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Abstract — Corn stover is known as a good candidate for a functional food ingredient when the main lignocellulosic
material, lignin, is used as bioactive materials as form of polyphenolic compounds. The purpose of this study was to
determine the microwave extraction conditions under which total phenolic compounds (TPC) and flavonoid contents of
corn stover were maximized. Microwave-assisted extracts using sulfuric acid ranging from 0 to 1.0 mol with extraction
time between 40 and 240 sec were conducted by using response surface methodology (RSM). Microwave power showed
significant effects (p<0.05) and the concentrations of TPC and flavonoids increased with increased level of microwave
power and extraction time. The optimum conditions for corn stover extraction were determined as 698.6 W, 240 sec, and
0 mol sulfuric acid, and the predicted value of TPC and flavonoid is 82.4 mg GAE/g DM and 18.1 mg/g DM, respec-
tively. Microwave extraction was evaluated as an economic process with low energy consumption, short extraction and
high extraction yield of bioactive including TPC and flavonoids compared to conventional extractions.
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s AN ke WISkl QAN AHA ] AEH A
E1ASE AE Fatol|lA opr|E & £t YHFE et
2155 F3l kAl 371 ol Aol Al oS a3l
2lo)d gtslA|e] o] B agk Aol

2k} A= tert-butylhydroxytoluene (BHT), tert-butylhydroxyanisol
(BHA) 57 22 T4 alshA|e} EFalE, Suph o] =, ARk,
TAIE, AR, AR eej2ks 53 28 A ksl = o
&= 4 9t} 34 34skAQ) BHTSF BHA 52 93 34tsl 5
ke vhA o ® de| ARE I Qo FEF A Al 2],
7+ 5 microsomal enzyme &3 57k, AUl F4EA ] 5493}
2o oks fure = Q= Zlo R A Qo] AR Al AL )
= e kst =42 A ArlsAl R Fakgo] A
o} ksl sElo] vtal AAldo] Wk whilo] Qlo] 58] Ui
o] A FaksiA| o] A A o 7 Ag-H 1 Qe whebA 719
GArsA ) Pk A F ol giso] $g A FalkstA)
of el tS B LIeE A3 A7) E Q5 Adso|t}5-7].

A Ao HHE 5 Sl AA FAEA R A, g2,
2EER-E 7ER) 9} Hr A 5o ksl 75 7 AL Qe A
Ao} o] A HF e FEE AFE T8 7Fsstths). A
Tk gkl o] A A HFF ) delEnERAES] A5 AH
A of| mE, kel 107 T g2 Mgl A AFHVF HES
Aoz vhepsteh, gk, efuket =Rle) shE et A 1 A
> WHOS] F317R1 400 gl th H-53F 300 gof] =33l 254
F|Hto] opje} 74 o 2 A e o7} glvkal shalvH9). wet
Al S o7 MF sk FAtskA| o]glel 71Eke] HAEd R e &
ksl G315 ol = 9l JAEAIE Bk AAF o7 AAaret
a7t ok S A AAF S E Z5A e Qs 2
2 PR S50 TR Q1R TR A d
Uk 715 Abe 9 ke FUYEE E8EE e T2
Zpdolgka & <= Qlh10]. B3, & ol v 58 S0
o] oflghEe] FUATEA 1 7HX W g8o] B SRk Al
ZER A Ah11]. 22 Q18 S5 wiid B2 <ol Aful
B 31 QIARE, S L] FARERD §575 27, S S T2
S § 5% G8¥A] Kot T2 AlR BB EY] 5] §ER
LAY #7155 W 7HE /A I v H7 EE S
o O S AREE] g A77F I E YA, =M=
Hho] @ ofehE AAL THAE A7) FAEA 0= == S gl
T PP SRS gk AT A2 wu]gk dElo|th[12,13]. v=
USDA?] ¥hfo] w2 20179 % Al S5 AR 1049 &
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7] Foluh A e W a4 g3te] 74 dAle) vl EAE <
& & FAEERY 2y 22 1R 2248 At
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TN E FRAMEQ] S48 YREE a5 7R gkl E4
sl 35 T8
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2-1. A=z R Alef

