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Prediction of Optimal Microwave-assisted Extraction Conditions
Preserving Valuable Functional Properties of Fluid Cheonggukjang
Obtained from Red Ginseng
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Korea Food Research Institute, Songnam, 463-746, Korea

Abstract

Response surface methodology (RSM) was employed to optimize extraction conditions preserving valuable functional
properties of fluid Cheonggukjang obtained from red ginseng. Based on a central composite design, the study plan was
established using variations in microwave power, ethanol concentration, and extraction time. Regression analysis was
applied to obtain a mathematical model. A maximum electron donating ability (EDA) of 99.09%was obtained under the
specific extraction conditions of microwave power 135.62 W, ratio of solvent to sample content 3.60 g/mL, and an extraction
time of 11.79 min. The maximum inhibitory effect on tyrosinase activity was 10.02%at 119.16 W, 4.02 g/mlL, and 5.57
min. The maximum superoxide dismutase (SOD)-like activity was 63.83% under the extraction conditions of 125.29 W,
4.04 g/mL, and 11.02 min. Based onsuperposition of four-dimensional RSM data obtained to optimize electron donating
ability, nitrite-scavenging ability, inhibitory effect on tyrosinase activity, and SOD-like activity, the optimum ranges of
extraction conditions were found to be a microwave power of 1~85 W, a ratio of solvent to sample content of 1.4~2.8 g/mL,
and an extraction time of 6.5~11 min.
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W7Zh S v 23 Soxhlet =& 5 71&9
BT FE2E80] B2 Fe® HuHa Y9
b B dRME nlojazgol B FEur e AT
2 715 AE Z2Zd L3l nlo|a 2 o|H &2
< AR A 3T FEL, wlejAZ ol ] oA,
FE2AL 59 FE220E HN AP YT FE2 59
ARFAEH 5 7164S S48t vlo]laZdolE &

=z
A= AT RS EEAA o7l L A
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AE ANE Aste] A e B2 dxd 282
&

ol &5}t A RY] & vlo] AR HE o] 43l 1
oA 17874 $E8A2 $%0L o] 7x|(Whatman
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Hk-S- 57 ™ 521 (response
surface methodology, RSM)(10)2- A}-8-3l ) F&F7A4)
ot AEAE-L F4 84 A 8 (central composite design)
(IS ALgatglon, whg- T HEM S 9)8] SAS(statistical
analysis system)(12)2 A}-83l9 T} A& A3 2 Table 134
ol FE2FHAAM Fast ¥R u3EHe AR F, A8
o thek gulH|, mlo] AR ol B 99, & &5E -2, -1,
0, 1, 29] 5¥tA| 2 HE 5 3lele] 223 A o) ule} Table
28} o] 167322 HAste FE24E & AAISAT &=
g olE SR el FgE Be THEURY.) S,
&, AAFA 2, ok A e &7, tyrosinase A3l E
7}, ACE A3 &3}, SOD FAIE o2 313 on, o]E2
33) ke 2Agete) o BEaE AN Agsksith

Table 1. Level in extraction conditions of fluid Cheonggukjang
with red ginseng based on central composite design

. " Level
Extraction conditions
2 - 0 1 2
Microwave power (watt) 30 60 90 120 150

Ratio of solvent to sample content (g/mL) 05 15 25 35 45
Extraction time (min) 1 5 9 13 17

Z2Z27 9 475

A

Table 2. Central composite design for optimization of extraction
conditions of fluid Cheonggukjang with red ginseng

Ratio of solvent to

Eﬁmﬁg ﬁiﬁgﬁ&’f sample content  Extraction time (m)
(gmL)
1 60(-1) L5(-1) 5(-1)
2 60(-1) L.5(-1) 13( 1)
3 60(-1) 3.5(1) 5¢1)
4 60(-1) 3.5(1) 13( Y
5 120 1) 1.5(-1) 5(-1)
6 1200 1) L5(-1) 13( 1)
7 120 1) 3.5(1) 5¢-1)
8 120 1) 3.5(1) 13( 1)
9 90( 0) 2500) 9( 0)
10 90( 0) 2.5(0) 9( 0)
11 30(-2) 2.5(0) 9( 0)
12 150( 2) 2.5(0) 9( 0)
13 90( 0) 0.5(-2) 9( 0)
14 90( 0) 45(2) 9 0)
15 9%0( 0) 250 1(-2)
16 90( 0) 2.5(0) 17( 2)

