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Prediction of Optimal Microwave-Assisted Extraction Conditions for
Functional Properties from Fluid Cheonggukjang Extracts

Bo-Mi Lee, Jeong-Ryong Do, and Hyun-Ku Kim'

Korea Food Research Institute, Songnam 463-746, Korea

Abstract

Response surface methodology (RSM) was employed to optimize extraction conditions in order to find the
maximal functional properties of fluid Cheonggukjang. Based on central composite design, a study plan was
established with variations of microwave power, ethanol concentration, and extraction time. Regression
analysis was applied to obtain a mathematical model. The maximum inhibitory of tyrosinase activity was found
as 26.75% at the conditions of 30.56 W microwave power, 240 g/mL of ratio of solvent to sample content
and 10.00 min extraction time, respectively. The maximum superoxide dismutase (SOD)-like activity was
53.23% under the extraction conditions of 108.42 W, 4.38 g/mL and 7.84 min. Based on superimposition of
three dimensional RSM with respect to extraction yield, inhibitory of tyrosinase activity and SOD-like activity
obtained under the various extraction conditions, the optimum ranges of extraction conditions were found to
be microwave power of 55~75 W, ratio of solvent to sample content of 2~5 g/mL and extraction time of

3.5~15 min, respectively.
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Table 1. Levels in extraction conditions of fluid
Cheonggukjang based on central composite design

Table 2. Central composite design for optimization of ex-
traction conditions of fluid Cheonggukjang

Level
-2 -1 0 1 2
Microwave power (watt) 30 60 90 120 150
Ratio of solvent to sample 05 15 25 35 45
content (g/mL)
Extraction time (min) 1 5 9 13 17

Extraction conditions
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surface methodology, RSM)(10)-& AF-&-3ldct. &2 A )
gk A AE-L2 24184 A8 (central composite design)
ADE A-g-slgl o, vh-e T 848 95 SAS(statistical
analysis system(12)& AF8-3tc}h A A 32 Table 13}
o] FE2FA NN F2T HpE wEE A F, AR
Wk &l v, vlo]ma R ol H 99, & 255 -2 -1,
0, 1, 2¢] 5AI 2 R53}35te] FAFAAA ) w2} Table
29k #o] 167-7b2.2 AA 3t FE2AYS AT =
g olE s o) d3gg i FHEHER(Y) F, 5
&, AAFd 2k, ofAl 4kl A sl & 7 tyrosinase 8 &3},
ACE A#f &3}, SOD A2 3tgl o], o] 52 33
g S5t 2 JFzhE FHAEA G A3t

3t

T8 &3
TE(yielde F29¢ A 7t 287 (Rotavapor
R-123, Buchi, Swizerland)® 7Y 553 & Axo B

(Forced convection oven, Jeico Tech, Korea)& ©]£-3}¢]

Experiment Microwave Ratio of solvent to  Extraction

number”  power (W) sample content (g/mL) time (m)
1 60 (-1) 15(-1) 5(-1)
2 60 (-1) 15 (-1) 13(1D
3 60 (-1) 35(1) 5(-1)
4 60 (-1) 35(1) 13(1)
5 120( 1) 15(-1) 5(-1)
6 120 ( 1) 15 (1) 13(1D
7 120 ( 1) 35(1) 5(-1)
8 120 ( 1) 35(1) 13(1)
9 00 25(0) 9(0)
10 90 (0 25(0) 9(0)
11 30 (-2) 25(0) 9(0
12 150 ( 2) 25(0) 9(0)
13 90 (0 0.5 (-2) 9( 0
14 90 ( 0) 45( 2) 9( 0
15 90 (0 25 0) 1(-2)
16 90 ( 0) 25(0) 17( 2)

YThe number of experimental conditions by central composite
design.

