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SUMMARY

I. Title

Development of Milling By-products Processing Technology for Improved Nutrition and

Commercialization of the Technology in Value-added Food

II. Purpose and Necessity of the Research and Development

Wheat bran and germ, which are the flour milling byproducts, are rich in dietary fiber,
vitamin and minerals as well as functional phenolic compounds and functional
carbohydrates, but their value as food ingredients are not sufficiently recognized. Therefore,
this study develops the technology that enables the use of abundant nutrition of milling
byproducts and the improvement of their functionality and values suitable for marketable

food ingredients.

IM. Contents and Scope of the Research and Development

1. Development of the wheat bran processing technology

The milling byproduct wheat bran has excellent nutrition and functionality as a food
ingredient, but its use as food is limited because of its unique smell, coarse and tough
texture and the risk of microbial contamination. This study highlights the advantages of
wheat bran, and develops the processes that improve the dietary fiber, mineral and vitamin
and address the disadvantages to improve the added value of the wheat bran as a

byproduct.

2. Construction of the mass production system
This study develops the mass production process for wheat bran processing technology
and optimizes the process by installing a pilot system to prepare for quick

commercialization.

3. Nutritional analysis
This study analyzes the nutritional characteristics of the developed ingredient and

ensures its food safety and stability.

4. Research for the ingredient application and product development
This study examines diverse applications for successful commercialization of the

developed ingredient, and develops the products that have sufficient marketability.



5. Commercialization
The developed ingredient can be used for diverse foods. The marketing strategy for
distribution and sales is established to enable the production and sales of finished goods

for consumers.

IV. Results of the Research and Development

1. Development of the wheat bran processing technology for improving its nutrition

a. Development of the wheat bran processing technology (WBF-45): The technology
improves the grinding efficiency, reduces the unique smell and microorganisms, removes
the coarse mouth feel from foods.

b. Development of the dietary fiber content improvement technology (WBF-60 and
WBF-70): This technology increases the dietary fiber in the wheat bran to 60% and 70%,
respectively. WBF-70 is a listed functional ingredient - wheat dietary fiber.

c. Development of the bran layer separator prototype - This prototype can separate the
portion that has a high dietary fiber content from the wheat bran.

d. Development of the high mineral content technology - A technology that can separate
the portion that has high mineral contents (including Fe and Mn) from the wheat bran.

e. Development of the antioxidative activity and water-soluble arabinoxylan content
improvement technology - The antioxidative activity and phenolic compounds of wheat
bran are strengthened to improve the functionality, and the water—soluble arabinoxylan

content, which is a functional polysaccharide, is increased.

2. Development of the mass production process using the aforementioned processing
technology

a. Development of the mass production process for WBEF-45

b. Development of the mass production process for WBF-70

c. Development of the mass production process for wheat bran with 1mproved

water—soluble arabinoxylan content

3. Application of the developed ingredient to the products

a. Commercialization of wheat bran dietary fiber (WBF-45) (Ad-up™)

b. As WBF-45 products, high-dietary—fiber dry noodle, premium whole wheat flour and

1

stick—type powder tea Gabyeouri'™ were developed, and the baking recipes were devised to

use the products in diverse foods.



V. Research results and Application plan

1. Commercialization plan

a. Application of technology - Commercialization of WBF-45(Ad-up™) in value-add food
ingredients market

b. Application plan - Commercialization of WBF-70 and wheat bran with high
water-soluble arabinoxylan content, and development of diverse applications for domestic

use and export (to China and Japan)

2. Intellectual property right

a. A patent registered -~ A method of producing the food ingredient that contains wheat
bran (No. 2013-0070051)

b. Patent application

o Application Application
Application name
Number date

A method of grinding and classifying wheat bran 2013-016612 12.23.2013

A method of processing the wheat bran with high
water—soluble arabinoxylan and dietary fiber | 2014-0168152 11.28.2014

content

A method of increasing the antioxidative activity
of wheat bran wusing the high—pressure | 2014-0168153 11.28.2014

homogenizer process

3. Academic publication

a. Academic journal in Korea

(1) Physicochemical properties of wheat bran in different areas prepared by a
high-pressure homogenizer process, Korean Society of Food Science and Technology, 2014,
46:404-409

(2) Characteristics of wheat bran classified by ultra—fine grinding and air—classification
system, Korean Society for Food Engineering, 2014, 18:186-193

(3) Characteristics of components of wheat bran fractions at various grinding and air
classification conditions, Korean Society for Food Engineering, 2014, 18:1-7

(4) Antioxidative characteristic of wheat bran due to the high-pressure homogenizer

process, determined to be included in the Korean Society for Food Engineering Journal



b. Academic conference

(1) Physicochemical properties of wheat bran in different areas prepared by a
high-pressure homogenizer process. August 2014, Korean Society of Food Science and
Technology (Gwangju)

(2) Characteristics of wheat bran with ultra—fine grinding and repeated air—classification

process, October 2014, Korean Society of Food Science and Nutrition (Daejeon)
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o AEM, st v, 3, HLAF, BREY AP uF PR ARFR T
A AEOR olFoHel=d], ¢Iet WI= I H=EA
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-Eyssen et al.,, 1985; Schneeman, 1987; Yang S et al., 1987) %2 71X 7} w9 =t} 19
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Fincher et al., 1986; Pomeranz, 1988; Atwell, 2010).
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3R tHChou et al.,, 2008; Wu et al., 2009).

0]9} o] W7 AFE AAEA Aol F AZEY, FHUHEY F4 24, W &

M 9 Za7F o, md 2y Hlgdle] FRettt H2o mAst AE S85ke] #H
=3

ol
bl

N AF AT A AE 2AZA AAE Lot AT Ba
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(1) A4z

ABARNE A e WE (Gl3 4 WS olFn 3 ABFYE AL W 4
EAE BAsH7] AH G 7}%?4 W% (oleh 229 W% oletn @) 1e3 GEA
1) ge] AR, RFEE, AFT BHE AAFAL 228 2L 150CAA 383

Gre A ZAEAE Botel AR 0

(2) 471 =A™
3 (Feeder) & 52 = =d|

=AY 7] v == 60~130 Coﬂ A =aFe] Y _];ﬁ'i?E(RPM = 200~4002.

d 3 kX

v

o =
H=
THoR o]FHH dEAHY FTAHY 2aAF ¥ Oé% a9 4)eF 2

LEEETEE T IANNNNNNT ST T AT AN OT

YRR RS R TT TR AANANNNNI FA TSR AT AR RS

,é?';ﬂ?' JJ’J&',&’J’J ]
!!I#d‘»"&'fﬂ'.{.&‘ ]
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i T
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b
el T
el e
<
L
el
fudtel
el

)

1 1 4 1 1 2 2 2 | 31331 1

1. 1/2 Pitch screw 3. Forward paddle L/D ratio 23:1
2. 2/3 Pitch screw 4. Reverse screw element @ : 3.0 cm

5 U (Feeder) & &3to] 7]
b 7 F R 7 Separator-J l"ﬁ:% 3] 1 & = (RPM) 500~2500 o7 AA
}ML Mille] 9 3 HdE=(RPM)E 4,000~6,0000.2 4EAIES 4 s}

Y
g
2
1n7
o OHH f
p‘ﬂ
£
o,
B
i,
i)
N,
o
3
N
BL
o
rlo
N
Ju
M
o)
N
1o
s L
- Anj

H =
zb B3o] HdUA XS Laser diffraction particle size analyser(LS I3 320, Beckman
Coulter, CA, US.A)E AF&3te] 384 dbE A3 vy 2 JxAEAdA = gAtel] ol A
S AbetH Yo T3 AL F, AbdE o, AbekE e thA] kAL 24 31d dAdE o
o7, AbdE o] A7) B A ETE &7l A Eo] FA sk Aulojth. 4 Al F A
= dEES ARgstaen, 54 A 5’:%311 ﬂﬂ% & ’\]E E‘L"ég s7HAN AT A4 A

H] b g Xﬂ% Abete] HEH =

] } lom, 42 A71= 0 el A

ou l" 19

MAE 245 A8l 271& AR 10gel A4 A(0.85% NaCl) 90mL= &gtste] 2
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71 ) v A
A=
baker’'s %

L7HE S 100 100 100
Ean= 2 2
Al 20 - -
e 50 6 -
HH 50 6 -

Hjo] 7 991 2 - -
Aol ~E 2 -
AR - 2 -

= - 65, ¥ s} 34

¥ 2) A, A AW A wlge)

©) &Y WA BH 54

H
Y Wo)E, 150C 3% 2" We, HEAE W8S 47 1R B F 47

27k e] i &

25 (WAL, water absorbtion index)®} 4874 #=(WSI, water solubility index)& =73} Tt

T FHAEE 227 Al BFAE g% F o, FEATE B EE ¢ AES F

-9 #AHdE gt = gl

o A 4 oa
(1) MAE =4

VA E A 22 A WU NEFAEES AR EU1Le A a9 E gRlsr] f15kd

st 228 WrE agla EAY Ur]Ee dubAld, g, o 24 S

G 7FE A

2 A8k ok
A71&o] 7FdA g uwE

o] 35000 CFU/g °] A=%

>

o, A7]&2 A WU ee T

9 dubAsto]l A= g as B3R S gl 150ToA 68 =2’ Ur]ge
360 CFU/go. = ZFAaatdAIvt, A7)0 Mol ol F9jxom g Wlxj7t dAet7] Al #Fst ot
=Y WSS GEAY A UIF 4" B UE ddyA e FUME Q1ste] A 3 MAE
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T Gevia_smEa_B0 s i 28] —— %7 150EE T R_A 01

Ve (%)
Nokma ()

©
®

ohme (%)
ohme (%)

o de 1 H T % i EY ECIES) 2o o oo 1000 zo00 da ds 1 H T % i EY ECIES) 2o aa oo 1000 zo00

a9 5) Wi H4 AR AR =, O 4Ure, @ 229 U]E£150T 3E), ©
2289 47]2050C 6%), @ 4=48 47

(3) AW H2E

A 7] 150TC 3% 22" 7SS H7F Al A FbellA olFH 9 o]&Fto] SlEAL
™ TA (Texture analyser) #2143 W] wwtksh(Hardness)e] Z7Fskich &3k Heo] Ax)
A B A 6) Mol Akl o 79 UnkAQl AW FAF e AT v 4=

2 , dag

Y A= A7E AL ol R ooledol waH FErsiAu FQHA ko
_]