“The number of experimental conditions by central composite design,
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74 &%) (Rotavapor R-123,
Buchi, Tokyo, Japan)2 7}¢} 533 & A% Q E(Forced
convection oven, Jeico Tech, Korea)2 ©]- &3} 105TC A<t
HEAZHA)NE 8ot o] B AR A2 T
FZd ZA A3 98 dEF Ui 1P E F8(%)

= Yehggich

X FoEEe £H

FZE-9] A2 -2(electron donating abilities, EDA)
< Kang 52| "WP(14< Asle] 4] A= FE2E
tf 3} DPPH(q,0-diphenyl-picrylhydrazyl)©] H2}go] E322
2 Nzl BREE FAAG. 2, F2E 02 mLd
4x10* M DPPH£9(99.9% EtOHol| £-3) 0.8 mL& 7}
%, 0.1 M sodium phosphate bufferpH 6.5) 2 mLS 283},
1831 99% ethanol 2 mL& 7}l &l B 7} smL7}
HEE ik o] vhgAS <oF 1023 FFetn 2
308 x| & 3357 (UV/VIS spectrometer, Jasco,
Japan)E AHg-3l] 525 nmol| o FF=E S At
FTAEHE FE2EY HVL A - FY Ao)E BEEE e

At

EDA(%) =(1—3)x100
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M AARZ o £H
ojz 1_°,§ AA &} (nitrite-scavenging effect)+= Gray <}
Dugang} (1522 S33Ath &, | mM obEAE
2 gol 0] mLOﬂ 27ke] 2288 02 mLe 7}k o7]ol
0.1 N 44HpH 1.2)& 0.7 mL 7}sto] ¥hg-gole] Ru &
1 mLZ 3tk o] F 37CAlA 1AIZE B vh-gA1Z] o
o714 2% Z%4F 5 mL, Griess A]9Hacetic acidol] 1%
sulfanilic acid®} 1% naphthylamine-2- 1:1 ¥ &% £33+ A
o2 AR Aol A2) 04 mLE Zfsle] F EFAA 158
bAoA BRI F £33 F5A] (UV/VIS spectrometer,
Jasco, Japan)& AF&-3led 520 nmol| A SHE=E =733t
BT LANRRE Felgeh 220 HETFE Griess

(=S BN v G BE=]

Alek Al 254 04 mLE: 7lsle] Avtel BUEHA) 8sls]
E]’. 0].7(1)&]—03 /‘\7—]3_.4 Z":%OJTJ ;(47]_ ;ﬂ_—g_/] o}_;é]‘;d_%; ]ﬂ’]%
%(%)i _u_7] 0]'}}\111-'

M%) =(1~~A=C a0

N opEA] 2%
A: 1 mM NaNO, -9l AJBF H7Iste] 1A HHEA
7 Fo FHx=
B : 1 mM NaNO; 8¢l A|2tidl SF4E st
142k RESAIZL o] e
C: Az 28 A9 F4=

Tyrosinase Malgs 53

Tyrosinase 3} &3} 572 Wong 52l *(16)°] w2t
271319 o™ tyrosinase & 4222 mushroom tyrosinase
(Sigma, T3824, 110 units/mL)< 50 mM sodium phosphate
buffer(pH 7.0))] -§3jste] AH&atict. B4 F42
10 mM catechol 8% 2.8 mLo] tyrosinase &84 0.2 mL,
FZd 0.1mLE 7}3t £33 F=A(UV/VIS spectrometer,
Jasco, Japan)E A}-8-519] 420 nmol| A FFE WstE 27
34T} Tyrosinaseol] Th3F A4 As &3 SYAIRE
g ste 2] FREY sl S45te] v A
o]z Atetaith

Inhibitory effect (%)={1-(A-B/C)}x100
A Bad A7 BT Wiz

B : 849 th4l buffer A7lte] &3 = W3t
C: 35 U1l F7F 7Y 3= A3k

&3] 2144 #535. (2007)

Superoxide dismutase(SOD) FAIEM &3

SOD §-AEA 9] 2% -2 Marklund$} Marklund®] 24 &
M9 Kim Sl PHUANE o) 831 ANad Z, 2
2288 7Y w33 T tis-HC buffer(50 mM tris
[hydroxymethylJamino-methane+10 mM EDTA, pH 8.5)&
o] &3l pH 852 ZHHE A5 THEUTE ZF A8 02
mLeo] pH 8.5% XHA3I ris-HCl buffer(50 mM tris
[hydroxymethyl]amino-methane+10 mM EDTA) 3 mL$} 7.2
mM pyrogallol 0.2 mLE 7}8}2 25Tl A 1087t ¥Hx] gk
% I NHCl ImLZ §H&-& AAAIZ & £3J=AUV/
VIS spectrometer, Jasco, Japan)Z ©]-&-3}a] 420 nmel] A 2]
FREE 75 AR A7 R0 FHE Al

