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Abstract

The purpose of this study was to determine the optimum ethanol extraction conditions for maximum extraction of
functional components such as ferulic acid, oryzanol, and tocopherol from black rice bran using Response Surface
Methodology (RSM). A central composite design was applied to investigate the effects of the independent variables
of solvent ratio (X,), extraction temperature (X,) and extraction time (X,) on the dependent variables such as total
phenol components (Y,), total flavonoids compounds (Y,), electron donating ability (Y,), y-oryzanol (Y,), ferulic
acid (Y,) and o-tocopherol components (Y,). ANOVA results showed that coefficients of determination (R-square)
of estimated models for dependent variables ranged from 0.8939 to 0.9470. It was found that solvent ratio and
extraction temperature were the main effective factors in this extraction process. Particularly, the extraction efficiency
of ferulic acid, y-oryzanol and a-tocopherol components were significantly affected by extraction temperature. As a
result, optimum extraction conditions were 20.35 mL/g of solvent ratio, 79.4°C of extraction temperature and 2.88
hr of extraction time. Predicted values at the optimized conditions were acceptable when compared with experimen-

tal values.
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Black rice bran powder 10g + Ethanol 95.5%
1
Preprocessing
(ultrasound-assisted extraction ' 40°C, 20 min)
1
Extraction
condition
solvent ratio (mL/g) : 10, 15, 20, 25, 30
Extraction temperature (C) : 60, 70, 80, 90, 100
Extraction time (hr) : 2, 3, 4.5, 6
1
Filtering (Whatman No. 1)
l
Evaporation
1

TPC, TFC , EDA, Ferulic

Sevoniicati
acidHPLC) apontication

1

HPLC analysis
(Oryzanol & tocopherol)

Fig. 1. Scheme for extraction process from black rice bran.

Table 1. Level of leaching condition of black rice bran in
experimental design.

Leaching condition 20 - 0 1 2
X,  Solvent ratio (mL/g) 10 15 20 25 30
X, Extraction temperature °C) 60 70 80 90 100
X;  Extraction time (hr) 2 3 4 5 6
g oz AHgact
S0l £ 3N AN 25k A3 g
zn) we] A5 Re HH 22 248 S 9
3l WE-S-3EH A 5 (response surface methodology, RSM)S-
ol gstlon duldy el Axs nigoz FATAIA Y

(central composite design)ys HAI3AT. FE2FAH] 5H
HEXn)e AR o2 (X )¢t 5 25(X), 7=
AIZHX el gk AFHE AAste 5 A2, -1, 0, 1,
)2 H33}15199 01 Table 19 YERH vle} 7o), HE5H o]
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F TRk =

steF, HAA3o3%, y-oryzanol 2 ferulic

o O, [e)
acidE 3 3] wHE SA st 7Hzt 3 AR S AAsHT
AR tg HZAH AL SAS(statistical analysis

system, Version 9.1) programs ©|-83te] of| 5315w 3
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Y= bo+b 1 X 1 +b2X2+b3X3+b 11 X 1 2+b2 1 X2X 1 +b22X22+b3 1 XBX 1 +

b32X3X2+b33X32 ( 1 )
FE54) mUHPS A2 oI5 2 T
42 contour mapS ©|-&-3ke] A3

FE=9 7Isd 42 &FF

Total phenolics 373

Total phenol ¥#-2 Folin-Denis'H (Amerine & Ough,
1980)= W st ARG skt =, skl g4
A 1mLel Folin-Ciocalteu*] 2¥(Sigma- Aldrich Chemical
Co., US.A) I mLE 7Iste] T3 38 F 10% Na,CO,
ImLE %o &3k & 1 A7 A2 WX|3te] UV-visible
spectrophotometer(TU-1800 Human Crop. Co., Beijing, China)
& ALgatel 700nmolN FRES SHaASIT, oln) HEE
=2 gallic acid(Sigma-Aldrich Chemical Co., St. Louis,
USA)E TEHE Aste EF AFAE A9 BF

—1 ]—}‘}\1’4—.

