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Abstract

The optimum condition for the extraction and purification processes of phytic acid from defatted rice bran was
examined. The phytic acid was efficiently extracted when the defatted rice bran was treated with 10 volumes of
0.5% HCI for 1 hr. For the neutralization of acid-treated extract, 0.5% NaOH was the most acceptable. To purify
phytic acid, Diaion HP20 resin was used to remove impurities from the extract. The flow-through was then loaded
onto ion exchange columns packed with various resins and among them, Amberlite IRA-416 resin showed highest
recovery yield. When the phytic acid was absorbed onto Amberlite IRA-416 resin and then eluted with 0.5% NaOH,
89% of applied phytic acid was eluted. Most proteins were removed from the purified phytic acid and total protein

content of the phytic acid was 0.14% (w/w).
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3] ¥l 2k(phytic acid, inositol hexaphosphate)2 AF<1 2] &
73 FABHAI RN FRY Aot SOl 1-5%((wiw) 8=
o] J&=U(Graf & Eaton, 1990), o]+ 37 W = <149
60-90%°l 3 3t= Yolth(Johnson & Tate, 1969; Reddy
& Salunkhe, 1981). F|EIALS Qlubd o & Wo|i} #e] E5
=3 22 Aote] B 99l calcium, magnesium,
potassium §¢] FEZ EA)sl=d] o]E I "l (phytin)o]Z}L
ot 9EIARE Sel|A] QlAkagelu Fol=e A4, Al
FH AFA S 2 A ste] wolol] Fag AEF 9
< 3 e Ae= 4#A SitkHall & Hodges, 1966,
Biswas et al., 1978; Williams, 1970; Loewus & Loewus,
1980). &L 1 327 5402 Q8| 2
g4

EE

chelation
AU A= AelA H4 wd E(Ca™, Fe*,
Zn™, K 5)& &3Fsted A o] 84S AsA7]a Tz
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A AHgET ek B Fole W fal FEED 2
Fatel Fe) AN FFE PSR s AT 9

o} Hde Rk O.,hi, 3AkE 9 z‘%ol-x_}& A& A
T ABAREA G o]&Ao] 2 A TH(Vucenik &
Shamsuddin, 2003).

SRAe HEAMZ A AsiAE Aztel A8
ZHE §849 B AAZTAHS o]&st= Ao] WFAHo)
b ek oy TR HEARNE B AAE
Sl=v] AAOZE 5% olakel WEake] EAjake m7
CERYH w4 J % KOH 53 22 %7
U e o3 a w2 AT 3
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Exn|7k0 2 HE Phytic Acidd] &

Aoz 27 AAske s8E HAstomA Ao
AL F JdE 712 ARE ATstaat sk

=]

AE F9] HE4ke] A e v (Mohamed et al., 1986)
Al 800 uLell Wade reagent(0.03%
FeCl,-6H,0, 0.3% sulfosalicylic acid) 200puLE 7}3t

vortex mixerg ©]-83l 5 % B¢ &3S o] =9t
3,000xgol A 10 B B9 QAR T A5 Halo]
500 nmell A o] FBEE SHsIATE A3 S s
4%%0" S 100 mg/mL % o] etk golg Alxg &
, 5, 10, 20, 50, 100 mg/mL 2]
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1] 7+ (BKbio Co., Ltd., Seoul, Korea) 200 g& ¥4
Cl = H,S0, €9 2LE o|&3t E37]olA
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A HHE K| A

ek FE2H 0] HAS 918t F2AZA Diaion
HP20(Sigma-Aldrich Corp., St. Louis, MO, USA)Z} o] 23
5224 Amberlite  IRA-416(Sigma-Aldrich  Corp.),
Dowex HCR-W2(Sigma-Aldrich Corp.), Diaion PK208H
(Sigma-Aldrich Corp.), Diaion WK100(Sigma-Aldrich Corp.),
Diaion CR10(Sigma-Aldrich Corp.) 5415 AFE-3F T} 2+ &=
A= WA 15mm, =°] 400mm Z719] column®] 300 mm
Eo| 2 TRt ARSI Columndl] w7 FE95 &
AR - %%’“i A2 T 5% NaOH €402 8%
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= peristaltic pumpE ©]-&3t] bed volume®| 3HlFS