B Aol ARE S5 i 7 1disha shekgstatelA A
Furo} ARSIt S Ul E 71 8- 3 71(SFM-0505S, J-ONE
Co., Korea)Z 3}&f|5}o] £3) & 60 °C T=glo] QB4 24|17 A
%3 5 50~100 mesholl A 2] & YAA7RES ARSI &
Z)H5(TPC)H S8k 0] &= #-2of] ARE-3 Folin & Ciocalteu’s
phenol reagent, sodium carbonate, gallic acid$} potassium acetate,
aluminum chloride hexahydrate, quercetin<> Sigma (St. Louis, MO,
USA) Abell A -q8to] AHE-8F31 0. W, Sulfuric acidi= 22t Daejung
(98%, CAS No. 7664-93-9, Korea)AF$} Samchun (95.0%, CAS
No.: 7664-93-9, KoreayAloll A 4] 3lo] ARg-5}3iTt.

2-2. =S

Azg S ol 292 A3 AR A7 AollA Raketsict
Ll 28 25k e 8712 pressure vessel (XF100, Anton
Paar, AustriayS AR3-510] 1:152] 119H| 2 wlo] A 23} AFX] Anton
Paar microwave (Multiwave 3000, Anton Paar, Austria)°l|*] &9
(power)T} A7 Zdste] FEBIGITE vlo| A 29} 52 B
X 7F 72 80 ml WHl S FHE7olA A o AlE9) &
S HZE Frol F4ska 4718 Fulste] 7P dEel ==
& XEBITE FEol AFESE E2 2] W= 198~702 W,
39~241 sec?] AIZE 230A FESIGIT E2lvlE 5= 6l
AbgH O 7 FAbS AFGE o A AHgHE AR FEE
0~1.0 mol ©|8lth. % F FEAS vlo|ARFH F7 AR
2] & AF S 3]ste] TPC9F Hebiico] = 24 o ARE-313l

o,

2-3. & EolblE 2K TPC) &M

% Z o) 9= 3L Folin-Denis -2 W& 8lo] 418} TH15).
Sodium molybdate$} sodium tungstate2] &322 Folin-Ciocalteu’s
AlekS HEA] 3kl 3 7FsHA phosphotungstomolydbdic acid
complexE A4 3H=d, o] complex 2] &Ze] A thok
Sk ol shekEel ols) ghuo] AR S-S sk del
off A% T3 ke WiskE FeluHE s S5t 16].
FZ% 0.14 ml°l Folin-Ciocaltew’s 0.2 N A1} 0.7 mIE 37}l 41
24 67 HEEAIZITE ©]F Na,CO; &< 0.56 mIE 7}l =
of A 1A]ZF WE-G-A1A UV/VIS spectrophotometer (Optizen 2120UV,
Mecasys Co., Korea)= 765 nmol|A 53355 S50t F £
HE T2 gallic acidE ETFEZ R 319 0~80 pg/mle] 5% H
oA 2/gsh 2 AFAE o] g8t =BTt

2-4. ECtHLO0|E B 2

ZF ZFR 0= $F aluminium chloride colorimetric method &
- wigdste] A8t 17]. Fehio| Eell $z]E HEEAIA
THE @] WstE FepReols Fke S8 AR
0.5ml°ll 1 M potassium acetate®} 10% aluminum chloride Z}
0.1 mI9} D.W. 2.8 ml, 96% °N&H-& 1.5 mIE H7Fet 7 Aol A
30+3F X RES-A1Z1 & UV/VIS spectrophotometer (Optizen
2120UV, Mecasys Co., Korea)Z 415 nmol|4] SHEE =451

Korean Chem. Eng. Res., Vol. 56, No. 1, February, 2018



68 Rlme} - gty - ol -

ok F ZEtH o) -2 quercetin (QE)S X5 F 5Ho]
12.5~100 pg/m1®] s =R 9l elA 23 s 2 A S o] &8t
gFaalct.