Total flavonoids &7
Total flavonoid®] $¥F=FS modified colorimetric "%
(Baker et al., 2009)° °Ja} &4}t 72+ = 70 uL
£ 50% ethanol 430 pLoll 413} 5% Sodium nitrite
50 uLE &3 & Ag2olx 1 A7 &<t AE Y. 2 o
10% AI(NO,), 9H,05 50 uLE 7}ste] A2oA 6 &
E9oF thA] WHAE & of7]e] 1N NaOH 500 pLE ¥
510 nm®|4] UV-visible spectrophotometer(TU-1800, Human
Crop. Co., Beijing, China)& 3%%=2 =43}t o] o
FFA] 22 Rutine(Sigma-Aldrich Chemical Co., St. Louis,
US.A)E o] &3t FFFde s s Feiith

AAZASs $3

DPPH(a., a-'diphenyl-B-pycrylhydrazyl)«=
71 EA o] HApgolsol os) fdEo] &
GAlo] AR s e S SAHY F 9)\5}. AAF A5
(Electron donating ability, EDA)Al&-2 DPPH 12 mg&
absolute ethanol 100 mLoll &3} 4x10* M€ DPPH&
A-g ZAE th2 ethanol £4-& blankZ 3} 525 nmol|
A FEE7E 095-0997F HES 50% ethanols H7kate] 2
Ak 2 o F55 1 mLol| 243 DPPHAIY 4mLE
Egtate] 10 27F AstA WEe 3 d2olA 10 &7 |8t
ot ©]E 520nmellA] UVivisible spectrophotometer(TU-1800,
Human Crop. Co., Beijing, China)Z S3=& &4 F U=
Toll thet F2Ee] T AEE tha 2 oate] ALtat
At

?"50 Astes 7
] T

==t 1

ABS)
T5e)x 100 2)

DPPH radical scavenging activity (%o) =(1 -

ABS : Absorbance of DPPH solution with sample at
518 nm

ABC : Absorbance of DPPH solution without sample at
518 nm

A

Ferulic acid &tzf éé
u7} A 5o FE3 FZEol ethanol 100 mLE A&
3}3F 3 HPLC(Agilent 1100 series, Agilent Technologies,
Santa Clara, USA)E AF8-3l] £4S 31T} Ferulic acid
st 248 93 HPLC 4 Z4AL columne YMC
pack pro CI18 RS(250, 4.6 mm I.d., YMC Inc., Wilming-
ton, NC, USA)S A}-8-3}%13L mobile phase® Acetonitrile/
dichloromethane/ acid(88:6:6) : methanol/  n-butyl
alcohol/ water (90:2:8)=72:257} ¥ %= 3lo] ALE3FTh
Flow rate= 1mL/min, injection volume 10puLZE 3}
325nmol A EAsdnt o] W FFE &fo HPFAHES
ferulic acid(Sigma-Aldrich Chemical Co., St. Louis, USA)=
AN S 2kl AlJ F9 ferulic acidE AlLFsEA T

acetic

y-oryzanol &zF 54
Oryzanol Hu(Hu et al., 1996) &< WH& o83}
FZ% rice bran oil 0.1 g°ﬂ ethanol 5 mLe} ascorbic acid
0.1gS #H7hste] £3g § KOH 0.15mLE 738t
water bath®l] 4] SOOCE 10 £7+ 1] 3} (saponification)*] 71
o 2 & W3k & hexane 5mL9} distilled water 5 mL
S H7tsto] Eatdtt. o] &S Fd oo Hete] 1
FEoE ejd wrkA] WAkt Ee2E S
-%46]—57_ IE}-E— AlF9| hexane SmLE A A7Fste] 9
Halgom $38F A=l o 30000 A] R
< hexane 3mLE 7}ste] HPLC Sk
y—oryzanol S 245 9 HPLC 24 2722 column
YMC pack pro C18 RS(250, 4.6 mm Ld., YMC Inc,
Wilmington, NC, USA)Z A}8-3t9 3. mobile phase=
methanol/ acetonitrile/ dichloromethane/ acetic acid=50:44:3:3

i=] [e)
T{\jle

o
T

7 HEE 3o ARESIET Flow rates 1 mL/min,
injection volume2 10 pLZ 3} 330 nmollA #4553t}
B89 ZA= y-oryzanol (Wako Pure Chemical

