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Abstract

We determined the optimum ethanelic conditions for extraction of y-oryzanol and other functional components
from rice bran, using response surface methodology (RSM). A central composite design was used to investigate
the effects of the independent variables of solvent ratio (X;), extraction temperature (X), and extraction time (Xa),
on dependent variables including yield (Y1), total phenolic content (Y3), electron-donating activity (Y3), ferulic acid
Jevel (Y4), and y-oryzanol concentration (Ys). Selvent ratio and extraction temperature were the most important
factors in extraction. The maximum yield was at 22.56 mL/g (X1}, 78.19C (Xz), and 522.15 min (X3), at the saddle
point. Total phenolic levels were little affected by solvent mtio or extraction temperatire. The maximum concentration
of extracted total phenolics was 90.78mg GAF/100 g at 21.26 ml/g, 94.65 C, and 567.97 min. A maximum
electron-donating ability of 54.72% was obtained with the parameters 20.20 mL/g, 81.89 C, and 701.87 min, at
the highest point. The maximum level of ferulic acid components was 210.47 mg/100g at 5.22 mL/g, 79.66 T,
and 575.24 min. In addition, the maximum y-oryzanol concentration was 660.39 mg/100g at 5.10 mL/g, 81.83
T, and 587.39 min. The optimum extraction conditions were a solvent ratio of 10.45 mL/g, 80 C extraction
temperafure, and 535 min extraction time. Predicted extraction levels under optimized conditions were in line with
experimental values.
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F 2 ooFe) draA de] A o). AYAT
o W2W y-oryzanol> 5 FHAHE ZA&(5-NAT L
gatst 71508 2 FAFHEO)°] dvta Eus At

T3 &3} v]7ke] F2 phenolic acid®|™ y-oryzanol2]
T3Ql ferulic acid= LDL (low density lipoprotein) AFs}
A (10, ll), radicalsol] 9% Al X4 B312)% ik}
FI} g Bt ope) B = F9) 5 A A
13T 04 2] Aol EuEch

Oyzanol F&A| WA o2 71 Bol AMeste Sulle
hexane©] X5+ o] Ao} BAZQ EioA 9 S
IHE(M 15)3k3 A7] w-gel Zefell= F&-81) = ethanol

9! isopropanol 5 short-chain alcoholF& AHE-3h= 757}
ATK(16,17). Short-chain alcohol #E hexane Eth %2 F4
£ 7FA 3 91oIA nonglyceride B4 -& F&3ted A&H
o] i etFAdol Ethz FeiA Sla(14), PhOSPhatldeSE]r Ll
F3E4do] alcohol S &8y 2 A8t F5H oild]
dutdoz & o Bol /(185 o] alcoholo] y
-oryzanoliiOH o] E&Folgtn Eusx vt 2yt
55 isopropanolS Em2 F&& 3 HiuE oy
ethanol & &l 23t &3 A e A7t 53 4%
ojt},

£ A EHE n7kg Bdez kil it
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u7de] 715480 HA £& 208 EYs] Y
Hldge] AAE vlRo = F4 3 A2 Y (central composite
design)2 AF8-38141(19), WH-3EH 249 % (response surface
methodology, RSM)2 ©|-&& 3IHAEAE &l SAS
(statistical analysis system, Version 9.1) program<- ©]-8-3}%1
th #2339 SHUFmE AR 12 Saiux) et
FE LE(X), FF AKXyl tIg AEEE st
SAA2, -1, 0, 1, 22 F531319 21 Table 17 Zth
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E3F o5 Syusd 9 W THUF(Yn)E 72
FE(Y)), 39 FHY,), ARZAE(Y,), 017 zlﬁ—
A B G EAEQ ferulic acid(Y,), y-oryzanol( V5)E

gt} 247t S| EA S AT AR A 017:11%*
o] AYAe|AY Jaio] oz PR Y Afele B4
A& ot HAARE Faiglch A4 g 2ok

Y= botbiX1+bXo+bsXa+bn X +bai XoXi+bp Xy
+b31X3X 1 +bnXsXo+bysXs’

Table 1. Independent variables and their coded and actual values
used for analysis

Coded level
2 1 0 1 2
X Solvent to sample rafio mlygy 5 10 15 20 25
X Extraction temperature () 60 70 8 90 10
X Extraction time (min) 48 30 600 660 720

Symbol Independent variable

ojZe J|s4E =&

2 AFA G2 el 71T B 35 W Fg
19} Viebd vle} 2] u]7F 10 gol] ethanol 7}3}<] Table
1o Vehd 47t Wi 2 GHEA7]E o) 83l 5%
F 32ToA AF%EEModel 2007GV, H.S.Co., Deagy,
Korea)A| 7l $EES A3t