[e}
(Hardness)o] 27FF2F frAbste] A2 o] -3k o= sQls gt
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obef % 5)v= "7 Hrybd Wi Mk FA Aoty L gk ¥ o, agke A= b
He FAEE et
= H7ve L a b
U7 100% - 34.68 -2.25 18.44
5% 67.63 409 18.50
A A7) & 10% 63.70 5.77 19.36
15% 60.67 6.95 20.35
5% 68.20 362 19.02
150C 3+ =28 U7]& 10% 63.48 5.88 20.32
15% 61.37 6.62 20.24
5% 74.36 1.18 22.68
dEAAY UE 10%% 71.64 2.40 23.80
15% 69.68 3.41 24.60
3E 5 W71 H7F ddie] AAkgh W
H oA F 100CE 533 &2 ¥ 50TCo d2FxdA 13, 5%, 108 23 Al Texture
analyzer?] Hardness& =43 23+ i 6)37 2}
Ela= 7+ Hardness(g)
U7HF 100% 318.328
A A7 363.687
5% #H7F 150C 3% 229 47 & 348.397
dEAY WU 310.062
A A& 410.081
10% 7}k 150C 3 =228 H7& 408.600
A=Y HWUlE 295.704
A A7) & 437.352
15% %7}k 150C 3% =¥ 97| & 411.021
dEAY HWUE 298.207
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A D78 HA A W By 34 Ao 150T 3% 24 WU 4EAY 27
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- ot 53] AR
o (mL) L 4 b
Wheat Flour (100%) 1451 73.29 222 872
59 1,370 67.85 01 1153
A A7
10% 1313 63.93 13 13.99
5o 3 59 1453 66.09 -0.19 11.82
mag AE 10% 1,363 64.15 1.46 14.69
59 1.470 69.75 168 12.83
=AY U
10% 1,363 71.68 091 1768

E 7 WS A7 AR AW sk Az

(5) F7] H=E

A E7E 2 RaY WUE H7E AL F719 Aol A AAstdlod, Edd 2r1E A
7F AL FI1e AA el Srbekdh R A RT3 150T 3% 2A" Wre H7F A o9t
ol Eito] =AXI AL AMow Wt AubAQl yjEdo] "o At GEAY LUl A

0

=
T3 4= A7F 7] Az Al Zol7} Auidom AA Frkste FHFE A
Fo B3 718 Bobel £& AW WA FOG A0S Rolstel A7) 2L 9L Fu
¥ 8)2 T #Hrbel wE F7]9 Ax WstE vkt FEAY Wrles HUrEe] &
7}gholl wet F7]19] hardness7t @ S7beke Ao 2 UERETH
Bran <
T A7 100% 150C 3%
1 o = =] &) 1 o
A7) & wam Woe AEAAE W
5% 1831.248 1915.065 1682.030
Hardness
(@) 109 1806.452 2343.081 2233.116 1928.495
g
15% 2516911 2227515 1936.069
¥ 8) U7l #H7F F7]19 hardness 74 &k

E QR We Akl e F719 44 wssh 2/(4743% wo)E H4RY 7]
Mg AWM FASA GEHY W%l Y um, Tl A8 GEHY
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2. Aol @ Zui71% AEHWBF-60)

dubd o7 W7 38~45%2] 2 o] H ?_{}%k% 7FA] a1 Lol Yy 3l A
= UL S AEAY el wEt ZAE =Y, B4 40% lﬂﬂ Aol T§HE ZeEr
U7l o M g2 F(layer) o= OITOJX]T‘E N, 7H e B
aleurone layero| ™, T2 9 & pericarp layere]tl. @7 &S o|F&= 7} =
A Zyzbe]l EAS zh=d), aleurone layers WUl ShEFo] m=al ¥

%

E-3hc}, ¥bA | pericarp layert AMEFZ QAT o] Fof

Z1Fad T UL Axd AlgE ARE E 9SS AfsteE A FAER
Ak = W7]e (BB DongA One Flour Mills Co., Korea)® £33 Ak A F2 ALg5
= el A S W(Australian standard white)9] 7] &S A3t}

T W& Alxe dAE5H UH & 7155 7]1(DMC-5, Daechyun Eng, Korea)Z ©]
E-R W, 7554 271L mill grmdmg Speedﬁl‘r separator reverse wheel speed®|™ & 7]
BF 24L& F7|EHF7](air classification) ] reverse wheel speedS ZA3stt. 4 2 4
X712 Table 13 2o 2 9 5 &A= blowerg &3lo] 3719 55| A7, feeder
£ T3 FYE AEE milldlA 12 E38kth blower®] Fstoll ©ste] s

& we}l separatorol A 12 ARWlE o] FAL A|RE separatorS BEE T ol 2 ujzhx
millZ WHEste] B 12 AEE Al5s F7]E 5 7](air classificator)2] 8 3] A& =0
olsto] HlFol| wel FHEEHAT F7ET7E A AlEe TR, FHEHA X AR X

Fog B HAY.(29d 10, 19¥ 11)

e AlgE S
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(4) B JAEA
zF B3 o] HitdA AL Laser diffraction particle size analyser(LS I3 320, Beckman
Coulter, CA, US.A)E Al&3te] 334 wbE A3 3. 2 AAEAGA = GAlel] #Ho]A
=

o7, ket 9oy A7l B Sz ETE AE7] e A EHo] FA5k= Aotk A Al FA

= dEEE AFgstdon, S A 257 AYE ste] AR A S SUMAAT E4 A

|et2-3 AR o] &3 H]&(obscuration) 11%% A& 30%7F dlolAE ZAlste] HEH =

HheE 54 F v‘f‘*j.%}x] ALZESJOoA s g ALstA o™, A A7]= 0 ol A
A

& SV We I, WA, B EEw, A e o W 31, 597 43e d
=

ot
Sh
%

(B) & Aeldw A 4]

T AR T Aoldf A= AOACY WHAITE ol&ste AT A= 1 go
zZyzkol vl7 e Ya, pH 6.09] AAZFEH 50 mLS ¥ F 01 mL9Y a-amylaseE® Z§3
F BT FxollA 16w HESAI AT, A2 Y72 & pHE 75+027} ¥ %= 0.275 Ne NaOH
= 7F3F e, By 3A " 5 mg/mLe proteaseE ZHzhe] H] 7o ”J_ 60C ol A
3057 HES A7l 3 AL WS ST pH 4.0~4.69 HEE 0325 M9 HClS Yo + H,

e/

o

0.1 mL9 amyloglucos&dase% Yol o 5 3057 Hkg- 7\]734 i8S W37 98k

9%5%9] &S Pol FUu a8 v TREE X% 044718 Abgeto] o3 &

105T9] dry ovendl A Az F SEFA|A Fit A} FFS
o)

I BEa THFe A% 1 s

(6) A8l AFA
d71&e 7R B4 9 FEH
A aA o o3 A3t &
program(Statistical Analysis System, release 9.3)3} W] =
AAYY g EH AR E TAAY R A ﬂ—ll‘i}% Oﬂa‘o}»ﬂjr. HES- 3 FA4 ol A
=7

H=4 ‘é%o ,\::m% SAS

N

H+ mill grinding speed(X;), separate reverse wheel speed(Xs), air classification
reverse wheel speed(X3)°]™, ZF 4= -1, 0, 19 A 74 o2 H 353 3FT} vHe

H
FY)E &5 9= B9 HE&, Fd93 & Holdf FFo= stk Al 7HA 9
(X}, X0, Xg)ol dlgt 22} 3] AR 2 ()7 2}

Y=bo+b1X;+h2Xo+b3X3+b12X1 Xo+b13X 1 X3+bp3XoX3+b11 X 12+ b2 Xopt+ bz Xz (A1)

s

A7IM Yo HheH g, X Xp X HHMT, hw A

, ba B FAI ol
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7152 B2 o83 B =7 (mill grinding speed, severate reverse wheel speed)¥ 3
7183 ZZ(air classification reverse wheel speed)ol] w2 l"it:ul T&9 t5 374 (multiple
regression analysis)2 ¥+ 3 12)9F 2o 5 H &9 R’= 2F 0911 02 =& AAAAS
Holgw HAAst ndlroz Aig o5 4 vk Egk 7] sld&x, 87 & 3
S5 F7EE 8 IJHAEE BT =2 79 dEP<005S UE E5 v & =2 IS
= Aoz et e e EA7]E o8 e FUIEw FAE AMES 5
w2 Zbzbe] vk BA Ay 8o Ffof fish v 3 AN % 113 Zrh

Response The second order polynomial” R?
Classification Y 1=-60.28889-0.0279X;+0.10662X>-0.052X3+0.00000 0.9105
Ratio (%) 5X15-0.000019X5,+0.000049X 3, '
Fine Average particle  Y»=228.2783+0.0102X;-0.0067X>-0.7074X3+0.000000 0.9364
fraction size (;zm) 4X15+0.0000001 X 22+0.000693X 32 '
Total dietary
) Y3=-6.7915-0.005860X;+0.0354X5-0.0034X 3 0.8461
Fiber (g/100g)
Classification Y ,=161.6555+0.028X,-0.0177X5+0.0516X3-0.000005X 0.9113
Ratio (%) 12+0.000019X55-0.00005X 32 '
Coarse  Average particle  Y5=2098.299-0.1488X,-0.177X5-0.0215X5+0.00002X 0.9327
fraction size (;zm) ot 0000153X22*0000073X§2 '
Total dietary
) Y6=89.2924+0.00088X1-0.0188X5-0.0374X 3 0.8170
Fiber (g/100g)
I 1D B7IEFEY & digh vgaxw 344
DV X; : Mill grinding speed(rpm), Xs : Separate reverse wheel speed(rpm),

X3 . Air classification reverse wheel speed(rpm),
Y=bot+b1X;+boX+bsX3+b12X 1 Xo+b13X 1 X3+b23XoX3+b11X12+b20 X2+ b33 X 30
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Degree of Fine fraction Coarse fraction

Source
freedom F value Prov>F F value Prov>F
Model 9 19.22 <0.0001 19.39 <0.0001
Liner 3 49.94 <0.0001 50.32 <0.0001
Quadratic 3 5.32 0.0091 541 0.0085
Cross 3 241 0.1027 2.45 0.0984
R? 0.911 0.911
X,V 4 27.18 <0.0001 27.42 <0.0001
X, 4 7.38 0.0012 7.43 0.0012
X" 4 10.50 0.0002 10.63 0.0002
£ 12) 71 REAS BT 20 02 BT 580 IR A9
VX, : Mill grinding speed(rpm)
?X, : Separate reverse wheel speed(rpm)
X, 1 Air classification reverse wheel speed(rpm)

e A BVl SR 2255 294 v oste] &5 Hleo] mobnon, ¥
71 Ag 7] AEETE ga 2U)EE 8 dEET S E E e v Eo] ot
nou, i £27t 52 AF VIR 2 IAEEIF SUHESE B vEo] Yot
g 12). Ku 5(Ku et al, 1996)2 v A&t o799 749 Zr3 S (cuticle)> 2 Z2 = A
ob T A FASL, HRFS MY B Folstel FART B HALEA e A

Ao AR AR WEF g

o

T =

AW 33, Ku 5(Ku et al, 1998)2 &7]&5 & A&7 2555 289 F8o0
% %

(a) (b)

Classification ratio

Olassification ratic
] ]
6261 10235
50,97 B5.64
y -
"
1234 6892 /
; &
1270 e 5221 7o
500 500
k Air dasaficate .
aon o My so0 e deict
5000 speed 6000 5,000 —
4,000 100 {rpmi 4,000 100 ]
Mill grinding speed {rpm] 3000 Ml ggrinudhmg sy 3,000

(L]
ad 12) B¢ 7Ea 2 wE rl(@)ek (b)) EurEe] vhEEH plot
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Fine fraction Coarse fraction

Source Degree of
freedom F value Prov>F F value Prov>F
Model 9 27.83 <0.0001 26.20 <0.0001
Liner 3 64.42 <0.0001 70.86 <0.0001
Quadratic 3 18.73 <0.0001 4.94 0.0121
Cross 3 0.33 0.8025 2.80 0.0716

