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Abstract

The purpose of this study was to examine the antioxidant properties resulting from high-pressure homogenization
of wheat bran. For this purpose, the researcher compared the radicals clearance of DPPH and ABTS, the ferrous-
ion chelating effects, and the contents of the surface-reactive phenol compounds. In the course of this study, it was
possible to reduce the particle size of the wheat bran effectively by means of high-pressure homogenization. This
also resulted in structural changes, such as changes in the cellular structure of wheat bran, dissipating the cellulose
matrix. It was found that this process, in turn, caused the phenol compounds which were entrapped inside the cel-
lulose matrix or bound by polysaccharides to be released, affecting the antioxidation. As the intensity of high-pres-
sure homogenization process increased, the radical clearance of DPPH and ABTS, as well as the surface reactive
phenol compound, increased in return, while the ferrous-ion chelating effect decreased without any statistical signif-
icance, however (p > 0.05). Therefore, it would be safe to conclude that high-pressure homogenization could be an
effective solution to increasing the antioxidant properties of wheat bran, which, in turn, could be used as a func-

tional material (a natural antioxidant) in food industries.
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AF4~(reactive oxygen species, ROS)o| A3 Ew, AJA| U]
ROS®] Aol Z7}sk AElQl A3l 2 E#| 2 (oxidative

stresspl 1) AT U] PR BN B QYR 5
ol N5H o Egslo] AA 5ol Asksle RO L

% TH(Halliwel et al., 1999). ©] Ei Els Rossﬂ Z-gof gk
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bran)& Ho| AL NM YPHE Fo FAEEA F
9]-4(ep1dermls)9]r A7 A (seed coat)Z ©]FoA] St} EIH
°F 40-50%°] T AFas Fiete AAHF iZHi
g3 om (D’Appoloma, 1979) &4tsl &S vher

B A&l HesAdEo] F531A diEo] tk(Pomeranz et
al, 1998). o|gfgt W] HEZAEe F 7K HF=E Y& &
T}, Gallic, vanillic, syringic % p-hydroxybenzoic acid2} 7+
benzoic acid §-=3|9} ferulic, p-coumaric 2! caffeic acids
X83tE cinnamic acid A2 UE ¢ AtHKim
2006; Yu & Cheng, 2007). ©|2]gt sllEike Al22e] Aks) A
BE 2dalal Akst 402 7E DNA, @A, gl gt A
Ay} e AETHoR FQ3 BAE Hoshe A
A8 BHS 7T Ark(Yu et al, 2002). WA A
1S Ao 7 A7t Z Tgo] Hule Aol e o
8t A4 ol A YER L A th(Willcox et al., 2004).

F & A E7HEEOFNA micro ¥ nanotechnology= 2
o] dita A 5ol B8-S FE FEAF 2 A3
kS 3L 1O M (Chen et al., 2006), o1& ]
% 21 o3 (High-Pressure Homogenizer, HPH)
A7t FELAL AT o= % AdEle] AlErt wAg
HS THE o AR AY AR et A
= cavitation, impact, turbulence & shear force®l] 2J&j A
E7F W vlAg el 2 ZINA A =W ol uhe} L3}
B W3 A 757 EAo] etk (Kasemwong et
al,, 2011). B3 34381719 IE<Q microfluidizer= 3%
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A= AL
Ao AFEE A]ekS Sigma-Aldrich (Sigma-Aldrich,

St. Louis, MO, USA)AIAM Fufsllon As=2 ARE-g
HRW 7] Fobd(F) BRledolA A5 i
A Aol Ak D75 ARk 2r1E0 AR
o gk WikRel AAs o8 BelE 3 FH4E
23k F 30°CollA] 24A17F B9 Az AxH
2 Labscale grinding mill(Laboratory mill 3100, Perten
Instruments AB, Huddinge, Sweden)S ©]-&-3to] Ha A=}
7} 2F 460 um7} QE% st Aol ARgsh] A
7HA] Ao frE] 8710 wel -20°ColA Bastsitt.
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t #2&(High-Pressure Homogenizer : HPH)