Industrieds, Ltd., Osaka, Japan)S AF&-3103 A#EAE 2
Aste] A8 F9] y-oryzanol2 A4S T,

a-tocopherol &&f =&

Tocopherol= oryzanolZ} 732 WPHOZ H|F+3135 & &
=& isooctane 3mLol|l Fo] FA A|E=E ALEsSH
Tocopherol $&F 2418 BE FID detectorS ©]-&3F A7}
2oy 2 AFoAE Kim et al(2005)2] 4]
aLste] UV detectors ©]-&3te] 4138ttt Column-
Agilent TC-C18(4.6 mm LD.x 150 mmL, 5um, Agilent Inc.,
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Santa Clara, CA, USA)Z A}£3}93 mobile phase=
hexane : isopropanol (98:2)7} ==& 3} AME-3}S T Flow
rate= 1.6 mL/min, 20uLZ 3k
290 nmol| A E24 3513t ZA = a-tocopherol
(Sigma-Aldrich Chemical Co., St. Louis, USA)S A}-&3}<
AFAE A3 F 7 g5 ALttt
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Table 2. The central composite design for the optimization of leaching condition of black rice bran.

No X2 X, X, TPC? TFCY EDA? Oryzanol  Ferulicacid  a-Tocopherol
) (mL/g) 0O (hr) (mg GAE/100 g) (mg/100 g) (%) (mg/100 g)  (mg/100 g) (mg/100 g)
1 15 70 3 137.986 251.872 91.326 209.838 181.535 8.253
2 15 70 5 132.934 188.402 87.784 187.461 181.053 7.871
3 15 90 3 161.440 245.936 92.461 204.566 229.420 8.374
4 15 90 5 165.211 160.548 85.559 177.162 213.169 7.815
5 25 70 3 137.459 249.132 86.104 189.079 224.186 9.106
6 25 70 5 139.118 169.680 82.243 181.649 220.223 8.869
7 25 90 3 144.548 241.370 90.509 175.480 160.680 9.165
8 25 90 5 139.872 188.858 88.556 151.813 143.856 8.680
9 20 80 4 183.612 243.653 92.234 220.877 283.274 9.106
10 20 80 4 170.038 264.201 92.734 220.161 264.281 9.571
11 10 80 4 160.385 228.128 91.190 207.613 247.891 8.899
12 30 80 4 138.363 206.210 86.376 199.406 218.684 9.123
13 20 60 4 114.005 200.731 79.882 206.268 137.694 6.214
14 20 100 4 110.535 143.653 78.565 123.945 92.413 6.042
15 20 80 2 163.552 279.269 90.599 206.613 254.593 9.243
16 20 80 6 148.318 192.055 86.921 137.867 227.712 9.932
DThe number of experimental conditions by central composite design.
?X,: Solvent to sample ratio (mL/g), X,: Extraction temperature (°C), X;: Extraction time (hr)
% Total Phenol Components ¥Total Flavonods Compounds, ¥ Electron Donating Ability
Table 3. Polynomial equation calculated by RSM program for extraction of black rice bran.
Responses The second order polynomial” R significance
TPC Y= -1235.852000+19.723875X,+28.445963X, +37.987125X,-0.274510X,*- 0.9085 0.0160
(mg GAE/100 g) 0.119720X,X,-0.161388X,2-0.043400.X,X,+0.031100.X,X,-5.222500.X,* ) )
TFC Y,=-850.640375+3.453175X,+29.329288X, -5.392125X;- 09118 0.0145
(mg/100 g) 0.367580X,7+0.113015X,X,-0.204338X,>+0.422350.X,X,+0.062775X,X,-4.566250X >
Y,=-91.079438-1.586025X,+4.830113.X,+5.109125X,-0.037010X,*+0.029520.X,.X, -
EDA (%) 0.033151X,+0.115750,X -0.018150.X.X.-0.931000.Y;” ] AT 00314 0.0072
Oryzanol Y,=-898.536250+9.291375X,+23.225062.X,+94.836875X,-0.170100X, - 0.8939 0.0240
(mg/100 g) 0.069675X,X,-0.138537.X,+0.467250X,X,-0.265875X,X,-12.070000.X ;> ) )
Ferulic acid Y,=-3444.423125+59.140125X,+74.973688X,+90.210625X,-0.404900.X,*- 0.9470 0.0035
(mg/100 g) 0.549625X,X,-0.396812X,2-0.101750X,X,-0.3578 75X, X,-8.156250.X,> ’ ’
a-Tocopherol Y,=-45.085359+0.197116X,+1.312449X,-0.200837.X,-0.003270X,>-0.000485.X,.X, - 0.9285 0.0081
(mg/100 g) 0.008025.X,7+0.005480X,X,-0.005322.X,X,+0.062393.X,> ’ )