R? 0.9364 0.9327

X, 4 0.26 0.9015 55.61 <0.0001
X2 4 3.81 0.0217 498 0.0077
X5? 4 58.79 <0.0001 0.45 0.7686

F 13 S erlEw 2dd wE o AT vT 3 e

VX, : Mill grinding speed(rpm)

?X, : Separate reverse wheel speed(rpm)

X, 1 Air classification reverse wheel speed(rpm)

(a)

af

19 |
4,000 '
3333 2867

mmmmlﬂm

a9 13) 24 2erlek sUIee

(b)
Aoreruge
particle size
(]
171
133
a5 ~
7
=00 7 700
< 500 500
Alr classification 19 Air classification
300 reverse wheel 2000 0 Parwers el
speed g 3333 Speed
100 {rpmj 100 {rpm)

2,667
Separate reverse wheel speed (rpm) 2,000

2o & vE@et 22 " JAA7] ¥eEW plot
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(b)

(a)

Mill grinding
3,000  speed pm)

2,667
Separate reverse wheel speed (rpm) 2060

A,
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303
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T B,000
5,000
Mill grinding
3,000  speed pm)

2667
Separate reverse wheel speed (rpm) 206010
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Fine fraction Coarse fraction

Source Degree of
freedom F value Prov>F F value Prov>F
Model 9 10.38 <0.0001 8.43 <0.0001
Liner 3 25.24 <0.0001 21.80 <0.0001
Quadratic 3 3.07 0.0560 2.78 0.0727
Cross 3 2.84 0.0691 0.72 0.5541

R? 0.8461 0.8170

X, 4 15.03 <0.0001 7.18 0.0014
X2 4 2.27 0.1045 752 0.0011
X5? 4 8.19 0.0007 4.81 0.0089

R 14 w3 2% FrlEE 2dd mE F AolAdfe ts A4

VX, : Mill grinding speed(rpm)
?X, : Separate reverse wheel speed(rpm)

X, 1 Air classification reverse wheel speed(rpm)

(a) (b)
Total Dietary Total Dietary
Fiber (g/100g) Fiber (g/100g)
46.20 66.66
4055 62.92
3490 e ] 59.29
2925 e Iy 2, 00 55.61 RN e e VSIS, 00
! < s00 ) T 500
|} Air dassification l Air dassification
23'551000 /300 reverse wheel 51953000 * 300 reverse wheel
' 5,000 speed ' 5,000
4,000 f 4,000
Mill grinding speed (rpm) noolm o) Mill grinding speed (rpm) {mlm rpm)

a4 15 #H £ riEE 2 wE mE@e 20 F Aol wheEW

plot
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i=e}

=< mill grinding speed 5,800 rpm, separate reverse wheel speed 2954.6 rpm 183l
classification reverse wheel speed 349.5 rpm oA & o] df sF&F 3952 g/100g, YA+
63.05 um, FHFHE 4498% % o= HIAY. FE EFELS mill grinding speed 5,500.3 rpm,
separate reverse wheel speed 2,500 rpm ZL2]3l air classification reverse wheel speed 600
rpm oA F Aol R 5748 g/100g, B U AF 402.62 mm, FHHIE 70.64% = oAF =AU
o},

(a)

Xy Xy Xy
5800.0 2954.6 3495

Optimal desirability - |
:0.7321

Total dietary fiber N
desirability : 0.74329 NN
Y = 39552 g/100g s h
(maximum) = -
Average particle size Y
desirability : 0.72173 . A
¥ = 6305 pn e S — - -
{minimumy}
Classification ratie | _ _ _ _ L=l =
desirability : 0.73132 ™~ T~
Y = 4498 % e
(maximurm) =

b)) X Xy Xy
55003 2500.0 600.0

Optimal desirability T | —
. 0.6416

Total dietary fiber ) .
desirability : 0.64771 T T TR T T T T T =
¥ = 5748 g/100g Ve .

(maximurm)
Average particle size o
desirability : 0.68643 e B
Y = 402.62 pm i i pdey -1

{minimum} _ —
Classification ratio K“\\ -
desirability : 0.59396 T T T TR T T T T
¥ = 70.64 % e

(raximum) -
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3. Aol g 70%(WBF-70) &4 7%

7F e

woapAel A W71ee AR Holdfvt ¥ HES Rt ddd 34 ATed
BF Aol bsaa wel AFul wobdA RS s A4 2T 5 Bed A9
g olgstel HolMRTt 1Y we FRS RW A, 9 ATAMG o] Wy wAR
Aot FNEF FAL FHAL W 60% T2 Aol HfAA BT 5

H bbb Aol gHaFel 70% ol4bel HES BHstAl Hw, ot wmaE Ay 4%
AYgs oA TS A g 54 ARZA BET 5 o], HolHFE
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70% oldo® FsAE TS Ntk

2-39 2414 H

1) #As=rFE
(1) fAE : Y Tricun funpicm dirum =5 T gp
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(71 97h AxEd F FEelA AeldfE Belsie Aasior #
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parameter Whole Pericarp aleurone Bran Starchy Germ
wheat layer endosperm

Weight 100 9 8 17 80 3
Ash 15 3 16 9 0.5 5
Protein 12 5 18 11 10 26
Lipids 2 1 9 5 1 10
Crude fiber 2 21 7 14 >0.5 3
Carbgf;zrra | B2 70 50 61 88 56

¥ 16) ®H &3 2AE HE(% d.b.) (A : Future of Flour: A Compendium of

Flour Improvement, 2006)

(3) 7= €98 A

 ATAM ARER 98 "UeS 3 dvjdor #:Id Ay ey 22 A3E B
1= [e)
T =

b W71 &S #wE3PE Pericarp layeret aleurone layer’7F A2 o= ez dHEES 214
k1L, U4 pericarp¥} aleurone layer’} H2l® AEHE EAstE FEo] Ut o= AE ¥
A Tl "71Eo] B4 mpEdo] o5 A= Feld sor FAHAY 9L layers #9
3}7] 98l A += pericarp¥} aleurone layerE A= #83t= 7]&o] F Q)

a3 19) (a) pericarp® aleurone°] Eoj9= o HU7|L,
(b) 4% pericarp(EFHeF  aleurone($-) = &dnAH AR
(Axiovert 40C, Zeiss German)
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(4) Bran layer separator 7R3 w-ak
7h e
W 7] % pericarp?} aleurone layer7}F A2 Eojle RES
A FAE teta 7 Fol AR BEEHES o . ole FAd s A AMA F de
aleurone layere} &= o] glo] HA 7WA A &+ pericarp layerd] & o] &3t &
Aol o3 F= FHT BUEE TUIEES ol&ste T FEolde® #2ldt. Bran
layer separatoroll Al =84 =245 7lst= AU A HIFFE AR FA A
impact mill& 7| z3te] AF&-sho)
1) Impact mill

Impact mill& 12402 3| A3 3] -] impact bolt7} A Ho] Qom, o] holtel] #4
o] FAsHA sk Wl olth Impact bolts WH-& FAH2HE RFolxwt &mof uwfe)
Aol Aex drd, B AFolMel o] 2~5mm 2719 WYL Ed FAS F7] Y9
M= boltel B71&e] HEFWo] HAstEE Ao E&AolH oo wet 7)ol AP AL
2 o} Impact bolt FEfERE ofYe} 3 d el &% Impact 53 3¢ o WE 28 &&

A7 BLsio

19 20) Fine impact mill®} 7% (%3] : Buhler AG "l w%)

{3 2e] i o R cellulose EFo] =& pericarp
o] =&

aleurone layer= 71l H|Fo] =2 54
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t}. Bran layer separator A #3% A%

Bran layer separator= §-$-A Al 28" (3Ha1)S Eolo] AlA|ES AZSES T Impact mill

FORA(F) A FTHAA ALgEA impact boltE 7HZ3} 2™, impact mill
o 3H HFxE 24T F JEE AEEHE XA Y. Impact mill W&+ F7]18E5 A
olFE23 AAFYL, FVIEH e FE 2ES 59 THS AT F JdE ERoje o
Astart. 7w Avle 29 288 918t9] separator HFEE ZAHIINEE s,

AZrgk A A ES ofe] 2HH Zom sd AAEFS &5t HUE IR HF AR
S Foled 8% ¢ AT

% 21)
ED)

Bran Layer Separator A|A]
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7] (wheat bran)& ¥ T 15~20%7tFS AHAste 9 AEAGo F8 FAE=E, 3
9] (pericarp) & ¥ Zit-(aleurone) 5 2.2 FA T 53] W7]&2> 40~50%°] 11 Ao Y
2, U5 cellulose, hemicelluloses, lignin 52 284 Aol dF= FAEH 2 ¢ pectin,
gum 9 FE&A4 HoHFE vHF xgsu. =g Fr]d) vERl B, Ferulic acid,
Arabinoxylan, Alkylresorcinol &2 A#&4d EZ& itz JuhElott et al, 2002;
Pruckler et al., 2014).

otk W7o FUEEA 7L FEWOHUAN 1 HolHfF AAE A Lot HE AT
7F B v dth(Lee et al, 2003; Noort et al, 2010; Hemery et al., 2010). 3}A| %k 2
o7t A, A ol HEkEo] Jlom, AFE duE v HrbE Al AW gAe =A%
A o5 YAANA dFTAA AFAFY A2 SE&H 7= SAVE Atk ol g o|{F=E A
D712 o] o] i AFRERE o] &AW HYIHA e AAHolBRE FE AES
ststo] A% HI7IR E&4 0= ol&d F v FH=E 7tEste A g A7 £
A A o]t} (Pruckler et al., 2014).
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Z1EES JAY AF 2 dRet 3o |
Yate] A F H dedE st ¥ 3

tH(Wang et al., 2013; Lee et al., 2006). & 7] %3S &-83}o] A& 1}4 ol A
EHFE 7 ¥4 (Wang et al, 2013), Hg] EHEA B-glucan T H9]
] ¥4 (Ferrari et al., 2009; Verardo et al., 2011)01 T¥ v} Qi) o] 9
Wu et al.,, 2001), A2l €3 (Wu et al, 2002), & (Challa et al., 2010)
IE 7tE FAkEel E4ek 3UIEES %’%3}
A gk oy Ag7F o] Folx mp vk Eg A
Al Zu AR & F7Ewl o8] A olA
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(1) AgdA=
W71 &0 Ao AMEHE A EE AS.W(Australian standard white) 9]

7] 5

arL
[}
WSS A3

(2) &2 77 2 371EE 34
oA B ‘?—:]7]%94 Aze A5 7784 3715571 (DMC-5, Daehyun Eng, Korea) =
o] gstATH1® 22). 3 B Fd A= 7IFEA (blower)E Fste] ¥7]19 &0 A7|H,
ANEFHY ](feeder)% 3 FAE AsEE EA7milDel A 12 stk 7174319 35t
olste] Aate Alsw Sl wel e 7] (separator) ol Al 12k A E o] FAE AlEe=
715 Edste Tl 2 w7pA 7oA whEste] A 12 AEE Alse 2R
w71(air classificator)®] & 3]d &ef oste] BT wet EHHAY 34 212 LU=
o] Aoldf TS FAAZIE zvEd FVEFY HH FAH 2AE AT Lee et
7HA wA 21E db] Ad¥d = 4 £EMill grinding

al.(2014)e] AxE aste] #
speed) 4,500 rpm, +2] ¥ 3] % & % (Seperator reverse wheel speed) 2,500 rpm, &7]%9 ¥
=]

3] d &% (Air classification reverse wheel speed) 200 rpm o2 3t Ay o=z 7PHI ¢
Ak A717F 22 Alse 7R R7E Sdete] v BEER SyEa, Ao FHI ¢
A 2717 F NEE FVIEHEVIE THeA Xt 27 EeER EdUddd. EuE 2R

< B3| 7MAl WHE A Elste] 7t

[e) U=
BFEE A AREY7Y e 9o i 9 BF 34
2

THES AAsATHLY 23).

