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Table 1 Experimental values designed using response surface methodology

Treatment Inulin (%) Heat treatment (°C) Shear stress (RPM)
1 6 82.5 3000
2 6 82.5 9000
3 3 82.5 6000
4 3 70.0 9000
5 3 95.0 3000
6 3 70.0 3000
7 0 82.5 3000
8 3 82.5 6000
9 0 95.0 6000
10 6 70.0 6000
11 3 82.5 6000
12 0 82.5 9000
13 3 95.0 9000
14 6 95.0 6000
15 3 82.5 6000
16 3 82.5 6000
17 0 70.0 6000
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Table2 The independent variables and their levels used for design
Xi Factor Levels
-1 0 +1
Inulin Concentration(X1)(%) 0 3 6
Heat Treatment (X2) (°C) 70.0 82.5 90.0
Shear Stress (X3)(RPM) 3000 6000 9000
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Figl The 3D response surface plots of viscosity
(cp) affected by inulin concentration (X1, %) and
heat treatment (X2, °C)
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Fig 3 The 3D response surface plots of water
holding capacity (g/kg) affected heat treatment (X2,
°C) and shear stress (X3, rpm)
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Fig 4 The 3D response surface plots of synersis (%)
affected by heat treatment (X2, °C) and inulin
concentration (X1, %)
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Fig 2 The 3D response surface plots of water
holding capacity (g/kg) affected by inulin
concentration (X1, %) and heat treatment (X2, °C)
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Fig 6 The 3D response surface plots of AE affected
by heat treatment (X2, °C) and inulin concentration
(X1, %)
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Fig S The 3D response surface plots of overall
acceptability affected by heat treatment (X2, °C)
and inulin concentration (X1, %)
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Table 3 Comparison of the control sample and the optimum sample

Results Viscosity (Cp) WHC'(g/kg)  Synersis (%)  Overall acceptability AE
Optimum Sample 2576.80+0.20 410.91+0.21 45.49+0.22 4 4.4+0.20
Full fat yogurt 3152.25+0.15 451.05+0.32 45.25+0.30 4 0

"Water Holding Capacity

Table 4 Modeling of responses by response surface methodology

Response Formula R’  R’(adjusted)
. . =-11695.1+703.249X,+281.484X,-6.15233X; X;5-
viscosity 1,393 57X22 0.9224 0.823
Y =-1056.45+69.0499X,+26.004X,+0.0339696 X 5-
Water holding capacity 1.62705X,%-0.470691X,- 0.470691X,X,- 0.115761X,>-  0.9865 0.9691
0.000349537X,X;
Synersis Y =71.1147-2.06387X,-0.228825X, 0.9542 0.895
Over all acceptiability Y =-43.1876+0.75625X,+1.05764X,+6.45833e-005X5- 09373 0.857

0.00833333X,X,- 0.006016X,
AE Y =16.3669+0.565833X,-0.0261X,

0.9245 0.9137

X;: Inulin concentration, X,:Heat treatment, X3: Shear stress
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Recognizing the relations between different variables of fat replacing, modeling could contribute to an
optimum control of the process and accordingly improve the quality of the final low fat product such
as yogurt. In the present study, the Response Surface Methodology (RSM) and Central Composite
Design (CCD) has been applied to investigate the effects of different concentrations of inulin (0, 3 and
6%) as a fat replacer, heat treatment (70, 82.5 and 95°°) and various shear stresses using a stirrer
(3000, 6000 and 9000 RPM) on gelling properties of yogurt and also different quality attributes of a
low fat yogurt. The equations obtained from the study showed that undependent variables had
significant effects on the measured attributes (p<0.05). The most effective factor was inulin
concentration that improved the low fat yogurt texture, although higher concentrations had negative
effect on sensory properties and color. On the other hand, heat treatment had significant effect on
gelling ability of yogurt. In sum, sample with 3% inulin, processed at 82.5°C and stirred at 6000 RPM
was selected as optimum condition for prebiotic yogurt processing by inulin.

Key words: Heat treatment, Inulin, Response Surface Methodology, Shear stress.
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