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Abstract

Response surface methodology (RSM) was applied to monitor the characteristics of microwave-assisted
extraction (MAE) for optimizing extraction conditions of total yield, total phenolics, electron donating
ability, hydroxyl radical scavenging activity, hypoglycemic effect. A central composite design was used
to determine effects of microwave power (X)) and extraction time(X,) on dependent variables(Y,) of
extracts. Coefficients of determination(R?) of models for dependent variables ranged from 0.8219 to 0.
9816. Extraction time had a greater effect than microwave power in the extraction of total yield. As the
extraction time increased, the total yield increased. However, microwave power played a minor role.
Electron donating ability, hydroxyl radical scavenging activity and hypoglycemic effect reached maxi-
mum at the microwave power of 70~100 W and extraction time of 4~6.5 min. The optimum ranges
were 50% in ethanol concentration, 84 W microwave power and 5.5 min in extraction time. Predicted
values at the optimized conditions were acceptable when compared as experimental values.
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A A dEA o 5% & A0E Yehial
ATHErkki and Pekka, 1986; Oshio and Inouye,

1981). T3, A|3o&  catalpol, dihydrocatapol,
rehmannioside 5-2] iridal glyciside”} o™ 2 €]

ol daucisterol, stachose, o}|icAt, w[HU4 H B-
sitosterol =3 7+e thakst 9 B350 YR
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2 tHZhongyu and Tongbao, 1984). 53] A& Al
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> A& s REHORE FEEe 7€l
afEe] G A E FHEHI Sl rle]Az o]
HE o] 83 F&HFAL (microwave-assisted extrac-
tion, MAE) “less solvent, less time, less waste,
better quality” 59 54& vlgoz 7|&d HEr}
48 AAEZ UtHChen and Spiro, 1994;
Mattina et al., 1997). MAE:= 7|2 dx}g|¢lA]
SolMel 7ol air steam’Fe] o]z} opEl A&
L3 AATE JFA08 mlojargolH oA
&9 E“1 oY 22 8980 43
2 *QFJE]‘" E4& 7HH(Pare et al,

=
2 Ao ARgd SuUAt &
o2 RE Ay ol 2% 3 Bz Eusls
o YF HASHA AEHE ALE

25 =A% 7izEge] iR #4283 Table

17 2},

MAE FX| & F&= M=

B ko] ALg-E mlo|A R 9ol E FE4](Open
vessel type: Microdigest unit, Prolabo, France)v
2,450 MHz F3}=0 olUZ] (power)?} A|7F4 (time
control) 5-°] 7Fs3t™ #F wWzheto] Fso} ¢l
Tk MAEEA S o] 83 ‘%L‘—Hé} A ge] {F8AE
FERNS A7) SlEl e FEE 50%= 3L
A8 microwave powers} ZZ’\] e WS
M FEstch & FUAR 25090 SomLel 50%

Table 2. Uncoded and coded independent variables used
in RSM design of microwave-assisted extraction of R.
Radix Preparata

Coded levels
-2 -1 0 +1 42
X, Microwave power (W) 40 60 80 100 120
X, Extraction time (min) 1 3 5 7 9

X, Independent variable

i

o] AR o] Bg o] &g U4t &g F&
27 #HA31E 98l Wk AR5 (response surface
methodology, RSM)—C’— Abgaton duiAdel 4
A5 vigow = “ﬂ’ﬂﬁlﬁi( entral composite design)
S AAEAL F, TR BHRT X)E
microwave power(X )9} 7"‘/\]7}(X2)°ﬂ o A
g MAsted sEA(2, -1, 0, 1, 2)Z F3355%
o Table 20| VFERARITE HFF o] 5¢] SYuls
o Y& e FHUT (Y= FEFE (Y), F
=g (Y,), AR (Y,), Hydroxyl radical
2ARAA(Y,), BIAEIEE(Y)E 338 HiEo=
SA et 7tz FARA S AU 3 AHEA o
o) gk FHAzA9 o =& SAS(statistical analysis
system) program-< 191 ©.H(SAS  Institute,
1990), 37134 A=} | o] HulHelAY HAa

