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Abstract

In this study, ultrafiltration with a membrane of molecular weight cut off (MWCO) 50 kDa or 100 kDa was applied
to produce rice bran protein concentrate and influence process variables such as operation pressure, time, and vol-
ume concentration ratio (VCR) on the composition of rice bran protein concentrate and changes in permeation flux
were investigated. An increase in permeation flux was observed in accordance with increasing operation pressure,
while it decreased with operation time, possibly due to concentration polarization. In addition, the permeation flux
was observed to be higher when a membrane with larger MWCO was used and a maximum permeation flux (32
L/m*h) was observed with an operation pressure of 2 kg/cm* and a 100 kDa membrane. Protein content in the con-
centrate rose with increasing VCR, and also with membranes of smaller MWCO (i.e, 50 kDa). It was found at VCR
8 and with an operation pressure of 2 kg/cm?® that total processing time decreased by 40% and average permeation
flux increased by about 2 times, when a membrane with 2 times larger MWCO (i.e., 50 kDa—100 kDa) was used.

Key words: ultrafiltration, Rice bran protein concentrate, molecular weight cut off
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A 9)@:]’
7o 2 e TS S5 Eske AP IS =
< ol 0}0:] oz 271oA T Ee FE5 § AHpH

45-48) 0.2 T AS A, 2] 3Hrh(Adebiyi et al., 2007;
Adebiyi et al., 2009). &1}, #2]H A2 A2
Sto Tl o] x7F WAE L, § A4, &% ToE st
of 2Fo 9] o]&Ado] AatE= AR EF’—E]OiE}(Provensal
et al,, 1975; Kim et al., 1990). w24 o]H TS H s}
5ke] @43 2] (Wang et al,, 1999; Hanmoungjai et al., 2002;
Tang et al, 2003; Lee et al., 2010), ©]- > 3<% o]-& &g
A AYds 2 s, 20T 5) T

7(

[<XE)
EPEREER T

F=25 A% g A7 79 = AvH(Hamada, 1997,
Anderson & Guraya, 2001; Tang et al., 2002; Cynthia &
Ju, 2011).

%ol 9HE2] 7] (membrane separation technology)<
o3l 7IEAE AQFE L AL 7= 383 A=E
22078 =22 AT (Noble & Stern, 1995; Kumar et al.,
2000). 15 SHlAAPL thE RYVE(FEATSE, TLFE
= 5)EF HlxER S w wE o] 7HAskaL, skl
ot =4 =gty 54 WskE Hast &

=~ o]l
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Ad|A] Fe)7ls2 dHA JdoH, bdd 2= HLAE
2, F&, A2)olA Zgo] 715383 (Cheryan, 1983), Eo]
U gk AE Qlole 53X B 558 & e AA
<= AU et

ol PR S o83 A FHE Aol A3 A7t
of 2] Akl elste] 8 = AT+ 2 : Goodnight
et al., 1975; Okubo et al, 1975; Omosaiye et al, 1978,
Omosaiye & Cheryan, 1979b, 213 4: Diosday et al.,
1984, ZHEN 2 Jeon et al., 1997, W|7; Tz 74413
E: Hamada, 2000). Goodnight et al.(1975)3} Omosaiye et
al.(1978)°l] olatH i Tl FZE Fo| SAlehe &
2] 22 (oligosaccharides)E dHe] o7}k 0|85t a4
02 AAT 4 ANS™, Okubo et al.(1975)% Omosaiye &
Cheryan(1979b)= @A 55& F° I¥lK(phytic acid)
o] stkS W& 4 kAl S8t Diosday et al.(1984)
A dd FE2E Fol| EAlste FFIAA =Y E
(glucosinolate), HITHE]) A4 55 G202 A AU L
. Jeon et al.(1997)& 3o AS 3
Wd w5 T v 9% A2
AL, ZAHES 99% oI AA
ddate] ol HE S o] 83 mAeE e

g BaAe o] Ao Tl )
A E = E(spiral-wound module)
nRE leRAEe eI 2 A3t TRl 3
%ol Frasla B)A Bl go] FrlRlon, 834, §

