Korean J. Food Preserv.
Vol. 15, No. 1. pp. 111-117, February 2008

(=% = =
HISEM 2Mof o8t =E2|
ol At -
SMUEm AEYEZ st

SHY S TLC

THE KOREAN SOCIETY OF FOOD PRESERVATION

A = = = [
ds RS0l BMSH BA
=1t
ARz
AR5 ol AED

Antioxidant Properties of Acorn Hot-Water Extract Using Response
Surface Methodology

Jin—-Man Lee and Seong-Ho Kim''

Department of Food and Biotechnology, Hoseo University, Asan 336-795, Korea
'Department of Bio-Food Science, Kyongbuk College of Science, Chilgok 718-851, Korea

Abstract

As part of studies on fumctional food development from the acom (Quercus acutissima CARRUTHERS), this study
investigated the antioxidant properties of the acom using response surface methodology. Optimal extraction conditions
were established by monitoring total phenol levels, electron donating ability, antioxidant ability and nitrite-scavenging
action using response suiface analysis under a central composite design. The extraction temperature varied in the
30-70°C, the extraction time between 1-5 h, and the solvent ratio was in the interval 5-25 ml/g of sample. Extracted
total total phenols were highest at 57.91C, 4.08 h, and 22.39 ml/g. This extraction was influenced by solvent
ratio, but not by extraction time or temperature. Electron donating ability was found to be highest at 60.37 C,
2.85 h, and 6.47 ml/g. The highest antioxidant level was 2.09 AI at 37.11°C, 1.67 h, and 18.84 mL/g, and this
value was greatly influenced by all of extraction temperature, extraction time, and solvent ratio. Nitrite-scavenging
ability was found to be highest at 47.07C, 1.24 h, and 19.55 mL/g. Changes in nitrite-scavenging ability were
most influenced by solvent ratio, followed by extraction temperature, but no influence of extraction time within

the range tested was found.
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Table 1. Level in extraction condition for acorn based in
fractional factorial design

Extraction conditions 2 -1 0 1 2

X,  Extraction temp. (C) 30 40 50 60 70
X,  Extraction time (hr) 1 2 3 4 5
X3 Solvent ratio (mL/g) 5 10 15 20 25
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BT E oF 1008 X33 F o] &9 4 mLE F 3o
AE ol 1 mist £ F Fe 10 22 ¥R
e SI7 el ]SS Sl AR Akest 0L

T 3= Aol B ‘ﬂ.‘v‘i—%(% ABte] AR EA %
= 0]'}/\]:}-
% ol -
gMEts 53
7} &E9] ilsls2 rancitometer (Rancimat 679,
Metrohm AG, Swiss)E& AMg-3le] =3 319 0 (23),

antioxidant index (ADZ AF3L5S v walsgth oju =4
ZAL 2% 110, 71339 20 Lhr, X (G &

P T



WSET B0 I3 BEe] 95 F2EY GAH 54 113

H7FebA % AR S 25 g2 2A5ke] A& gt
'% A ]O]’Mq‘
o AFERSWRAR TR
- i EE e E kL
ofde 275 &4
Z} 89| oldAd A2A% 23 024)L 1 mM NaNO2

€ 1 mLol| &% Fxo] A EE FH7lsla of7]<] 0.1 N
HCl (pH 12)7} 02 M 732+ %—%E(pH 30,42 2 60)2
AHgate] uheg o] pHE 7tzt 1.0, 3.0, 42 2 6002
2800] 7t WE-2AE 10 mL2 A Lo} 2 ME gl
£ 37T 1 A7 Bk vHSAIZ] B 1 mLE 3} 2%
24 89 5 mLE A713F v}2, Griess A]2¥30% acetic
acidZ 7}Zt ZA| 3t 1% sulfanilic acid9} 1% naphthylamine
< LR E313F 7, ALERA ZA)]) 04 mLE 7}ete]
B EIAA AL 15 $7H BANZ ERFEAS A}

83101 520 el FAEE Zgate] ofel 2l Slatel

N%) = (1—%)%100

N : ofdxad 4AAE

A : 1 mM NaNO, §9lo] A BZ2
Lo FH=

B : NaNO, §99] §F%

C: ANgae 3%

Hrlsiel 147 A

=4
ES

A1

—_——

kY

ne

HEAS

EEg|e] dubdE FAEIE Table 29 Zon, +8
14.5%, P8 6.1%, ZA 2.6% 2 35 1.61%= VER:
3, TR Aie] 779%E 7MY Be Aoz Yehgh

EEY #d Q75091225 of duEe] B4 A3
o 2 Aol7} fle Aoz Yehyt

AI

Table 2. Proximate analysis of acorn

(umit : %)
Moisture ~ Crude protein ~ Crude fat Crude ash  Carbohydrates
14.5+1.1 6.1:03 2.6:0.1 16102 779442
£Ex0| 012 FE5E0| BAsH SN U
FTHDIAL Y AT 1673 FE2x1 me &
AldE A8 o] Aol FEE] ] F Hs4d
= T AR s, FaEks B ol AdE AT

4918495 48 2 Lbﬂf S r s A
& AAZAE, e
HA2]& ASITH(Table 4).

