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Table 1: Real and coded parameters value in CCD extraction method

F Nam U Type Subtype  Min Max C C M S
actor e nits imum imum oded oded ean td.
Low High Dev.
A Ethan A Nu Conti 0.00 96.0 - + 4 2
ol meric nuous 00 0 le le 8.00 4,20
19.46  76.54
B Liqui n Nu Conti 10.0 40.0 - + 2 7
d I/g meric nuous 0 0 1o 1o 5.00 .56
phase/Solid 16.08  33.92
phase
C time n Nu Conti 0.00 30.0 - + 1 7
in meric nuous 00 0 le le 5.45 A2
6.88 24.12

Table 2: Experiment design matrix in CCD method and experiment results

Run Ethanol Liquid Time phenolic Total Flavonoids(mg/ml) Radical
(%) phase/Solid (min) compound Monomeric scavenger
phase (ng/ml) Anthocyanin activity(DPPH)
(ml/g) content(mg/I) %
1 48 40 155 44442 86.6171 29.493 96.4
2 48 10 155 649.493 264.761 62.5802 97.5
3 96 25 155 200.217 75.0448 34.679 96.2
4 48 25 155 529.203 131.153 29.98 96.92
5 48 25 155 516.884 119.931 28.8765 97.11
6 76.541 16.0809 241218 560.362 213.211 56.5309 97.01
7 48 25 155 498.043 130.101 24.4321 97.05
8 48 25 15.5 536.449 104.852 28.3827 97.02
9 76.541 33.9191 24.1218 520.02 93.28 26.7778 96.9
10 48 25 155 534.275 143.076 29.123 97.4
11 19.459 16.0809 6.87825 532.101 83.1103 29 97.4
12 76.541 33.9191 6.87825 224.13 111.866 27.642 96.3
13 0 25 155 243.696 18.9365 22.2099 96.4
14 48 25 0 363.986 104.537 18.5062 96.77
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15 76.541 16.0809 6.87825 342.246 182.352 45.0494 96.7
16 19.459 33.9191 6.87825 209.87 42.7825 24.1852 96.57
17 19.459 33.9191 241218 287.899 52.9522 26.037 96.64
18 48 25 155 505.29 140.271 24.0617 97.01
19 19.459 16.0809 241218 469.783 82.7597 39 96.69
20 48 25 30 571.957 140.271 41.0988 97.45
Table 3: ANOVA statistics analysis and statistics parameters results
Source Sum of df Mean F- -
Squares Square value value
Total phenolic compound
Model 3.570E+05 8 44624.26 60.18 < significant
0.0001
A-Ethanol 400.81 1 400.81 0.5405 0.4776
B-Liquid 74320.34 1 74320.34 100.22 <
phase/Solid 0.0001
phase
C-time 54596.66 1 54596.66 73.63 <
0.0001
AB 14934.87 1 14934.87 20.14 0.0009
AC 31037.34 1 31037.34 41.86 <
0.0001
BC 5947.10 1 5947.10 8.02 0.0163
A? 1.730E+05 1 1.730E+05 233.35 <
0.0001
c? 6023.90 1 6023.90 8.12 0.0158
Residual 8156.94 11 741.54
Lack of 6889.70 6 1148.28 4.53 0.0593 not
Fit significant
Pure 1267.24 5 253.45
Error
Cor Total 3.652E+05 19
Monomeric Anthocyanin content
Model 6.34 5 1.27 112.34 < significant
0.0001
A-Ethanol 2.28 1 2.28 201.56 <
0.0001
B-Liquid 1.36 1 1.36 120.18 <
phase/Solid 0.0001
phase
C-time 0.0349 1 0.0349 3.09 0.1004
A? 2.48 1 2.48 219.53 <
0.0001
B? 0.0907 1 0.0907 8.03 0.0133
Residual 0.1581 14 0.0113
Lack of 0.0925 9 0.0103 0.7835 0.6472 not
Fit significant
Pure 0.0656 5 0.0131
Error
Cor Total 6.50
Flavonoids
Model 2329.40 6 388.23 47.87 < significant
0.0001
A-Ethanol 252.72 1 252.72 31.16 <
0.0001

131



ISP« NCIUIS g NV B JCH g ala i s

OLen 5 (5358 Dslaus

B-Liquid 1064.71 1 1064.71 131.27 <
phase/Solid 0.0001
phase
C-time 269.69 1 269.69 33.25 <
0.0001
AB 107.92 1 107.92 13.31 0.0030
BC 52.50 1 52.50 6.47 0.0245
B2 577.49 1 577.49 71.20 <
0.0001
Residual 105.44 13 8.11
Lack of 72.75 8 9.09 1.39 0.3727 not
Fit significant
Pure 32.69 5 6.54
Error
Cor Total 2434.84 19
Radical scavenger activity(DPPH)
Model 2.35 5 0.4696 12.35 0.0001 significant
A-Ethanol 0.0386 1 0.0386 1.02 0.3305
B-Liquid 0.7687 1 0.7687 20.22 0.0005
phase/Solid
phase
C-time 0.1489 1 0.1489 3.92 0.0678
AC 0.3003 1 0.3003 7.90 0.0139
A? 1.10 1 1.10 28.83 <
0.0001
Residual 0.5321 14 0.0380
Lack of 0.3940 9 0.0438 1.58 0.3185 not
Fit significant
Pure 0.1382 5 0.0276
Error
Cor Total 2.88 19
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Table 4: Statistics table for selected models of evaluated parameters