105°C A7t Az 13)e A -&35te] &ago] & wi7ix] 2
2% & & 244 47 £ 2] *
FE(%)E e g
HS0iEEe &1

9] AR}-Tof ZL-(electron donating abilities, EDA)
2 Kang 59 W (14& W¥sle Z47ke] A5A FE55
3§ DPPH(q,a-diphenyl-picrylhydrazyl)®] H=}-Fe] &3}
2 72 A5 Y S FAINATL F, F5E 0.2 mLell
4x10™* M DPPH£-9(99.9% EtOHe £-31) 0.8 mL< 7}3k
% (0.1 M sodium phosphate buffer(pH 65) 2 mL& &35}
gt} 2=l 99% ethanol 2 mL2 7}3le] Fo9 Hur}
5 mL7F &% stglcl o] vhgde & 1027 £¥3tn
Ao 308 HFX 3 3 B335 A (UV/VIS spectrometer,
Jasco, Japan)E AH&-38te] 525 nmell A FHEE HA 314
th ARFA LA FEEY HUF A FY Aol E ol
o] MEg= el

o

EDA (%)=(1- %)xloo

A7 4=

B: #&% FAH/NTY §¥4=
OREIME ~HEIZ e EH

ol&l 4k A7) &7 (nitrite-scavenging effect)= Gray %
o w1522 A3k &, 1 mM -4 EE £
0.1 mLol| Z7+e] 552 02 mL2 7182 7)< 01 N
H4HpH 1.2)% 0.7 mL 7}8he] Wh-&-§-99 #9& 1 mLE
slgic). o] & 37°CollA 1A17F B9t HES-AIA] T of7]e
2% ZAF 5 mL, Griess 4] % (acetic acidell 19 sulfanilic acid
9} 1% naphthylamined 1:1 B]€2 £3)& A4 A
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Azstd 04 mLE 713tz & EFAA 1587 A2 A
WRjA17] ¥ EFFEA(UV/VIS spectrometer, Jasco,
Japan)E AH&-3ke] 520 nmell A FHFEE SAste] &}
£ oAt E-g et 18l 2T Gress AleF o
A 74 04 mLE 7Iste] Ab7) e} $dsiA sl ofA
Al 2ASE 359 A7 A5 opAild NEL(%)E

ohelsh o] 71891t}

N (%):(1—“*‘%@)

x 100

N: opdAked ar&

A: 1 mM NaNO; &le] A
7 ¥ F4=

B: 1 mM NaNO; &9 Al W4l $F5E5 A7t
1AZE WeA171 39 =

C AR %8 A4 F3=

28 A7bsel 1A g4

Tyrosinase Mai&nt &8

Tyrosinase #3] &3} A& Wong £9| ¥ (16)o)] u}
g EAslgd o tyrosinase 2FEAN-E mushroom ty-
rosinase(Sigma, T3824, 110 units/mL)< 50 mM sodium
phosphate buffer(pH 7.0)ol] £-&]3}e] Al-&-3t¢lcl 85034
2] 232 10 mM catechol 8- 2.8 mL9)| tyrosinase &E.4
o 02 mL, =Y 01 mLE 7}8tz E3F=A(UV/VIS
spectrometer, Jasco, Japan)3 AFE-3}e] 420 nmoll A 4=
H3E 2335190t} Tyrosinaseo] g 54384 28] a3
= DHAZD WEE 27 F3Ee wIge 245t o}
=9 Aol o3 A4abstdrt

Inhibitory effect (%)={1—(A—B/C)} X100

A Ba HAybte] T4 #H3g

B: 49 Al buffer A7F79] &4 Wizt

C: &% WAl 75 Ao 345 3yt

Superoxide dismutase(SOD) FAIRIA X

SOD fAHEA 9] A48 Marklund®t Marklund®] s
< HY3 Kim 59 WHADE o) g3to] A A sksin) &,
7 FEEE AY %%f‘f& % tris-HCl buffer(50 mM
trisThydroxymethyllamino-methane+10 mM EDTA, pH
85)% °ol-&3le] pH 853 2A4E A 89L& et 2k A
# 02 mLe| pH 85% A3} tris-HCl buffer(50 mM
trislhydroxymethyllamino-methane+10 mM EDTA) 3
mL$} 7.2 mM pyrogallol 0.2 mLE 7}3+3 25°Coll A 1027}
WAg F 1N HCl 1 mL2 W& AR A F 33457
(UV/ VIS spectrometer, Jasco, Japan)& ©]4-3}¢] 420 nm
A FREE FAs A8 A7 Y § A ke %
= Aol & ofufe} o] WME-E2 el

SOD FAHHA] (96)=(1— —7—) % 100
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Table 3. Total yield, electron donating ability, nitrite scavenging ability, inhibitory effect of tyrosinase activity and SOD
activity of fluid Cheonggukjang extracted by MAP under conditions based on central composite design for response surface

analysis (%)

