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Optimization of Extraction Conditions of Polyphenolic Compounds from
Apple Pomace by Response Surface Methodology
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Abstract This study examined the optimization of alcohol extraction conditions for maximizing the total polyphenols
derived from apple pomace, by response surface methodology (RSM). The effects of four independent variables, including
X, (ratio of solvent to sample content), X, (dipping time), X, (extraction time), and X, (extraction temperature), were
investigated at five levels using central composite design (CCD). Y, (yield) and Y, (total polyphenols) were chosen as
dependent variables. The coefficients of determination, R?, were greater than 0.900 (0.9042 and 0.9555). The results
showed that the model fit was very significant (p<0.001). The optimum extraction conditions were as follows: 13.00 mL/
¢ for the ratio of solvent to sample content, 89.02 min for dipping time, 180 min for extraction time, and 70°C for
extraction temperature. At these conditions, the predicted total polyphenol content was 29.68 mg catechin equiv./g.
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Table 1. Experimental range and values of the independent variables in the central composite design for optimization of extraction
conditions
Levels
Independent variables Symbol
2 -1 0 1 2

Ratio of solvent to sample content (mL/g) X, 2 6 10 14 18

Dipping time (min) X, 20 40 60 80 100

Extraction time (min) X, 60 90 120 150 180

Extraction temperature (°C) X, 30 40 50 60 70

Pure Chemical Co.(Seoul, Korea)ollX] -+ om 24
gk Aok dFold AlekE ARSI

o AR

ZU HHSE I8t AEAE
A}rJr omace®]] 7HFHIES 1:322 3l 50°ColA] A7 25
Z3to] 2Falsith o] & 3027 WAL 60°C ovenollA]
Azxste] E@sleiqitt. olek 2ol Hdxed Al pomace®]
F= A 9 2d& A3 Hstd “Pgﬁﬂq—‘-ﬂ—@ﬁg
(response surface methodology, RSM)S 28314t FE37g<lA
Fog WrE aEEe AR i S (X)), IAANTHXK,),
FENHX )T FELEX)E 5%%—?(independent variables) 2
AAEAT o8 7t sA(-2, -1, 0, 1, 2)2 H53}8l F4
FHJ 718 (central composite design, CCD)°ﬂ w2 AES s
TH(Table 1). 22]aL ©] S| FIe W= FEH T (depen-
dent variablesy= F&(Y )3 ¥ ZEdlE FH(Y,)LE HlHe
B, 2 gk Table 20 vhehARITh. o] % /1A e
A71E HEZAS 27] 9184 Minitab statistical software(Version
13, Minitab Inc., State College, PA, USA)S AF&-3}9lom, Hks
EHIY ZE Maple software(Maple 7, Waterloo Maple Inc.,
Waterloo, ON, Canada)s A3l YUeERY U]
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Table 2. Central composite design and responses of dependent
variables for optimization of extraction conditions considering 4
independent variables

Coded levels of variable" Responses
Exp. no. X X X v v
1 2 3 4 1 2
1 -1 -1 -1 -1 1.43 22.59
2 1 -1 -1 -1 224 22.37
3 -1 1 -1 -1 1.83 20.09
4 1 1 -1 -1 2.39 21.57
5 -1 -1 1 -1 1.73 23.08
6 1 -1 1 -1 2.14 23.96
7 -1 1 1 -1 1.66 2227
8 1 1 1 -1 2.83 24.01
9 -1 -1 -1 1 3.07 20.23
10 1 -1 -1 1 426 20.87
11 -1 1 -1 1 3.00 20.93
12 1 1 -1 1 391 21.70
13 -1 -1 1 1 2.87 22.95
14 1 -1 1 1 427 22.45
15 -1 1 1 1 2.65 22.30
16 1 1 1 1 3.42 28.21
17 -2 0 0 0 0.56 15.30
18 2 0 0 0 3.07 19.58
19 0 -2 0 0 2.90 20.86
20 0 2 0 0 3.09 22.14
21 0 0 2 0 292 22.66
22 0 0 2 0 3.11 2436
23 0 0 0 -2 2.40 23.75
24 0 0 0 2 436 26.58
25 0 0 0 0 2.40 26.61
26 0 0 0 0 2.12 25.10
27 0 0 0 0 2.62 25.35

