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1. congealed, curdled
2. L-rhamnose, L-arabinose, D-xylose and D-galactose.
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Table 1 Factors affecting the extraction of pectin [9,10]

Factor effect

1. Temperature: Increases extraction efficiency but may cause poor pectin quality due to over-
depolarization.
2. Extraction performance: increases and then decreases until the most optimal state.

tional : o . . .
Operg 1ONa% 3 Materials and Methods: As the solvent ratio increases, the extraction efficiency increases, but care
conditions ’
must be taken to decompose the pectin.
4. Low pH (1 to 3) to break protopectin: Better quality pectin at lower efficiencies can be obtained at
higher pH.
1. Particle size: Smaller particles lead to higher rates and performance to the extent that a large surface
Matrix area allows contact between the solvent and the matrix.
) 2. The particle distribution should be low so that smaller particles do not prevent the solvent from
properties L . .
coming into contact with larger particles.
3. The composition may affect how pectin binds to the material and the amount of binding.
1. Higher viscosity reduces mass transfer and production.
Solvent 2. The polarity of the contrast between the matrix and the solvent is affected, thus affecting the yield,
properties quanti?ylan(.i quality. . . o .
3. Toxicity is a factor for quality and safety. The use of GRAS solvents is essential in the food industry.
1. Cutting and extrusion make the particles smaller, which increases the extraction rate and efficiency.
o 2. Drying reduces moisture, changes the bond between pectin and the material, and achieves different
Preliminary  extraction efficiencies.
operations 3 Cellular disruption caused by the use of electric field or ultrasound intermittently or permanently to

create better tissue will have better results in mass transfer rate, efficiency and extraction performance.
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Table 2 Experimental scope of the design used in Design Expert software

Levels Code  Unit Factor
+1 0 -1
90 82.5 75 X1 oC Tempreture
90 75 60 X2 min Time
2 1.75 1.5 X3 - pH

Table 3 Pectin extraction process conditions for traditional extraction method by Design Expert
software with variable response values (efficiency)

Response Variables Run Response Variables Run
Efficiency pH Temprature Time Efficiency pH Temprature Time
6.34 1.75 82.5 75 11 6.33 1.75 82.5 75 1
5.83 2 82.5 75 12 5.5 1.75 82.5 60 2
6.67 1.5 82.5 75 13 6 1.5 90 60 3
6.67 1.5 75 60 14 5.5 2 75 90 4
6.34 1.75 82.5 75 15 5.17 2 75 60 5
6.17 2 90 60 16 6.83 1.75 90 75 6
7.17 1.5 75 90 17 5.67 1.75 75 75 7
6.5 1.75 82.5 75 18 6.17 1.75 82.5 75 8
7 1.75 82.5 90 19 8.17 2 90 90 9
6.5 1.75 82.5 75 20 8.83 1.5 90 90 10

5 il gladas lack of fits ¢ a5l =l A eslizl

_ PSS S b ol e S S ey orl 0o
Jsder 53 ps 4l e laber L Gladis 050w S5 il 12 e

o S s oSy gl Al Gl sk 4 sl
RS P W e:)j‘ ¢

Table 4 Lack of fits for different models and regression coefficients of second order polynomial

models
Source sum of squares df Meansquraes F value P-value P>F R’ AdjR’ Pred R
Linear 3.89 11 0.35 22.47 0.0015 096 0.93 0.80
2F1 0.88 8 0.11 6.96 0.0235 0.93 0.91 0.78
Quadratic 0.26 5 0.053 3.34 0.1056 097 0.95 0.84
Cubic 0.20 1 0.20 12.84 0.0158 094 0.93 0.82
Pure Error 0.079 5 0.016 - -
N0 s BE Gl 0l eJJLﬂ)r/\—Y'A.gQ‘pHAS b‘-‘-‘—”}ﬁ )":.. ‘5“}.&‘ J;b_\_‘ﬂ

g;:'*" o9 ) Cﬁ:Si C‘JPJ.A‘
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Table 5 Results of analysis of variance (ANOVA) quadratic response level model for traditional
extraction efficiency

Source sum of squares df Average squares F-Value P-Value
Model 13.9 6 2.32 47.77 <0.0001
A-pH 2.03 1 2.03 41.75 <0.0001
B-Temp 3.40 1 3.40 70.15 <0.0001
C-Time 5.14 1 5.14 105.89 <0.0001
AB 0.89 1 0.89 18.33 <0.0001
BC 2 1 2 41.23 0.0009
A2 0.45 1 0.45 9.28 <0.0001
Remaining 0.63 13 0.049
Pure error 14.53 19 2.32
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pH and extraction time on extraction efficiency in
traditional method
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Table 6 Properties of pectin extracted in the traditional method

Emulsification stability - - _
30 Day 1 Day = 2 - g =
< N .- —_
= ok S %2 3 & F o=z £ ¢
= 24 4 24 4 Z% 2 £ © P52 = t =
8 Q ; — =
O (O (O (O g kS a g =
4 86.9 89.5 89.75 92.1 48.8 7.9 909 54 58.73 883 1.5 90 90

ol 1y i (sl ke gy Jaul 3 580 g3 el s
Ol 03 S e el Glasie aeS badn Cua
e aty elal gl sl sl e
ol gla ane olie aeS C‘Jx:.w] Olekl, CWLi et
4 el (2 C) PH Jlie iy 5 sl 0l
Sladjls V s s 435 s (sl 055

Aas e Ol | ealgiy

by —Y-Y
nl3 15l e 5l eslinal L) o gllae b 5s; 3l eslizad U
dop Blpd el Gl D i (Y ad &S]
S s 4 S gl 3 el bl glassls
b Casbae o0 51 eslinal b oolgidny sladsloe A 1)
2 S gl e Bl s S ol DS el a
o Y pH 5 aiss v/ Ol ol Kol as s AV oo

Table 7 Results of optimization of pectin extraction by traditional method with response surface
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Pectin is a heteropolysaccharide which is widely used as a gelling and stabilizing agent
in the food industry. The study aimed to optimize and evaluate the quantity and quality
of pectin extraction from apple pomace by acid hydrolysis at high temperatures as a
traditional method of the main wastes of the apple juice industries. Extraction
efficiency was optimized in the pH from 1.5 to 2, 60 to 90 minutes and 75 to 90 °C by
response-surface method (RSM) with using the central composite design. In addition,
the esterification degree, amount of galacturonic acid, equivalent weight, methoxyl
content, emulsion activity, stability of emulsifier and water/oil holding capacity of
pectin were determined under optimal conditions. The results showed that the
maximum extraction efficiency (8.83%) was achived at pH 1.5, 90 °C and 90 minutes.
The extracted pectin with a degree of esterification of 54% and galacturonic acid 68
mg/g was obtained at optimal conditions. Equivalent weight, methoxyl content,
emulsifying activity and water holding capacity of extracted apple pectin were 916,
8.9%, 55.8% and 4, respectively. In overall, it can be possible to obtain different pectin
with varying physicochemoical properties with chaning the extraction conditions.
Furthermore, the extracted pectin had proper emulsion activity and stability which can
be ultilized in different emulsion based products.
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