Rice bran {10 g)

Solvent extraction by ethanol
Extraction (1) Solventto sample ratio (mL/g): 5, 10, 15, 20, 25
(2) Extraction temperature (°C) : 60, 70, 80, 90, 100
(3} Extraction time (min) : 480, 540, 600, 660, 720

Filtering
(Whatman No. 1)

Evaporation

|

Rice bran extraction

Fig. 1. Scheme for extraction process from rice bran.
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Table 2. Experimental points of the central composite design and the experimental data of Rice bran under different conditions based

on central composite design for response surface analysis

. Total L

S N SN O X
1 10(-1} T6(-1 540(-1) 28.7 5228 3879 14491 42742
2 101 - 660(1) 302 5213 4330 11560 38844
3 10(-1) A1) 540(-1) 299 7278 4481 140.18 499.34
4 10(1) 01 660(1) 3.1 62.13 46.42 125.83 4319
5 2001 70(-1 540(-1) 36.3 6343 4499 8113 21892
6 21 T0(-1) 660(1) 344 64.88 411 8339 205.51
7 2001 90(1) 540(-1) 39.0 86.70 51.09 60.26 210
8 2001 9€0(1) 660(1) 389 80.03 5491 81.26 21234
9 15(0) 800) 600(0) 325 7575 49.01 106.63 27131
10 15(0) 80(0) 600(0) 298 711 5L 11327 32061
i1 5(-2) 80(0) 600(0) 17.2 46.19 3485 209.15 653.08
12 2512) 80(0) 600(0) 394 85.75 51.66 65.07 16691
13 15(0) &0(-2) 600(0) 212 55.61 34.16 6257 278.39
14 150) 100@2) 600(0) 15.5 79.88 3420 1121 184,34
15 15(0) 80(0) 480(-2) 3435 67.93 4875 86.56 29472
16 1500) 80(0) 72012 315 66.77 5031 8373 9.9

"X + Solvent to sample radio (mL{g).

?%; : Extraction temperature ().

%y : Extraction time (min).

Folin-Ciocalteu’] 2¥(Sigma-Aldrich Chemical Co., U.S.A) 1 DPPH radical scavenging activity (%) = (1— ﬁgg) x 100

mLE 7}sle] E§sla 3% 3 10% NayCOs 1 mLE Yol
1Rk 1413F Aol #]8le] UV-visible spectrophotometer
(TU-1800 Human Crop. Co., Deagy, Korea) & AF4-81e3 725
mmeA FFEE S ojd) EFEAZ gallic acid
(Sigma-Aldrich Chemical Co,, USA)S S 2 243l
ET AFHE 4T T total phenol TS ALtstiT

A3 s 53

DPPH (q,0-"diphenyl-B-pycrylhydrazyl) &= 3H3k3b5-2 7
Z B4l ARgo ol s Fxlo] galo] 5= of
gl A2 PAEled S5 T 4 Aok, A%
(Electron donating ability, EDA)A3S DPPH 12 mg<
absolute ethanol 100 mLol] €3} 8le] 4x10* M| DPPHEY
& 2% TS ethanol £4-& BlankZ 3o 525 nmol|A
F3E7}F095~0.997}F £ 8 50% ethanol H7Fsted %
Astart. 2 vhE F£E 1 mLo %A% DPPHAY 4

2 T3S 1027 A5 A8 5 AN 108
HFA] 3]t 0] 525 nmol|A] UV-visible spectrophotometer
(TU-1800 Human Crop. Co., Deagu, Korea) 2 S35 =73
g X sample 77} §- A7t SR Aol & HES
(B)E EA8lA AR A& S48 olgjgt Zo] ALt
st

ABS : Absorbance of DPPH solution with sample at 525nm
ABC : Absorbance of DPPH solution without sample at 525nm

