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Abstract

This study was investigated on optimal conditions of the functional activities of -glucan which was extracted from
rice bran (RB) and rice germ (RG) using response surface methodology. The extraction temperature was varied in
the 80-100°C, the extraction time between 2-10 min, and the ethanol concentration was in the interval of 30-70%.
A central composite design was applied to investigate the effects of independent variables of extraction temperature
(X)), extraction time (X,) and ethanol concentration (X,;) on dependent variables such as electron donating ability
of RB (Y,), electron donating ability of RG (Y,), total phenolics of RB (Y ), total phenolics of RG (Y,), B-glucan
contents of RB (Y,) and B-glucan contents of RG (Y). As a result, the highest Y, level was 84.02% at 92.60°C,
2.75 min and 60.41% in saddle point. This value was affected by extraction temperature (P<0.05). The value of Y,
was found to be the highest at 87.52°C, 2.23 min and 54.40% in saddle point. The highest Y, level was 98.56°C,
6.69 min and 40.26% in saddle point, and this extraction was greatly influenced by extraction temperature (P<0.01)
and ethanol concentration (P<0.05). The value of Y, was found to be highest at 95.73°C, 9.19 min and 53.67% in
minimum point. The value of Y. was found to be the highest at 96.23°C, 7.70 min and 63.69% in saddle point.
The vaue of Y, was found to be highest at 87.82°C, 2.10 min and 50.03% in minimum point, and this extraction

was greatly influenced by extraction time (P<0.01).
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Rice Bran and Rice Germ sample

40 meih 3
ANEE 0.5g é}o} polypropylene tubesdl ¥ &
tubeol] ethan(fl 1 mLE

#Fol 249

e

2=
e

zZt N7 & A7bA 2 AE
Ethanol concentration :

1
Sodium phosphate buffer €2(20mM, pH 6.5)2 5.0 mL 7} ¥ vortex
mix

1
FZA tubed

30, 40, 50, 60, 70%

L%} e

@ ¥ vortex mix

Extraction temperature : 80, 85, 90, 95, 100C
Extraction time : 2, 4, 6, 8, 10 min
1
TubeE 40CE Y73+ H Lichenase &4-89(50 U/mL, pH 6.5)& 0.2 mL
(10U) Y1 57& 2 o 2 E50] 40T+ 143F 543t incubation
1

Tubedl TF+E M7tk HFH9E 30 mL2 2F
!

Tubed] W8-S 2 313 ThS Whatman No 41 oAU 41E2)7](1000 xg,

1008 AX Y ES AAS L FeAT I&

F_ig. 1. Scheme for B-glucan extraction process from rice bran,
rice germ.

polypropylene tubesl] ¥, 72+ A|E7} € tubedl] A|E #
AEFel 84 ESASE 918 ethanol 1mLE 784
ZH 2390t} 41 % sodium phosphate buffer 8-2(20 mM,
pH 65)2 5mL 7}t % vortex mixerS ARgaiA] 2 4
Atk o] o tubed] 71Ho) YEEo] UF HA FEF F
ottt g2 AEE 257 tE Fx0) tubeE &
% vertex mixerE AMEEIA AE A whkekdTh 2
A57F 97 tubes 40°CE W¥zH3k 5 lichenase &
(50U/mL, pH 65)2 02mL (10U) ¥ 4L ke
S Z BE0] 40°C S=Zol|A] 1A]7L &<t incubation A
ot 7} tubedl| THRTE UK HEREE 30mLE
F3 £33 v Whaman No. 41 0441]1% A
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DPPH(o., o-'diphenyl-B-pycrylhydrazyl)= 34tslsS 7t
2o HAgolsol os) ghdEo] Ao EeH o
A AR Jistes S8E 5 AUk(Blois, 1958).
7 #}3- o] ‘5 (dlectron donating ability, EDA)A] &-& DPPH
12mgS absolute ethanol 100 mLoll 83l 3}¢] 4x10°M <]
DPPH €& %A% t}& ehanol £942 blankE 3}
525 nmoll A 3F# =7} 0950992} HE % 50% ethanol-<-
A7vstel 2AsAT. 2 e FE= ImLo] 2A9
DPPH Ao 4mLE &3ate] 1027k o°]’7ﬂ A3 7

F2o| A 1087 XS o] & 525 nmel|A] UV-visivle
spectrophotometer2. §-3 =5 543 ¢ sample F7H<}
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DPPH radical scavenging activity (%) = (1_/’:?‘3?) x 100