2 34 9rlee] A5 74 AYE e weH S
o] H]&S 3.5:100 (WV)oE IEA BEAAA ¢
o4 7](MINI DeBEE, BEE International Inc., South Easton,
MA, USA)oll FJ3tth A 2] E°] 200 um(IC
200), 100 um (IC 100)2] =& E3AF LW IC 200 =
Sl A= 20,000 psi®] #HE, IC 100 ==X+
30,000 psi®] =S 7helFACH ZH7He] Ay 2712 IC
200 =& 13]9} IC 100 =& 23], 53] 2 73] 5342
HPH A28t m IC 100 =Z< ETHst7]o] 44 IC
2005 13 FHAIZ = A At HPH A2 & 3l &
te] A& £E& 30-40°CReH, Aejd ztzte] 47)%
NEE BEF7AZ7)(Eyela SD-1000, Tokyo Rikakikai Co.,
Ltd., Tokyo, Japan)E ©|-&ato] 23} siaitt. o|wjo] &5
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A% 272 inlet temperatures 140-160°C2 ZE A 3L
out-let temperature® 80-90°CE 3t A BEFFHFEE
12mL/minS & slvh 7712 3 Alge Aol AHg-st

7] A7bA] A frE8- 7] e
2 2 3] el

2ol -20°CollA B3, A

B =

B4 WS 2L oF 05¢8 Adte] TS oF 30mLel
3ME F BaNA Flsldon, ol EdEE A8
o= =

=% obscuration 8~12% el JY=FH 3FHTE Laser
diffraction particle size analyzer(LS 13 320 SGL, Beckman

Coulter, Inc., Anaheim, CA, USA)E A}&5te] Y= X

& Sgstgom dge 33 v Stk B guy
A Arle AR Yabsel ojs) Abeel Ble] s S48t
of AR} =7 X B E =F 3= 3 AlgH o] FgsieE
AAE0] lnt AlBE FHs A4 wRe] AET) &
3kal= cellol] do| A 7F FALE AL o] HlolA+= YRl o8
ERCA AbeteiAl S, 4 Aol AE717F Alsteke @
ojH el Weol 7t g ZAd) Yt A7) 9 BEE 243}
A Ak
HH S Oll= ofet= et
Alse] 3 WA sllis sk A2 Serpen 5(2008)2



HZ4 M3} Singleton 5(1999)2] Foline-Ciocalteau *H -2
T WA st A ST AAEE Fol Al 10 mgt
10% Foline-Ciocalteaur| &F 2.5 mLS # &} 5E7F wk-3-A
71 & 2mLe] 7.5%<] Na,CO, §H4& 713t} &89S
2A7F ERF 2ol A REGAIZT & 441458 7](Union 5KR,
Hanil Sci. Industrial, Co., Ltd.,, Incheon, Korea)=
10,000 goll A 1527+ LAt dAlwe] € 45
S 725 nmol A §F=(Libra S22, Biochrom Ltd., Cambridge,
UK)E =430t 55522 gallic acid £9& o] &3}
o HFde A 29 v dE I5E e

mg gallic acid equivalent(mg GAE/g d.w.)Z YER AT}

TS}

=
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DPPH 2iC|Z 218y

kst &4 o2 DPPH(2,2-diphenyl -1-picrylhydrazyl)ell
3k Mg so R AR g g S S5
Serpen 5(2008)2] AHESAWHS ¥ WA 43N
t} AlE 10mgoll 64 M DPPH &S H7}slo] 2A]7F
Fol 515 nmellA F2=E 453t DPPHE 2 80%
HEEE 24 sglom A3 A wEo] ARkt
HEFEZE troloxE o]-&ste] AFAES 2HsIlaL, 24 A&
o] Bt AAFE AFXAE gd uM trolox equivalent(uM
Trolox equiv/g d.w.)Z YEM AT}

ABTS Z{C|&d A{EM

ABTS(2,2’-azino-bis(3-ethylbenz-thiazoline-6-sulphonate)) &}
gd 2AL8E ol &3 kst &4 SH-2 Serpen &
(2008)°] W& WSt 78ttt 7TmM/L ABTS &<}
3} 2.45 mM/L potassium persulfateS 2-2] ¢Aol|A] <F 14
A7 & HHSAIA ABTS Yol2-S FAIA ABTS stock
solution A %3 T}, 734 nmollA] S2 =7} 0.7+0.04% 3]
2131t} 8]2493F ABTS stock solution 6 mLoll A] & 10 mg
< FH7bste] F71Ho=m wwkelw 607+ WA ST
10,000 golIA] 1037F LA & 4549 45 734nm
ol A AT EFEZZE troloxZS ©]-&-3lo] HHFAS 2t
Aatdar, 7 A RS Y E AATE AXRAE g pM
trolox equivalent(uM Trolox equiv/g d.w.)Z YERY ST},

