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Abstract

Microwave-assisted process(MAP) was applied to extract antioxidant-related components from Thyrus quingue-
costatus var. japonica Hara. Microwave power(2,450 MHz, 0~160 W) and extraction time(1~5 min) were used
as independent variables(X,) for central composite design to yield 10 different extraction conditions. Response surface
methodology was applied to predict optimum extraction conditions for dependent variables of extracts, such as
total yield, total phenolics, flavonoid, and electron donation ability depending on different powers and extraction
times of MAP. Determination coefﬁcienls(Rz) of regression equations for dependent variables were higher than
0.93 excluding that of total phenolics, and microwave power was predicted more influential than extraction time
in MAP (p<0.05). The optimal extraction time for each dependent variable was ranged from 3.36 to 4.97 min,
but microwave power showed wide ranges depending on variables. The superimposed contour maps for maximized
dependent variables illustrated extraction conditions of 64 to 100 W in microwave power and 2.9 to 4.0 min in
extraction time.
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Table 1. Experimental data on total yield, total phenolics,
flavonoid, and electron donating ability(EDA) of Thymus
quingue- costatus extracted by microwave-assisted process(MAP)
based on central composite design for response surface analysis

Experment Microwave Extraction  Total yield  Total phenobes  Flavonoid

EDA (%)

umber power (W) time (min) (%, db) (%, db)  (mg%, db)

1 120 4 25.20 168 1365 82.69
2 120 2 2094 184 197 8590
3 40 4 1983 1.96 673 8776
4 40 2 1582 204 3.02 9062
5 80 3 2263 228 1042 85.12
6 80 3 2101 255 1006 86.79
7 160 3 2517 138 12.94 8097
8 0 3 1453 1.46 416 8601
9 80 5 2593 204 1139 8282
10 80 1 16.09 188 521 88 08

The number of expenmental conditions by central composite design
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Fig. 1. Contour map (top) and response surface (bottom) for the
effect of extraction conditions on total extract yields from Thymus
quinquecostatus by MAP.

Table 2. The second order equation for total yield, total phenolics, flavonoid, and electron donation ability(EDA) of Thymus quinquecostatus

extracted by MAP under different powers and extraction times

Responses Second order equations R Significance
T(‘Z},‘f‘ dy]‘f%d Y, = 6361964 + 0105911X; + 3 128810X; - 0000278K.X; + 0.001563X:X, - 0154107%,X, 09821 00014
TO‘él%Phg’L";‘cs Y, = 0424524 + 0023810, + 0655238%; - 0.000148X,X; - 0000500X:X,; - 0101420X:%, 08597 0.0743
Flavonids Y, = 2670357 + 0055982X; + 3.098929%, - 0000198X.X; + 0012313X:X, - 0378571K:%, 09318 00190
(mg%,db) 3T - 1 8 2 - 141 241 = W 2432 8
EDA Y, = 88741488 + 0037720, + 0.205714X; - 0.000453X,X; - 0002188X/X; - 0235536X,X, 08594 0.0747
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Fig. 2. Contour map (top) and response surface (bottom) for the
effect of extraction conditions on total phenolics from Thymus
quinquecostatus by MAP.
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Table 3. Predicted levels of extraction conditions for the
maximum responses of total yield, total phenolics, flavonoid, and
electron donating ability(EDA) of Thymus quinquecostatus by the
ridge analysis

2 X] Xz

Y. R® Prob>F (power/W) (ume/mm) Max  Morphology
Total yield

@ dp) 0920 00014 13 453 2743 max
Total

phenolics 08597 00743 6659 497 193 max
(%, db)
Flavonoids 9306 00190 14269 424 1508 max
(mg%, db)

EDA ™ o504 00747 4488 120 8930  max
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Fig. 3. Contour map (top) and response surface (bottom) for the
effect of extraction conditions on flavonoid contents from Thymus
quinquecostatus by MAP.

3 A 2o R= 0931824 5% o)
AF = ATHTable 2). o] wf o) Z= 4
Hge 1508 mgholen, &
power 142.69 W, Z A 7F2 4245 o]
23 25| F Tl o= FEe

7

lo

BN Y
flo

oA el el

AN

o
o

1A

B

€ microwave
THTable 3). A9y
FZ A7t ]3|

e
o

32

microwave power?] G aFS ol Wi Ao 7 YEIRtO
(p<005) (Table 4), power7} 1400}4 0 2 H| WA &3 F2

A7t 487K = ko] Zrlehe Ao et o]

Table. 4. Regression analysis for regression model of total yield,
total phenolics, flavonoid, and electron donating ability(EDA) of
Thymus quinquecostatus

F-ratio

Dependent variables

microwave power (W)  Extraction time (mun)

Total yield 41 98w+ 31 47
Total phenolics 8 14%* 146
Flavonoids 1181%% 6.78**
EDA 523 300

***Sigrficant at 1% level, **Sigmificant at 5% level, *Significant at 10% level
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Fig. 4. Contour map (top) and response surface (bottom) for the
effect of extraction conditions on electron donating ability from
Thymus quinquecostatus by MAP.

2e ABe 3 AEgre 22543 Oa Aolap
microwave power’| 1. FEA|7e] HS AFH=EH, o=
AE 8 FH3 Ao Aol whelZ R} oif=] 9
o] AAFA A BEE ¢ Urin ALRETHI0,11).

160

120

Microwave power (W)
-1
INSNURESTERTRRRRERRIRNRNBURNTANSNRRNTET)

~
o 4
IS
e

Extraction time {min)

Fig. 5. Superimposed contour maps of optimized variables of total
yield, total phenolics, flavonoid, and electron donating ability of
Thymus quinquecostatus as functions of microwave power and
extraction time in MAP.
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