Ar clacihcaton

a9 22) AL V|FE TS A = (Ed DMC-5 tdql
Ay, k=)
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(coarse

ol )

(3) =+ Hl=&

o
Nfo

No
B

¥
—
file)

N

—

ﬁo

N

fraction) & 1%7F A

B
i)

o

(4)

7}

Z 5 A (Analysette3, Fritsch GmbH, Germany)® 4

1,000, 1180 mm YA A7 =

st

=

=

g AR

=<
i)
o

!

oF

e

—

<
_&O
7K

i)

i

2 AOAC ¥ (2000)e] wel T2 Micro-Kjeldahl®¥, %3]

=]
o

i

=

8ol

al

=
T S\)}\-]
=4

A
105Cel A Az

ko3

Hy o A% 5 mg/mLe]

3, pH 6.0¢ ¢

95T FxoAM 15627 WS4

[e)

17131 of 3}

0]
yul

b

Al AOAC HH(2000)l

%

3}

g

A

=, 0.1 mL¢ amyloglucosidaseE 2 <]

6]:]1—

[e)
IT

<
R

=
RS

J

A
P

l

o

=
=
o]

1

A
al

155
>

o
752027} H == 0275 N¢ NaOHE 7}

7 0.1 mL% a-amylase

[e]

o
=

=

155

pH

[e)

=

o3

550C 33}
T

7}
40~4.6°] H=% 0.325 M| HCl&

50 mL

[e)
y
3

o

o

~
;OO
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e Alge F AR g2 AOAC ®H(200000] ok = éﬂ%ﬂ\ﬂr GOPOD reagent
buffer(K-TSTA 3, Megazyme, Ireland) 48 mLE ZSHF< 1 Lol &3al3 & GOPOD reagent
enzyme(K-TSTA 4, Megazyme Ireland) 20 mLS H7} & W% BAstH ARESISTh A=
100 mgs Alg 3ol ¥, 02 mLe 80% ol &r&S 7183l a-amylase(K-TSTA 1, Megazyme,
Ireland) 7} 1:30(v/v)Z 34 % 100 mM9] sodium acetate buffer(pH 5.0)5 3 mL €Yo, 2
= F2FxoAM 1287 widstdn. el Eyk A]se  amyloglucosidase(K-TSTA 2,
Megazyme, Ireland)S 0.1 mL 7}l 50C @FZo A 3083 WFSAIAFA . ¥k3-o] &

W AE AEFs §FEGaAd ¥a SRFE ARESEe] 100 mLE 483 ¥ 3,000 rpmel A
10 AAFE ATt B AERFH A4 45 01 mL# 3 mLe GOPOD Aleks |

- % TAE g ARE 9dte] HAERFE D-glucose(K-TSTA 5,
Megazyme, Ireland) 891 mg/mL)¥ 745 424 01 mL #H7Fska, 3 mLe GOPOD

1k= 22 ¥ At Alget FF8d, a2 FAE &AS 50T F2FxoA 2083t
=) T A (Libra S22, Biochrom, England)E A}&3}e] 510 nmolA T3 ==
Ao oste] F i S AAbsEA

N
o
-

K

A
3T
™

=z 3
X(S]Eo]: AL

>
>, ru[
X
B
IN

_IN

> o

s

ohg, obd) 2

e
o

o
(o oo 19

o

V% 1 100 162
Starch (%) = AA X F < o1 X 1000 7 180

A A Absorbance (reaction) read against the reagent blank.

100(ug of D — glucose)

Fo Abs for 100ug of glucose

FV : Final volume.

() 2FE, Y, FEEHAF
®E AR #84 2 #84 44

g 2 & 45 A&7l fs B, FREsAs, EiEs
AACC W (1983)e wet FAstAth Tl AaE A5 05 gol T/ 20 mLE 7hsk &
30C >4 (J-MPB?2, Jisico Co.Ltd., Seoul, Korea)ol| A 3A| 7+ E<¢t wytalar, A&
(Union 5KR, Hanil Sci. Industrial, Co., Ltd., Incheon, Korea)®= 3,000xgol] A 10%37F 4]
. ASdS erZulE HAld F& F 105T oA 2A17F ot Axste Az 1

AE S4E F ofg) WSI 7212 o] &3t Aitetdnt. deds AAG 4
el 10 74:‘%3 /‘ﬂ—rJT‘H TFag AAste AHd=e FAE SAT F WHC 4
a}of < TR Al FIIEAEEREEE)S AFEEe] 9ok FUd WHo=

=439

M °->‘J~ o
sk of

X
ol
S
38
i)

Dry solid wt. recovered by evaporating the supernatant X 100
Dry sample wt.

wsI(%) :

(Hydrated sample wt. — Dry sample wt.)

WHC, OHC(g/g) : Dry sample wt.
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714 e AFEAd sAE e mo]AEdelB Hog HA sk

=¥ (Inductively coupled plasma optical emission
spectrometry, ICP-OES)H o2 6% 2 #7124 (Fe, K, Mn, Na) &S A&ttt +2d3std A
S5 volamgelB g FH 05 g& FHst AP 8 mLet #HAbstaa 2 mLE 7hshal
Microwave Digestion system(QWAVE 4000, Questron technologies, Corp., Mississauga,
Canada)ell A 90CellA 1502 &<t waligk ¥ Wste] dAegsdtt. £+8 92 Fe, K, Mn,
Na ¥ 3% (Plasca CAL, SCP science, Canada)< 0.01, 0.1, 1, 10, 100 ppm =% %= 3438}
o ol&etdtt. AAYT ANEe E2EF SRFTE OolEstd 50 mLlE AZELI F
ICP-OES(ARCOS FHEIL6, Spectro Analaytical Instruments, Germany)S ©]-&3}o] =4 3}9)
o} Z47be] gt o w2 =AY Fe, K, Mn, Na Z2te] =4 342 396.847 nm, 259.941 nm,
766.491 nm, 257.611 nm, 589.592 nm ©°]i, A ZHdL X 17)% Lt}

Parameters Conditions
Plasma power 1400 / Watts
Nebulizer Seaspray
Pump speed 30 rpm
Nebulizer flow 1.0 mL / min
Auxiliary flow 1.0 mL / min
Fe 259.941 nm
K 766.491 nm
Mn 257611 nm
Na 589.592 nm

¥ 17) F714 BA4S 938 ICP-0ES 7]17] &3

(9) =23 do]A FAF &Awn 7 (Confocal laser scanning microscope, CLSM) 3%+

wu AEe BEYE # mAFxes 323 dv[A(confocal laser scaning microscopy,

D-ECLIPSE Cl1, Nikon, Japan)< AF-&3to] @3ttt dAZFY Al5E slide glassell A4 st
t}S cover glassE Y dw| Ao FAAEArE W7o EotE AA| FAAHEL oln A TR
@ (Eclipse Ti imaging system, Nikon, Japan)< ©|&3}e] 5 712 d@o]# 1742 UV argon

ion laser, Aexc =405 nm¢} blue argon ion laser, Aexc =488 nm=Z 7 =35t}

(10) &AZA

EAEAS Minitab 4 Z & 1% (Minitab, release 17)& o]&3tt. z Ad+e FHt 3
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%

tol p<0.05 FEollA Fold=

IS

A A

=

=

A2 YER e, ANOVA(Tukey method)

0
~
K
oy
pul
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i)
o
K
ol

g
iz

atof 3

A 2|

Hha

18] A 53] 744

o)
§=

-
e

=+

7

Ho
K
T
R
e

N

Mo
i

i

Ho

o 28:72 ©] Atk Wu et al. (2002)¢] Aol = 7IF&EHe 72 292 &7]

[e)

R

o
il

Mo

i)

il
Nd

r
(-

_—OE

7
Nlo

=
=

]

A
o] m]go] 85% o]Ato

= A
RS

o=

/g— [e)

=
=

2
B2 A2 057k 15904 53744 F7)

o]
H

Z} o,
— =

=

1000m ™"+
=]

-

1,000pme] el & dAFe] vl &o] 90% o]

Al B A

-

=3
S

mA e Al

A7}

Table 33} 2t}

of wel 425um ©]
A 35 Skl w

[e)

R

o)
o

B
i

Q5 )

KeR
N

bl &

5

[si3
=]

|

—

47.72
55.86
68.85
72.39

Fine fraction
33.67

Yield (%)

66.33
52.28
44.14
27.61

Coarse fraction
31.15

— AN M < 10

Process Number

an
<+
o)
u]f

i
N

)

o)

0

X
Mo

T

Hop &7lEe wE

i
il

¥ 18) 7]
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Particle size distribution (%)

Fraction Jrocess >1,180 1,000~1,179 426~999 181~425 <180
Number ' ' '

om (m (m Am £m

Raw 89.98 1.58 7.71 0.32 0.41

1 9.91 5.11 46.03 19.83 19.12

2 1.00 1.11 40.03 29.77 28.08

Coarse 3 0.20 0.23 34.74 34.09 30.74

4 0.03 0.10 26.44 35.21 38.22

5 0.00 0.05 24.99 35.90 39.06

1 0.21 0.21 44.15 35.52 19.92

2 0.21 0.21 48.20 28.01 23.38

Fine 3 0.03 0.11 46.31 28.19 25.37

4 0.13 0.21 49.62 26.46 23.58

5 0.21 0.21 45.16 24.07 30.35

F 19 wHE Rje} Eel whE 2R e 9 Bx
(2) CLSM ®9d+4z% &4

T2 dold FA dAnjAoz B B AR ®W FEE Fig 39 2o 2719
TxE AA 9= #Hy(pericarp)=, W=9 T (aleurone)Z, TEZ0] Y=o Eolge w
ko] R AEZA vlf(starchy endosperm)Z o & FAHCE ¥y ZFo]= lignin, arabinoxylan
Y ddF % AUt & A Adiola, STl @A, ", ¢3Frt FF-et

5
CH(Harris et al., 1994, Jenner et al., 1991). "] x 2] A|5eo] HHFTZ(ZH 24 (A)olA ozt
v & ¥ @ﬂ]ﬂ J‘T]"T']:_LO] Py Fola, FA Fole AP W FEje FFo] sEFolth 7iFE
S 13 % 53] Hgste] FEE 28 29E(19 24 (B), (O)+ & B8 ¥
Hw(19 24 (D), (B)2 4% #3935,
of BfzstA md® Fert #EEJATH
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p Total Crude Crude Total
rocess

Fraction Number dieta%”g% )ﬁber (aos/oh) pr(%/‘ie)in S‘an/l;c)h
Raw? 43.30+0.19% 5.09+0.07° 14.98+0.65%"  20.54+0.40°
1 49.49+0.43° 6.20+0.16" 14.52+0.77° 10.1+0.26°
2 53.17£0.21° 6.25+0.13" 14.33+0.30°® 4.35+0.24'
Coarse 3 53.28+0.63 7.34+0.32° 14.14+1.20" 4.21+0.35"
4 57.37+0.35° 6.90+0.29° 13.87+0.89" 2.86+0.22"
5 58.34+0.40° 7.00+0.15" 13.52+0.40¢ 2.23+0.14*
1 26.18+0.18" 3.66+0.31¢ 17.53+0.34° 41.04+0.32°
2 29.28+0.37¢ 4.36+0.18" 17.26+0.5% 31.27+0.39"
Fine 3 33.33£0.40" 4.64£0.43° 16.49+0.35  31.86+0.16
4 36.17+0.44° 4.78+0.23° 16.02+0.29°¢  2857+0.43¢
5 37.17+2.45° 4.90+0.28° 1557+0.45°  28.72+0.58°

FE20) WHE E2 el os] wele 2R mRe R A

D Mean®SD deviation. Values with different superscripts in the same column are
significantly different (p<0.05).