Experiment . Electron donatin, itrite scavengin Inhibitory effect of L.
nlE)Ielqberl) Total yield ability ¢ N ability gime tyrosinge activity SOD activity

1 1278096 483.69+6.54 47941350 18.34+1.97 34.23+5.38

2 35.00£0.00 60.21+1.52 69.92+2.29 19.84+0.50 33.69+2.80

3 21.43+0.71 73.52+0.65 72.39+0.41 16.80+1.87 39.351£2.43

4 19.76 +0.41 71.78£502 71.02+2.38 1564+1.91 31.54+2.03

5 18.89£2.55 54.08+£5.98 57.55+5.77 14.03+1.39 36.66+0.93

6 65.56+0.96 83.50£053 63.32+1.49 9.95+3.69 11.05+5.72

7 13.57+0.00 58311096 66.76 £5.72 9.72+£0.97 39.80+3.73

8 41.43+124 82.70x£0.31 57.14+0.82 442400 37.671£5.38

9 4267058 78.6614.00 69.51+1.24 9.79x2.97 41351352

10 41.00£9.54 76.361£1.30 6978167 954+3155 4151%1.68

11 21.00+0.00 58.1710.48 71.57x3.78 25.67+0.40 38.54+0.81

12 4433£1.53 83.10+0.93 57.55+894 502+1.68 31.00£8.26

13 45.0015.00 45.30+1.61 53.851£4328 11.83%+2.07 39.89+1.24

14 27.96+0.64 82.00+3.73 66.62+2.57 821+2.15 52.83+0.93

15 12.67+0.58 46.30+2.26 65.8016.99 355+279 42.05+1.68

16 60.67+1.53 84.24+0.91 53.64+4.37 464+1.12 14.29+1.14

YThe number of experimental condition by central composite design.

Table 4. Polynomial equations calculated by RSM program for extraction conditions of fluid Cheonggukjang

Response Second order polynomial equations” R®  Significance
. Yy = —37.918828 +0.392938X, + 22.893125Xz + 2.713594X3 — 0.002547X,°
Yield —0.095250X1X2— 1.338750X2”+ 0.056229X,; X3 — 1.334375X X5~ 0.080703X5” 09322 0.007
Electron donating Yepa= —34.286250+0.429094X + 41.909687X2+2.922812X3— 0.001910X,° 0.9496 0.0030
ability —0.137375X1 X2 — 3.465000X2” +0.045865X X3 — 0.571562X X3 — 0.191250X ’ ’
Nitrite-scavenging  Yno= — 37.234766 4 0.625354X + 34.485625X, +7.992960X 3 — 0.001413X4* 0.8617 0.0486
ability —0.093833X1 X0 — 2.352500X5” — 0.025479X, X3 — 1.210625X 53X 3 — 0.155078X & ’ '
Tyrosinase Yry=21.45046 — 0.303917X, +0.758750X 3 + 2.673750X 3+ 0.001578X, 0.8730 0.03%9
inhibition ~0.017083X1 X2+ 0.088750X2° — 0.010125X, X5~ 0.121250X X5 — 0.087031X 4 ' '
SOD-like Ysop=44.217500 + 0.176000X; — 17.107500X2 + 2.863438X3 —0.001850X,” 0.8527 0.0572
activity +0.112000X1 X2 +1.232500X2" — 0.020292X, X3+ 0.503750X2X3-0.207188X 5 ’ ’

UX: Microwave power (watt), Xz ratio of solvent to sample content (g/mL), X3 extraction time (min).

Table 5. Predicted levels of extraction condition for the maximum responses of variables by the ridge analysis in fluid

Cheonggukjang (%)
Responses XY X5 X5” Maximum Morphology
Yield 120.44 158 14.83 73.82 Saddle point
Electron donating ability 132.29 2.35 14.64 96.67 Saddle point
Nitrite-scavenging ability 54.23 3.99 6.60 77.36 Saddle point
Tyrosinase inhibition 30.56 2.40 10.00 26.75 Saddle point
SOD-like activity 108.42 4.38 7.84 53.23 Saddle point

YMicrowave power (watt). “Ratio of solvent to sample content (g/mL).
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YExtraction time (min).
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Fig. 1. Response surface for yield in fluid Cheonggukjang
extract at constant values (yield: 30-50-70%) as a function

of microwave power, ratio of solvent to sample content and
extraction time.
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Fig. 2. Response surface for electron donating ability in fluid
Cheonggukjang extract at constant values (EDA: 20-40-
60%) as a function of microwave power, ratio of solvent to
sample content and extraction time.

oISl FrolEelA 5540 4%

¥t oA S AL
2 AHLE TAEAS A B A3 Huyge
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Fig. 3. Response surface for nitrite-scavenging ability
(pH1.2) in fluid Cheonggukjang extract at constant values
(NO: 10-30-50%) as a function of microwave power, ratio
of solvent to sample content and extraction time.