Ay
fl

e

122
RUREe
Ol

Gol oflT HH Afole FAEAL ol
AAe Fodch e et 2ok

Y =b, + bX, + bX, + b X" + b XX, +
bZZ>(22

FEE54 RUHHES HH =
S 422] contour mapg ©]-&8le] EA3IH L)

F5+8

7t 27004 fej7l FEES F FEFES F
EE-5105°ColM S A3 A F a2 A &
datlow, Fa22 A *P%% AsFHH=D)
o et MEEEA FETE(%)E HFERISITHKwon

et al., 2003).

MAE 33 Z|HslE 2[5t A= zh #2%9 ¥ vsd SHE ¥% Folin-Denis
Table 1. Proximate composition of R. Radix Preparata (unit : %)
Moisture Crude ash Carbohydrate Crude lipid Crude protein
6.89+0.06" 2.89+0.02 83.52+0.86 1.55+0.76 5.12+0.12

"Means of triplicate+standard deviation.
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Hell wet uA A=FEA Tt (Amerine and Ough,
1980). &, F#2E& 4A 4“6¥ A 2 mL
9 Folin-Ciocalteu A%} 2mLE
10% Na,C0, 2mLE o] X %6} 1/\17& 2]-2-9
WA sled 700 nmollA FHEE

gallic acidg ©]-83l 24§ £
Hsy seE S sl

o B X

HAS0{EE

7} FZE0 HArgdF4 (electron donating ability,
EDA) A& o,0-diphenyl-B-picrylhydrzyl (DPPH)
2 ARgSE Wylow =AY (Blois, 1958). =,

et HAYF 2 FE2E 02mLY 4x10* M
DPPH& 08mLE 7}sted 10 27F E3F8kL 10
B2 A F 525 nmellA SBEE SA S iz
T-9F vl on vt 7ho] Al4keRgitt

EDA (%) = (I-AN& #7P 2=/ EY &
F2)X100

Hydroxyl radical 2~7{EH
Hydroxyl radical £A84S  2-deoxyribose
oxidation] ¢ 2 ZA At} (Chung er al, 1997).
0.1 mM FeSO,/0.1 mM EDTA -2 Na 200pul, 10
mM 2-deoxyribose 200 pl, 10 mM H,0, 200 ul=
ey, HFEFC 2ml7t HEE 01 M
phosphate buffer (pH 7.4)& 7I313t}. 0-timed] 73
G 0°CollA, 27~ AR AT 37°CA 4
AlZF WES- A1Z1 3 2.8% TCA (trichloroacetatic
acid) 1 mLE 7}t WH3-& FEA7IA 1% TBA
(thiobabituric acid)/50 mM NaOH 1 mLE 7}3]
100°CellA] 1087F 7Hd el 39827 5 532 nmol)
A F35E 439 Y. Hydroxyl radical 227 &
4L vha# 2ol ALt
Hydroxy radical scavenging activity =
Sample O.D - 0 time O.D

1-
( Control O.D - 0 time O.D

)y X100

s{Cizts} 2

AR JelA sl 2850 9LE s
o-glucosidase(1.34 units/mL)S ©]&-&te] 73}
A dAstgden 71284 5mM para-nitro-
phenyl-o-D-glucopyranoside & AM&-3}HTh § 4
100 pIgk ZH7te] &% 20ulE 96-well plated]]
T3 F 405 oA FEEE ST v 712 E
A 100uE F7t 3 F 158 HESAIZL T 405
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Y FEEHE FRo WM HF FE2F2H ¥
= AAsah w3 d=3F HedA ol 24
e HAXzAST d=38a, 2+ 3T 93]
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2 A45E 9 B

B Ao &

2 é

vl g A3 FEE FE25E, F A I,
AAFd 24, hydroxyl radical 2784, E37}s
24e] 3h& Table 3 YeRISlT) Table 39 A3
o2 SAS Y2 lS Al83ke] B3 Az
Table 49} 50 JeER%IoH 248 & = &
, AR 2 hydroxyl radical 2AEA, 9374
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Al YERTE, B8k A UE microwave power
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Table 3. Experimental points of the central composite design and the experimental data of R. Radix Preparata

