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1. L-rhamnose, L-arabinose, D-xylose and D-galactose.
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Fig 1 Microwave extraction process of pectin[1]
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Table 1 Experimental scope used in Design Expert software

1 Le\(l)els 1 Code Unit Factor Method
90 82.5 75 X °C Temprature

90 75 60 X, min Time Traditional
2 1.75 1.5 X3 - pH

580 450 320 X w Power

17.4 14 10.6 X, min Time MAE

1.78 1.5 1.22 X3 - pH

Table 2 Conditions of pectin extraction process by Design Expert software

MAE Traditional
Response Variables Response Variables run
Efficiency pH Time Power Efficiency pH Temprature Time
7 1.5 10.6 450 6.33 1.75 82.5 75 1
7.5 1.22 10.6 320 5.5 1.75 82.5 60 2
8 1.5 14 450 6 1.5 90 60 3
6.5 1.78 17.4 580 5.5 2 75 90 4
7.8 1.5 14 450 5.17 2 75 60 5
8.33 1.22 14 450 6.83 1.75 90 75 6
4.67 1.78 17.4 320 5.67 1.75 75 75 7
8.17 1.5 14 450 6.17 1.75 82.5 75 8
8.17 1.22 17.4 320 8.17 2 90 90 9
4.67 1.78 10.6 320 8.83 1.5 90 90 10
8 1.5 17.4 450 6.34 1.75 82.5 75 11
8 1.5 14 450 5.83 2 82.5 75 12
8 1.5 14 580 6.67 1.5 82.5 75 13
8 1.22 10.6 580 6.67 1.5 75 60 14
7.5 1.5 14 320 6.34 1.75 82.5 75 15
8.17 1.5 14 450 6.17 2 90 60 16
5.33 1.78 10.6 580 7.17 1.5 75 90 17
9.17 1.22 17.4 580 6.5 1.75 82.5 75 18
5.7 1.78 14 450 7 1.75 82.5 90 19
7.83 1.5 14 450 6.5 1.75 82.5 75 20
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Table 3 Regression coefficients of second order polynomial models

] 0 QL:.:Y‘ J)Jo- BE

Pred R’ Adj R’ R’ Model Method
0.8626 0.9553 0.9765 Quadratic Traditional
0.8995 0.9730 0.9858 Quadratic MAE
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Table 4 Results of analysis of variance (ANOVA) quadratic response level model for traditional

extraction
P value F value Average degree of Total squares Scource
squares value freedom
<0.0001 47.77 2.32 6 13.9 Model
<0.0001 41.75 2.03 1 2.03 A-pH
<0.0001 70.15 3.4 1 3.40 B-Temp
<0.0001 105.89 5.14 1 5.14 C-Time
<0.0001 18.33 0.89 1 0.89 AB
0.0009 41.23 2 1 2 BC
<0.0001 9.28 0.45 1 0.45 A’
0.049 13 0.63 Remaining
19 14.53 Pure error
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Fig 2 A - 3D display; Simultaneous effect of pH
and temperature on extraction efficiency in
traditional method
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Table 5 Results of analysis of variance (ANOVA) quadratic response level model for MAE extraction
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Table 6 Properties of pectin extracted in the traditional and MAE method
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Table 7 Results of optimization of pectin extraction by MAE with response surface method (RSM)

Degree of desirability Efficiency Time Power pH R
0.713 6.66572 10.60 320 1.55 1
0.713 6.64459 10.61 320 1.55 2
0.713 6.6681 10.64 320 1.55 3
0.713 6.68456 10.64 320 1.55 4
0.713 6.68726 10.76 320 1.55 5
0.712 6.71922 10.85 320 1.55 6
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Pectin is used as a coagulant in the food industry due to its thickening
properties. Also, the polysaccharide is widely used in the food industry,
which is due to its unique technological properties (its gelling properties
in the production of jams and like jams such as fruit, etc.). The aim of
this study was to optimize and evaluate the quantitative and qualitative
evaluation of pectin extraction from apple pomace by microwave and
acid extraction method. Microwave extraction efficiency in the pH range
of 1.22 to 1.78, time 10.6 to 17.4 minutes and power 320 to 580 W and
by acid extraction method in the pH range of 1.5 to 2, time 60 to 90
minutes and temperature of 75 to 90 °C was optimized by the response
surface method (RSM). The results showed that in microwave extraction
at pH 1.22, time 17.4 minutes and power 580 W and in acid extraction
method at pH 1.5, temperature 90 °C and time 90 minutes maximum
extraction efficiency (9.17 and 8.83% respectively) were observed.
Also, under optimal microwave extraction conditions, pectin with better
quality characteristics (higher degree of esterification, galacturonic acid,
equivalent weight, methoxyl content, emulsifying activity and water
holding capacity) was obtained than the traditional method.
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