Ferrous-ion chelating 21}

A]E.9] Ferrous-ion chelating &3+ Decker & Welch
(1990)2}F Wang 5(2009)¢] WS WA st A skt
10mge] 271 Al5e 6mLe S/ 2mM FeCly
4H,089 100 uLE 718t} SmM ferrozine &) 200 uLE 7}
1027+ wRkste] Ao 9hgAIZTE 10,000 goll A 154
7F QAR st daEE] ¥ ASAE 562nmollA S8

S 439t 2F =2 2 EDTA(ethylenediaminetetraacetic
acid) &5 ol&ste] HFHE AU Ferrous-ion

chelating &3+= AZAIE g & EDTA equivalent(uM EDTA

CHSA - e - Aes

equiv/g d.w.)Z YER ST}

== 20|X Al &d0[Z(Confocal laser scanning
microscope : CLSM) &
24 dnA2 A st Forel A E8E A Je i
z

ATS ste FH FT AAHE D3 th(Wilson,
1990). webA ot A H 2rE A7z Hsks
o

ESS eofolugi A F & 5 7
iR Yol yyste] AL A SR FH|EIITH A5
F%% o]u]A& Nikon D-ECLIPSE C1 & w]7d(Nikon,
Tokyo, Japan)2} Nikon ECLIPSE Ti imaging system(Nikon,
Tokyo, Japan)o- 2 ZHzslth, W7ol 8% A 3§34
< 7 e #olA 7l UV argon ion laser, A, =
405 nm<} blue argon ion laser, A, = 488 nmZ &3} T}

BAEAN A Axe= 33 v 54§ Had 359
22 e, A 28] 233 SPSS(ver. 21.0, SPSS
Inc., Chicago, IL, USA)E ©|-&3}o] E4HEA(ANOVA)S 4
AlSF9tE. 28] 3 Duncan THH 91 7 3(Duncan’s multiple
range testyS &3l p<0.05 FFAA oS AS3IAT

ot Y nFE
Yo Xt =7

Table 19 Ztzte] ZAoA It 43
Y2 27 A#E R AT Y719 Hd gA
71 463.6 umE LA E A, EFHA}F 3ol 190.5 um
2 AAe R Fad YA 27 £EXE YA IC
2008 AHEste 13 Iy 44 As 43 872 um=E
it on FFH oz oF 81% B & U
ok IC 1002 AHg3ste] A Egh Axb= 2h7F 23] 552 pm,
53] 27.8um % 73 199 umI o™, A 2|7} F71shel whet

EEELEEEE

Table 1. Effects of high-pressure homogenization process on the
particle size of wheat bran.

Wheat bran sample  Particle size(um) SDY(um)
Gound raw 463.6+10.1 190.5+2.9
1C,q, 1-pass 87.2+0.5 67.6+1.8
IC, ), 2-pass 55.2+0.2 36.1£1.0
IC, > S-pass 27.8+£0.2 20.3+0.2
IC, > 7-pass 19.94+0.3 18.9+0.2

The values are expressed as mean+SD (n=3).
D Standard deviation which is one measure of the width of the particle size
distribution.
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Table 2. Effects of high-pressure homogenization process on the surface reactive phenolic contents and antioxidant activities of wheat

bran.
Wheat bran Surface-reactive phenolic DPPH scavenging activity ABTS scavenging activity  Ferrous ion-chelating activity
sample content (mg GAE /g d.w.)  (umol Trolox equiv/g d.w.)  (umol Trolox equiv/g d.w.) (EDTA umol/g d.w.)
Gound raw 3.4+0.02° 8.2+0.1° 12.7+0.2% 22.1£0.1
I1C,,,, 1-pass 6.9£0.03" 20.0£0.2° 27.5+0.1° 17.0+0.2
IC, 0> 2-pass 9.1£0.03¢ 24.5+0.2° 36.3+0.1° 16.9+£0.2
IC, 0> 5-pass 11.8+0.04¢ 32.8+0.1¢ 40.1x0.2¢ 15.3+0.2
IC, 0> 7-pass 12.4+0.03¢ 37.9+0.1° 45.3£0.1° 15.4+0.1

The values are expressed as mean+SD (n=3).