ABS : Absorbance of DPPH solution with sample at
525 nm
ABC :
525 nm

Absorbance of DPPH solution without sample at

Total Phenol?| &&f &8
7zt FZE9| totd phenol TS Folin-Denis
(Amerlnem & Ough, 1958)°l we} v g st &,
J3lA 843 Hd 1mLo| Folin-Ciocateu A]2F 1 mL
7}0}04 EFslal 3% § 10% Na,Co, 1mLE 2o &
0}51 1A 7F 2 2o HFx]3}e] UV-vishble spectrophotometerS:
ARE-sted 700 nmell A F3 =S SA s ol 2FE=4
2 gdlic acid® s=EE XA|5te] B ZAHAE A%
& A=A skt Totd phenol ke 33] ke ZAs)
o] 2 H+#pk o2 YR ATH(Sato et d., 1996).

B-glucan &&F 4

n 72 wjobe] B-glucan F+E=5 vl FHIg K9
tubeol] Z+2F 0.1 mL¥ A =ks] FHsdth wlE] FH]g 3
o] tube 5 2709 tubeol= 77+ B-glucosidase ®42-8-<
QUIML, pH 40 01mL¥(02U)% 2, U= 3 7
blank tubeoll = B-glucosdase &89 thilol acetate
buffer-& <} (50mM, pH 4005 0.1mL ¥tk A EE 7}
3t tube INE EF 40°C 5004 1557 incubation
Sttt incubation § 7t tubeo] Glucose Oxidase/Peroxidase/
4-Amino-antipyrine A ¥ (GOPOD)< 3mL¥ 718k 3 40
T g24zoA 2048 53 thA] incubation - 333 =)
©] 510nm gl 7+ A5 o] FREE F7gstolA] ofef
o] 2] 0 2 TS AlAFsATHLee, 2004).

B-glucan, %= AExFx300x1/1000x100/Wx162/180 =
27XAEXFW

AE : N 59 F3%—FA ) FE(blank)e] F3%

F : 100ug glucose/100ug glucose?] EF = (TFEE
uge =2 Htatr] 918k Alr)

/1000 : ugS mge 2 $itslr] $isk Al

162/180 : 24l glucose EAFEC 2 HE B-glucan &
2o} 7ro] F-A E Q) glucose Bzlzko 7 Aststr] 93k
A

300 : ¥ HAAFEOMLERE 01mL7t Ha A

: E]—X]éﬁ =

n 73t vjot2RE 9] B-glucan H4 F& =05 gyet
7] 98 wWhS-® R (response surface methodology,
RIM)E AHE-sHlom du|dde] A7E v s S
3 A8 (centrd composite design)S AAEAT & FEF
o] EYH4(Xn)E extraction temperature(X,), extraction
time(X,), ethanol concentration(X,)oll the AW AE A
st} 5HAIR F338leon Table 10 Ve AT T
g ol59] ST TS Be TEHTE F=
EZHEe  totd phenolicxY,), €ectron donating
ability(Y,), B-glucan contents(Y,) Hjo} FEEZFE 9
total phenolicy(Y,), eectron donating ability(Y,), B-glucan
contents(Y ) &= 33] WHE o7 ZAste] 7tz 3734
AA AT 3] AEA ol ojg HA Y A FS SAS
(statistical analysis system, Version 9.1) program= ©]-8-3}
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Y = b+ bX, + bX,+ bX;+ byX?+ b XX, +
b22x22+ b2X3X1+ b2X3X2+ b2X3X3
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22240 2UHYT A2

Table 1. The central composite design for the optimization of
leaching condition of rice bran and rice germ

9 2o 2t

of\

Independent variables
Exp. No.”” Extraction Extraction Ethanol
temperature(®’C)  time(min) concentration(%)
1 85(-1) 4(-1) 40(-1)
2 85(-1) 4(-1) 60( 1)
3 85(-1) 8(1) 40(-1)
4 85(-1) 8(1) 60( 1)
5 95( 1) 4(-1) 40(-1)
6 95( 1) 4(-1) 60( 1)
7 95( 1) 8(1) 40(-1)
8 95( 1) 8(1) 60( 1)
9 90( 0) 6( 0) 50( 0)
10 90( 0) 6( 0) 50( 0)
1 80(-2) 6( 0) 50( 0)
12 100( 2) 6( 0) 50( 0)
13 90( 0) 2(-2) 50( 0)
14 90( 0) 10( 2) 50( 0)
15 90( 0) 6( 0) 30(-2)
16 90( 0) 6( 0) 70( 2)