5 MRS Bt 4, 39
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Aol AREE PIZHPeE)S A& AR TRt
HR1(2011 FEAhyel| Al T8t EFA (20 mesh)E 5

ol (
AL oz B (Lee et al, 2010)3 %, deep

[¢]

Py off iz

Al

freezer(-70°C)oll H#slAA] A g o) A&t

HY

e Al z= Fig 19 YeRAT ZAVAH(50 )
o 12 ZR/4 50 ¥l(2,500mL)E ¥ 1N-NaOHE ©]&
st pH 122 ZA3IHTh 222 Omni Mixer(Omni
Micro 17505, OMNI, CT, USA)S AF&-3te] 1417 B¢t
Hkste] w7t @ Ag FEEQ T FEES AR
(Supra22K, Hanil Science Industrial Co., Ltd, Incheon,
Korea)S ©o]&3}o] 41%-2](10,000 xg, 20 min, 4°C)3F ¥
A F8)S EElskainh o] A AE pH 9.0&
2 24 5 oA AR E stk daEE A4
< FHal dnloF(pore size: 0.1 pm)dte] 2 Ao A7
2 ARE-sA T

5H2| 04 TIRIX|

Defatted rice bran (50 g) + Deionized water (2,500 mL)

l

Adjust to pH 12.0 with IN-NaOH

l

Extraction (1hr, room temperature)

l

Centrifuge (10,000 x g, 30 min)

l

Supernatant

l

Adjust to pH 9.0 with 1IN-NaOH

l

Centrifuge (10,000 x g, 30 min)

l

Pre-filtration (0.1 um)

l

Ultrafiltration

l

Diafiltration

l

Freeze-drying and store at 4C

Fig. 1. Procedure for the preparation of rice bran protein
concentrate by ultrafiltration.
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Fig. 2. Simplified flow diagram of ultrafiltration.

-“ﬁ: Aol AHgE Sl A = AT FEE ZA
Zhete] ARESFATHFIg. 2)AIEE Y8 ®BAE A §F
8 3 (Extreme pro blaster, SHURflo, CA, USA)°|A <
X712 2AYE S 25t HRES FHT F o
Al 98 Q32 oA A 3 wtrEe| YgEol=
2l Al o] x| (Pharmaceutical 9312825, Anderson instrument,
NY, USA)E 717t F-zhete] A3 9 24 4Hs gl
A=
2 A3ol| A-8-¥ 2-2(Table 1) spectrumlabsAl A F2
2 ol 250 mm, = 28.57mm, 2t EHE 1020 cm?, -aEH
T4 2 bar(30 psi)o] 2, F5AFHhollow fiber type) &
Bl 9] polysulfone®] AR =03l o, {8 FAFHMWCO;
molecular weight cut off)> 50kDa, 100 kDa2 A}-&-3F3ATh
A3 F FHde] FHA(Flux)= T 2ol, -AHE
QF AL Frdle] B E WA FHAIZEO R o] ALk
3} tH(Cheryan, 1998; Back et al., 2008). 223 13| &
Aol AMEE= AR HI= 10,000 mLE 3FIAL, &
AFe] £EE 1022°CE 243

1:[\~1 :

o

Table 1. Specifications of the membrane module used in
ultrafiltration.

Types Configuration Hollow Fiber
Material Membrane polymer Polysulfone
MWCO  Molecular Weight Cut Off 15006?00000]]);

. Maximum pressure 2 kg/em? (30 psi)
gpere}t?ng Maximum temperature 90°C
ondition
pH range 1.0-14.0
Dimension (mm) Diameter 28.57
Length 250
Surface area 1,050 cm?