2 upge dehigd
SOD #AFEA (%) = (1— ~45)x100
ANTY FRE

A = 7
B: #%% 2779 &
, A, BE HE7 §%

1

219 FE2E9] FHH F2327 A= 7§, JATY
5, SOD FrAFEAd ol v gt 98- 8- superimposing 315
S SEEe FEo] HYolAM oS3t 3 A5
A Lloll A <loje] A& At 3712 dl thslsted AHA gk
< IS8t

153 A1 gol| o3 2224 Z 1= Table 3¢ e}
14101411 Aol i3t B EHA 3)H 2] Table 40 e}
Wolck Fgol g 3A 42 R 0.89140] 11 5% o2l
FelgFEolM felde] AFHUS. dFd F3H2 43
o FHAENE HAISY B Ad, &9 HU@e
81.93%0°] 1L, o] wj QolWFEL] ke A g tﬂzs} ]
2Z4o] B 39 131.10 W, Suju] 2.93 g/mL = 3=ZA| 7}
14.57 Eo]Q)t} (Table 5). $>&of W)gt vle-gw L Fg 137}

l

2ol Hehisich, £l i FE20el FGE 24
Rl 71 2 4% w3 dglon, FEol Ui 3G
E @ol W A0E Uehtout ARol BE §ofuls

 FFol A

ALzl s vlgt 3749 R%= 090792 5% o]uid]
A Frelgol g E e, J&d e °**o”d9~i
=X B B Ay Fg XTS5 99.09% 2
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Table 3. Experimental data on total yield, electron denating
ability, nitrite scavenging ability, Inhibitory effect of tyrosinase
activity and SOD activity of fluid Cheonggukjang with red
ginseng extracted by MAP under conditions based on central
composite design for response surface analysis

ability (%) ability(%) activity(%)
1 1667+1.67  4356:1.88 42104495 3444106  39.89+1.24
2 2044:096  5024#053 61814779 134621  40.97+2.14
3 11676041 4849£106  60.991697  546:1448  39.084373
4 2000:124 60261264 67861288 2034210 39954538
5 2L114255 41914060 57424437 4684565  39.354371
6 6278+192 71211278 63874227 1044386 55234796
7 43331289 83691015 53981063  750:157 51484229
8 75951041 83400112 71294304  498:543  60.20£352
9 2400000 59861230 68961429  596:148  39.08:4.15
10 18.67:058  5418:2.60  6676:0.63 5434324 39.3544.50
11 2067+0.58  56.17+2.16 67384690 2124220 24274093
12 43004265 77961692 64.29:145 7324281  47.88+6.29
13 45001000 381214067 47.25:1340 291+439  38.54z08!
14 3LU096  8389+077  67.72:086 9211182 56404243
15 12006000 46604315 5383087  7%4:1.00  36.12¢1.62
16 59331289 83551108  7876£227  135tL17T  4052:286

"The number of experimental condition by central composite design.
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Fig. 1. Response surface for yield in fluid Cheonggukjang with red
ginseng extract at constant values (yield: 20-40-60%) as a function
of microwave power, ratio of solvent to sample content and
extraction time.

AEHILh o] ABUE F2Y F UE £AE AR
3t vlolaZ o)X 18] 13562 W, -§ui¥] 3.60 g/mL
2 FZA17F 1179 -0 F Table 59} #o| Yelston, #x}
Folol & HSERL Fig 20 Vehhch 2ol
S U #2279 G ARd B gopulol 71
27 9%E B3 Qe Aow Jeth

Fig. 2. Response surface for electron donating ability in fluid
Cheongguljang with red ginseng extract at constant values
(EDA:50-70-90%) as a function of microwave power, ratio of
solvent to sample content and extraction time.

F220 BE o &A% pH 1294 A3
9o, 1 AFE Table 3% Zo] YTt obd it
2% MF F2E A9 R*= 0.85680] 1, 10%
olfe] ol ol AFHIUTE ol SE
BAEE FAE BH% B A3, Ayighe] 18.02%2
dEH AT o] dAZFE FEY & e 2HL A8
gt wlo] 22 o] H ¢ 74.00 W, Lofiy] 3.17 g/mL 2
ZZA)7F 1622 -0 2 Table 59} 7o) Uehdom, o}AAt
A &A% g - EHEL Fig 3o VeI oAt
g A% U FE2AY Fge 2470 7 2A
FeS W1 Y= AoE Vet