? Not grinded and not air-classified wheat bran.

. F AolA =
TS UEFHATH(P<0.05). o]+ 3 2
=1]
=

=
By BEHEA ZF Aol Aot B-glucan?] o] 28 EFEA v EFER
= B AHWu et al, 2002; Ferrari et al., 2009). ©]
Fiol 2 w5E Foz2 HIFHIY] dWiEoez dekwEoi(
| 5

%
24). 123 A vHE 3Tt 13]eA 532 FUMEeE F Yol o

rlr
A
ol
k)
o
2,

>
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il

of| A
Fal, MR B-glucan $HE FE BEFEoA nE BELE

o AT Avksh 4}

ol
g
iz

iz

e FAE B ATHP<0.05).

F9tH(Wu et al., 2002; Ferarari et al., 2009).

)

th= 7

o
Sk

& =

B 387t

TR

N
Njo

£97

Fo] A}slth(Table 4).

!

145

/i]o

<

It = (p<0.05), oI+

o A 13] A

)

Ag R EFE(Fig. 2 Bl 3]

X
=

s

waE(Fig. 2 DR 53]

il

¢

ol

0
o

N
No

ol

ToR

TR

i)

Mo

W
)

hSS
—

;OL

7
Nlo

EH A 89 HS4g(water holding capacity, WHC), X2 (oil holding capacity, OHC),

i

§ 2] 4=(water solubility index, WSI)

W

7]

KeN
T

o} 3t (p<0.05). Ku et al.(1996)

iz

il

Njo

M

Hup nE BFEoA =tH(p<0.05). Kum et al.(1999)¢] ¢ -of A]
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3) 5) 4)
Fraction Process WHC OHC WSI

Number (mL/g) (mL/g) (%)

Raw? 5.77+0.06°" 421+0.19° 11.96+0.05"

1 477+0.02° 3.36+0.38" 13.30+0.11#

2 4.68+0.34P 3.20+0.22° 14.54+0.63"

Coarse 3 461+0.13° 2.81+0.18" 14.86+0.08
4 4.88+0.14° 2.9a6+0.06™ 15.11+0.27%f

5 4.72+0.02° 2.94+0.04> 15.27+0.34%%
1 2.45+0.02° 2.12+0.08° 15.74+0.42"4

2 2.67+0.03¢ 2.25+().13% 15.95+0.26™

Fine 3 2.71+0.01¢ 2.544().22¢% 15.88+0.32"
4 2.89+0.03 2.48+().33%¢ 16.28+0.13%

5 2.84+0.01¢ 2.54+0.21% 16.75+0.36°

E 2D HbE B Ege] 9 2Ed 28 vl WHC, WSI, OHC +4

U Mean+SD deviation. Values with different superscripts in the same column are
significantly different (p<0.05).

? Not grinded and not air-classified wheat bran

¥ Water holding capacity

Y Water solubility index

® QOil holding capacity

(7) 7+713 3=

23 Az dFe), ZEHK), 4 (Mn), HYEFNa) s &4 A= % 32)9 2o FH,
ZE, W UEEFS vAE AlsRYy 23 SaEdA S7Feda, v EaEdAs A4S
ATHpP<0.05). 7]E=2] Aol A E, ZF, W1, Zw, ofd, <, 78 59 77129 E Fx u
T8 AFAE aETolgx By v At (Singh et al, 2014; Tanaka et al, 1974). u}2hA
w4 2 FUEE ARG E e RS 2Eo] 2 EuEEoR FEHY vE EERT
=2 7148 F%S vEuE oz gaHn e ojE X 22)9 XIW FFe] 2 EH
oA HE EEERT FoAHoRE w& ARet ASste AeE AdEtH(p<0.05). 1Y
S Wb Sl Frte] i Frid o] wiE Al S A FElehA Ut
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K Mn Na
(ppm) (ppm) (ppm)

Fe
(ppm)

Process
Number

Fraction

49.82+0.21"

7675.00+36.40°>  117.46+0.48°

59.65+2.45

Raw?

58.85+0.42°

8776.96+9.58" 147.27+0.78"

104.44+6.60P

1

59.48+0.05°

9026.30+71.70°>  156.28+0.90"

150.12+5.58*

2

113.27+6.27°  10248.60+82.00°  182.77+3.29"  66.22+0.87

3

Coarse

0633.80+64.20  180.08+1.52*  61.7+0.44"

164.96+8.32*

4

9879.00+70.50™ 177.442.94°  56.81+0.67¢

85.67+5.18°

5

42.88+0.17"

72.77+0.93f

5422.70+66.10°

21.28+0.89°

1

6431.94+10.09°>  78.27+16.99"  49.35+0.55

61.42+5.254

2

82.57+19.18°  6740.90+72.10° 94.92+41.89°  50.98+1.48

3

Fine

48.39+0.76%

6833.10+56.90"  98.86+0.72%

50.88+1.77¢

4

52.36+0.52°

7277.94+18.54™ 108.3£0.09%

108.05+4.88"

5

]

el

U Mean+SD deviation. Values with different superscripts in the same column are

significantly different (p<0.05).

? Not grinded and not air-classified wheat bran
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2l
o} 53] w3t Aot AW oAU 9
= 474715 AF kel gk #Alo] =olflel wet AR gt
sl o} A a1 dtH(Imai et al., 1994; Valko et al., 2007). A& o= tiA}
A7 olzte ol AAe] = superoxide radical, hydroxyl
radical, peroxyl radical, hydrogen peroxide &3 %< &4k F(reactive oxygen species,
ROS)e] A =™, A W ROSe Aol S7tsk AEid AFst ~E¥ ~(oxidative stress)el
osf M= W TR dHd P AR Fo] 74
Aoz e A th(Halliwel et al, 1999). o]ejgt ROSe] zt&of o3t MA|7|5 A= =3 T
X, AEaAES ArbagAEs 3 dxstoln Hgk T 2 thekgh deko] fdglo] 7
T o, DNA &40 & a9k Aol e A #Aofstar ¢
al, 1994; Valko et al, 2007). 4t3} 2E# 2ol o3t Ax FAAAFRES A8t E4S AR 7TA
U JAst= B2 @d4ksl B4 (antioxidant) ol 2F shH, 54 2 ek o]
stAl Al 71583 b HelA F4s Uedls AE7d A daksiAl e Ao &g
A= = FAo]tH(Rice-Evans et al,, 1997; Kim et al., 2012).

1L oF 83%9] "+ (endosperm), 15%2] Z(bran) 181 2%9] Hjol(germ)® TA =] U
th. o] F WZ]E(wheat bran)< e AFHAHAA AAHHE= T8 FAEEZA 7o
(epidermis) ¢t A 7 A (seed coat) = o] Fo] A vk, HFF °F 40-50%9] FH-3F Al
= AAAEF AR e o (D’ Appolonia, 1979) &&4tst &4 & YeEld=
Aol FTREA ¥ o] AtHPomeranz et al, 1998). o]21d W] HixAHAES F 714

1

2 U= 4 Yt} gallic, vanillic, syringic 2 p-hydroxybenzoic acid®} #-& benzoic acid

iu)
ik

o
fu
rpr
o
i
2
oZ
2l
N
olr
)
2
o
o
o
o
rir

i
o,
Mr o
r o
i

A9} ferulic, p-coumaric % caffeic acidsE& >33} cinnamic acid FE=A =2 YE 4 9l

(Kim 2006; Yu & Cheng, 2007). o]&|gt =4k Axe] Abst AelE 2438t 4t &40
25H DNA, @i gl v g3 2 AEdH oz Fag #a5 Boste Z49g datst
A 7HAAL ATHYu et al, 2002). WeEbA AW He AHATOEN Ao & Ego] dH
= Zlo] w2 93 A A vEuar lth(Willcox et al., 2004).

HL AE7bER ok A micro 2 nanotechnologys Ao oy} 2 go] =& F= kg
AE R ABTEAFE Nl F JEES s+ o™ (Chen et al, 2006), & "M Ve F
319+ & (High-Pressure Homogenizer, HPH) 2|7} =51 gt} o]l 1 AEHo A=
7}

nAg Ae Y o sder At AHE WshdA A E<= cavitation, impact,
turbulence ¥ shear forceoll & A&7} w9 wA|S el ZAA A = o]o] me}t 3
of ¥AE WA A 7|54 EAo] dsrh(Kasemwong et al, 2011). T3+ 319431719
AEQ! microfluidizer~= L¢3 AHol| o3k #F3ke] <A} o] e mAE A, s}
ALy 7168 2AZE Fo] HiHWA HT dAggdwol @] AEIL vk I o=
Zhou et al., (2004)2 = T HZ(aleurone)?] " A|3} A= dirtsl Aol F71shes X sk v
Ao Rosa et al, (2013) 27|29 ultra-fine grinding A& &3l 2 S
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aFel wAe we FAAL 4B WAL YA 219 Bao T 24
of MAE GF s AT ok WA ParshAlmAe] Ar) el AR Am L A

4
F A5 A% 1 24RE AT F4L ALets) Ageld

ool o] ALEH Al 2kS Sigma-Aldrich(Sigma-Aldrich, St. Louis, MO, USA)AFe A F-nf
stom AmE AR HRW 97]&S sold@ B TFeA Ale e Zo=m Al Aol
ALrE D7)eS ARESth BUlEel A Hol Q= LIRS Al olEdH EdE 9
SHFE AFHE T 30ToA 241 7F HoF AxEAe. Axd Wr]&ES Lab scale grinding
mill(Laboratory mill 3100, Perten Instruments AB, Huddinge, Sweden)S ©]&3}o] Hi 4=}
7F oF 460 m7b HE=E ZAskdvh. Aol AREst] A7 DHE e8] ¥l -20T el A