P (1)

o 2 A, Vi AZE el A B B e 4
7V, J. B3H-F(L/m>h). E3 o) EERE de iy ¥
H](volume concentration ratio, VCR)2 T3} 7+o] A
3} th(Bacek et al., 2008).

e >

VCR = initial feed volume )
volume of retentate

7k 5% dhze] o ﬂ&* B By fRIELS 105°C
At 7t Zi}—‘?i, Zd 3 Micro-Kjeldahl¥, %3]
— 21519 THAOAC, 1995).

w
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Phytic acid &4

Phytic acid #4]-2 Latta & Eskin(1980)3} Oomah et
al.(2008) W o]gsted n7} Tl FEEF o|2wd
A ZAH(AG-1-X8, Bio-Rad Laboratories, CA, USA)S
o]&3}e] phytic acidE FZ3 F colorimetric ¥ ©]-&

3ol 24T,

TgE e Wt wg FaEHse] wst

FHPZE ol gste] FAYHL 1, 15, 2kgfem’E X
dsto] g wistel] whe FAEY 29 155} Akt
(&% 10£2°0). FHAEH2E AAFH Al 5 30~40 T
Abelell S48 fre 4 (D& o83t 2433 Tth(Jeon

FRAIZE] Wistol] wE FoEH 0 W)
34%E 2kg/em’E IS FHARE] WSt whE
=

2 2~ 0] H3LE ZASIATHRE 10+2°C).

g
=
=

:Jd

1=
T

FIls=H|20] [ME FoEsiAct tHiA slefo| Bis)
F3) 520 &(VCR)] 2+ 1, 2, 4, 8llA] Fa=g 29}
7)o A AL retentates AXSY] AXE = gald 3

=
T BT

=

SHEA

FAIA 8= SAS Package(Statistic Analysis System, ver.
9.2, SAS Institute Inc.)E ©]&3}e] EAHEA(ANOVA)T
Duncan’s multiple range test2 2] %] X]-O]—E— AR 3T

0
kJ
[

L gt

QlHIME HAM
—_Oo L = 1
Table 2& #9]0] 715 o] g-aje] 3% n]7vhu
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Table 2. Proximate analysis of the rice bran protein concentrates.

unit: %
Samples Protein Carbohydrate*** Ash Moisture
Defatted Rice bran 15.05£0.08™" 64.13£0.05° 7.8610.13° 12.96+0.21*
50 kDa" 65.34+0.14° 18.96+0.1° 6.74+0.07° 8.96+0.09"
100 kDa? 60.34+0.06° 25.53£0.1° 6.57£0.07° 7.56£1.60°

! Protein concentrate with 50 kDa MWCO membrane
? Protein concentrate with 100 kDa MWCO membrane
* Values are expressed as meantSD (n=5).

** Means with different letters within the same column indicate significant differences (p<0.05).

*** By difference

=9 IS EA% Aot dd ke g
7¥o] 15.05%218] H]8} 50 kDa, 100 kDa 2} A}R-3to] A
ZE dmE 25 (VCR 8)2 Z+H7} 65.34%, 60.34%= 1+

ERfIQth. o] A= Lah & Cheryan(1980)°] Z5AFK

i

1o

gEA: 50kDa)S Abg-ste] AlxS gFaESE
il A 3FeK(59.6%)E.0F %37, Hamada(2000)2] W& 2t
AT 3kDayS o83k A|Z3 714l v A

[e]

1o fo

9

¢

iy
Tl SEH28-32%)H Tt 2-3 ) o] 2 FEoE,
= AHEEE AlE Fo] T g afolo) 7IIg Ao
At E T $HH, 23R R EAnolA] 7.86%C1 AL
= FEEL 717t 6.74%(3-8 EAHH: 50 kDa),
6.57%( 8 EA3: 100 kDa)Z LEFLF(p<0.05), &F<]odz}
AzFAol o8] Z3)Eo| 1425%~16.62% HirES &
T A} ©] AF= Omosaiye & Cheryan(19792)°] =&
A o] gkelod i} X (EYEALE: 50kDa)yE A8t
N7 55 dHAS AR o 3% FFo] A
the A3t AR Zo2, oFibd pH G (pH 5-6.5)0l
] phytic acid®} AF= o] A= F7o| 2@ HF, 2 5)EC]
gl Elo] v Fate] Yo A AH o] gheojz Ty
A T5E T Tl ti gaHoxl Zog Azt

Th(Fadi et al., 2010).