**Means with the same letter in column are not significantly different by duncan’s multiple range test (p<0.05).
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Table 201 ztzbe]l =AM 28t #+2 22)d d7]L9
DPPH 2t]d &£AE4S Yepdnh. #o Vet vle}
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g2 Boh F 4.6 9] =4 YERSTE T3, Pearson g3

HA BAo| w=d x| ¥4 ¥ =33E 3 DPPH &
U aAZA 7] AdASE ©£=09928 YERY 319t
42 A" 27| golM B w-SA v=313E-S DPPH
o) d AAGA G FAETt 22 FENECE Y
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Solgkal B3 = 1 th(Carrasco-Pancorbo et al., 2005).
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Table 201 ztzhe] Z7olA It 4d 223k L7189
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T} Pearson 3 #AA Ao wEWH 2W WA dE3kg
=3 ABTS &|d &AL 7he] JAATFE r=0985%
et ABTS 2Ho]E A2 Bgk o] JAaAIE vE
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27 A= 29 W E caffeic acid®] ferulic acid:
=2 &S 7Yy Bagk b Qo) meEba] 2ol
29 #E AHE=E Q8 HeA sEE S ferulic acid
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Ferrous-ion chelating 1}

Table 20 229t #& AHgldd w2 27129 Ferrous-ion
chelating &3& YERATE Ferrous-ion chelating & ¥-=
Ag|7F S7Hgel whe} aske S JEpiAIRE 2 A}
ol FAHLE FoAHS UERHA &tthp > 0.05). 5,
a8 2 A7 xRt W& S5 chelating &
H7t A=A Gtk AL R ol oo At A
$HtH(Zhou et al., 2004). & A+9] A= #HE4 SE
9] Ferrous-ion chelating & 3}ol|A] o] 2] A9} vlzk7}A]
= grdarA 249 adet #de] fle ALo® Uy
TH(Magsood & Benjakul, 2010). PF7FAE, Graf(1992)=
#E4ke] d4ksl €4 o] Ferrous-ion chelating & 3H U=
god oA sl FE 7%t Byttt a9 #44
#12]7} Ferrous-ion chelating &35 714A]7]= AL 34
chelating®l] #eisl= o] Edolu A5 Ask7t el
Ak wlA 2] WStE A4 e XY 4 ol 4

3 p9lel F7t gagy) MEOE B 5 9ok

e EX2|of 2fet CLSM &3

I 7 Aol ofgk D] L] FHTE MstE dolr
71 8 Fx23 dolA FAF dAnBFor HF AAEs
Fig. 1°] YeblAth B7]¢2 Itz o = 959 3y
(pericarp)®, WS Z-(aleurone)d 1] L Afo]9] gk
F(seed coa)F o2 F 372 Fo2 FAE UG
(Harris et al., 2005). Fig. 1A°] Yeh} =o] A2 e)e]
A2 FEANS v I (pericarp) TS 50 HE F
A5 FasA w2 vjg=]o] AU, Fig. 1B It
1S U= S (aleurone)e< YHHA O T2 WS g

= =
dote ToE W FEH7E AR wiEEe] Ty =
o] MEE o]F= AL TEE + AU THAntoine et al.,

2003). IC 2002 ARg-3te] 13] 29t +
AR e xzto 7 B3 =30 38 (aleurone)s Al ¥4
o] F-EA o= 1 Ho| MR FAE o] AV LEE
Z2] 39 (pericarp)es E F - (aleurone)=x2] U7} #zE
AkFig. 10). IC 100 AH&-gH 73] 219F 42 AHs 2
71& A F27F A BEEHAY EEl = o] B2 g H)
go] #F HQUTkFig. 1D). 3¢t 72 Al o8 vy 2
F2 ddgo] Zgate] WIS YR WFH =N AE
ol x5 HMPA|L AL EYEE FEANTE 5
olg gt AA S T3l EHA WY ol g} ksl 2877 =
Z5 o FgAhkst Do JF

AT E Lol we] A FarsA A L] AFE 2
detel Wrle] vt A Aeld] uhe Frret 54

© (D)

Fig. 1. Confocal micrographs of raw wheat bran (A, B), high-
pressure homogenized wheat bran (IC200, 1-pass) (C) and high-
pressure homogenized wheat bran (IC100, 7-pass) (D). Images
were obtained by superposition of two channels: 2, =405 nm for

the blue-red emission; A, =488 nm for the green-red emission.
Scale bar=100 pm.
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