Std. Mean C.V. R2 Adjusted Predicted Adeq
Source Dev. % R2 R2 Precision
Total 27.23 437.02 6.23 0.97 0.96 0.88 24.19
phenolic
compound
Monomeric 0.1063 4.62 2.30 0.97 0.96 0.95 44,79
Anthocyanin
content
Flavonoids 2.85 32.38 8.79 0.95 0.94 0.89 24.02
Radical 0.195 96.87 0.20 0.82 0.74 0.60 11.81
scavenger
activity(DPPH)

Table 5: Calculation of relative error percentage and relative standard deviation percentage for obtained

and predicted values

Std.Dev. Mean CV.% R? Adjusted R2  Predicted R2  Adeq Precision
Source
Total phenolic 27.23 437.02 6.23 0.97 0.96 0.88 24.19
compound
Monomeric 0.1063 4.62 2.30 0.97 0.96 0.95 44.79
Anthocyanin content
Flavonoids 2.85 32.38 8.79 0.95 0.94 0.89 24.02
Radical scavenger 0.195 96.87 0.20 0.82 0.74 0.60 11.81
activity(DPPH)
Source Predicted Obtained Relative Relative
Value Value error (%) Standard Deviation
(%)
phenolic 608.31 592.43+£13.48 2.61 2.28
compound
Anthocyanin 219.72 229.03+6.65 4.24 2.17
Flavonoids 53.25 50.10£0.94 5.92 1.88
(DPPH) % 97.41 96.93+0.93 0.49 0.96
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Table 6: Type and concentration of phenol components in Shani grapes skin

NO. Type of phenolic compound Content( pg/g)
1 Quercetin 7.8
2 Hesperidin 2.3
3 Gallic acid 2.5
4 Catechin 13.4
5 Epigallocatechin 21.8
6 Epicatechin 5.6
7 Epigallocatechin gallate 4.8
8 Epicatechin gallate 0.3

Fig 1

(@)
(b)

(©)
(d)

Interaction plot for independent parameters (ethanol concentration, Liquid phase/Solid phase and

Extraction time) on the content of extracted phenol components

Response surface plot of phenolic compound for various binary combination (Ethanol and Liquid

phase/Solid phase)

Response surface plot of phenolic compound for various binary combination (time and Ethanol)
Response surface plot of phenolic compound for various binary combination (time and Liquid

phase/Solid phase)
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Fig 2

(b)

(a) Interaction plot for independent parameters (ethanol concentration, Liquid phase/Solid phase and
Extraction time) on the content of monomeric Anthocyanin compounds
(b) Response surface plot of monomeric Anthocyanin compounds for various binary combination

(Liquid phase/Solid phase and Ethanol)
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Fig 3
(@)

Interaction plot for independent parameters (Ethanol concentration, Liquid phase/Solid phase and

Extraction time) on the content of extracted Flavonoid compounds

(b)
(©)

phase/Solid phase)

phase/Solid phase)
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Response surface plot of Flavonoid compounds for various binary combination (Ethanol and Liquid

Response surface plot of Flavonoid compounds for various binary combination (Time and Liquid
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Fig 4
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(b)

(a) Interaction plot for independent parameters (Ethanol concentration, Liquid phase/Solid phase and
extraction time) on the Radical scavenger activity (DPPH)

(b) Response surface plot of Radical scavenger activity (DPPH) for various binary combination (Ethanol
and Liquid phase/Solid phase)
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Grapes are one of the most important agricultural products which could be
used either as a fresh fruit or a processed food. In Iran, grapes are very crucial
agricultural and commercial products. Every year, a massive volume of grapes
waste is made by the units of grape Doshab producers, so the producers are
engaging with many problems of waste disposal. Grapes waste is a valuable
source of natural pigment and antioxidant compounds specifically polyphenols
compounds. Extracting antioxidant compounds from cheap primary materials
like grapes waste is a suitable method for various food and pharmaceutical
industries. In this research and aim to finding optimum state for extracting
phenolic compounds from Shani grapes skin, response surface method (RSM)
and central composite design (CCD) with 3 independent variables (extraction
time using ultrasonic bath, liquid to solid phase ratio and ethanol solvent
concentration) were applied. The optimum condition for extraction of this
compound was 59.06% concentration of ethanol, 16.08 ml/g liquid to solid
phase ratio and 24.12 min extraction time. The research results have shown that
the extract of Shani grapes skin contains 8 different phenolic compounds, which
among them epigallocatechin and catechin had highest concentration.
Consequently, by finding optimum condition of phenolic compounds
extraction, these compounds could be produced in pilot scale for utilizing in

food and pharmaceutical industries.
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