B skl

(2) 319t 2 (High-Pressure Homogenizer : HPH) A& A

Dr1e) a1t #F2 AYE el dred SRTFY &S 351100 (w/iv)ez =
ARAIA 319k A 71 (MINI DeBEE, BEE International Inc., MA, USA)Oﬂ FAstA . Ak
JE°] 200 m(IC 200), 100 mm(IC 100)Q! =&& FHAIZH oW IC 200 =41+ 20,000 psi
o] S5, IC 100 ==olA = 30,000 psiel h&s 7FalF=Avk. 24249 A2 =12 IC 200 =
< 1319} IC 100 =& 23], 53] % 73] T¥=Z HPH AHlstg e IC 100 =&5 F3317]9
o

o Mz

N

kA IC 2005 13 514'747] % AHEsg e HPH A8 E 3= <o Als 25+ 30~40T
gow Al zZhzte] UrE Alage &5 2E7](Eyela SD-1000, Tokyo Rikakikai Co., Ltd.,
Tokyo, Japan)g ©]&3ste] %3t 313 olufe] BEAZX Z7AE inlet temperatureZ
140-160C = =43}l out-let temperatureE 80~90C = 3l1 ABEFFE5EE 12 mL/mine

2 A #5dx g Almes Al ARl A7kA HE e 7)o ¥o] -20TelA Bt

s, @ 23] WEHA L

=) 0.5g< FHAste] elgbs ¢F 30 mLol|l 343 & AN A Fsts o, o
FAH = AR FE+ obscuration 8~12% wWol %% st} Laser diffraction particle

size analyzer(LS 13 320 SGL, Beckman Coulter, Inc., Anaheim, CA, USA)E A}&3lo] Y%=

o A T B REE S redd 4gdss 4o
- 3]

g =0 AR7E &8ss cellol #@lo]A7F FAE AL o] #Ho] A=



Ll
AN

A sa, 4 AL @RI AdsE dolAe R 74w
#

/\]E—’_fﬂ 9 vkSA ¥ 3eE S Serpen et al, (2008)¢] A HZ=AM3} Singleton et

, (1999)¢] Foline-Ciocalteau & o WAt AT d4dEe] #e Al 10 mg

JJr 10% Foline-Ciocalteaur] °F 2.5 mL< F &lo] 583t ¥ < 2 mLe] 7.5%¢°] Na,CO3&
NS Thetth E3FE& A 2A17F FF A2l A whEAZl & A4 E] 71 (Union 5KR, Hanil Sci.

A
Industrial, Co., Ltd., Incheon, Korea)= 10,000 goll 4] 1557t &2 3t 4l =

A}
ZdS 725 nmol A &3 %=(Libra S22, biochrom Ltd., Cambridge, UK)E A3ttt X5
A= gallic acid 89S o]lgste] HFHE At 1H WS4 dAE s TS mg
gallic acid equivalent(mg GAE/g d.w.)® YEFH AT}
(5) DPPH &d4d A2AEA
gaksl skl ©  DPPH(2,2-diphenyl —1-picrylhydrazyl)oll thal Hxlg oz o g Algol o3k

o

(o,

S 54392 Serpen et al, (2008)¢] HAHSFHHS AdF WA FAHSAT AR
ol 64 uM DPPH &S 7t 2A17F Fof 516nmolA &3 %8 5439 . DPPH
< 80% "MlErEE x4 o AF HAo vbEo] AMESAT EFEEAE troloxE ©]
of HAPFAS AAsAI, 4 AR HuA 2ATS UERAE gd uM  trolox
equivalent(uM Trolox equiv/g d.w.)Z LERH AT

oo oo =
=)
i)}

O3

(6) ABTS #d4d &AZA

ABTS (2,2'-azino-bis[3-ethylbenz-thiazoline-6-sulphonate]) z}t]Zd AAZAH S o] &3 3
Abst &4 5742 Serpen et al, (2008)8] WHE WASIY FA3sAY 7 mM/L ABTS &4
7} 2.45 mM/L potassium persulfates 229 aoA] ¢k 14417 &< WESAIA ABTS <ol
=S I AIA ABTS stock solutions A 23 U, 734nmel Al &3 =7 0.7 + 0.04= 3435}
At} 31X ABTS stock solution 6mLel A& 10 mgS #H7lste] F714 o x wukdy 0%
WA sk 10,000g0 A4 1027 A4 & Ao FHEE 734 nmollA S5
TEHRE troloxE ol&ste] HEFAe A8, 24 Al gy TS AXAE g9

uM trolox equivalent(uM Trolox equiv/g d.w.)® WERHATH

¢

5

(7) Ferrous—ion chelating &3}

Al & 9] Ferrous—ion chelating & ¥}+= Decker & Welch(1990)¢} Wang et al. (2009)-4 WS
M Agste] Z=A3AE 10 mge 271E A5 6 mLe FHFF9 2 mM FeCly-4H,0-8
uLE 7Fstth. 5 mM ferrozine8 <} 200 pLE 7F8l] 1023F wwksio] A -2ox HE§-A]
10,000 goll Al 1533 A& sto dAlid @ A5 AE 562 nmeol A )
E+24 7 EDTA(ethylenedia minetetraacetic acid) &S o]-&3}o]
Ferrous-ion chelating &3+ AZXA® g & EDTA equivalent(uM EDTA equiv/g d.w.)= 4
EF A T

ofo
J::o
—
(@]
(@]

ot ol

Corx
ulo

o mor
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Zkzbel AlgEs Edtoluaetrd dAYE & 5 ASdaE Yo nAste] #FE A
g232 THeAY. Alge] Fx3 olvX &= Nikon D-ECLIPSE Cl1 &v]7d(Nikon, Tokyo,
Japan)¥} Nikon ECLIPSE Ti imaging system(Nikon, Tokyo, Japan)2 = 3#Zstich 7] e
of xgtEl Al FFAHL> F N #Held Il UV argon ion laser, Aexc=405nm<} blue

argon ion laser, Aexc=488nm= 7 =3} o).

N\

R

A% Ade 33 wE 34§ @7} gFA

r
_&
fu
i
o
=

RN, TA AHY =29
SPSS(ver. 21.0, SPSS Inc., Chicago, IL, USA)E o] &3}o] EAHEA(ANOVA)S A A st}

12831 Duncan U™HH9 A3 (Duncan’s multiple range test)S E3] p<0.05 FFoA FIAS
A58

3 23)0 ZAzbe] el A gk wd A Wyl 9 7] d3E yEhdsdeh dxw

2719 B3t 4 A7) 4636 m= FAE Ao, mEAA o] 190

MR AA A7) FEE HERIT IC 2005 ARt 18] aiek st A 2|sk Ak 872 um

= frastglon HatHow of 81% fAadtdas & 4 Ak IC 1005 Abgste] A e

4 % 2 ym, 53] 27.8 ym R 73] 209 mlev, A7t F7pee] wep 4 A7

9] 7h AFEANS HFAH R oF 05% HihstHEE & 7 AT B, dA A7 2
o o)

Y = )
dehle B2 gE A 057 Sohgel me gag
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190.5+2.9
67.6%1.8
36.1£1.0
20.3£0.2
18.9+0.2

SDY (ym)
of the particle size

Particle size(um)
463.6+10.1
87.2+0.5
55.2+0.2
27.8+0.2
19.9+0.3
=3).
Standard deviation which is one measure of the width

Wheat bran sample
Gound raw
1C200,1-pass
1C100,2-pass
IC100,5-pass
IC100,7-pass

The values are expressed as meantSD (n

1

distribution.
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A 2]

] 34 oA 69 mg GAE/g

< Rosa et al.(2013) =3t
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Surface-reactive phenolic  content

Wheat bran sample (mg GAE /g d.w.)

Gound raw 3.4+0.024V
1C200,1-pass 6.9+0.03°
1C100,2-pass 9.1£0.03°
I1C100,5-pass 11.8+0.04°
1C100,7-pass 12.4+0.03°
F 24) nskE AP AR xHnkeA H= e %

The values are expressed as meantSD (n=3).
U Mean+SD deviation. Values with different superscripts in the same column
are significantly different (p<0.05).

(3) DPPH #tjZd AAZA
% 25)0l zHzbe]l ZAoA met 72 A3 Wr]%e DPPH #uz A2AFALS Jelyd

o} ¥ol| el vpe} o] med @ iMA Ax7t F7184=% DPPH &uZ 2AZA o]
ooz F7he aL(p<0.05), tE+2 IC 100 73] A& €7]<< DPPH #duZd AAZHL
Z+7y 82, 379 uM Trolox equiv/g dw.Z 73] A2 st W7 &o] thxa Huh oF 4649 =4 o}
Ebwtt}h, BE38E Pearson #3374 #24o] wrE2d 3 wSA #HE=33tE 3 DPPH vEd 4~A
A o] AaAAFE P=09922 YElY uy i A" dr1eo B S dEag
=< DPPH #tHZ &7 g4 Ao Zdert =2 fFaAwe= yeut o= 1% #4
Aol & A Hol IAY ExHH Fm EES] =ES SNV 2o EA Fatst
28719 wF E3 Frlste] DPPH @t &7 &4do] F7lske Aoletal Alsdth #s4k
of A AAGA TS A= A FATIY AR 7, s FAd S Q)
= 08 549 A9 oF aga x4 54 Foldt EiaH v (Carrasco-Pancorbo et

al., 2005).
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DPPH scavenging

ABTS scavenging

Ferrous ion-chelating

Wheat bran activity activity activit
sample (umol Trolox equiv/g (umol Trolox equiv/g (EDTA ¢ rnols/] dw)
d.w.) d.w.) b & 4w
Gound raw 8.2+(0.12V 12.7+0.2? 22.1+0.1%
IC200,1-pass 20.0+0.2" 27.5+0.1° 17.0£0.2°
IC100,2-pass 24.5+0.2° 36.3+0.1°¢ 16.9+0.2°
IC100,5-pass 32.8+0.1¢ 40.1+0.2¢ 15.3+0.2°
IC100,7-pass 37.9+0.1¢ 45.3+0.1° 15.4+0.1¢
3 25) askE Al AR kst 4 g

The values are expressed as meantSD (n=3).

1

Mean+SD deviation. Values with different superscripts

significantly different (p<0.05).

(4) ABTS =2 4744

3 35l Zhzhel xxolA sk

o] wAE e
Wrge] ng #

e 7]
ABTS #dZd 27

=t} Pearson

(¢

d
o P
S ¢ T AAJTH

uj F-o]t}. Magsood & Benjakul(2010)<
PASTRNI R = TR 53!
%2 caffeic acid®] ferulic acid®t} =& &4 &
o A A= s A=y 3=

Eaeh

o= 278 Aol ArBL.