n Y= bo+b]X]+b2X2+b3X3+blIX]2+b2]X2X]+b22X22+b3lX3X1+b32X3X2+b33X32
X,: Solvent to sample ratio (mL/g)
X,: Extraction temperature (°C)

X,: Extraction time (hr)
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Fig. 2. Response surface for the effects of extraction conditions
on total phenolic compounds (mg GAE/100 g).
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Fig. 3. Response surface for the effects of extraction conditions
on total flavonoids components (mg/100 g).

o] FE2x2712 A5 gk §uiv] 1832 mL/g, F=
% 77.51°C, FZA17F 2.04 A 7Fo] A THTable 4).

FEXA0| HXS0Is0| O|X|= B

Su] w7t FE27 e Ayl A gigh
3|72 Table 30 JERAQSL R¥%HE 093149032 p<0.005
ol ¢] FoldS BT} Table 40 YERA ule} 7ro] A&
of theh &vlH] 1437 mL/g, FE% 78.46°C, FEAIZ
287 A7+ Wl FHhE 94.34%= | =5 Tt Nenadis &
Tsimidou(2002)2] A oA o &S SrZ HAAFATS
A A3} ferulic acid®] AR5 30.9%%A . Table
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Table 4. Predicted levels of extraction condition for the maximum responses of variables by the ridge analysis.

Response X, * X, X Maximum Morphology
TPC (mg GAE/100 g) 17.43 82.13 3.76 176.57 maximum
TFC (mg/100 g) 18.32 77.51 2.04 291.09 maximum
EDA (%) 14.37 78.46 2.87 94.34 maximum
oryzanol (mg/100 g) 16.39 76.45 3.41 226.46 maximum
Ferulic acid (mg/100 g) 17.71 80.58 3.62 265.18 maximum
a-Tocopherol (mg/100 g) 25.00 79.18 5.73 9.71 saddle

*X,: Solvent ratio (mL/g) X,: Extraction temperature (°C) X;: Extraction time (hr)

20 YR vle} 7ro] B Ao Ax}Le] o] 78.56-
2.73%2 LR wn) w7} Ao UERd 34.20-54.91%
(Jo & Choi, 2010)E 0} AAgolso] A Uepsk=t] o

E e sy BREW ol Magie] 9T e}
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Fig. 4. Response surface for the effects of extraction conditions
on electron donating ability (%).
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Fig. 5. Response surface for the effects of extraction conditions
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A Freligol 1P AT dlSE 34242 Table 39 YEt
A ouel 2o} B AFo)A ferulic acid A I Table
20 yERA kel o dnt v 7k(Jo & Choi, 2010)2]
Ay S w duk ujte] A9 11.21-209.15 mg/
100 go 2 vept=d 2 A9 ferulic acid ko] of
30-43 mgB &= A FFS YA FEAI7 0] G5
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Assisted Extraction(UAE)E ©]8-3F A 2]gA e 43
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Fig. 6. Response surface for the effects of extraction conditions
on ferulic acid (mg/100 g).