Ferulic acid &2 &3

n7 A8 A 28 FEE0] ethanol 100 mLE &£
33+ HPLC(Agilent 1100, Hewlett Packaard, Germany)S
AHg-8ted 4 8ISt Ferulic acid 3% £4& A%
HPLC #4] 2712 column2 Agilent TC-C18 (4.6 mm ID.
x 150 mm L, 5 ym, Agilent Inc,, US.A)E A543 mobile
phase & acetonitrile/dichloromethane/acetic acid(88:6:6) :
methanol/ n-butyl alcohol/ water(90:2:8)=72:257} | =% 3}
o] A}+8-5199 T} Flow rate™ 1 mL/min, injection volume-&
10 L2 8k 325 nmellA] EA8ITh o] W) FFE &<
22 Ferulic acid (Sigma Chemical Co., U.S.A)Z 200
mg/mL stock solutions T+ 5 3]4{sle] 100~400 mg/kg
Azo] W7t {2 s A% F AFNE At AR
29} ferulic acidE AlAHSHATH

y-Oryzanol &2t &3
Oryzanol2 Hu%(16)9] W& o]-&3le] F+ZFH rice
bran oil 0.1 g9 ethanol 5 mL$} ascorbic acid 0.1 g& A 7}3}
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o] 2313 ¥ KOH 0.15 mLE #7314 water bathol A]
80CE 107} ¥ ¥3Ksaponification)A Atk 1 3 WJz}et
- hexane 5 mL$} distilled water 5 mLE H7}8le] £3H81]
t}. o} §& ZolloFe] Asle] WHF F F3o2 £
g d7pA] BAEn elE AEdE HAdtn 32 Als
of hexane 5 mLE A7tete] 9] #H4-& 22k WHE3IGT
FHE 4FYL 32TCAM AF55HF § hexane 3 mLE
7}sta} HPLC ¥412 8k th y-Oryzanol 8 4 93t
HPLC £ 222 column Agilent TC-C18 (4.6 mm
LD. x 150 mm L, 5 ym, Agilent Inc., U.S.A)& AMHE-31H 2L
mobile phase+ methanol/acetonitrile/dichloromethane/acetic
acid=50:44:3:37} S| &5 8t ALE-EFTh Flow rates 1
mI/min, injection volume2 10 pLE 3} 330 nmollA] ¥4
stsith, XE89 FAE y-oryzanol (Wako Pure Chemical
Industrieds, Ltd., Japan) S AH&-519 1 A BA-G A 8fod
AR %9 y-oryzanold A4HSISTH
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394 Table 3¢ Yehon WeEd A3} Fg.
20] JehiQIch vk oz ulazw A g gt
Soju) 7} & E JFE AE JoR velgon, &

Table 3. Polynomial equation calculated by RSM program for
extraction of rice bran.

Responses The second order pofynomial” R? significance
¥, =— 64425000+ 3673750, + 3128125;
. —0.102812.%, - 0.023500.57+0.002760.52.X,
Yied - 0 024500/~ 0 003625., %, + 0001146, 002 0.3913

+0.000123.%7

¥, =— 541347626 + 1.939312X, + 6.360054%,
. H108842LX, — 01076097 +0.019746 X, X,
Total phenolics _ g gpos64x2+ 0.0mssx, ¥, ~ 0003505, %, 09598 0.0021
~0.000652F

¥y = 263320001 + LEH2TLY, + 6.571367.X,
Electron +0.089163.X, ~ 0.065226 X7 + 0.010396 X,.X,
donating ability -0 0387447 + 0.000180.X,.Y; = 0.00037¢ X, X,
~ 0.000037603.X5

09010 00199

¥, == 937000375~ 25536000, +25.328575.X,
~1.060021.X, ~0.271600XT - 0.07125
Ky mome0 09557 00021

Ferulic acid g yaags0xz- 00023300~ 0. 00702 X,
—0.001723X7
¥, =— 537 603125 — 40 234760, +32.200625.X,
+0622625., +1.110350.%7— 0.306350,.%,
g-O0yzanol g 1scess 2+ oomsnenx,x,—oooisenx,y, 09621 0.0013

—0.000306X7

X; : Solvent to sample radic (mL/g).

X; : Extraction temperature (C).

X3 + Extraction time (min).

DY = bty X +byXytbsXtbu X b XoX #bsX: by XaX #byX Xty
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Fig. 2. Response surface for the effects of extraction conditions on
Yield(%).

wfu)e} 35 oIt #EFE FF ATE AR 8
o] 7 Jvehyith & 48] g R3S 0659202
o &8 4L A (saddle poin) &2 Al Bl i &
vfH] 22,56 mLfg, & &% 78.19C, F& A7t 522.15
minolX N 42.03% 2 e

F&=7xH0| Total phenolicsoll o|x|&= &

F% 210 2 FZE9 total phenolicsZ 243+ A3}
o] gt A2 RPHE 095582 e ARAAE Hlw
5% ololA fre)Ado] QAU Fg 39 VeRd WHE
W a2 ZE 59 AlEof] o3 §ofu]7} total phenolis 3
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o 71 4gg Bol FE AR UEHYL FELEE
woR o 2 o gk gt} whg-HH BAld npel d &8
A3 ) Maximum point)°] L H gk 90.78 mg
GAF/100 g2 o &5 ]th oluje] FE221& A8 tg
2] 2126 mlJg, FELE 94.65C, FEAIZF 567.97 min
o]%itH(Table 4).