Fig. 3. Response surface for nitrite-scavenging ability (pH1.2) in
fluid Cheonggukjang with red ginseng extract at constant values
(NO: 50-60-70%) as a function of microwave power, ratio of solvent
to sample content and extraction time,

Tyrosinase 8] E3}ol] tht 374 2] R*= 088722 5%
ole] frefFFllA Fe/de] AFHAG: «lSE B
& Ao FARNE AN B A Hgge
10.02% 2 JtERRT) o|mje] &270& Table 5949} 2
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Table 4. Polynomial equations calculated by RSM program for extraction conditions of fluid Cheonggukjang with red ginseng

Response Second order polynomial equations” R Significance
Vield Yy =115.486094-1.1884428X1-36.219062X2-4.993438X3+0.002917X1‘+0.207625X1Xg\ 05914 00255
+4,180000X" +0.055406X1X3-0.421562X2X3+0.223906X32

lectron dorating abily Yepa =54.138359—0.74700(§X1+0.5]1875Xz+0.461094X3+0.002790X1 +§).140083X1X3 09079 00163
+0.996250X;+0.017875X,X5-0.934375X,X3+0.125859X;

Nitrite- Yio = -6.683828+0.356062X,+25.751875X,+2.424844X3-0.000535X,-0.087333X X, 08568 00532

scavenging ability -2.593750X,™-0.002937X X;-0.061875X,X5-0.024453X” ' ’

Tyrosinase inhibon Yry =2.111719+0.04649QX1—0.536563X2-0,017812X3-O.000271X1 +%016875X1X3 08872 00283
+0.091250X,™-0.000656X, X3-0.006563X:X3-0.01 6406 X

SOD Jke activity Ysop =47.854453—0.0575522X1-12.1578l3Xg-0.743594X3-0.000872X1'+§).078875X1Xz 08589 00511
+2.063750X,"+0.023594 X1 X3-0.230312X,X5-0.013984X;

"X, : Microwave power (watt), X, : ratio of solvent to sample content (g/fmL), X3 : extraction time (min).

o] A|Zol] Wt ulolZZgolB B9 119.16 W, Sujn] B PIAA Kdhs Ae2 IRIFHAT. AAA] =
ol gt A2 Lee S(18)0] A= A F

402 gmlL 2 FEA)7F 557 & 0|t} Tyrosinase A8)| &3} ©
o gk vh-&EH S Fig. 49 JeRAJTE E£3 F22210
0ot Jake 22A)7ko) /1A T GBS w9l Ao O 2 HE fibrin &3 At Eelsta HE A=Y e

2 Uehd.

S

4 Wl ANHIZo| HH FExA M
FARAAL 3 1677be] FE2 ulg F24
Gg AAISte] ol Az Table HE o] §ofe] WS EH

57 84S S 7 e Rl HE A7 S Lo
Table 4] VEhigivh B4 Wge] U $E2] 4%

2 .
oy lay 5 g
o5 -4 5 = = = =
G CE 7 HH FE2A% FAEAY e 53k Table 59
i : el on, o)5e) 421€l WA ARl g &
! ,,r’f’-'""’l"",""l"l (A & _ 5 = N
A %W H| 9} plo| AR o] H 1}¢] U FE2A|7HE SHHES R 51
i Fig. 1-59) 742t vehisich
@
T
¢ _ooﬁso\*""‘ Table 5. Predicted levels of extraction condition for the maximum
* responses of variables by the ridge analysis in fluid
Fig. 4. Response surface for tyrosinase inhibition in fluid Cheonggukjang with red ginseng
Cheonggukjang with red ginseng extract at constant values (TI: ) Morohol
1-3-5%) as a function of microwave power, ratio of solvent to Responses X" X’ Xy Maximum Olgyoo
sample content and extraction time.
Yield(%) BLIO 293 1457 8193 S]jgi‘rillf
SOD fAHdell et +E=2 349 R':= 08580 Electron donating 135.62 360 1179 99.09 Saddle
A feldel 10% olel felszal QPSR A28 abiiyh @30 PP e
e FH o2 YERY FAEAE AAETE 1 Niite- " %0 317 1622 73,  Sadde
A3} Aghe B383%% Ueiton, ojsl FEze e div® pont
ARl T Flol Lol E w9 12529 W, Suu] 404 e ote 402 syl S
gmL D FEA17F 1102 £4 W2 vepgitiTable 5). SOD Saddle
SOD-like activity(%)  125.29 4.04 11.02 63.83 ot

Aol i BEg- AL Fig. 5o JeEpIeh 5%
ol 3t gk SOD AR vlo]aZglo] B T}h9] o "Microwave power (watt).

