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4. Atherosclerosis
5. Beads
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1. Entrapment
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2. Central Composite Design
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Table 1 Range of variables at different levels for the Optimization of immobilization
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Fig 2 Investigating the effect of pH range on the
amount of residual enzyme activity; Different
lowercase letters stand for significant differences
between treatments (p < 0.05)
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lowercase letters stand for significant differences
between treatments (p < 0.05)
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activity; Different lowercase letters stand for
significant differences between treatments (p < 0.05)
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Table 2 Results of treatments used to optimize the clarification of tomato juice

RUN Enzyme Time T Turbidity(660nm)
(%) (min) (°C) Reality Prediction
1 4 30 45 0.034 0.037
2 2 45 30 0.034 0.034
3 2 45 45 0.03 0.029
4 4 30 37.5 0.034 0.034
5 4 30 37.5 0.034 0.033
6 4 30 37.5 0.034 0.033
7 6 15 30 0.028 0.029
8 4 30 37.5 0.034 0.033
9 2 15 45 0.042 0.041
10 6 30 37.5 0.027 0.027
11 6 45 45 0.024 0.024
12 4 15 37.5 0.038 0.039
13 2 30 37.5 0.037 0.038
14 4 30 375 0.034 0.035
15 6 45 30 0.025 0.025
16 4 30 30 0.035 0.034
17 6 15 45 0.03 0.029
18 2 15 30 0.043 0.043
19 4 45 37.5 0.031 0.032
20 4 30 37.5 0.034 0.035

Table 3 Analysis of variance (ANOVA) in determining the effective and ineffective parameters for the
least turbidity of tomato juice

Source Sum of Squares Df Mean Square F p-value
Value Prob > F
Model 0.0004 9 5.09E-05 22.0255 < 0.0001 ookl
A 0.0002 1 0.0002 112.5531 < 0.0001 Fkk
B 0.0001 1 0.0001 59.2407 < 0.0001 Fkk
C 2.5E-06 1 2.5E-06 1.0818 0.3228
AB 0.00001 1 0.00001 7.7891 0.0091 fal
AC 4.5E-06 1 4.5E-06 1.9472 0.1931
BC 2E-06 1 2E-06 0.8654 0.3741
AN2 2.18E-05 1 2.18E-05 9.4512 0.0118 *
B"2 9.09E-08 1 9.09E-08 0.0393 0.8468
Ccn2 9.09E-08 1 9.09E-08 0.0393 0.8468
Residual 2.31E-05 10 2.31E-06
Lack of Fit 1.83E-05 5 3.66E-06 3.7811 0.0853 n
Pure Error 4.83E-06 5 9.67E-07
Cor Total 0.000481 19
R?=0.9519 , R?%dj=0.9087,  R?predict=0.7302 Press: 3.46  C.V.=4.58

*Significant at 5% (p< 0.05), **Significant at 1% (p< 0.01), ***Significant at 0.1% (p < 0.001); n: not significant.
A: enzyme; B: time; C: temperature
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Fig 4 3D response surfaces changes in turbidity by changing the amount of enzyme and time at a constant
temperature of 37 ° C
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Fig 5 3D response surfaces changes the amount of turbidity by changing the temperature and enzyme level at a
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The pectinase enzyme has a great importance in the food industry. It is capable of decomposing Pectin
significantly, which is the substantial element of turbidity of the juices. As a result, it plays an important
role in clarification also ability to maintain organoleptic properties and quality of nutrients. The usage of
enzymes in the industry is costly and some measures should be taken to allow the enzyme to be used
several times without altering its efficiency. In this research the commercial pectinase enzyme was
immobilized on calcium alginate beads. Free and immobilized enzymes activities in different
temperatures and pH were determined. Then storage stability and reusability of enzyme were
investigated. For optimized clarification of tomato juice by immobilized enzyme, the response surface
methodology was used. Three factors including temperature (30-45°C), time (15-45 min) and enzyme
concentration (2-6%) in 3 levels were used to evaluate the effect of parameters on turbidity of tomato
juice as a model system, the importance of interacting the effects of factors also determined. Optimization
has been conducted to achieve the lowest turbidity of tomato juice at the lowest used enzyme. Optimized
conditions achieved by concentration of immobilized enzyme 2%, temperature 45°C and time 45min, and
with yield of clarification 27/09 times for tomato juice. Results showed that the best temperature and pH
for free and immobilized enzymes were 45°C and 3, respectively.
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