10 mL/min®] =2 F£<]3}5 ).
T3y tHd & 24 & CHEE B &2y

AR et E2A)ee 44 dNELS Lowry &
(1951)°] ol ofs] HFstdon, & At T iz
ke AOACH (2005)00 wha} =43tk
SHXE|

RE A¥3ke $A= 3 A93e H#d FAE

©]-8-3}] SAS(statistical analysis system) &7
BAR A 2 Duncand tHE9 A=

range test)= AH&-3151

Al packageZ
< H(Duncan's multiple
Z3} 9l E

=X DY TEIM FEO| HNEY
Eu]uwow SRS FEHE PP AL ol §F &
&

p Ll

%OWE} Al %% ? RS At AP e ol
WEHFFE AXNA Hed ol2udg ] olLude
o] F|eite] FAl A gl B YL VAA HER A
Tl W "] FEFEE AT A dnby
o2 gate] 7P folshd FAt= Abgol ThsstEE o
A Fe AR FE 28-S Vsl EAAAE
0.1-0.6%2] HCI &5 6 AZ7HA] 2E]sto] vjRlike] 5
=5 7% 23 HCI®| =7t S7heel whet jEste

1 AIZF A 2] Al 0.4%°] HCIA =

90.7%, 0.5%2] HCMWL 100.4%=2 YEFY 0.5% HCIS
o] &-3}ed 1 A|7H Zgo}b Aol 7P 2Z2E 0] =& AL
T UAK(Table 1). FE2AIHS S71819S o=

rifl .

Aro] FEEE Gl HMO% A EH 5 OE EEEY
FZo] o wol M= oz IRIFHUTHAS nAA]).
u}aw n) 7o 2 B ek 8207 F2367] A

N7 F AESE RN ZREE AHSAY. 7 4 A7 1 AFOR S Zo] 7P £ Rog F
Table 1. Effect of HCI concentration on the extraction yield of phytic acid from defatted rice bran.
) Extraction yield (%)
HCI concentration (%)
1 hr 2 hr 3 hr 4 hr 5 hr 6 hr

0.1 69.8+4.494%) 72.143.24% 74.243.3%° 77.845.1%¢ 80.54+2.34 82.9+2.14¢
0.2 85.1+3.7% 90.2+4 .35 93.442 .98 94.1+3.2% 95.0+3.4% 95.5+2.9%
0.3 91.942.6% 90.0+3.7% 91.1+1.7% 96.242.15° 97.142.6% 98.6+2.2%
0.4 90.742.6% 92.3+1.65¢ 93.9+1.6" 95.542.08% 97.1+1.1% 99.140.5%
0.5 100.4+1.1°* 98.9+1.8" 99.1+1.5% 99.2+1.0% 100.2+2.0% 99.2+1.4%
0.6 99.0+1.2" 98.3+2.6 100.8+1.8 99.9+1.3“ 98.8+0.6 99.3+1.5%

YExtraction time at room temperature.
YValues are mean=SD.

» Means in a column sharing a common superscript capital letter(s) are not significantly different (p <0.05). Means in a row sharing a common

superscript small letter(s) are not significantly different (p < 0.05).
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Table 2. Effect of H,SO, concentration on the extraction yield of phytic acid from defatted rice bran.

Extraction yield (%)

H,SO, concentration (%)

1 hrV 2 hr 3 hr 4 hr 5hr 6 hr
0.1 541451949 59.8+2.5% 63.0£0.9 63.611.8"¢ 64.742.8%¢ 64.343.2%¢
0.2 82.4+1.1% 85.3+2.7% 85.2+0.6° 87.9+1.5%¢ 88.5+2.75 88.1+0.7%
0.3 87.1+2.8% 87.9+1.3% 90.6+1.1° 92.142.1°¢ 95.5+1.6% 96.1+1.7%
0.4 81.4+4.1% 82.4+1.6 88.3+2.4% 90.6+1.8° 95.141.1% 96.9+2.5%
0.5 100.1+3.0™ 98.6+1.1° 90.7+6.6° 94.5+4.3° 95.8+1.6% 96.4+0.8
0.6 93.1+4.3% 94.542.7% 101.3+2.4"° 95.8+0.7° 96.9+1.1™ 95.941.0%

DExtraction time at room temperature.
DValues are mean+SD.