Total phenolicgmg GAE/100g)

Total phenoliegmeg GAEF100g)

Total phenolicgtmg GAES100g)

Fig. 3. Response surface for the effects of extraction conditions on
total phenclics (mg GAE/100 g).
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t}, A3 5% total phenolicst A 548 B
ol ghakgtatgol HsA 24 3 WA AV S
o] &r}(23). Ferulic acide phenolic aicd 24 phenol ring
2] hydroxyl7]17} &4tel AAE 7tk R aE ATH24).
Nenadis9} Tsimidou(26)2] A4 AetL& Lol Az}
Zol=g AFE A ferulic acide] AAFEA 5L 309%
T}, Table 2¢f) VYERA s} 2o} £ AP e ARFA %
°] 31.20-51.6% % ferulic acid ©]¢]oll ThE Hlsy £452
oJ 3k ol 28 e S B A0 A5 H. 4
A AL A Maximum poin) & F ©] o F&31
Algd] et &vliH] 2020 mLjg, &% 81.89C, %
A1ZF 701.87 min®] AL Al Bof ol S|} &=
o) o ok T

lo
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Electron donating activity(%)

Electron donating activity(%)

Electron donating activity{%)

Fig. 4. Response surface for the effects of extraction conditions on
electron donating activity (%).
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FEZx0| Ferulic acid &&kof| ojx|= Y

Ferulic aicd ol thak R%GHL 095572 1%9] $50)A)
frelde] AU o SE 5]9]2]& Table 39 21
WS- L Fig. 59 Uehir) Fenlic acid 332 A&
of thgh Suju|7} old 45 sl e By, F
Z2E7} o4 E ferulic acid 38k0] F7}eit} 2Has}
At ole 257} goldd utel 2809 FuT) 22
£4& 7HA 9 Frake] fHadle o2 AlsHET 57t
29 A A (saddle point) & 2 o|wjo] FEz
2 A8 dE 2] 522 mlfg, & &% 79.66TC,
2 A7t 57524 mino] 22 3k 21047 mg/100ge]gich

Table 4. Predicted values of optinmm condition for the maximized
and minimized responses to variables by the ridge analysis by
their response surface

Extraction condition

Responses mat
X]l} Xzz) X33) g‘i l:olang Morphology
, 905 9569 57881  19.79min) .
Yied (%) saddle point
25 7819 5215 42.03(ma)
Total phenolis 667 6896 691 M84uin)  Myyinum
(mg GAE100 &) 2126 9465 56797 90.78(max)  Pont
EI(?qu'on donating 1240 6076 58090  31.68(min) Maxnnum
ability (%) 2020 8189 70187 S5472max)  Point
Ferulic acid 1867 917 57616  1161(min)
(mg/100g) 522 966 57524 21047(max)
yroryzandl 2168 9488 59857  129.7%min) Sl
(mg/100g) 510 8183 58739  660.39(max)

Y%, : Solvent to sample radio (mljg).
9%, : Extraction temperatre (°C).
%, + Extraction time {min).

Table 5. Regression analysis for regression mode! of variables in
Extraction condition

F-Ratio

Responses Xn') X22) Xf)
Yied (%) 193" 065" 0.10"
Total phenolics b 298"
(mg GAE/IO0 ¢ 1847 1452 .
Electron donating ability (%) 6.10" 658" 037
Ferulic acid (mg/100g) 975" 729" 153
y-oryzanol (mg/100g) N 097 029

U%; : Solvent to sample radic (ml/g).

%, : Extraction temperature (C).

7%, : Extraction time. (min). )

“Significant at 10% level; ~ Significant at 5% level; " Significant at 1% level.