Extraction time (min]
-

Fig. 4. Response surface for tyrosinase inhibition in fluid
Cheonggukjang extract at constant values (TI: 10-15-20%)
as a function of microwave power, ratio of solvent to sample
content and extraction time.
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g 9k E S Fig. 59l Yetigic} 22710 oigh A g
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9ol Hg FdFE A JE AR Jelgrl A7

192 A A3 dagy F v v
A2 wtee] A w g o E S vehdon wastel
2n Lee 52002 A FLAF) 7154 Ao Bl
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Fig. 5. Response surface for SOD-like activity in fluid
Cheonggukjang extract at constant values (SOD: 10-20-
30%) as a function of microwave power, ratio of solvent to
sample content and extiraction time.
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Fig. 6. Superimposed response surface for optimization of
yield (70%), tyrosinase inhibition (15%) and SOD-like ac-
tivity (30%) of extract from fluid Cheonggukjang.

275 AAs] 3t 244 2%
E , AT F, ol At 2%, tyrosinase A 82+
4, 18] 3 SOD fFrAHAd o] i3t 4344 wH-S-E -2 super-
imposing3te] #A F&27 W F o4&l Fig. 6l o] F
+ FEoE ol AT A 8 ty-
rosinase # 3| 2§, SOD frAt&EAd o] UA s M= nho]
A2l 8. 5] 55~T5 W, Al el Hgt $viu] 2~5 g/mlL,
FZ A7t 35~15%0]¢1tH(Table 6).

welr] o9l Z& o EAstd 93 HA 2 AL el
A3t dad AX 2 F9 A 999 24E HiqdF

F- 487

Table 6. Optimum extraction conditions for response varia-

bles yielding the optimum response by superimposing of the

4-dimensional response surfaces

Range of predicted conditions
Fluid Cheonggukjang

Conditions

Microwave power (watt) 55~75

Ratio of solvent to sample 2~5
content (g/mL)

Extraction time {(min) 35~15

Table 7. Comparison 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 Cheonggukjangl)

Response variable Predicted Experimental
values values
Yield 24.99 19.76
Electron donating ahility 75.42 71.78
Nitrite scavenging activity 70.12 71.02
Tyrosinase inhibitory effect 15.69 15.64
SOD activity 36.16 31.54

VGiven condition: 60 W, 3.5 g/mL in ratio of solvent to sample
content, 13 min in extraction time.

o o|3}8td EAS dZ&s]E A3 Table 73 o] AZF <)
oh A Ao gk Ao 2o r AR W g9
60 W, 48] 35 g/mL, $EA 138 24D F A
H=Abol gk 27k 34 el diglsled 42 38 HA

& g 2499%, AATASE 75429%, oA 2A%
70.12%, tyrosinase #3158 1569%, SOD G-AFEHA 36.16%2
el

WAL F2F3E AT F2EY 54 vE ¥
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e
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o
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tlo N

AHgsle] 259 AYRATHE 27 oAz o)1 e

2% F A A S TS o, &, AR
&, oF&4td 275, tyrosinase A & 2H§, SOD #AF 84
o AA &AL 58 5 AHx2AE Aok
g FH B & o] 43t R g A, IASA
2 F§, tyrosinase A 8| 2&, SOD A o] dA)s)=
He 2 vlo]zzdoln ¢ 55~75 W, A&l i3t §viv]
2~5 g/mL, & A7t 35~1582. 2 e} Az
off &8 HH2E 3] 93] 5% A2 HY
el A slejo] 274 tglste] o3k BEAS o Sl
A QA AFA ] A o8] 2A2F A5 3t 79
60 W, §-#i4] 35 g/mL, $EA7 138 A3 F 44
A=A e gt Z7be] 3 A4 ¢l diglsle] AL o &H A
T & 24.99%, AAFAE 75.42%, obHAE LA
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