Exp.No.” Microwave power (X,) Extraction time (X,) Yield (%) Total phenolic (%)

EDA®(%) HRSAY(%) HE®(%)

1 100(+1) 7+1)
2 100(+1) 3(-1)
3 60( -1) 7(+1)
4 60( -1) 3(-1)
5 80(0) 5(0)
6 80(0) 5(0)
7 120(+2 ) 5(0)
8 40(-2) 5(0)
9 80(0) 9(+2)
10 80(0) 1(-2)

2.16
1.53
3.09
1.65
225
1.89
1.21
2.55
397
1.58

1.07 27.52 73.29 58.44
1.18 29.73 84.44 59.92
0.58 21.89 72.19 51.56
1.08 24.67 76.66 54.20
1.79 33.53 88.88 64.52
1.78 33.72 88.68 64.69
091 26.34 72.90 56.32
0.48 16.34 70.00 47.24
0.54 18.78 72.22 49.90
0.39 10.35 66.90 41.23

Dexperiments were performed in random order
Yelectron donating ability

Yhydroxyl radical scavenging activity
“hypoglycemic effect

Yield (%)

Fig. 1. Effects of extraction conditions on total yield (%).

3 2tk

A X730l 5% olule] E& fode
el F&A7ke] dFE mAT 3
itk Table 51419} 72o), Wk E-4]
29 A% AL 420%2
& 63.92 W 8.66%-0] Ut}

0] & Tl= 2] 0jxl= e

F AsdFe] FAFE 09149F 5%° FF
oA frejiol AR EHUH dZFE 3]HAS T
7} 7+cK(Table 4).

Aol X, X2 X 5% oldle] fodE B
o3 Utk whEEW HAE e Fig 2004 ¥
Hx= ghaoll et microwave poweret FEA|7H]
G2 w2 microwave powerdlX& FEAIFS] 4
TS wol Wi Jdow -1~+19] T FEA73
~7%)7Z} microwave power(60~100 W)ollA= Z= |

E Tl ddFeR A Jeisten 1 99 i

Total phenolics (%)

Microwave power (W)

Fig. 2. Effects of extraction conditions on total phenolics (%).

s
2481 ”),;z s

Electron donating activity (%)

Microwave power (W)

Fig. 3. Effects of extraction conditions on electron
donating ability (%).

AolM e Fadhs AL Biloh

%, ofF WAL

T2 Z7AdAM = 2 Fgo] Tade AoE e
ok Kim 52002y HolHAl F&£E9] F s
TFFE 50% e SulE FEEME AR Al 90
W2] microwave power’} 74 E-&%ol oW 1~10
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Microwave power (W)

Fig. 4. Effects of extraction conditions on hydroxyl

radical scavenging activity (%).
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Hypoglycemic effect (%)

&5 K
120,00

Microwave power (W)

Fig. 5. Effects of extraction conditions on hypoglycemic

effect (%).
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shako ulE
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bl
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=
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FEZTHO| MXB0{aE0| 0|xl= H&
nfolagdeoln &2 AW FEEo Ax
82 Table 3o YER{A LM oo gt 3

AA 3} RS HEH 4 Table 494 Fig. 39 zhz}
VERITE RS 0941102 5% o] 59
A oMol JIREN oY &9 3AAL a3
ZFCH(Table 4).

