑﯿﺸﺘﺮﯼ ﺭﺍ ﻧﺸﺎﻥ ﺩﺍﺩ ،ﺑﺎ ﺍﯾﻦ ﺣﺎﻝ ﺗﺎﺛﯿﺮ ﻣﻨﻔﯽ ﺑﺮ ﻣﯿﺰﺍﻥ ﻓﻌﺎﻟﯿﺖ ﺁﻧﺘﯽ ﺍﮐﺴﯿﺪﺍﻥﻫﺎ ﻭ
ﺗﺮﮐﯿﺒﺎﺕ ﻓﻨﻠﯽ ﻣﺸﺎﻫﺪﻩ ﺷﺪ .ﻣﻄﺎﺑﻖ ﻧﺘﺎﯾﺞ ﺑﻬﯿﻨﻪ ﺳﺎﺯﯼ ﺟﻬﺖ ﺩﺳﺘﺒﺎﺑﯽ ﺑﻪ ﻓﺮﺍﻭﺭﺩﻩﺍﯼ ﺑﺎ ﻭﯾﮋﮔﯽ ﻧﺴﺒﺖ ﺍﻧﺒﺴﺎﻁ
ﺷﻮﻧﺪﮔﯽ  ، 5/08ﻣﯿﺰﺍﻥ ﺩﺍﻧﺴﯿﺘﻪ ) ،g/cm3)21/0ﻣﯿﺰﺍﻥ ﺳﺨﺘﯽ) ،N) 43/5ﺍﻧﺪﯾﺲ ﺟﺬﺏ ﺁﺏ ،6/42ﺍﻧﺪﯾﺲ
ﻣﺤﻠﻮﻟﯿﺖ ﺩﺭ ﺁﺏ ،26/96ﺗﺮﮐﯿﺒﺎﺕ ﻓﻨﻠﯽ ﮐﻞ) ،mg/100g) 027/250ﻣﯿﺰﺍﻥ ﻓﻌﺎﻟﯿﺖ ﺁﻧﺘﯽ
ﺍﮐﺴﯿﺪﺍﻧﯽ) ،16/75(%ﺭﻭﺷﻨﯽ ﺭﻧﮓ  67/101ﻭ ﻣﯿﺰﺍﻥ ﭘﺬﯾﺮﺵ ﮐﻠﯽ  ،4/33ﺷﺮﺍﯾﻂ ﺗﻮﻟﯿﺪ ﺷﺎﻣﻞ ﺭﻃﻮﺑﺖ ،%13
ﺳﺮﻋﺖ ﻣﺎﺭﭘﯿﭻ ) rpm)220ﻭ ﻣﯿﺰﺍﻥ ﭘﻮﺩﺭ ﺑﺎﺩﺍﻡ  %20ﺗﻌﯿﯿﻦ ﮔﺮﺩﯾﺪ .ﻓﺎﺯ ﺩﻭﻡ ﺗﺤﻘﯿﻖ ،ﺑﺎ ﻫﺪﻑ ﺑﻬﯿﻨﻪ ﺳﺎﺯﯼ
ﻓﺮﻣﻮﻻﺳﯿﻮﻥ ﭘﻮﺩﺭ ﻓﻮﺭﯼ ﻧﻮﺷﯿﺪﻧﯽ ﺍﻧﺠﺎﻡ ﺷﺪ .ﺩﺭ ﺍﯾﻦ ﻣﺮﺣﻠﻪ ﻧﻤﻮﻧﻪ ﺑﻬﯿﻨﻪ ﻓﺎﺯ ﻧﺨﺴﺖ ،ﺍﺑﺘﺪﺍ ﺁﺳﯿﺎﺏ ﺷﺪﻩ ﻭ ﺗﺤﺖ
ﺷﺮﺍﯾﻂ  %65-70ﭘﻮﺩﺭ ﺑﺎﺩﺍﻡ  -ﺫﺭﺕ ﺑﺎﻓﺖ ﺩﺍﺩﻩ ﺷﺪﻩ ،ﺷﮑﺮ %25-30 ،ﻭ ﺍﺳﺘﻮﯾﺎ  %0-5ﻓﺮﻣﻮﻟﻪ ﺷﺪ .ﺍﯾﻦ ﻣﺮﺣﻠﻪ
ﺍﺯ ﭘﮋﻭﻫﺶ ﺩﺭ ﻗﺎﻟﺐ ﻃﺮﺡ ﻣﺨﻠﻮﻁ ﺍﻧﺠﺎﻡ ﮔﺮﻓﺖ .ﺑﻬﯿﻨﻪ ﯾﺎﺑﯽ ﺑﺮ ﺍﺳﺎﺱ ﺧﺼﻮﺻﯿﺎﺕ ﺑﺎﺯﺳﺎﺯﯼ ،ﻓﻮﺭﯼ ﺑﻮﺩﻥ ،ﺍﻧﺤﻼﻝ
ﺩﺭ ﺁﺏ ﻭ ﺟﺮﯾﺎﻥﭘﺬﯾﺮﯼ ﭘﻮﺩﺭ ﻓﻮﺭﯼ ﺗﻌﯿﯿﻦ ﮔﺮﺩﯾﺪ .ﺍﻓﺰﺍﯾﺶ ﺳﻄﺢ ﭘﻮﺩﺭ ﺑﺎﻓﺖ ﺩﺍﺩﻩ ﺷﺪﻩ ﺑﺎﻋﺚ ﺑﻬﺒﻮﺩ ﺧﺼﻮﺻﯿﺎﺕ
ﺟﺮﯾﺎﻥﭘﺬﯾﺮﯼ ﻭ ﭘﯿﻮﺳﺘﮕﯽ ﺷﺪ ﻭﻟﯽ ﺍﺛﺮ ﻣﻨﻔﯽ ﺑﺮ ﻣﯿﺰﺍﻥ ﭘﺨﺶ ﺷﺪﻥ ﭘﻮﺩﺭ ﺩﺭ ﺁﺏ ﺩﺍﺷﺖ .ﻣﯿﺰﺍﻥ ﺍﺳﺘﻮﯾﺎ ﺍﺛﺮ
ﻣﺜﺒﺘﯽ ﺑﺮ ﺗﺸﮑﯿﻞ ﺍﻣﻮﻟﺴﯿﻮﻥ ﺩﺍﺷﺖ ﻭﻟﯿﮑﻦ ﺩﺭ ﻣﻘﺎﺩﯾﺮ ﺑﺎﻻ ﺍﺛﺮ ﻣﻨﻔﯽ ﺑﺮ ﻃﻌﻢ ﻧﻮﺷﯿﺪﻧﯽ ﺩﺍﺷﺖ .ﻓﺮﻣﻮﻝ ﺑﻬﯿﻨﻪ ﺑﻪ
ﻣﻨﻈﻮﺭ ﺣﺼﻮﻝ ﭘﻮ ﺩﺭ ﻧﻮﺷﯿﺪﻧﯽ ﻓﻮﺭﯼ ﺑﺎ ﻭﯾﮋﮔﯽ ﺯﺍﻭﯾﻪ ﺭﯾﭙﻮﺯ ﺗﺨﻠﯿﻪ  ،24/61°ﭘﺨﺶﺷﻮﻧﺪﮔﯽ،65/41
ﺧﯿﺲﺷﻮﻧﺪﮔﯽ ) ،s)45/12ﻧﺴﺒﺖ ﻫﺎﺳﻨﺮ 1/02ﻭ ﺿﺮﯾﺐ ﮐﺎﺭ  15/26ﺷﺎﻣﻞ %29/5ﺷﮑﺮ %0/53 ،ﺍﺳﺘﻮﯾﺎ ﻭ
 %69/9ﭘﻮﺩﺭ ﺑﺎﻓﺖ ﺩﺍﺩﻩ ﺷﺪﻩ ،ﺗﻌﯿﯿﻦ ﮔﺮﺩﯾﺪ ،ﺑﻪ ﻋﻼﻭﻩ ﻧﻮﺷﯿﺪﻧﯽ ﺑﻬﯿﻨﻪ ﺍﺯ ﻟﺤﺎﻅ ﺭﺋﻮﻟﻮﮊﯾﮑﯽ ﺳﯿﺎﻝ ﻏﯿﺮﻧﯿﻮﺗﻨﯽ
ﺑﻮﺩ ﻭ ﺭﻓﺘﺎﺭ ﺭﺋﻮﻟﻮﮊﯾﮑﯽ ﺁﻥ ﺑﺎ ﻣﺪﻝ ﻗﺎﻧﻮﻥ ﺗﻮﺍﻥ ﺑﺎ ﺿﺮﯾﺐ ﺗﺒﯿﯿﻦ ﺑﺎﻻ ﺑﺮﺍﺯﺵ ﺧﻮﺑﯽ ﺩﺍﺷﺖ ) . (R2=0.98ﺩﺭ ﻓﺎﺯ
ﺳﻮﻡ ﭘﮋﻭﻫﺶ ﺑﻪ ﻣﻨﻈﻮﺭ ﭘﯿﺸﮕﻮﯾﯽ ﻣﺪﺕ ﻣﺎﻧﺪﮔﺎﺭﯼ ﭘﻮﺩﺭ ﻧﻮﺷﯿﺪﻧﯽ ﻓﻮﺭﯼ ،ﺍﯾﺰﻭﺗﺮﻡ ﺟﺬﺏ ﺭﻃﻮﺑﺖ ﻭ ﺍﻧﺪﯾﺲ
ﭘﺮﺍﮐﺴﯿﺪ ﻓﺮﺍﻭﺭﺩﻩ ﺩﺭﻃﻮﻝ ﻣﺪﺕ  6ﻫﻔﺘﻪ ﻧﮕﻬﺪﺍﺭﯼ ﺗﺤﺖ ﺷﺮﺍﯾﻂ ﻣﺨﺘﻠﻒ ﺭﻃﻮﺑﺘﯽ ﺍﺭﺯﯾﺎﺑﯽ ﮔﺮﺩﯾﺪ .ﻧﺘﺎﯾﺞ ﻧﺸﺎﻥ
ﺩﺍﺩ؛ ﻣﺪﻝ ﮔﺐ ﺑﺎ ﺿﺮﯾﺐ ﺗﺒﯿﯿﻦ ﺑﺎﻻ) (R2=0.99ﺑﺮﺍﺯﺵ ﺧﻮﺑﯽ ﺑﺎ ﺍﯾﺰﻭﺗﺮﻡ ﺟﺬﺏ ﻧﻤﻮﻧﻪ ﺗﻮﻟﯿﺪﯼ ﺩﺍﺷﺖ .ﻫﻤﭽﻨﯿﻦ،