DX,, ratio of solvent to sample content (mL/g); X,, dipping time
(min); X;, extraction time (min); X,, extraction temperature (°C); Y,
yield (%); Y,, total polyphenols (mg catechin equiv./g)
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Table 3. Estimated coefficients of the fitted quadratic polynomial FX2 X2 XA X)), A3FXX, XX, XX, XX, XX,

equation for different response based on t-statistic X3X4)94 Ag=el g-o)Ael tis] Table 33 7ro] UFERAQITE U}

Y, Y, g FoAME X, X, @0l 1% olHellA Fol &S A=

Coefficient ~ P-value  Coefficient  P-value Ao® Uepdth E3 oA g2 BF SAHCR frosiilont

Intercept” 23800 0.001 256867 0.001 3’5005)’ *J@?‘C””ﬁt‘ Xz)iﬁ}% ALISRE FeldS Kol i’%

X, 0.5100 0.001 0.8025 0.006 /\;;E}(p>0.l). tﬂ'v&i‘i"‘i—E@ —1(_res_ponse surface model eTitlon)J

X2 0.0025 0.965 02142 0.387 R*= 0.9555= E‘l’%_ljj_sé]o] &l“i—ﬂ]——c\s} Z‘J\E-i l’}'EP/TALE-D:L 'I—E'oﬂ EH

X, -0.0075 0.896 0.9283 0.002 g o232 1% olellA - =ATHTable 4). S5 Y (Yield,

X, 0.6300 0.001 02233 0.368 %)°] #AHEA (ANOVA) ZA#k(Table 5), Y2} 0128 p-value

XX, 0.1529 0.025 -1.9667 0.001 7F 0.0012 " oA FFES Boy A5ae FAHcR
XX, 0.1421 0.035 -0.9517 0.003 et &Ath(p>0.05).

XX, 0.1471 0.030 -0.4492 0.101 At} pomace®] ¥ FEF Al AlE tigk &vl¥](X,, ml/g),

XX, 0.2383 0.002 -0.0354 0.891 AAANZHX,, min), FEATHX,, minF FE2LEX, CFF &

XX, -0.0250 0.724 0.5687 0.075 (YOl PIAlE F&2 LobR7] 98] Maple softwares AH8-5to

XX, 0.0175 0.804 0.3350 0.274 o=z YePAtKFig. 1). AlFe the fuju)r}t ol =

XX, 0.0825 0.255 0.1837 0.541 FEE F43] FFeke e UJeple o] wje] SR E

XX, 00363 0609 0385 0215 o7t Fobdss A3 FaEle P4 Bk Kim 5(19)

XX, -0.1663 0.033 0.6688 0.041 o] Mruly uj3E §-8AE0 22xA HH3 AT B

XX, -0.0938 0.200 0.3425 0.264 o tIst fuju|7} 23R 480 ZrEgtRE Rl A}

DX, ratio of solvent to sample content (mL/g); X,, dipping time g A eI ARG 2417 AL pomace®] &

(min); X,, extraction time (min); X,, extraction temperature (°C); Y,,

=Y Aoq v:‘_l_o:]g]:_g_ ZZ [eX o) Bew | i\%_‘;‘_] =LA 2=
yield (%); Y,, total polyphenols (mg catechin equiv./g) FEA FE dF= FA WAL, FE P Eobds

=
5 F&o] F43] FrtsH Algel gt §ujuiel A FE

Table 4. Response surface model for optimization of extraction conditions

Responses Quadratic polynomial model R? P-value
Y, =2.3800+0.5100X,+0.0025X,-0.0075X,+0.6300X -0.1529X >
Y, +0.1421X,2+0.1471X,*+0.2383X,%-0.0250X, X, +0.0175X X, 0.9555 0.001

+0.0825X,X,-0.0363X,X;-0.1663X,X,-0.0938X,X,

Y, = 25.6867+0.8025X,+0.2142X,+0.9283X,+0.2233X,-1.9667X 2
Y, -0.9517X,%0.4492X.2-0.0354X 2 +0.5687X, X,+0.3350X X, 0.9042 0.001
+0.1837X,X,+0.3825X,X,+0.6688X,X,+0.3425X, X,