(5) Ferrous—ion chelating &}

I 35l

Ferrous—ion chelating &3+

24 oR fo4e ety
% chelating &7} AHHA ok
2004). ¥ A7e] AN A 57

AAR epAaA B4 moleh B

g T4

A efol  whE

st #d AHYE

SHEA Al )
7rel AdASGE R=0985= UERL ABTS @ud 47

Aol w& ABTS #told &2AEdLS
=A SFAHA=H 2L olfe HEm =9 Fxdd wE 4r] vE gyl w3 AAsE
ferulic acid”} caffeic acid®.th =32 <l
19k whrj

W7]€2] Ferrous-ion
A7t F7hstel wed fFAske
Tt (p> 0.05) F, 1 ¥d Art gRarRT 27L&
A9} A A stH(Zhou et al.,
o] e Aot whit

RO o)

#d AEd W79 ABTS oz &7 &4
oh 3ol yERd wkel o] ®7]Ee] ABTS @tz &A A v x&= ¢t

= DPPH 8tz 2AZA 3 41319
TEo] F7ska IC 100 73] T3 $9o] "I A mdA Mg A4
iz ®oh oF 354
ABTS #t]Zd A7 84

o] 4 9]

+= 9] Ferrous-ion chelating & }of 4|
do] ¢l Zez YeEhgth(Magsood & Benjakul, 2010).
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=

AWk DPPH &tz &2A A oM+=
ZFAG . Bk v Qi wheba] "r]ee] a1

% ferulic acid®] 3$F=o] caffeic acide} H|

chelating &3=
AEs

in the same column are

2492 e
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A% ABTS #v)7
aA B4 e
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g S

DPPH #dd 2ASEAHL ¢
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, L Aol



up 2 7R 2 Graf(1992)+= #HE4e] kst &4 o] Ferrous-ion chelating &3 Ht&= g4
A gl F2 7|ty Raugith 319t & A 27} Ferrous-ion chelating £34& #4
A7+ AL &% chelatingdll #oste= ALY Edoluv A5 A7t oA mlA+x9]
WMotz HAfh wjER e & ol A F99 7t A7 Wiz B ¢

aQF A Ao o3 Urjee] WS WIS dolry] 98] FxFE "olA FAF dv
Aoz #H&ES AE a9 250 YERAT. HU]ES kg o g2 99 pericarps, WS
aleurone® 1@]3l 1 Alo]o] F& seed coatE o ® F 37 Fo 2 FAEHo dtH(Harris et

= 0 ==

= per1carpv~ T=
dAS 1w aleurone

Rl 01 o7ty Bk
7 ) TH Antoine et al.,, 2003). IC 2002 AFg&3&to] 13 1t w4
= 2 23 ¥ aleuroner|EHo] REAH o7 md o] A
¥ F+29 pericarp % aleuroneZ 9] A&7} #EFAHZH 25) (O)).
IC 100& AF&3 73] 29 w3 Agst 71 &2 MxX F27F A EEHAY R8s &4
g wjdoe] BFE HJATHE 25) (D). 1Y w& A o 1 @ =2 Hduzoe] g

]_

2 WAL Hha EYAE 2y

1 O

ot E
o |r

Al
el

e

° =
5 oleld H4S Bl EUAWY oleh T 48717 wFHo] Faks 3
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(A) (B)

© (D)

a9 25)  F2A HolA FAF dAn|Fow B3I A3} (A, B) raw wheat bran,
(C) HPH wheat bran(IC200, 1-pass), (D) HPH wheat bran(IC100, 7-pass),
Images were obtained by superposition of two channels: Ae=405nm for the

blue-red emission;Aec=488nm for the green-red emission. Scale bar=100um.
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7 . N8

o} 2}H] =2} Y eH(arabinoxylan)©] & hemicelluloseE #33}e] THE arabinose®} xylose?d] &
gEo uwaln o] EIFZE Bxpre] 223 Mol vRel 84 Aoldge HAL ztu
Ao AAANME FA =i AEolth. 47| hemicelluloset cellulose, lignin, 2z}
pentosan¥} /4 W, Ha S5 Wi e Fg "y 25 XS o]F= A ARo

B2, 1 oAM= FA44, =71, doll 7HE 8ol el 9l

o] ofepH| =2 & ?}%‘: wEol wet vl gdstA vetde S dAe] 4 - 8%
Fatar Qlow, FEZO 20 - 27%7F BEsa, W 23 - 32% EAEH, wlfole 2 -
4% EAeH(Saulnier et al. 1995, Dervilly-Pinel et al. 2001, Antoine et al. 2003, 2004,
Ordaz-Ortiz & Saulnier 2005, Finnie et al. 2006, Gebruers et al. 2008, Li et al. 2009).

=7 T AEE A QRS olFe olehu=Ad T gdd de 284S A Ao
Buxo] Sl=d, 53 Aold AdrizAe 7les AU i, ¢, Fnpelgxs B Y
s xggste] WY S Ao a9t v Ao®E BRaus i JrHLu et al. 2000, Hughes
et al. 2007, Monobe et al. 2008, Vardakou et al. 2008, Neyrinck &, Delzenne 2010, Neyrinck
et al. 2011).

gy, W71Ee ofgu|eatd e di e B2 &d"E 5 o (Escarnot,Aguedo,
Agneessens, Wathelet, & Paquot, 2011) A|¥XHd Y= B FEL HA 22 FEHA &=
th.(Zhou et al, 2004). o] A2 cellulose®t F4ZATFOR o]F&= oY FTHER o|Fojzl 5T
ol i, lignin® ¥+ 2AFS o] FaL 9l7] wjF o]t} (Ebringerovaa & Heinze,2000).

7] &9 ol A dT FES 98 L7t (Bergmans, Beldman, Gruppen, & Voragen,
1996; Deutschmann &Dekker, 2012; Garciia et al., 2013)., 2H(Aguedo et al., 2013; Wallaceet

, 1995, Otieno & Ahring, 2012a), & 4~(Collins, Gerday, & Feller,2005; Moers, Celus, Brijs,
Courtln & Delcour, 2005)., €4 3%(Rose & Inglett, 2010), Leppidanen et al.,, 2011), w}o]=
29 o] ¥ (Penget al., 2012), o< (Hongzhang & Liying, 2007) 59| ®4 So] AF&Eow,
o] 5o WM F& ¥ AARFE Sl O}E‘r‘ﬂ]bx}"‘ﬂ/l i = X 2 A% F
| Egbstal o] vrol A5 LA RA ZEst7]o] ogwol JUth

o A, 54 92 01%@63

s
84 olebuleAde G

H‘I

i

(1) A3 ;(HE

£ QTN NS WIEE FEH G ALTFORRY BT ASW L o] A
7+ ArE= A71ES ARSI 2U1E2 Ao H4ol st Hammer mill( 2 9]
), Oﬂ#@‘ A2 ekl AFEsadt

r-{m



L

&A= dnk= NovoZymes A/S9 B3 &4 A2 Celluclast 1.5LE AFg3$th

a9 26) ¥7]%, Hammer mill ¥4 278, 4&4Y 774 271

(2) A3 Wy
(7h &4 A Alse] =4
50ml tubedll ¥ 30g, H7]& 3ge Hi Tttt adS7IEHTIE o83t 1217TC, 14]
st 5 Theta, EF 9 257 40 ~ 50 T7F HEE shth. g4 FUMES 4=
gyl 0%, 2%, 5%, 10%E H a1, 0AIZF 6A17F 24X 3F, 48413 b aRkstE RESAIZIT &=
o] QE-S o] &3t 60T 12A12F Ax g 5 APER Fsle] A5 2 AE-ght)

(W) &4 2 a4 A A58 =4

U7 &E AS550T dEAHAFVE ol&ste] = A 3 5, d8 HJH d5E d52
| F7]1(DMC-5, Daehyun Eng, Korea)E o]&3lo] &
S B TRskt, asksvIEdr|E o] &3t

715 ®4 &7] £37]1(DMC-5, Dachyun Eng, Korea)E ©]&3le] ®3dtt 18 FE0Hs
Zle W 320mlE ¥ E3E 40kge Btk 9TAA 1A 5k €8 7heta, N9
2&=7F 40 - 50 CT7F H=5 ¥zt 849 w55 95 v 2%E ¥, 1A3L 2417 3
AIZE AAZE FRF wgkebe WbSAZITE EF- V]S o] &t EHEste] AlnE A&t

(3) =84 ofehvlmApd el 4

ofghrl =2t d & 412 Douglas (1981) Wriiol whel asith 50 mL FHel A &5 125
mg i, FH5 2 mL @7hetn 3087 @k A7 F, 3000 rpmel A 1083 94 Helae]
Fdd 1 mLs Fsto] wHEOl &R AR 14T 2709 FERE w50 #84 ofpu A



& A SA o] &t 7 FEO ImLe F/FTE H7Estal 10 mLe] ¥hE 8 <H(Glacial
Acetic acid (110 mL) Hydrochloric acid (2 mL), 20% Phloroglucino in absolute Et-OH (5
mL), 1.75% Glucose (1 mL))<S ¥ I oz Z HojFErh 2647 s B Eoll B7F FHA
10 tAo= A 5o FAY WS FHs7] fste AUbE = "W F
spectrophotometer (Ultraspec4300pro, Amersham Biosciences Co., USA)S o] & }04 552 nm
o} 510 nmollA FFEE FA3A T 552 nm] iﬂ‘:oﬂ/ﬂ 510 nm®] SFLE=E v
2 Bead3 vlacste] ofgpu| At d g S AT AYEA FFESAES 95k 10
mg D (+) xyloseE 100 mL S F/F ol =20 F %‘Eoﬂ 0, 05 1.0, 1.5 20 mLE& 53 $o|
2} FHRA DWE H7betol HE 20 mLe Ak vESEdS 10 mLA Hrrsta, B &
of 25%-3F Tt ¥ 552 nm<}t 510 nmellA TE =

g aFe M= F84 ol =Ad T FFS WE-AX=E £7]8)

[‘

ooy W2

=
=
&
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<~
A,n m N H oy o= 2 @ Q¢ ¥ ¥ T X T X
2 |83 RF X5 €8 F X 88 <8
- IR IR I IR R R I R R TR R I IR TR R
T x Ox Xk X |IxX X %X X |*x X X X|x < < %<
(@] (@] [aN] (@] [aN] [aN] (a\] (@] [aN] (@] [aN] [QV] [aN] (@] [aN] (@]
‘lx — — — i — — — i — — — i — — — —
o
X S N N S ol e S S I N S I S I S I &)
e o ©o © o|lo o o o|lo o o o|lo o o o
R R R R R B R E R EE R K E
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< 2 < e < <
PSS © QA F|IS ° a F|I°e ° qa F|Ie © o F
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Mo | "R
\& ‘.Axﬁ ﬂwo
el |
7 —~
MYlo © ©o ol & o a1 1© 1 oS8 S 9 <
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m *x X OxXx X |I*%x %X %X X |*xX %X %X %X |x %X % x
il — — — — — — — — — — — — — — — —
~
Njo . . . . . . . . . . R . . . . .
oy &} |& O |&} ©) | O & ©) &} |& |& ©) &} | O
— — — — — — — — — — — — — — — —
1 (@] (@] [aN] (@] [@N] [aN] (&N (@] [@N] [a\] (@] (@] [@N] (@] [aN] (&N
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I R T A o R I T 8 B
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Az 54
e 24 2% 9% | G0 | s e plesy
Al AED)
11 « x x x 3.0
1-2 Hammer mill 3 X x X 4.1
1-3 =D, 7T x x 70°C, 12417t 7.0
2-1 x 121C, 1A%+ x 70T, 12417+ 6.9
2-2 Hammer mill ¥4 | 121°C, 1A]3F x 70C, 12417+ 9.1
2-3 HEFPE IFEA | 121TC, 1A x 70°C, 12417t 10.9
3-1 x 121C, 1A% 2%, 417 70T, 12417+ 45.7
3-2 | Hammer mill ¥4 | 121°C, 1A%t 29, 417 70T, 12417+ 50.0
3-3 GEE 71 FE | 121C, 1A% 2%, 4A 7 70T, 12417 64.9

