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Abstract Polyphenols extraction conditions including extraction solvent, temperature, pH and time
were optimized for the development of functional bio-convergence materials using non-edible parts of
Aronia melanocarpa including its berry. Water, ethanol, and methanol were used for the extraction of
polyphenol from aronia leaves, stem and twigs. Water was selected as an extraction solvent because
water gave the highest extraction yields. Among the non-edible parts, aronia leaves had the highest
total polyphenol content. The polyphenol extraction conditions from aronia leaves were statistically
optimized using a experimental design method: reaction time of 4.5 h, extraction temperature of 79.
3T, and pH 7.2. These optimized extraction conditions could be used for the production of functional

bio-material.
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Mixing freeze dried sample with extraction solvent (1:50(w:v))
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Extraction (6 hr) using methanol (55°C), ethanol (60°C), and
water (80°C)
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Fig. 1. The extracting method for Aronia melanocarpa
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Table 1. Independent variable and their corresponding
levels for experimental design of hot-water
polyphenol extraction conditions from Aronia
melanocarpa leaves

Variable level

Factor Unit
-2 -1 0 1 2

Temperature T 40 50 60 70 80
Time h 05 2.0 35 5.0 6.5

pH - 3.0 5.0 7.0 9.0 1.0
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Fig. 2. Contents of total polyphenols in berry (a), leaf
(b), stem (c) and twig (d) of Aronia melanocarpa.
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Table 2. RSM-central composite design for polyphenol
extraction conditions from Aronia melanocarpa
leaves using water as an extractant

Independent variables Response
olyphenol
No. Type Temperature  Time pH ° cgstent
(mg/g)
1 Fact 50(-1) 2(-1) 5(-1) 98.95
2 Fact 70(1) 2(-1) 9(1) 115.00
3 Fact 50(-1) 5(1) 9(1) 109.28
4 Fact 70(1) 5(1) 5(-1) 130.68
5  Center 60(0) 3.5(0) 7(0) 116.21
6  Center 60(0) 3.500) 7(0) 112.55
7 Fact 50(-1) 2(-1) 9(1) 110.65
8 Fact 70(1) 2(-1) 5(-1) 122.69
9 Fact 50(-1) 5(1) 5(-1) 87.00
10 Fact 70(1) 5(1) a(1) 117.79
11 Center 60(0) 3.5(0) 7(0) 113.25
12 Center 60(0) 3.5(00 7(0) 118.81
13 Axial 40(-2) 3.5(0) 7(0) 84.47
14 Axial 80(2) 3.5(0) 7(0) 135.22
15 Axial 60(0) 0.5(-2) 7(0) 125.16
16 Axial 60(0) 6.5(2) 7(0) 119.23
17 Axial 60(0) 3.5(0) 3(-2) 112.27
18 Axial 60(0) 3.5(0) 11(2) 114.64
19  Center 60(0) 3.5(00) 7(0) 17.72
20 Center 60(0) 3.5(0) 7(0) 114.17
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Table 3. ANOVA analysis of the model for the polyphenol E3 HHskE 2704 ol2Yo} A FEE9] E8H
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eaves using water as an extractan - .
7t 3%, tannic acid 71$)9] 79.04 mg/g[20] & 50%
Source bF Frvalue Prob ) F ofgre FEFE(E, 247 $&, catechin 7189
Model 9 18.63 < 0.0001 =
oce 32.30 mg/gl21] Bt} A F4H Zoltt
Xi 1 127.45 ¢ 0.0001
X2 1 0.80 0.3922
)(? 1 1 27 02868 DESIGN-EXPERT Plot
Polyshznol
XiXo 1 4.48 0.0603 b
XiXa 1 22.97 0.0007 féﬂ:ﬁjggf
XoX3 1 0.22 0.6468
*Independent variables: X, temperature (C); X,, time (h); Xs, pH. z
DESIGN-EXPERT Plot Interaction Graph
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Fig. 3. Interaction graphs of temperature, extraction time
and pH in polyphenol extraction from Aronia
melanocarpa leaves using water as an extractant.
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Table 4. Model-estimated polyphenol content and
experimentally determined value of hot-water
extraction using the optimized extraction conditions

Predicted content Actual Validity
Optimum conditions (A) content (B) (B/A x100)
(mg/9) (mg/g) (%)
Temperature (C) 79.3
Time (h) 45 133.1 139.4+2.5 104.5
pH 7.2
"Value is means#SD (n=3).
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