2-5. SAIAME|
wlol| AR5} 35 37 2 3HE $13l Design Expert 8.0 (Stat-
Ease Inc., USA)E AHE-3to] EAI8H H A gh5 Fasiiict. %
o Mg FEE A5 FEEAY HAgE Hol e
=

Aol thgt AAALLS T4 8 7 2 (central composite design,
CCD)= AE-3HATH19]. AEAIF2 Table 19} o] 55 &7l
A FRWFE e nlo] A= 5 F9(40~240 W, X)), T= A7
(40~240 sec, X,)¥ B4 55 (0~1.0 mol, X3)5 ST AZ
w2} -1.68, -1.0, 0, 1.0, 1.682] 5EHAl2 B35 3}s10] 177) Az
oM FES YT o5 FHAUT 23l Y we T
W (Y)E TPCEF SehR ol = ko 7 slo] 3]71it4]e 2 8-af
ATh RESERRA 2 S5 X9} Xell ol S50 Y (TPC,
FehR ol By oot 28 23 374 o2 ERgl o, B
F0] 3L B, By Bis 2171715701t Design Experts ©]-8-517 2}

el gt EFEEAE AFESE] p<0.05 Al 2]
A 273 S W S AAEISIT

o,

4

k k 5 k=l k
Y =Bt > B X+ > BiXi + By XiX;
i=1 i=1 1

i=1j=

3-1. E2H sl E2E 0 =& HEY

FATIAE | 2 177 & 21 E 55 Ul TPCSH &
g o) kS =4S v Table 20 B Hlel o] TPCE=
2.7~48.2 mg GAE/g DM} Z 2} H.1-0] == 0.25~10.0 mg/g DM
HOE F2EE 1T Stk A8 2 5, vlol a2 &
271 600 W, 200 sec?} 0.2 mol 3HiFA 2] 27 ollA TPCSF ZEhi
wo)|=7} 22t Arhgkel 48.2 mg GAE/g DM} 10.0 mg/go] Ak
=St} TPCS} Eefi o= Eafate] Ak BAIE ERlsk] 3l
Z- 1770 A&z A TPCYF Zefi o] =9] 5 5E Hlw
3t TPC T7fell weh Zefiico| & Aite] Fz2ste] F71st
T AFE HYlom S 578 Al 0.924% - AR ded
& Hoj FE2 wkek TPCYt Fekimo] =] & Bdo] ul$-
SAFEHS gl & 5 QIQITHFig. 1). FEx0) e &5
FE 3= TPCS} Zefr ol =o) tlst 24} 37 4S
o 4L 5% (p<0.05) fro] el Al fFelde] 2l
(Table 3). 22} 3] Zt 12} &2 AFE n|asle] 53
7} FEHe) v A8 G VIS o TPCS) E2tH
o|=ef| 9lof mlo| AR} F- ¥} FF A7t Tk whet Ee ¥
i o] Zrlh= Wk Sk B FTlo)] wel Z8j9E FE0)
Fashs 210 & VERTH(Table 3). WAHEAS B8l 2 Fo] f2]
A& v v, nfol A2 9t F8(X))2 FTo] 7P F RoR
VERG I (p<0.01) 5% AlZH(p<0.05)°) THS <A 2 Vet on
A EEE TPC F&¢ n| A& JFo] FoJakA] 2 A2 Z e}

Table 1. Experimetal design of microwave-assited extraction conditions for the production of TPC and flavonoids

Coded and actual level

Variables 168 1 0 1 +1.68
X Power (W) 198 300 450 600 702
X5 Time (sec) 39 80 140 200 241
Xs Sulfuric acid conc. (mol) 0 0.2 0.5 0.8 1.0

Table 2. Experimental data on total polyphenol and flavonoids content of corn stover by central composite design for response surface