ﻣﺪﺕ ﻣﺎﻧﺪﮔﺎﺭﯼ ﺩﺭ ﺩﻣﺎﯼ  25ﺩﺭﺟﻪ ﺳﺎﻧﺘﯽ ﮔﺮﺍﺩ 7/85 ،ﻣﺎﻩ ﻭ ﺩﺭ ﺩﻣﺎﯼ  35ﺩﺭﺟﻪ ﺳﺎﻧﺘﯽ ﮔﺮﺍﺩ4/2 ،ﻣﺎﻩ ﭘﯿﺶ
ﺑﯿﻨﯽ ﮔﺮﺩﯾﺪ
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Ph.D. Dissertation:

Production and Optimization of Functional Instant
Powder Based on Almond by Extrusion Technology &
Evaluation Shelf life by Using Intelligent Systems
The partially defatted almond flour-corn flour blends were extruded in a rotating twinscrew extruder. Processing parameters of feed including screw speed (120-220 rpm),
moisture content (12-16%) and defatted almond flour-corn flour ratio (10:90-30:70) were
optimized for physical and textural properties of blend extrudate samples. The experimental
design was based on a combine design. Results of the first phase indicated that; by
increasing the screw speed, the feed moisture and reducing the level of defatted almond
flour, starch gelatinization improves and macrostructural characteristics (porosity, hardness
and expansion ratio), microstructural features (SEM), functional properties (water solubility
index and thermal characteristics) indicated greater compliance, however a negative effect
was observed on the antioxidant activities and total phenolic compounds. According to
optimization results, in order to achieve a product with the characteristic of 5.08 expansion
ratio, density of 0.21 (g/cm3), hardness of 5.43 (N), water absorption index of 6.42,
solubility in water index of 26.96, total phenolic compounds of 250/027 (mg/100g), the
antioxidant activity of 16.75%, brightness of 67/101 and the overall acceptability of 4.33,
production conditions were determined as follows: moisture content 13%, screw speed 220