e

Phytic acid =44

stolojato] o8 AxE v7; GulF FEHE9] phytic
acid F 235 Table 39 YEFA T} phytic acid THS
skojodst x2] 7 gxu7te] 6.52%20 Al B3] 50 kDa,
100 kDa Z-& AMg-3te] Alxd ©@id F5E(VCR 8)°]
Z}7F 491%, 5.15%= A Eo] g-ejodF} Al phytic acid
o] ast oy o AL HlwA e Zlog 2
gk G dS -fahs Al2Elo)A phytic acide] F
Z - BEe A9 79 s 34 8R1(pH, ol EF
2 A7 F)ell el S W=THOmosaiye & Cheryan,
1979b). 3+ Okubo et al(1976) LZ|A FHolA
phytic acid= ‘protein-cation-phytic acid’ &3S ¥4d 31,
Omosaiye & Cheryan(1979by> ]2 <l3le] stejos} 34
& Al phytic acid ¥2] &&°] WA Yehdtia sk
meba] 2 Ao #EE W2 phytic acid B E&2

Table 3. Phytic acid content in the rice bran protein concentrates.

Samples Phytic acid (%)
Defatted Rice bran 6.524+0.01""

50 kDa" 4.91+0.02¢

100 kDa? 5.15+0.01°

! Protein concentrate with 50 kDa MWCO membrane

? Protein concentrate with 100 kDa MWCO membrane

* Values are expressed as meantSD (n= 5).

** Means with different letters within the same column indicate significant
differences (p<0.05).

Ag Z7 pH 994 ‘protein-cation-phytic acid’ &3] 3

of 7113 Aoz FAsoH, olHd A= FEAt
o] ghelo FAE AREste] tiE TilE sEES
23RS W phytic acid $&Fe] THA(pH 8: 43%, pH
10: 27%)E X 33k Omosaiye & Cheryan(1979b)2] -
A} AR A 3ol ATt

TAYY wsloll mhE FEesel Wz
FALY Wle] W TS WS Fig 3o 1
Bsich. 3 ol :

. 1 oA 2kg/em® 2 F7V3F
of w2} 50kDa 2] 75 FE2 27} 429 Lim*holl A
144 L/m*hE S7}8F93L(2F 3 9)), 100kDa =2 10 L/m*h
M 32 Lm*hi S7kstel(oF 3 1)) 4l LS
EREAE A AaHow Sl Aow 2AH9
o dwden geldEgolN ALY Be R
g2 WH3l= pressure-controlled region®} mass transfer-
controlled region®. 2 FE3sle] At 4= Qlt}, Axle] 7
¢ HlawA v IS FielA AEEe ddeR ¥
el S7hs AT &) SUHE ZeistaL ol
= FHEY2 HH A SR olojXith ¥, $240] A
ghof| A WA SH= &%= (concentration polarization)2-
st FEH e St FAEHAE 4 ol 5
34 %A " TH(Girard & Fukumoto, 2000). ¥ A& o] A
29 AYAD FAEG 20 BAe A48 R

=
ZH(1 kg/em*— 2 kg/em?)©]

N

<3t pressure-controlled
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Fig. 3. Effect of operation pressure on the permeate flux during
ultrafiltration with a 100 kDa( O ) or 50 kDa( @ ) membrane.

region®l] = o] FFSE FUtel wpet F2
4402 219 Aloe ARt A B 55
o Azl Aek A 343k Jeon et al.(1997)°] <]
st ZA " 2kg,/cm277]-7<] EyZE v AgHow =
7Vt A R 1 o) 4Fe] W (2.4 kg/emd)I M E A AR
of =gste] FaZg e W glYlES B

B Ao ure] 7o) 2 kg/em’P OB 1 o)A

e e

o] W9le SAA XA FALYES =Y B
Jeon et al.(1997)2] 7% LO] g e =g A

oz FAHT. B A= Choi et al(1991)°] o4
polysulfone =S ©]-83}4] BSA (Bolvine serum albumin,
M.W. 66,000, 500 ppm)E sz} S19S wl F4UE 2
kg/em® 7HA] FAEFY2ATF HAH o7 Frtegitte A
Azet 2 X kaL Ut