Table 6. Predicted optimum range and optimum values for Rice
Bran extraction by response surface methodology

Condition Optimum range  Optimum value
Solvent to sample ratio (mLfg) 9.04-11.85 1045
Extraction temperature (C) 79-81 80
Extraction time (min) 530-540 535
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Fig. 5. Response surface for the effects of extraction conditions on
ferulic acid (mg/kg).
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Fig. 6. Response surface for the effects of extraction conditions on
y-oryzanol(mgfkg).
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2 Fg, 6°] YERRIt) Oryzanol T3 ferulic acid} H| s
3 A BAh vhe-AH e xe] mad FEAE
o} AlEe] g AlEo]] tfgh fuf]d 03%“3 Ho] Hgtn
FE22EE g Uth Xu 5(22)9] @A} 2
LM E FEI} BoESE F 51‘: oryzanol
ol Zrketdhe Aotet fAklAen, FE2E7}
81.83THT Fold o] F&qFo] HolAled ol 2=
7} ol wet &80 Fd 2& &4E 7%
oryzanol&Higo] 7+4-3] OF— Aoz Atg 9} Lilitchan 5(25)
£ hexane, ethanol ¥ isopropanol 5 W43t &w|E AME-SF
o] oryzanol& T%Q} Z3} ethanol®] 7-%- 379 mg/100g,
isopropanol®] 73 - 374 mg/100g 22 hexaned Y] £ U}E
SolHc} 35 o] He™ ethanol¥} isopropanol®|
FEYFE v AAE Bk £3 Hu 5169 43
A& isopropanol & &% oryzanol $Hige] 245-293
mg/100g 2.2 E YA ethanolS 0|2 Algeld &
& oryzanol W T 317.30 mg/100g3} B 53 A}
1}gkr} o] ethanol®  short-chain alcohol2 ©}2i%F &ul &
F-24 oilo] phosphatides} B|¥]F3HEHo] & T Bo] &
Fr=l°] isopropanol®} AR 27t U Ao 2 AlgHL
158 B4H e PP (saddle poim)fﬂﬂ{aif’_v% A &
i3t oy 510 mljg, $F2% 8183T, FFAIF 587.39
min?| A i3t 660.39 mg/100gE Ure}‘;kc%.

2y &z oS

u] 732} y-oryzanol®] 3% %%&ﬁ ARE A FE2x
Zol] W2 y-oryzanol g 2 2222 EX9] contour map
< superimposingdte] 2 FE2719] WY E AS3ATh
Hg. 7914 Alg0l tig &rH|Xp2t 35 25X, A&
g SerlX) Sk FEANK), FELEX)S FEAIRT
X»o] 70| e H3lE Yol 47} HAXAL o] T
2o Ve uie} 2o A4 FE2702 1045 mlfg,
80T, 535 min®]] 3 Table 6° LFERAATH

Fig, 7. Superimposing contour map of optimized conditions.

(1): Yield, (2): Total phenolics, (3): Electon donating activity, (4): Ferulic acid (5): y-Oryzanol,



288 S AFATREI A A7 A2 (2010)

2 ¢

+ AFedMe v x84 Yy 849 y
-oryzanolZ} 71 B39 ferulic acidZ ethanolS- |2 A&
Hog &3 Al S EHEAH S o] &3l HA 55
Z0& 433 SATAAYE ) e} 22219 =
HHUTE A8 dig &H|(XY, % E2X), TF Al
KX)o 2 3t oo meh JFg e FHAFE 35
FE(Y)), ZUE T Y, DAFAF(Ys), #1729 A&
3 A=A 229 ferulic acid FH(Y,)? y-oryzanol
(V)& AA8th 5 $82 FE220] A& g3
Sojju] 22.56 mljg (X)), & &% 78.19C (X, 52 A7t
522.15 min (X% ® i3t 2.03% 3 JehiQt EuE
ghake] At 9%0.78 mg GAF/100 go|glom, o]mje] 3
% 271 A 89 d3t &uy] 2126 mljg, FE2E 946
5T, F&A12t 567.97 min®] 31, AAFA 52 A7) o
3 &ofiH] 2020 mljg, &% 81.89°C, & A7t 701.87
min¥ W it 5472%F JERATE 28] 1 ferulic acid
gheke) gk ARl Uigh £0lY] 522 mljg, % 2%
79.66T, 5% A7t 575.24 min2 W 21047 mg/100g°] YL
y-oryzanol EF A5l tigt ufy] 510 mljg, FE2%
81.83C, FE A7 587.39 minoll A R gt 660.39 mg/100g
E Yehiiqit}. 4843 R E FSALEL AT E
Ago] et guju]s} 2220 JYS W) sk 5
3] p)73e] A8 Al 8AE2 ferulic acid®} y-oryzanol
& 2527} 9 80THEL} FolA W F&FaFo] Zashed
1 27t golgdl] we} FE8ule] $d3) e &4
A Ao Algdoh o5 EAE BF U e 34
F2272& A5 Uik $714] 1045 mljg, FE&% 80T,
FZA3F 535 mino 2. ol &= 1t} Ethanol ¥ A] isopropanol
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