»Means in a column sharing a common superscript capital letter(s) are not significantly different (p < 0.05). Means in a row sharing a common superscript

small letter(s) are not significantly different (p < 0.05).

HE=PA=
0.1-0.6%2] H,SO, &4 AME3l] 6 AIZWIA] F&5& &
g3t Aoz H,S0,9 =7t F7Hstel wEt FEa&0]

Z7¥sld o™, 0.4%<] H,S0,00*
N E 100.1%= YERY 0.5% H.
FZEote Zlo] 7P FE8 S0 I
(Table 2). HCl €43} H,S0, &S
S=Z HCl &9 % a8°] H,SO, §HHT} tha =7]
wjZol] ExuF o2 E FElstke] FEo= 0.5% HCl &
RS AF%EP—F: Zo] Aget Z oz Il ).

Z2uE 0.5% HCI _&oﬂ o= »3}012 7ﬂ o -QUHPJ
o} %—% BES A Slste] &uie] HuE
A5 420 Wi F7HA] TR 2A A FES &
Abatt. 2 A3 Table 39 VR e} 7ho)
0.5% HCl &99] 2 G v] 7 FA 2 4u]2 A2
A FEAEL 526%= AXENCH, 10 8] AME-EH S
ol = 97.2%, 20 v ARE-3FS 73-7-oll= 98.9%= 7Al4ts]

= 81.4%, 0.5%2] H,S0,

Io o
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Atk %2 ool kS AU FAL 109 0% AHg
2 A9 280 F1H2 Aol E vehiA ol 4
A gof AgTe BTG 10052 SYsidct v

o BHE $goBE o2V JUWE 53] 9l
A TRt FRE G §ui7l BastnE 10wt
He A% v we] 93 WA B AL B

Table 3. Effect of HCI volume on the extraction yield of phytic
acid.

Volume of 0.5% HCI Extraction
(multiples of weight of defatted rice bran) yield (%)
4 52.6+3.54

7 88.746.2°

10 97.242.7¢

15 98.542.9

20 98.943.1¢

Y Means in a column sharing a common superscript letter(s) are not
significantly different (p <0.05).

o 3% sgo] AskH I Lgol WolAE ATt WA
oy WREn, FRZVE AUAe 253 9 dume

2 0.01-24 M2 HCl &S5 AHE-3taL 2™ (Han, 1988;

Park et al., 2006), acetic acidY} sulfuric acid, perchloric

acid 5% d¥o|x ALg3aL 2THHan, 1988; Makower,

1970). Han(1988)2] H.3o <]l w59} WA ZHE

S AS e AEE FEEEI PG

olg uEhiA go} 2bel R %

A et stk B A7

FEES 2 Aol ehlA Qo /&

LS ofe] A7) ol

LEE 8-50°C BN E FE2E &0 JES vX|A

oy HIiFEI Elbtﬂ(Han 1988; Fuh & Chiang,

2001; Bohn et al, 2007) & AFex= 719 A+43}

£ v e R AFeolA 2}‘%%7@% TATFO RN LA
=2 73*1]“ < FHES 53t

Z8mj o] %o #F ATEE Kolchev(1978)7F 717+

—“rﬂH 581572 0.1 M HClIE ARE-ake] 2 A17F F&313]
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8|82 96.7%, 5% Ca(OH),& AHEsiales wel S8  AATAol AAst=o] A oo} Bla&2Ql ®o] itk
S 99.1%2 AR HE dEE|e] FRel wel 2 Ael= §l ol & AFeiMe A FF ¥ A AEE dAH R
ASLE, 27} o] 29| 47t FE0] Uh w2 R B FH $AE ol8sle moEs AT Uy 5 £
oA vAA). 28y T3 Al HFA AA pHOl & GEE o] 2uskex] o) AEgo s JeAt GAlo 7t
2 9I= s oF stER HF pHE 8501322 & A AUT XS AT EA AR B a8H 0
35 Sgole Aol7t slsith w}ﬁw AHEStE Tl = IRIGES Aatehe 3S SystaA) sisith
2e AFEoR 7MY 9] AR HH 2o tid g3l=rt 0.5% HCl & 22 n7folr] F53 9t 2295 o
Eol Tt Laxe AlZke] 2 NaOHE AAsrh. #¢ & F2<-A?1 Diaion HP20 79} o] 2w gk x|l