YThe number of experimental conditions by central composite design.
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9] contour map< ©]-&-3ted A3t FEZ0| rice germ TE=2| HAIS0ISE0 0|X|= Lt
FZ 2o mE FF 7&9] A i veiEd 3
Ao & 2] Rz 074002 =4 HUthTable 2). =8 A4
AL sadde pointZ % 2% 8752C, & Ak
FETZ10| rice bran FEE2| MARU{SEH| O|X[=Hek  223min, &2 5= 5440%0) A 67.03%] Hhzts
FZ 2 42 F& 589 A gk veuw 3 LFeRd TH(Table 3).
A2 e R 0.84412 SA = AtH(Table 2). oS A7
AL saddle pointZ F& 2% 9260°C, +& A7+ FEEZ710] rice bran FEE2] total phenolicsti| O|X|=
275min, A B == 6041%00A 84.02%= HlwA ¥ HE
2 AAFTEE HER AtH(Table 3). Rice bran®] =} FF 2o UE FF &9 2 digk vkgEd 3
FTATEE rice game] AT TR A =5 A9 RELS 0926002 1°C oJU9] folo] AA
< ¢4 & AUtk Woo e d.(2005< "7 FF ATH(Table 2). Table 4914 H.i= vfe} 7o rice bran 5%
tocotrienol ] 4tst AFA N WA e FHFrE =9 totd phendlicse F&F 2=7F wl¢ FolA dFS
tocotrienol¢] HA}FSE7F W FEC] DPPH 89 oA naeE AL ¢ F AAJTHP<0.01). ASE ZAFHS
T 5 S 72 Joka BE bl ok Table  saddle point® & &% 9856°C, % A7 6.69 min,
294 B ule} 7o) rice bran 22 E9] AATLAEL Nehe FE= 40.26%00A 245 mg%e] ks veh
€ olee sEst felal 9L vAE Ao Ye  Ark(Taled).
o} (P<0.05).
Table 2. Estimated coefficients of second order response models from rice bran and rice germ
Eletron donating ability Total phenolics B-glucan contents
RB(Y,)? RG(Y,)? RB(Y,) RG(Y,) RB(Y,) RG(Y,)
Intercept -2471.04750 -1835.750000 8.763063 15.613937 4.207875 1.740875
X, 49.916250 40.312500 -0.145700 -0.248062 -0.062113 -0.017000
X, 47.909375 -5.218750 -0.074062 -0.309719 -0.084219 -0.182625
X, 5.526875 5.585000 -0.000675 -0.070269 -0.037269 0.004700
XX, -0.254000 -0.228000 0.000860 0.001245 0.000245 0.000075000
XX, -0.451250 0.070000 0.001300 0.001662 0.000862 0.000875
XX, -0.137500 0.090625 -0.003000 0.011906 -0.000313 0.008250
XX, -0.024250 -0.013500 -0.000190 0.000418 0.000282 -0.000120
XX, -0.110625 -0.055000 -0.000037500 0.000544 0.000244 -0.000363
XX, -0.023250 -0.038625 0.000156 0.000277 0.000107 0.000066250
R? 0.8441 0.7400 0.9269 0.6014 0.3855 0.9114
Pr>F 0.0660 0.2244 0.0086 0.5170 0.8843 0.0147
Y =00 +b,X; +0,X; +0,X5 + 01y Xy, + by XX + 0K+ BX X+ b2X3X2+ b,X3Xs
Y Rice bran
2 Ricegerm
Table 3. Predicted levels of extraction condition for the maximum responses of variables by the ridge analysis
Response Extraction conditions?
X, X, X, Maximum Morphology
RB? 92.60 2.75 60.41 84.02 saddle
EDAZ)(%) RGY 87.52 2.23 54.40 67.03 saddle
RB 98.56 6.69 40.26 245 saddle
TPY(mg%) RG 95.73 9.19 53,67 234 minimum
B-gl ucan RB 96.23 7.07 64.69 0.384 saddle
contents(%o) RG 87.82 2.10 50.03 0.477 minimum

X, : Extraction temperature, X, : Extraction time, X, : Ethanol concentration

2 Electron donating ability
3 Total phenolics

9 Rice bran

% Rice germ
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Table 4. Regression analysis on the predicted extraction model
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o B
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