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Abstract

The Acom (Quercus acutissima CARRUTHERS), which contains a large quantity of tannin, should be developed
as a processed food as the acom is rich in natural antioxidants and other valuable components. Accordingly, acom
extraction conditions for polyphenol and gallic acid (both antioxidants) were investigated by response surface
methodology. The content of polyphenols were determined under 16 different extraction conditions based upon
a central composite design. The parameters varied over 30-70°C of extraction temperature, 1-5 h of extraction
time, and 5-25 mL/g of solvent ratio, Gallic acid extraction was optimal at 60-100C extraction temperature, 1-5
h of extraction time, and 5-25 ml/g of solvent ratio. Epicatechin content was highest at 56.77°C, 4.16 h and 22.38
ml/g. Catechin content was highest at 52.37°C, 2 h and 23.59 ml/g, The maximum catechin content was 91.30
lg/mL. Epigallocatechin content was influenced by extraction temperature and time. The maxinmmn epigallocatechin
content was 1,066.56 ng/mL at 61.427C, 4.17 h, and 9.25 mL/g. The maximum value of epicatechingallate content
was 125.39 pg/mL at 47.72°C, 3.04 h, and 24.93 ml/g. Epigallocatechingallate content was influenced principally
by solvent ratio and and the maximum content was 61.38 pg/mlL at 48.11°C, 2.96 h, and 24.95 mL/g. The total
polyphenol content was maximal at 1,332.75 pg/ml, after extraction at 61.50°C, 4.24 h, at 9.71 mL/g. The higher
the extraction temperature and the longer the extraction time, the greater the polyphenol content. Gallic acid content
was highest, the maximal level was 30.51 pg/mlL after 65.84C, 1.65 h at 17.17 ml/g, and this was influenced
principally by extraction time and solvent ratio.
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Table 1. Level in polyphenol extraction condition for acorn based
in fractional factorial design
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Table 2. Level in gallic acid extraction condition for acorn based
in fractional factorial design
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Table 3. Experimental data on polyphenol of acorn under
different conditions based on central composite design for
response surface analysis

Extraction conditions Polyphenol content

EXp 1) Total
No. Temp. Time Solvenmatio EC C EGC EG

(€ @ ol e el o) Gond) Gend) P

160 4 00 1020 899 596 70 Ml 806

160 4 10 BS §0 W0 69 K9 1204
36 A WD) 69 %I 5T 467 483 04
e 2D 1) T B3 OSB0 B3 08 77
SOOMC) ) W @1 Te 46 M3 BT 686
6 dCD) 4D 1K) M6 646 458 512 M9 642
T 2D 1() PI 00 470 425 N9 636
B 4C) 2D 1) ML 00 470 &5 09 686
9 N0 X 1O 4 01 I 45 M4 TR
0500 30 150 674 81 L 475 44 TRl
Q) ¥ 150 56 M2 S8 &9 4l RS
2N N 5O 47 P2 M9 BT 4T 595
BOSO 5) 150 812 B4 @19 1 46 996
S0 1) 10 N7 e 4Ll L1 44 675
5500 X0 BQ %9 K9 M4 18I 658 1083

16 500 30 ) 82 54 %2 HB1 0 N2 8129

EC ; Epicatechin content, C : catechin content, EGC : Epigallocatechin content,
ECG : Epicatechingallate content, EGCG : Epigallocatechin gallate content.
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Table 4. Experimental data on gallic acid of acorn under different
conditions based on central composite design for response surface

Table 6. Regression analysis for regression model of polyphenol
and gallic acid content in extraction conditions of acorn

analysis F-Ratio
. .. S[eammg ) Total A
Exp Gl il cve TS ) ) ) G gl P el
No. Temp. (C)  Time () Solvent ratio (ug/mL) (ugful)
/e y Bmin e a6 g 17 0 9T oM
1 90(1) A1) 20(1) 18.05 Loemp(0) ' ' ' ' ) '
2 90(1) 41) 10¢-1) 15.60 % E"mfl“;l“n‘;“ 01" 040 S 40 0P 64T 5%
3 D) 2D 200 1693 g el e 0 4m o n®t s 3% S0
4 90(1) 2-1) 10(-1) 1439 iy -
Significant at 5% level ; Significant at 1% level ; ~ Significant at 0.1% level
5 70(-1) 4 2001 10.72 YEC - epicatechin content, C : catechin content, EGC : epigallocatechin content, ECG
6 70C1) 4() 10C1) 911 » epicatechingallate content, EGCG : epigallocatechin gallate content.
7 70(-1) 2(1) 10(-1) 1785 » )
Table 7. Predicted level of extraction conditions for the maximum
8 70D 260 10CT) 17.85 responses of polyphenols and gallic acid by the ridge analysis
9 80(0) 30 15(0) 19.06 Responses(g/ml) R° ProoF X X, X3 Maximum Morphology
10 80(0) 3(0) 15(0) 19.06 EC” 09414 00046 5677 4.16 2238 11235 Saddle point
o 62 30 50 24'71 EGC 0.8913 00256 6142 4.17 925 106656 Saddle point