Ao, X, X, X% X2 5% o9 £ f9
AL Holi ut wHSHEH TS vEhd Fig 3
ol AApgoizhgol] td microwave power®}t F
EA) 7] A2 75~105 WHS microwave
power®t 4~6.5% W] FEAIAA GEoE
B AxFesS A2 microwave powerst
EANZrol YR HAY ol & A
Zog Arge Aol B et Kim $(2002)
o] AFME HWolwAle] mlojaZolH F& A
90 WellA 7Hg E&F o]y 120 W o]ike] Azl
microwave powerZAlo| M= F HlEg o] 7H4AE)
ATk B F up e ol B dArdne o
A3}, ol ide] AAFARGe g FEEHL F
He FgF3 AR 548 B o AAEY
g o ghlsl Zhgo] WA, e, HEA
3 53 A BAE JSE AAEHLee T,
1995; Kim %, 1981). E3 o3 AAH&
26.6748%2.2 JEEHon ojnf FEZAL 119.63
W, 5.54 #-0]tHTable 5).

Z7%710| hydroxyl radical 27{&A0f| 0|X|=

(=)

02

Hydroxyl radical> AH-Z5E] 332} $hel=]o] A
A=, AUlelA %= hydrogen peroxidest o]
o ¢l3te et Hydroxyl radical- WH7]7}
107 sec® 2] ZtlZd FollA 7P &aL, wkgAo]

24
oz =

Table 4. Estimated coefficients of second order response models for MAE of R. Radix Preparata

Yield (%) Total phenolic (%) EDA (%) HRSA (%) HE (%)

Intercept +0.2956 -3.8725 -56.7408 -28.0760 -25.9328
X, +0.0261 +0.0969 +1.3432 +19172 +1.3570

X, +0.2334 +0.5804 +12.1513 +14.6097 +11.7621
XX, -0.0001 -0.0006 -0.0077 -0.0102 -0.0079
XX, -0.0050 +0.0024 +0.0035 -0.0417 +0.0072
X, X, +0.0456 -0.0788 -1.1941 -1.1477 -1.1791
R? 0.9816 0.9149 09411 0.8219 0.9408
Pr>F 0.0001 0.0290 0.0143 0.1140 0.0144

Y =b, + b, X, + b,X, + b X' + b, X, X, + b,,X,?
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Table 5. Predicted levels of extraction conditions for the
maximum responses of total yield, total phenolics,
electron donating ability and hydroxyl radical scavenging
activity of R.Radix Preparata by the ridge analysis

X X,
Y, (powelr/W ) (Timejmin) Max. Morphology
Total yield 63.92 8.66 4.1977 Saddle point
Total phenolics  117.32 643 0.9444 Max.
EDA" 119.63 554 266748 Max.
HRSA? 113.06 274 755920 Max.
HE” 119.29 574  57.0500 Max.

Table 6. The optimum range of microwave-assisted extrac-
tion conditions for response variables by superimposing
of contour maps for R.Radix Preparata

Extraction conditions Optimum ranges Optimum condition
Microwave power (W) 7494 84
Extraction time (min) 4.66.3 5.5

Table 7. Predicted and experimental values of response
variables for R.Radix Preparata at a given condition
within the range of optimum microwave-assisted extrac-
tion conditions

Y electron donating ability
? hydroxyl radical scavenging activity
* hypoglycemic effect

Aanz QA ) sk 7 Fas 9Eg it}
(Ng 5, 2000). Fenton ¥F-g-f 2]3l] A4/d% hydroxyl
radical®] 27&/]-& 2-deoxyribose oxidation &=
5748 A3 Table 3o YeERHAS™ 66.90~88.88
2 2 #olE K%t E3F Microwave powers) 3
ZA|7+o] hydroxyl radical 2AEAIS) viX= Fg
S 7] 98 Fig 40 whEEW F4E& e
£ hydroxyl radical &~2AEA] A% Al
oA eo FEEX L,], .[T}\].al- EAS Ho|HA A%
3] fAE W92 Vel R%E 0.82190]3 ProsF
= 01142 dHoz v JaaAE Jeie
W oZ 3AYLS o3 ZTi(Table 4).

AoM, X, X% X2 5% ol fo4e e}
Yoz ok wkEEEEAS B8 &R A%
AL 755920%2 dEHReH ol FEz
718 113.06 We 2.74%-01 2 t}(Table 5).