Canan 5(2011)2 m]7+e] HCl &9 F3ksh7] S8 Amberlite IRA-416, Dowex HCR-W2, Diaion PK208H,
= 1.5M Na,CO,7} Agsittal B A1st 2™, Ha(2009)= Diaion WK100, Diaion CR10=2 ©]8-3}] A7, 5%
Ao Z2RE FES F2T o FTIFAZA 10%  NaOHZ §EA17 F 747he] B35 Hsle] 2 PA&
NaHCO,& ARE-sIthaL Hilste] & A7z Aels Aol FAE A4S tH(Table 4).

gk 3RS o] &S & T USTh Diaion HP20 52721 9] 7% 0.5% HCl FZ4& 4]
of EFAY F FHRFR AR O ol S 3]
O[22 2E mEMt 22 ¥ BN =&z S RS 82710 JESE HRME SRTE EEAF
RAE ZEE A% Ay 82 4 5 F o v o]RugkEAlE EA W 58S A4S Blashr] 9
BAAL AN FHele] AARS H4T TS Age) sl Ao A9 WA FEo, 52 T S
alof olenB4AE o) gale] AAZ sk FAol Awk AR LA Fe FAsp AT
L WHOIA T A F2ES ol3} F 3 AW FAES 7 AT Table 4149k 2ol 0.5% HCI S0 ol3ho]
g =Fe] AAEZ Yol 95 F¢sts WHS AYgHez AzE i FZH 400 pg phytic acid/mL)S Diaion
uj - BlE &2 olth, FRIME HA o] 2w TR E o835 HP20 §F FA O FHAFAEL 7S AR Diaion
E ASE dF oy AR o]2uFFAE o]ge  HP20o| SEFHEHA &G FAE FHS }‘311(181 .0 pg/mL)
Table 4. Purification of phytic acid using various resins.
Resin Purification step Concentration of phytic acid ( pg/mL)
Extraction with 0.5% HCI 181.0
Diaion HP20 Wash.lng \7V.1th d-H,O 173.8
Elution with EtOH 254
Washing with d-H,O 13.9
Extraction with 0.5% HCI 274
Amberlite IRA-416 Wefshlng‘ with d-H,O 12.6
Elution with 5% NaOH 175.0
Washing with d-H,0 163.2
Extraction with 0.5% HCI 98.5
Dowex HCR-W2 Wa.shlng. with d-H,0 95.1
Elution with 5% NaOH 924
Washing with d-H,O 92.4
Extraction with 0.5% HCI 119.4
Diaion PK208H Wefshlng‘ with d-H,O 117.0
Elution with 5% NaOH 80.6
Washing with d-H,0 69.1
Extraction with 0.5% HCI 123.6
Diaion WK100 Wa.shlng. with d-H,0 107.9
Elution with 5% NaOH 94.8
Washing with d-H,O 55.0
Extraction with 0.5% HCl 111.5
Diaion CR10 Wefshlng‘ with d-H,O 104.4
Elution with 5% NaOH 89.4

Washing with d-H,0 98.9
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Table 5. Content of total nitrogen, soluble and total proteins in rice bran phytic acid purified with Amberlite IRA-416 resin.