Run No X X, X5 TPC (mg GAE/g DM) Flavonoid (mg/g DM)

1 300 80 0.2 3218 3.218
2 600 80 0.2 8.298 3.377
3 300 200 0.2 8.802 2.743
4 600 200 0.2 48.21 10.02
5 300 80 0.8 2.843 0.245
6 600 80 0.8 7.135 0.383
7 300 200 0.8 6.721 0.387
8 600 200 0.8 9.371 1.712
9 198 140 0.5 4.356 0.340
10 702 140 0.5 31411 7.445
11 450 39 0.5 2714 0.269
12 450 241 0.5 7.820 0.494
13 450 140 0 5.015 1.871
14 450 140 7.936 0.356
15 450 140 0.5 5.454 0.296
16 450 140 0.5 3.528 0.292
17 450 140 0.5 3.632 0.312

X,=Temperature; X,=Time; X;=Sulfuric Acid Concentration
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Fig. 1. Correlation between production of TPC and Flavonoids accord-
ing to 17 different experimental conditions.

S CHp>0.1). WA Fehw ol = o] glof npo] Az 3 28
(p<0.01)7} 1t F12(p<0.05)F0] 2] FF HUF2 drg s of vh
o]AZ 3} o] TPCS} Fehi o) E F2of glo] T2 Fojdt
QS 218 5 QUAUTK(Table 4).

Y 4%
b

T2

3 4 MSHSE
S5 U1 o] &3 nfo]a =235} & A TPCSF Zehiico|E 3
Zoll A= 3l SHHGS IS Brsl] A8l nlolags &
XA FF AKX 271 W2 M5 HSAA EHRkE
=02 R ckFig. 2). Pro]AE3; Z¥ 0] 300 W o]3fell A
ks Tl TPCe E8ki o) E 557} ul¢- wokoH
Z97 FF AlRto] Sl ulet TPCS) Eekh o= s 57}
28t F7Veb= S 1ol 700 W 240 sec Z7 o4 TPCS}
1= 49.1 mg GAE/g DM#} 6.08 mg QE/g DM
t}. o]&= TPCS} ZEpH 0] = %o 9lo] uf
|22 3} 0] oF 300~400 W o)/l A FFo] A ZEw &
% 25 7S & 5 ook YRbR o 7w I
ZolA &= F7el uet el gefol 4 A SUTs)
Yo mEstAY gashs A e Rax 1 9tk
£ 54 2% o]idelA ZelvlE dREl 27k A SR
iAo g wel ZevlE v ok SR A duE B
ATl 700 W7HA] ER]HlE L] w48 At fiE AR ol
St A4S JERYITH20-22]. o= rRo| AR} 50| 7|E FE
W g E2 kT a4 SV Bl 83lEE ST
e FE Ao R ARt HastE o] E8 ¥ 5 AR Skl
% Eekal AR S 97t #H A8} =] TPCS} Zehkieol= ik
ol A% oz ST ol de 5= St 23,24].
S o] rlo| 220} FE4 9lo] Y} it
ZEfR o] & Ak mX|= e P TS v 1 EE
sto] Upebilith. 8o W& EevlE S5 H
Aol gl Z 0 R Kol nfo] A& T}t o] Whg A9 Aks
9] Z7to] whet Z¥|E 50t S7kehs v njola ) &
o)

==
fus -
o] E& 9 TPC s It wiol WhlElshs 21s o 5 Stk

po)

i

Table 4. Analysis of variance of the regression parameters of the predicted
response surface quadratic models on total phenol

ANOVA for response surface quadratic model

Sum of Squares F value P value

Model 1868.03 4.76 0.0204
X, 687.95 14.01 0.0057
X, 265.25 5.40 0.0486
X, 104.31 2.12 0.1831
X2 306.74 6.25 0.0370
X7 11.82 0.24 0.6369
XX, 133.59 2.72 0.1377
XX, 176.26 3.59 0.0948
XX, 193.91 3.95 0.0821

X,=Temperature; X,=Time; X;=Sulfuric Acid Concentration
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Fig. 2. (a) Response surface for the effects of microwave power and
extraction time on TPC at fixed level of sulfuric acid con-
centraion of 0.5 mol. (b) Response surface for the effects of
microwave power and extraction time on Flavonoid at fixed
level of sulfuric acid concentraion of 0.5 mol.