9.
=1 O tatio of solvent to sample content (g/ml).
7]—;% = o(:)] _6]:3': %i %lg'tq’ 1—4% E—"_ 7]-;(] }"Zﬂ'% 749/] Sextraction time (min) P b
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Fig. 5. Response surface for SOD-like acivity in fluid
Cheonggukjang with red ginseng extract at constant values (SOD:
50-60-70%) as a function of microwave power, ratio of solvent to
sample content and extraction time.

TRl FE2EY B & 8,
A5, ot s, tyrosinase A3} &3, SOD
FAFEA o] 4k RHE-E WS superimposingdle] F55 =
B0l Mo ® o Z35lo] Fig. 6 2 Table 69 LRIt
g dSE g o e B T FHA el

2 Table 70 YERARATE
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Fig. 6. Superimposed response surface for optimization of EDA
(70%), nitrite-scavenging ability (65%), tyrosinase inhibition (3%)
and SOD-like activity (50%) of extract from fluid Cheonggukjang
with red ginseng.

Table 6. Optimum extraction conditions for response variables
yielding the optimum response by superimposing of the
4-dimensional response surfaces

Range of predicted conditions

Conditions - - -
Fluid Cheonggukjang with red ginseng
Microwave Power (watt) 1-85
Ratio of solvent to sample 1428
content (g/mL) e
Extraction time (min) 6.5-11

ExH MA

A7t B B2 7]
20 FE2E9 £, A
27, tyrosinase A 328, 18] 3 SOD FAEA ol
4219 ¥h-gEH & superimposingdte] H2] FE&2 ¥4
£ 4539 Hg. 69 o7& FEoZ VeIt 4k
A7V A A7 AL AATA T, oFEAE 2AF,
tyrosinase 32, SOD frALEA] o] YA el HHARA,
upo| Az gol B 3k 0~85 W, A5 thgh &ufH] 14~
28 g/mL, 3ZA)7F 65~11 E2.2 Table 6 T} Zro] UERE
o} webr] ook 2 dSAT 9T HAxAS B}
7] et dEd HAERA HY el doy =A%
i3t o)Eek E4& oS3 £ A} Table 73} 7o
ASHAUT A4S A A A=) i dele =
Aoz Agd tg 90 W, &) 2.5 gml, & A3t
952 4T F FAES AV A4 A=A tig g2t
3)AHel st L dFH HAAFLS F& 23.04%,
AAFA S 56.33%, oFAE A% 65.62%, tyrosinase
Q2L 4.96%, SOD SAFEA 41.97%% Vet

S

=] o]
JE FE221S

off

‘3

5

ol

L

olr

o]

9

i
ook
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Table 7. Comparing between predicted and observed values of
response variable for water extracts from fluid Cheonggukjang
at the given condition within the range of optimum condition

Fluid Cheonggukjang with red ginseng

Resporse varible Predicted values  Experimental values
Yield (%) 23.04 24.00
Electron donating ability (%) 56.33 59.86
Nitrite scavenging activity (%) 65.62 68.96
Tyrosinase inhibitory effect (%) 4.9 5.96
SOD activity (%) 4197 39.08

DGiven condition;
Fluid Cheonggukjang with red ginseng: 90W, 2.5g/mL in ratio of solvent to sample
content, 9min in extraction time.

2 ¢

B4 A7k AR 22T A2Y 225
=4 vz 2 GGl H2 22 23S APeA %
2

247} vpol A2 ¢ o] B 5} (30, 60, 90, 120 Z 150 W),
AIZPE(L, 5,9, 13 2 17HE 353 T AP 23S
FRAAL o, &, AATAT, oFEHAE AT,
tyrosinase #8128, SOD A} 84 5<] e84 &
i = AR S FodT 242 A A AT
&) 75 vlolZ 2ol B F9) 0~85 W, A Foll T3t g
H] 1.4~238 g/mL, &7+ 6.5~11%d4 F& e 270]
velsttt. G &2 o HHzE ERlsy] A3t
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& HAZ2 M1 oA Ao 21E tigdsle] olst
gt B S dSalE 2 34 b A A=l
gk lojeo] 2o Algo) ulg 3¢l 90 W, §ufjH] 25
g, +3 A 9L AHR F TS WD AY B
S RESEEE R ER RSP EE L
& 8 23.04%, AAZAS 56.33%, oA AAF
65.62%, tyrosinase A|3ZF-g 4.96%, SOD -HAMEA
4197% 2 @3} ol Sk 1] Kol Al Aol 7t vt
Al ket

i
rok

=
i
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