(rpm) and partially defatted almond flour-corn flour ratio 20-80. The second phase of the
research was conducted with the aim of optimizing the formulation of instant drink powder.
In this stage, optimized sample of the first phase, was first milled and then formulated
under the terms of 65-70% almond corn extrudate powder, sugar 25-30% and stevia 05%. This phase of research was carried out in the form of mixture design. Optimization was
determined based on characteristics of reconstruction and the flowability of the instant
powder. Increasing the level of extrudate powder improves the characteristics of flowability
but had a negative effect on powder dispersion in water. Stevia had a positive effect on
emulsion formation, however at higher levels had a negative effect on the taste of the drink.
In order to achieve optimal formula for instant drink powders with a repose angle of
24.610, dispersability of 65.41, wettability of 12.45 (s), hausner ratio of 1.02 and carr
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index of 15.26 were determined including 29.5% sugar, 0.53% Stevia and 69.9% extrudate
powder. In the third phase of the research, in order to predict the shelf life of instant drink
powders, Moisture adsorption isotherm and peroxide value of the product were assessed
over a period of 8 weeks under different humidity conditions. The results indicated that,
GAB model with a high coefficient of determination (R2 = 0.99) was well fitted to the
manufactured sample adsorption isotherm. Also, shelf life at 25 0C, was predicted 7.85
months and at 35 0C, 4.2 months
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