(Fig. 3(2)). °1i= 3t w9} mlo] 223} o] &8 v, 3%
S7F &7 oiv] Ee)uE 28l St uket Zejulis o] kel 7t
a3ttt A4 e 4= Qlek. o Age A Sk 51 0.5 mol 7 lA

vpol A R uf 8} AJREe] Sl uhE EulE e dhte 2t

Table 3. Polynomial equations generated by RSM for microwave assisted extraction conditions of corn stover

Response Second order polynomials R? Significance
TPC (mg GAE/g DM) 5.0+7.10X,+4.41X,-2.77X5+4.09X, X,-4.69X, X3-4.96X,X1+4.99x,>+0.99x,> 0.8262 0.0204
Flavonoids (mg/g DM) 0.94+1.53X,+0.59%,-1.41 X5+1.04X,X,-0.75X, X5-0.59%,X5+1.3 1x,2+0.43x;° 0.8377 0.0114
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Fig. 3. (a) Response surface for the effects of microwave power and
sulfuric acid concentration on TPC at fixed level of extraction
time of 140 sec. (b) Response surface for the effects of microwave
power and sulfuric acid concentration on flavonoid at fixed
level of extraction time of 140 sec.
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Flavonoid (mg/g DM)

C: Conc. (mol)

C: Conc. (mol) B: Time (sec)

0.0 " 40

Fig. 4. (a) Response surface for the effects of extraction time and
sulfuric acid concentration on TPC at fixed level of microp-
ower of 450 w. (b) Response surface for the effects of extraction
time and sulfuric acid concentration on flavonoids at fixed
level of micropower of 450 w.

o] Fall7h s Ao BlE o] Fel e tiu] Abe] o)t
FEE TA L=t 3E AERJIE 5 A THFig. 4(b)). 912 &
Wi gEZeld B ulel 2o] TPCel ZehR o] S50 9l
o] FETUE 98l FHTU7F B4y =2 A TRl s
Z8 =9 7 2o g 3/ S A 3E F3)
TPCS} Efr ol & Ak g} 27 £Fo] B3t 515l

3-3. E2ldls AN F&ExA

TPCS} ZhR o] o] tigl 3171 24& EE3te] &7 Ul=HE &
G HAFZE 208 T B8k 2308 3 (superimposing) 3t
o H4 FEZAE AFEQI vlo| ARy 35 21 HA3E
98l TPCS} Zefn o= AAkS FAo) Hdleles 5 A o
g 33kl S wl Fig. 54 Bz nls} 7o) 82.4 mg GAE/g DM
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48t ROl mlo| 27T} FZo] vl gl FEHYS
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Fig. 5. Overlay plot showing optimal analytical design space along
with levels of input variables and responses (TPC and flavo-

noids).
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Fig. 6. Difference in production of TPC and flavonoids levels according
to the extraction methods of Soxhlet and Microwave-assisted
extraction (As a result of confirming the predicted value, it shows
the mean value and standard deviation of the triple repeated
experiments).
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Table 5. Analysis of variance of the regression parameters of the predicted
response surface quadratic models on flavonoids

ANOVA for response surface quadratic model

Sum of Squares F value p value

Model 103.78 4.74 0.0207
X, 31.82 11.62 0.0092
X, 4.71 1.72 0.2263
X, 27.13 9.90 0.0137
X2 24.22 8.84 0.0178
X 2.26 0.82 0.3904
X, X, 8.62 3.15 0.1139
X, X5 4.46 1.63 0.2378
X, X5 2.76 1.01 0.3450

X,=Temperature; X,=Time; X;=Sulfuric Acid Concentration
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