Loju]o] FAGlo] L7t HOlE S o] Ftsier 7
23F3th. Ethanol®] & <l oF 80°C7HA= Fidol

oA 7}t 1 o] o2 %7} Fobd 4= ferulic acid ¢
o] ZHAadlE AL &
SHAl =7t =obgle
i3 o2 AZFHAT} Ferulic acid
Sro folHor JFgF

FZEF710| o-tocopherol E12H0f| O|X|= P&t
Z71 mE a-tocopherol®] Azl tigh ¥



5] wige] 715 4

98 F= 9 43 395

i

Table 5. Regression analysis for regression model of variables 4 3AAL Table 39 Yehfgon wtegH Ax=
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conditions X, X, X, 2.36-0.59 mg/100 g 2 Table 20| LebA nle} o] 2 A
TPC (mg GAE/100 g) 4.06% 13.05%* 1.44 AoAM = A A3E UeRl AT Fig. 79 UEbd w3
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Ferulic acid (mg/100 g) 6.03%  23.20%x 1.20 Fofl g gviH] 25 mL/g, FE2% 80°C ool e F
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Fig. 8. Superimposing contour map of optimized conditions. (A): TPC, (B): TFC, (C): EDA, (D): y-Oryzanol, (E): Ferulic acid, (F): o-

tocopherol.

Table 6. The optimum condition of extraction conditions for
response variables by superimposing of contour maps for black
rice bran.

Leaching condition Optimum Op tmum

range condition
X, Solvent ratio (mL/g) 19.55-21.14 20.35
X, Extraction temperature (°C)  78.1-80.7 79.4
X, Extraction time (hr) 2.75-3 2.88

Table 7. The optimum condition of extraction conditions for
response variables by superimposing of contour maps for black
rice bran.

Leaching condition Predicted value Experimental value

TPC (mg GAE/100 g) 170.22 168.38
TFC (mg/100 g) 276.25 210.55
EDA (%) 93.16 93.02
oryzanol (mg/100 g) 217.81 225.98
Ferulic acid (mg/100 g) 258.94 279.09
a-Tocopherol (mg/100 g) 9.45 8.84

! Given optimum conditions : 20 mL/g in solvent ratio, 79°C in temperature
and 3 hr in extraction time

ik 176.57 mg GAE/100gS YERHSIY, FEetE o=
S 1832mllg, 77.51°C, 2.04 217+ w 291.09 mg/
100 g2 HFE YepiAh dabgel s 1437 mllg,
78.46°C, 2.87 A7+ Wl 9434%% HIZES YeERA AL
Ferulic acid®] FEx71-2 Al5ol digt &uv] 17.71 mL/g,
FE 2% 8058°C, FEAIZ 3.62A7Y W Hoizk
265.18 mg/100 g&. & of| Z= UL, y-oryzanol> A& ot
SulH] 1639 mL/g, FE L% 7645°C, A7+ 3.41 A7F
oA ZHuIZk 226.46 mg/100 g2 YEFSHTL a-tocopherolS
AlZol gk &un] 25 ml/g, FEXE 79.18°C, F& Al
v 573 A2 W Ak 9.71 mg/100 g¢& YERNSIT =
n] w7e] 715743 ARl A FE 218 A58 et
o 7+ F&HSrol tist 2+2he] contour mapS- superimposing
< ¢ A AR tigk &uiH] 2035mLg, FE 2=
794°C, = A7+ 288 A7k 2 YERTE o] oA 2
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