F27) 2k FEAE 2 aa A e FE8A oAl S g v

®A s, 25 2e 98 9
~36% FAEJO, 121C 1Y A5 Al HEL A
et 2PN 1R B, 1 GEAY, aaAY 5

A , A=)
ofgbn] =2t d & SFeFo] 649 mg/gl®E M o £ E B}
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Physicochemical Properties of Wheat Bran in Different Areas
Prepared by a High-pressure Homogenizer Process

Fun-Mi An, Jae-Kang Lee, Yong-Seok Choi, Young-Hwa Kim, and Han-Seung Shin'*
R&D Center, Dongd One Co., Lid.
'Department of Food Science and Biotechnology and Institute of Lotus Functional Foods Ingredients, Dongguk University-Seoul

Abstract In this study, the effects of high-pressure homogenizer treatment on the physicochemical properties of wheat
bran from different areas were evaluated. The results showed that the high-pressure homogenizer process could effectively
decrease particle size and loosen the microstructure of the wheat bran matrix. As the particle size decreased, the bulk
density of wheat bran was significantly decreased (p<0.05) and the water-holding capacity, swelling capacity, oil-holding
capacity, and cation-exchange capacity were substantially increased. In addition, microscopic analysis revealed the gradual
disintegration of the original cell wall structure and the dissociation of bran tissues over the course of high-pressure

Foul Eng. Prog.
Vol. 18, Mo. 3. pp. 186~193 (2014.08) r. A A n'ltl-
DOL hit peidx. dotorg! 1013050V foodengprog. 2014, 18.3. 186
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Characteristics of Wheat Bran Classified by Ultra-Fine Grinding and
Air-Classification Systems

Jae-Kang Lee'?, Jin-A Park', Yong-Hyun Choi', Young-Wha Kim'?, and Gi-Hyung Ryu’*

'R&D Center, DaongAd One Co., Ltd
*Deparmment of Food Science and Technology, Kongju National University

Abstract
Using an air-classification system equipped with both ultra-fine grinding and air-classification, wheat bran was ground
at a mill grinding speed of 3,800, 4,800, 5,800 rpm and a separator reverse wheel speed of 2,500, 3,000 and 3,500
rpm. Ground bran was air-classified with a reverse wheel speed of 200, 400 and 600 rpm. The effects of mill grind-
ing, separation, and classification wheel speeds on the characteristics of air-classified bran were examined by a three-
level, three-factor full factorial experimental design and a response surface regression analysis. The highest value of
the object variables was determined via canonical analysis. For the fraction ratio of classified bran products, both the
fine and coarse fraction of brans were sipnificantly affected by the mill grinding speed (p<0D01), separator reverse
wheel speed (p=0.01). and air-classification reverse wheel speed (p<0.01). For averase particle sizes of classified bran
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Food Eng. Prog.
Vol. 18, No. 4. pp. 1-7 (2014.11) AEGAA[H'I#
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Characteristics of Components of Wheat Bran Fractions at Various Grind-
ing and Air Classification Conditions

Jae-Kang Lee™, Yong-Seok Choi'”, Young-Wha Kim'?, Min-Soo Kang’, and Gi-Hyung Ryu’*

'R&D Center, Dongd One Co., Ltd., Dangiin, Chungnam, 343-856, Korea
“Department of Food Science and Technology, Kongju National Universit, Yesan, Choongnam 340-800, Korea
Department of Food and Nutrition , Chonnam National Unmiversity, Kwangiu, Chonnam 350-757

Abstract

Using an air-classifier system equipped with both ultra-fine grinding and air-classification, wheat bran was ground
at a mill speed (MS) of 3,800, 4,800, 5, 800 rpm and a separator reverse wheel speed (SRWS) of 2,500, 3,000,
3,500 rpm. Ground bam was classified by air classifier reverse wheel speed (ARWS) of 200, 400, 600 rpm. The
effect of MS, SRWS and ARWS on the characteristic of air-classified bran was examined by the three-level, three-
factor full factorial experimental design and the response surface regression analysis. The crude protein content was
11.87-14.08% in the coarse fraction. In addition, it was significantly influenced by the MS (P<0.05) and the SRWS

M MY Tha ameda ackh anedoed sene A 00 A4 WL D #ha fnn fccdom med 2 20 )‘ VALt bha mmeeea Freemtinm Tha
Food Eng. Prog.
Vol. 19, No. 1. pp. 1-6 (2015.03) AE1’0!=1*
DO httpsfdx.doi.org/10.13050foodengproe. 2015.19.1.1
ISSM 1226-4768 (print), ISSN 22HE-1247 (online) Food Engineering Prograsa
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Antioxidant Properties of Wheat Bran Prepared by a High-pressure
Homogenizer Process

Eun-Mi An', Yong-Hyun Choi', Jae-Kang Lee!, Yong-Seok Choi',
Young-Hwa Kim', and Han-Seung Shin®*
‘R&D Center, Dongd One Co., Ltd, Dangjin, Chungnam 343-856, Korea
“Depariment of Food Science and Biotechnology and Instituie of Lotus Fumctional Foods Ingredients,
Dongauk University-Seoul, Seoul 100-715, Korea

Abstract

The purpose of this smdy 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 fermous-
ion chelating effects, and the contents of the surface reactive phenol compounds and phenolic compounds. In the
course of this study, it was possible to reduce the particle size of the wheat bran effectively by means of high-pres-
sure homogenization. This also resulted in stuctural changes, such as changes in the cellular structure of wheat bran
and disipated the cellulose matrix. It is believed that this process, in turn, caused the phenol compounds which
were entrapped inside the cellulose marix or bound by polysaccharides to be released, affecting the antioxidation.
Az the mtensitv nf hish-nreszire homoesenization nrocess increased . the radical clearance of DPPH and ARTS . ac

T R

(1) Physicochemical Properties of Wheat bran in Different Area Prepared by
High-pressure Homogenizer Process, 2014.08, &2 3}3t3] (345)

(2) Characteristics of Wheat Bran with Ultra Fine Grinding and Repeated
Air-Classification Process. 2004.10, 3F=2] 3] oF»}3t3] () &)
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Wheat bran particle size influence on phytochemical extractability

and antioxidant properties

Lauren Renee Brewer, Jittawan Kubola, Sirithon Siriamornpun,
Thomas J.Herald, Yong—-cheng Shi

Sl 4 Food Chemistry 152 (2014) 483-490
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Wheat bran particle size influence on phytochemical extractability and @ —
antioxidant properties

Lauren Renee Brewer”, Jittawan Kubola®, Sirithon Sirlamornpun ®, Thomas |. Herald ¥, Yong-Cheng Shi**
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Effect of bioprocessing and particle size on the nutritional properties

of wheat bran fractions
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Inthis work, theinfluenceal biopracessing on the nutritional quality and health effeas of wheat bran of different
particle sires 750,400, 160, 50 prm) wa avaluated. Bio processing was carmisd out bya 24 h-fermentation wsing
Lactohasliys brevis E95612 and Kamchetonia exdgua (81116 a5 flarters, with or withaut the alditon ol an en
zyme mixture with specific curbo ydrase adtivities. Boproesing clearly affedted the o trudure and chem:
ical and muiritional features of wheat bran depending on the partidesiz= Boprocesing significantly improved
theantiaxidant and phytase sdivities (upto 37 fold, respactively L peptides and totl free amino acids and an-

Nemparands

Lacmic ankd foena
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Bhproessing
Micranizamion
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Antioorkdant

bent [ up o 0% and the in vitro digestibility of probeins. The antioddant pewer and nubritional indexes were
higher far the bioproesed brans compared to the native, mainly in bran having smaller partide size Inevery
e theaddition af the eneymes further improved the positive effect of the micnobial fermentation.
Inchictrial relevance Wheat bram isa sounes o fnutritionall y impo ramt ampounds such asdistary fibers, minerals,
vitumins and phenalic acds Commanly, proess sing ol bran has mostly been performed for technalogical pur
peees, to Balitate it wse a5 a DF rich ingredient in foods improving it strudural and argano leptic features.
The bio proces sing technalogy her applisd offes atool o enhanes also thenutritiona vaue of wheat bran, e
pedally of finer partide sive_ As a result, bioprooees sed wheat bran s howed higher potential compared ta the na
tive bran, and qualified 2= a suitahle ingredient for food preparations.
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Wheat bran is an undervalued by-produc of white llour and bas great nutritional potential due 1o its
high content in ibres and Moactive compounds. Miconized bran coubd be used as a food ingredient 1o
improwe the nutritional potential of cereal products, or be used as 2 Sarting material for other proceses
[ mpacEve compound extraction of bran ractionatish | The am of this work was to Gnd a way bo effi-
ceenily decrease the particle siz of bran. The influence of the grinding iemperaure (amisent or oyo-
genic grinding] on the granulometnic distnibution of partides, their ompoaton, and  their
mCrEruchne was studsed, &1 Bb-scale and pulol-scale. It showed that the intninsic charscteristcs of
bran | ghass ransithon within intermediate layers 3t —46 °C) had more (nfluence on its grinding ehaviour
than the type of grinding device wsed: the particles gre distrnbutions obtaned after grinding at Late-scale
and pilot-scale were very similan AL both scales, the granulmelnic Curves were narmow lor oyogenic
grinding, while for ambsient grinding they were spread over the whole partiche size range, Ultrafine
particles were obtained in both ambient and cryogenic mnditions. Negative emperatures, by increa ang
the materials britdeness, Favoured 4 las Fragmentation of bian: one siep ol cryogenic grinding alowed
a median partide size of nearly 50 pm o be reached, whereas three sucoessive steps of ambient grinding
wrem nevded for the same result. On the other hand, ambient temperatune Evoured the dissociation of
the dillerent oonsLiuenl Lavers of wiheal bren, and i oduced less @mmposile pamicles than oy oEehibd
grinding,

& 2000 Hsewer Lid, All rights reserved.
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Absiract

Phenodi: ackl analyss of hand-solsted ower grann layers and endospernm led 1o the identilicsbon of markers of pencarp and aleunme
layers, regpactively. A new dehydmtnmers of Temulic scxd { DHT) was found o be amcenirated m the ouler pencap of whesl bran whensss
prooumanc (el A) acid was mainly in the aleunme laver. Fhyies were gl wed & 8 marker of alewone layer and darch & amarker ol
darchy endisperm. Biochemical markers constitute an ongna] methad for determning the hstological composton of any technokigical
hran fractions. A pin milling process was apphed o oosrse bran prodoce d by 2 conventional milling process. Three diferent fractions (B1, B2
amil B3 ) were oblamed by sieving the bran products and then the smalled bram panticle fraction | B3) wes air-class led toobtmn two panicle
sipe fractions (B3a and B3b with 2 D500l 83 and 7 pm, respectively b. The baochemical oompasilion of these Iractoms was used o caloulste
the distrbution of tssues socorbng Lo the sieving process. The disociaton behavior ofind vidua] bran tisiues upon mechancal ractonzton
was mvestigated in relstion ko pertclk size sl dsomsed socondng ko their mechanical properties.

200 Elsevier Lid. All nghis reserved.
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