X,, ratio of solvent to sample content (mL/g); X,, dipping time (min); X;, extraction time (min); X,, extraction temperature (°C); Y,, yield (%);
Y,, total polyphenols (mg catechin equiv./g)

Table 5. Analysis of variance (ANOVA) for response of dependent variables (Y, and Y,)

Responses" Sources DF SS MS F-value P-value
Y, Model 14 19.653 1.404 18.40 0.001
Linear 4 15.770 3.942 51.66 0.001
Quadratic 4 3.156 0.789 10.34 0.001
Cross-product 6 0.728 0.121 1.59 0.233
Residual 12 0.916 0.076 - -
Lack of fit 10 0.790 0.079 1.26 0.522
Pure error 2 0.126 0.063 - -
Total 26 20.569 - - -
Y, Model 14 154.809 11.058 8.09 0.001
Linear 4 38.437 9.609 7.03 0.004
Quadratic 4 97.487 24372 17.83 0.001
Cross-product 6 18.885 3.148 2.30 0.103
Residual 12 16.400 1.367 - -
Lack of fit 10 15.090 1.509 2.30 0.340
Pure error 2 1.310 0.655 - -
Total 26 171.210 - - -

VY, yield (%); Y,, total polyphenols (mg catechin equiv./g)
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Fig. 1. Response surface plots for the effects of ratio of solvent to sample content, dipping time, extraction time and extraction
temperature on yield of extracts. X, (ratio of solvent to sample content, mL/g), X, (dipping time, min), X, (extraction time, min), X, (extraction

temperature, °C), Y, (yield, %)

Fig. 2. Response surface plots for the effects of ratio of solvent to sample content, dipping time, extraction time and extraction
temperature on total polyphenols of extracts. X, (ratio of solvent to sample content, mL/g), X, (dipping time, min), X, (extraction time, min),
X, (extraction temperature, °C), Y, (total polyphenols, mg catechin equiv./g)
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Table 6. Optimal conditions of extraction

Critical values

Independent
variables” Coded Uncoded
X, 0.6988 13.00
X, 14227 89.02
X, 2.0 180
X, 2.0 70

UX,, ratio of solvent to sample content (mL/g); X,, dipping time
(min); X,, extraction time (min); X,, extraction temperature (°C)

Table 7. Predicted values of response variables

Response variables" Predicted values

Y, 3.76
Y, 29.68

VY, yield (%); Y., total polyphenols (mg catechin equiv./g)

o) ZadlE Age] et FEANE 37 £/ WE
e & Eass gaEel 2 938 BAA o FEen
7} 5E dole 22700 Aold5S & EeldE HPol 7
23] = =

319t ©]= Abad-Garcia
S(23)°] *}%1"] ZeEls FE Al FEAIZ] S wel
= F= %E"ﬂ & 9% ‘%‘:7\] ReThe B} HSs23k 7o
ATk X3S Adil 5(24)> AR} B50F pomace®] ZElHE F
N FERET ]‘ TS EeEls gl Sk 50°C
oldollre F ETElE o] Phdtke AdIE Rasie B A
T AFehes ta oE AFE YT & EelEls
o] el 71€717) vl @tslA] ek Zlo' Hol '
E S5YHESd & dFgs ve Zo2 AZELL
2N FEXA OF

AL pomacee] HAFEZ7AS A3 918 Minitab program
& AMEsle] BAIA RS BN (Table 6). E41HG Y (total polyphe-
nols, mg catechin equiv/g)e] ZZ7S HUZ AL A =
AL &3S A3} A pomace FE00 AREE 70% ethanol] &
vE(X)E 13.00 mL/g, FAAIZHX,)S 89.02 min, ZZ/‘]ﬂ(X})—
180 min, 127 FELE(X ) 70°CHT. 1 A7 dEE &
g TS 29.68 mg catechin equiv./ge]™, ©] wje] ”]'ﬁi,‘—E‘:
0.97°] A TH(Table 7).
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