HAd7fst @] Agolx= dxpged2hg, hydroxyl

:3? ‘/}E}”’b 1, ol ¥A
o z7 2 ¥g7st Ao
@A UER e Fig. 5 @% }a} ] gk FEx
A9l TS AHEY e}, AL
hydroxyl radicak® % A W3- E‘ﬁ AL
BRI g € 4 Atk Ahn 5(1999)¢] =L
ARG} A5 A vlud] gk A7+A
63.69%, 56.58%% “AFo] AXFHT} T &
F7rst @42 velditty Bws up Qo E4
Hol9l, wheklel] st AxzE W okt ¢ Al
Fof thgh AEA Fgo] AS BAS vt Ut
T M Befom ARgH 2 =
gro] it Fodh= o-glucosidase?] T

o,

Kl

li

Response variables  Predicted values Experimental values

Total yield 423 4.90
Total phenolics 1.52 1.60
EDA" 26.74 25.56
HRSA? 76.80 77.67
HE” 57.12 59.81

Yelectron donating ability
Phydroxyl radical scavenging activity
Yhypoglycemic effect

AAZES 7S g 4= AT} Table 4014
o} 7ro], R*E= 094082 5% FFolA fo)Ado] ¢l
AFg o Pro>FE 001448 Jehton o 2%
34 g3 72

24, X, X, X2 X 5% olUlY f948&
e Sl WESEHEAN S 58 95" A4
gto] AL 57.0500%2 A=EUoH ojwe]
2278 11929 Wl 5745013 TtH(Table 5).

X

ojo|3=Y0l2 FEBN Axs}
slolZm ol nE ol g3 S SAge] &

it

8 8

Microwave power (w)
<|
«

Extraction time (min)

Fig. 6. Superimposing contour map of optimized condi-
tions for yield, total phenolics, electron donating activity
(EDA), hydroxyl radical scavenging activity(HRSA),
hypoglycemic effect(HE) of R. Radix Preparata as func-
tions of ethamol concentration, microwave power and
extraction time by microwave-assisted extraction.

(a): yield, (b): total phenolics, (c): electron donating activity, (d):
hydroxyl radical scavenging activity, (¢): hypoglycemic effect
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27 HAZE 8 FEEY B4 FETE(Y),
Z A=Y, ARFAZE(Y,), Hydroxyl radical
2AZAI(Y,), @‘:"7*3}%”(&)94 contour map<
superimposingste] 24 F& 27 %‘%g— o et
t}. Fig. 63 o] ukg-ywoe] FEd FhEo ¥
= microwave power 74~94 W, —’F%/\VJ 4.6~6.3
22 YEPLOH(Table 6) ©|5S Z+ 3740 tj
ated 7ok A SZhE Table 73 o] AN A
A

2 o H{e

FEAYS AHANGlY 11 2250 BEAL =4
sto] B A3}, Table 77 o] UA| FEL dZH
DEF FAR 2Foe maEoh

U A% FEAEE a8Xor F3Y
EE A Yol

4
F e 24% L EC BT S ER

A 731201] w2} microwave power(X,),

Xye FHHFX)R stz FEE B &, FF
28(Y)), & HSEHY,), AAFEAZE(Y,), Hydroxyl
radical 22AE3(Y,), BQAHEY(YHS STEHHS
E glo] &8 AT 2 A3 RE 08219~
0981622 YEPGow FHLE2 FEAl0] Z
7}Y&E, microwave power’} TATFE 7}6}
o} A4 282 hydroxyl radical 2A84d7 &
B7s B2 9F 70~100 W2l microwave powerz}
oF 4~6.519] FEAIZHe] WM AdHem =

><

A EREeR ol WA 5o ZAdME 94
S Aaske 202 Uuith o)F 2% 54
£ EF UEAIE A F&227L microwave
power 84 W, FZA|7F 55802 UElGon o=
A A% 2329 Yelo] Polx AP Ak, 7}
Fasge) dagm AAkel SARM JEst,
2ol 2
B © 20049 % A EAIT Aol oJaiA
-’T—ﬁﬂﬂ‘ii—o—“%, ojo 7R} =gyt
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