ECG 09598 0.0016 47.72 3.04 2493 12539 Saddle point
13 80(0) 52) 15(0) 1097 EGCG 0.8237 00901 48.11 296 2495 6138  Saddle point

14 80(0) 1(-2) 15(0) 2236 Total polyphenol 09134 0.0138 61.50 424 9.71 133275 Saddle point
15 80(0) 30) 250) 1087 Gallic acid content 0.8875 0.0546 65.84 1.65 17.17 30.51 Saddle point

X, : extraction temperature (C), X, : extraction time (hr), X3 : solvent ratio (mL/g)
16 80(0) 30 5(-2) 7.66 YBC : epicatechin content, C : catechin content, BGC : epigallocatechin content, ECG

: epicatechingallate content, EGCG : epigallocatechin gallate content.

Table 3. Polynomial equations calculated by RSM program for extraction conditions of acorn polyphenol compounds and gallic acid

2

Response Second order Polynomials R Significance

Yec = 207.406731 + 0.896458X, - 47.287660X;
EC” - 14632949 - 0.036875X,” + 0.590737X:X; 09414 0.0046"
+ 1512500, + 0.093064X1X3 + 1.015641X:X;3 ' ’
+ 0.236500X3

Yo = - 44.349038 + 3.034792X, - 5.006571X;
C + 4.949103%; - 0.033500X,” + 0.302724X,X;
- 0.900000X;" - 0.004872X1Xa - 0.338718X:X;3
- 0.079500%;

Yace = - 805172115 + 21011458X; - 206.115545X;
BGC + 133.088974%; - 0.191875X,” + 10.569006X,X:
- 1.900000X," - 1.861782X:Xs - 19212821X:X;

+ 0.677000X"

Yec = 110.023077 + 0.834583X1 - 23.716026X2
ECG - 9.964872X3 - 0.013000X12 + 0.571218X1X2
+ 1.150000X22 - 0.085090X1X3 - 0.365897X2X3
+ 0.581000X32

Yeaos = 72600000 - 0.134375X, - 7.206250X,
BGCG - 2.021250%; - 0.002500X,> + 0.088750X,X,
- 02250007 - 0.000250X,X; + 0.162500X:X;
+ 0.081000X;

YroraL = - 120362500 + 20485625, - 354.781250X;
+ 91.830000X; - 0.277750X,° + 12.816250X,X;
- 0.062500X," - 1.602000X,Xs_- 16.170000X:X;

+ 1.496000%;"

Yo = 64.562644 - 1.191729X, - 20.771266X,
Gallic acid content + 5.191705X; + 0.002563X,” + 0.310804X:X,
(uugfml) - 0.598750X%," - 0.016597X3X£ - 0.212474X5X,
- 0.097950X3

:Signiﬁcant at 5% level ; "Significant at 1% level ; ~Significant at 0.1% level.
'EC : Epicatechin content, C : catechin content, BGC : Epigallocatechin content, ECG : Epicatechingallate content, EGCG : Epigallocatechin gallate content.

0.8380 0.0729

0.8013 00256

0.9598 : 00016~

0.8237 0.0901

Total polyphenol

09134 0.0138*

0.8875 0.0281"
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Fig. 4. Response surface for epicatechingallate content at constant

Fig. 1. Response surface for epicatechin content at constant values
values (epicatechingallate content : 50, 80, 110 pg/mL) as a function

(epicatechin content : 60, 75, 90 pg/mL) as a function of extraction
temperature, time and solvent ratio.

of extraction temperature, time and solvent ratio.
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Fig. 5. Response surface for epigallocatechingallate content at
constant values (epigallocatechingallate content : 45, 50, 55 pgfmlL)

Fig. 2. Response surface for catechin content at constant values
as a function of extraction temperature, time and solvent ratio.

(catechin content : 60, 70, 80 pg/mL) as a function of extraction
temperature, time and solvent ratio.

3
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Fig. 3. Response surface for epigallocatechin content at constant Fig. 6. Response surface for total polyphenol content at constant
: 500, 750, 1000 pg/mL) as a values (total polyphenol content : 700, 900, 1100 ng/mlL) as a
function of extraction temperature, time and solvent ratio.

values (epigallocatechin content
function of extraction temperature, time and solvent ratio.
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Fig. 7. Response surface for gallic acid content of acorn at constant
values (gallic acid content : 8, 16, 24 pg/ml) as a function of
extraction temperature, extraction time and solvent ratio.
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