Table 3. Experimental data on total phenol content, electron
donating ability, antioxidant ability and nitrite-scavenging ability
of acorn under different conditions based on central composite
design for RSM

By Extraction conditions Physicochiemical properties
No.  Temp. Time  Solvent Total phenol Hlectron domating Anfoxidant Nitmitescavenging
)  fy (ol oomen(ne®) abilty%)  abilipAD  ablity(%)
1 oy 4 00 208 8876 1.64 ]
2 o0y 4D 106D 16191 8.8 162 7007
3 00 2L A0 17346 88.06 135 76.16
4 0 20 0 W3 89.34 101 7419
54 4y 00 128 8.30 18 6756
6 ACh) 4N o) 10301 §1.35 158 5305
T4 AL e) 128 8689 155 5135
§ O 2D ) 13366 86.89 15 5124
9 O 3 BO 0 WL §1.12 176 7419
10 0 150 14272 §1.4 176 7419
00 30 5O 104 841 1.4 64.16
2 W) 0 5e 0 wo 86.06 184 9%
B0 0 150 W 8183 168 7563
4o 1) B 48 8670 140 3y
5 %00 30 250 208 §1.70 159 64
6 0% 0 ) M 8888 108 229

% mlisd shEE Statol wis
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3 2279 of 8ke- Sujuol| 8k kg gl9low, =
AT R FE2LRY] GE2 A9 gle A= Vet
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Table 4. Polynomial equations calculated by RSM program for extraction conditions of acorn

Response Second order Polynomials R Significance
YTPC = 86498750 + 2.702812X; - 73.668125X,
Total phenol content + 5.015000X23 - 0.038438X,° + 1.039625%:X; 08707 0.0407
(mg%) + 0582500, - 0.047550X:X, + 1270500X:X, ' :
- 0.046700X32
YEDA = §87.351154 + 0.076792X; + 0.170449X,
Electron donating ability - 0.552744%(3 + 0000137, - 0.009314X:X; 09031 00197
(%) + 0.021250X;" + 0.001421X:X; + 0.025705X:X, : ’
+ 0.011100X32
YAA = 0925481 - 0.022688)%1 - 0.014952X,
Antioxidant ability + 0.196885X; - 0.000550X;” + 0.017279X,X, 0.9365 00058
(A) - 0.055000X;" + 0.000981X:X; - 0.032192X:X; " '
- 0.004250%;"
YNSA = -91.130481 + 3.899438)%1 - 10.167548X,
Nitrite-scavenging ability + 8.819115X;3 - 0.031400X," + 0.157971X:X; 0.9054 00716
(%) + 0.172500X;" - 0‘059731X3X5 + 0.029692X:X, ) )
- 0.149950X5

“Significant at 5% level ; "Significant at 1% level ; H*Signjﬁcant at 0.1% level

Fig. 1. Response surface for total phenol content of acorn at
constant values (total phenol content : 120, 140, 160 mg%) as a
function of extraction temperature, extraction time and solvent
ratio.

Table 5. Regression analysis for regression model of total phenol
content, electron donating ability, antioxidant ability and
nitrite-scavenging ability in extraction conditions of acorn

F-Ratio
Stearning -
condiions Total phenol comtent  Electron donating Antioxidant Nitite-scavenging
(ngh) abily (%) ability (AD) bty (%)
X Extrction tenp. () 25 06" By 4
X Extraction fime (i) 0% on 1042 026
% Solvent raio (g 697+ 304 U7 LT

‘Significant at 5% level ; “Significant at 1% level ; ~Significant at 0.1% level
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Table 6. Predicted level of extraction conditions for the maximum
responses of variables by the ridge analysis

X" X? X, Maximum Morphology

Responses

Total phenol content(mg%) 5791 408 2239 21237 saddle point

Electron donating ability(%) 6037 2.85 647 8945  saddle point
Antioxidant ability(AT) 3711 167 1884 209  saddle point
Nitrite-scavenging ability(%) ~ 47.07 124 1955 8057  saddle point

* X, : Extraction temp. (C), X2 : Extraction fime (tr), X3 Solvent ratio (mL/g).
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Fig. 2. Response surface for electron donating ability of acorn at
constant values (electron donating ability : 87, 88, 89%) as a

function of extraction temperature, extraction time and solvent
ratio.
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Fig. 3. Response surface for antioxidant ability of acorn at constant
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Fig. 4. Response surface for nitrite-scavenging ability of acorn at
constant values (nitrite-scavenging ability : 50, 60, 70%) as a
function of extraction temperature, extraction time and solvent
ratio.
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