Impurity Phytic acid extract Purified phytic acid

Total nitrogen (%o, w/w) 0.19£0.03 0.02£0.00

Soluble proteins (%o, w/w) 0.81+0.03 0.02+0.01

Total proteins (%, w/w) 1.18+0.05 0.14£0.02
SHTE AXE A5 FA el FHEA F 2E 2 AT Aol wet v o2 R AR 2 9%
H Tglako] M2 E o] columne ETJrﬁ}oﬂﬂ(ln 8 ug/mL). HH 274 0.5% HCl €95 vt FA19] 10 857} &
Column®] T3 €12k 10%(39.3 pg/mL)yE FAl] & =2 slo] n7o Ry Jeits 323 5 oJ3r|g 2
e & ethanoloﬂ ola] 8=%]°] Diaion HPZOoﬂ -J?TP il & ELE-S A A8t Diaion HP20 ZHE E3A)71 the
ko] FAEE B3-S o 5 AT HP20 &2 FAE Amberlite IRA-416 ©]| 223 FA| & o]&-3to] FRIMbS
E33 FEAMS oy 71K o] 2w IFAE 0]»‘%}04 A ZA )AL 0.5% NaOH £ 0 2 825+ I ElLrhe 3435}
3 A3} Amberlite IRA-416 ©] 228 TR 5 o] &3I9S = THOZ YUY & A7 FHE 22 2 A
u 7Pg el ol Ru k= Zo R dRIFeH 5%  AFHEL FIA Zﬂzﬂ JJEWQ— A5 T 22 7
NaOH €02 &&= 222 AU IRA-416 ©] Fo| HEAEA AREo] 7hsetn &% A& Sl Hrte
2ug 79 0.5% HCl o= F&5 oeit AS HA Hrhex 4% 53 22 2848 S 734 o
FE2de FAd TR F FHRTE AHALS W & Ao|th
A 9] o] 2 3EE S 546}04 FA ol AgtalA] atal 4
HS S FRiite] A HEHA E}(400ug/mL). o] A= of
23 3 5% NaOHZ A éﬂFM = TELks &
A7 FRTE AXES A3 A9 %LQOJ Ay G uF o 2 e gELke & 2 AHAE] e FH
gito] 82HS 215t (338.2 pg/mL) 89%2 3F&S  AXRUE AAEATh @RS 10 M5 0.5% HCl &
YA dee & F A C;it} Amberlite IRA-416 ©]<] <] Aqog 1 AZF AgsiAs o Heite] FE88&0] 7P
o] 2 A EL | thgh o] 2w k50| §-F3lA] =%omn FAE= 0.5% NaOH 8- OI Agtatdct. 1
ggol Teake] Aol A gslA] e A= AHE AT gike] A E 918t Diaion HP20 i t A S o]&st

Amberlite IRA-416 ©] 2w 3tFA| oA &5 FEAHE] ETES AAG F oy 7HA Ol%LﬁPTZl—E— o]-&-ate]

AALE ZRlslr] flste] et B2 #golA T2 B HEAS GAISI S wWl Amberlite IRA-416 ©]-22.3H47]
2 IAleks dEe] &9 ARE ARG A3 Table 5 o] 348o] 7P =4l Amberlite IRA-416 ©] & 3=

of YeRA ulel 7Fo] 0.5% HCl 02 F53 F59
ANz F Ad ol 0.19%wWw= SHE ] F ThjFo]
L18%(wiw) BHr5o] = Ao glslon, 84 ¢
HHE 081%ww) =AstAth o] FE9S Amberlite
[RA-416 o] 23R 2 AA| RS A = BLeEe
0.02%(w/w) =AIte] F Tl gheko] 0.14%(wiw)= Al4H
HPom F84 TEL 0.02%ww) =R A Oi g
ol=]o] Amberlite IRA-416 o] 2330 2]
o] AARE A & 5 AT gukg ez UV*Oﬂ
= vl Sheko] 12-15%(wiw) A1 3H=H|(1990) £ A+
ANA 0.5% HCl FZ¢] & chila dhako] 1.18%(wiw)E
A v o R A ol FEHECAAM o
o] @ do] A ALY Wi o2 A=At Canan 5
(2011)& = 7& lM HCIZ F&3 F 15M Na2c0i
2 3] RkEste] SEARS BAS &
WA Fe SAHS A7 A @ ol 060%(W/w)
] ELO}&I 2 4
AA w5

A5 ol &3t HEIMFE FAo FHAIZL T 0.5%
% A58 %4 sl&S YeR
£ 0.14%(w/w)E T
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