FYAZ W
TN
g
4

spoll whe FahEese] Wl
slol wpe FahEFese) Wake Fig 49 1t
EPHATHE A G 2 kefen?). 9] hube] 82 A} g
ARe] 3N 2 clhel el 20
£ @AW £EOE gt YA Fole FE
27 4R FEOE FAHE 0 2AEAT. B

o T —
Aol JHHOE e S0kDa o] A5 T AIA o

g

30% A ¥ A FAEACHFAEH 2 150 L/
m>h), 100kDa 2 ¢F 100 & A3 & 9 FFo0=2 &
A S RAHFAZZ 2 26 L/m>h). o] Fx4Ze 2] 7t
A FE AZR] Aot tEo] oo FRloA W
Aste soit= @4 710E A= duA U
(Girard & Fukumoto, 2000). =, &d¢°] 3@ uz} &

o] 7o) Al F(pore)ell A

R CIER P D

45

40}
35|
30}
25|
20

10

Permeate flux (L/mzhr)

0 50 100 150 200
Operation time (min)
Fig. 4. Effect of operation time on the permeate flux during

ultrafiltration with a 100 kDa( O ) or 50 kDa( @ ) membrane
(operation pressure = 2 kg/cm?).

A3 &= o] AlF2e (plugging) & go] A

tEo] ghejojFute] it e g 5o it &
do] F&E] A (gel layen e st ol =

2o A7 o]ojX] A FTHChiang & Cheryan, 1986).
wehbA, £ AYPNME FFo] 1Y HHA 2 iF 31U
of Tl Fof o3t FrEFo] WSl FaZH v}
, ol& %"ﬂ Z71°l w4t

gx17ko] 7333l

[E
ol

FUisSHIZ0] [E 0|4 tHE 5= S THE sl
Fig. 5& F355H&0 et 5&

H3lE Jepd Aol w3 wid w5

&(VCR)°] 1 ¢ of el ghafe

S F3 VCR 87H4] &5 7 9did e

65.34%(50 kDa =), 60.34%(100 kDa =hHo.

o] A¥= ezt FA 4611 GiE F5o]
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Fig. 5. Effect of volume concentration ratio on the protein
content in the retentate during ultrafiltration. The retentates
were collected at each VCR and freeze-dried for analysis.

Table 4. Total processing time and average permeate flux in
ultrafiltration fitted with a 100 kDa or 50 kDa hollow fiber at
VCR 8.

Pore size Operating time ( hr ) Average permeate flux ( L/m’hr )

50 kDa 6.6 14.2
100 kDa 3.9 27.8
ER 2L ek

7}
t2A Yepst) dkejedsfet 50kDa2] F$- F3AIZ 2
B FEY e 7 ©
100kDa B2 7}z 3.9 A]7}F, 278 L/m*h 2 ZAFE St}
=, oot FYEAFe] 2w FUFeRe w
(50 kDa—>100 kDa) A7+ <F 40% 7AAstdor, 3
o FREH s o 2u) A ST

ERZH2E A AdHog F7keIaL, FFAT] T
7ystal @ F3o] Mol wel FEES Al 9
8 FAZY e ASTE Tt vhe] R Aol F
TE ERZYH2E AUFoz Egton, RIYEAF
100 kDa, 37843 2kg/em®lA FHoje] F3Z2 2321/
m*h)yE JeERNSth 558 S vud e HusE
H|(VCR)7} S7H85, who] B3l ialgo] 2&4= 9%
th v geld FEES F9E5H] §(VCR:Q)E 55T
BA(FA ¢ 2.0kg/em?) o zpute] 23 Ha}TFo

|
2 H) Z713193S wj(50 kDa—100 kDa) A7+ 40% 7+
AslgoH, Hy FEH e of 28] A= FUEISTH

B =5e Fgistwe] A AaA(FHEHE 2010-
0652)2] Aol 23] o] Fofzl Aolm o]of TFAL=G UL}
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