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H ol= E AA9 o 8%E 1 AL a-tocotrienole] 7FE $AstH
~tocopherol, B-tocotrienol, y-tocotrienol = ©] 3 Hz <2 F ¥ F tocol

o] 2 HdA R 40.3mg/kg, A5l 28.9mg/kg, W+t 33.3mg/kg, Hlotol
206.5mg/kg A wjotel v EAsh=E Aom dH
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A8 R T

1. Al =%

2 A AN HE EAAFAES ARZE AFESte] FAAG A
Bl AH Azt S dAvprle] digE Vs ®m foA s sA4
mel Autr] 1~425Y 4 &S branl, dvt7] 5~20025HH A2
AL branll, Avl7] 21~242 58 A& AL bran Moz &3] A g
ARSIt EARARAE T g HE FES o] &3 vFAEd o5
skl o wjob= AFE(16 mesh)ell o &l &2l etAvh. ol ¢k 22 ¥AHS S3t

N
o

of xRy T ¥ bran I 3.6%, bran II 18%, bran III 2.4%, 3}3)
6% = wiolo] WA EL 0.2%0] At

2. ERRAEZRE £ A7, wof & R Y o]z

1) durd &

AHEAE Y , 3 &2 AOAC H

= =
e BAS AR AR AL EaCCl) MFAREel B AR 5-25 g
2 AAskel Zglel og T % the e

4>

’

=]
¥, zed, zA, Ay
=



2) A%

A== AAA (Color and color difference meter, UC600 IV, Yasuda

Seiki Co., Japan)E AF&3dto] L(MA L) a(FA %), b(EAAE)3S SAH3A
om FFEAMIL =100, a=0, b=0(NA) E=+= 1=92.67, a=-0.83, b=0.86(1L

Ayl AL AT,

3) ¥ =

BranI ~II 2 w®jo} & A8 7} 100 g2 12~325 mesh F=HAZ A}
£3lo] Ro-Tap sieve shaker(W.S. Tyler Co., USA)d Al 3087+ &3t &

7t meshs T Hate g9 TFo=E FAHGAT.



Henry®<] W o2 n-hexane @4 A2 10 gol 80% oet&=z 713
Eote] W7hs & s ode 50C ostolA AFFFAIL FHTE
100 mL7F A A-83 o5 o] 2u g (Amberlite MB-3)=2 2] 2]38}¢] o]
24 E224S AA% 0.2 tm membrane filter2 o #A] 71 Al 8942 Dionex
Bio LC(Dionex, Sunnyvale, CA)oll FQ43ste] F8139 AT S 24

Sk

Table 1. HPLC working conditions for free sugars anslysis

Jasco PU-1580 pump
Instrument Jasco DG-1580-54 degasser

Jasco RI-1580 detector
Column Carbohydrate analysis column(3.9x300mm)
Flow rate 0.7 mL/min

Mobile phase Acetonitrile : Water(75:25)




5) Tocols9 A #F

Tan®@ S WMoz XAZE Soxhletd XS A3 n-hexaneo & 124
b XS & 40T olgtol A ThEFAIA AGS A A 4 AE 05

= -

g5 100 mL round flaskel] 23 o]~7]e] 0.5 N NaOH(in ethanol) 20 mL<}

3

1% pyrogallol(in ethanol) 1 mLE %73k o 103 SFAHG. e

ANRE BFAdoF2 &7 3 o]= 30 mL diethyl ether® 23] F=3}4 ).

o

‘il‘
ZES TFTE FASIL F3tE ethergd & 40T olstellA b= ot
=

o
N

Aol n-hexaneo| o] HPLC(JASCO, Japan)® g #A3t

Juf A0S B33 2

o
PN

Table 2. HPLC working conditions for tocols analysis

Column Lichrosorb Si-60(Merck)
Eluent n-hexane:ethyl acetate(95:5)
Column temp 30C

Detector Ex:298, Em:325

Flow rate 1.0mL/min




Ak B e Metcalf ™ Wlo] wel n-hexaneo ® FE3t] A& A A
200 mgol 05 N NaOH/MeOH 5 mL & 7}sto] #3jA171 v} BF; &0
3loll methyl esterE AzZ3dtx GCHP5890, Hewlett-Packard Company,

CA, USA)= A sttt

Table 3. Conditions for GC analysis for fatty acids

Mass detector HP-5890
Column 6 ft/2 mm Ld., glass
Packing Acid-washed and silanixed diat. 10% DEGS on

100-120 mesh chromosorb WHP

Carrier gas Helium
Initial temp 170°C
Initial time 0.5 min
Initial rate 2.5C/min
Final temp 225C
Final time 3.0 min

Split ratio 25:1
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1) £g ¥ =3 < & (Barley Polyphenol Extracts, BPE)2] ZA]
75%(v/v) ol &2 10 L

2} Fig.
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Defatted barley brans and germ fractions(l kg)

l/ added 75% EtOH 10 L
homogenized(8,000rpm, 10min, 10C)

Filtrate

i concentrated by evaporation below 30T
centrifuged(18,800xg for 15 min, 5C)

Supernatant

put on a column packed (with Sepabeads SP-850)
column washing (10 mL/min)

Lnegative Ninhydrin and Molisch’s reaction

Polyphenol fractions eluate
i 75% EtOH 2 L

Evaporatate

|

Freeze dry

Fig. 1. Preparation of barley polyphenol extracts(BPE)
separated from pearling by-products.



2) HPLCe| 23 BPE<S 3

BPEE 44 &9 "ol &aA 7l ths A48 (10,000 rpm, 15%)3}
3 0.2 gm membrane filterE & 3A1Z1 H-& HPLC(JASCO, Japan)el ¢
ate] Vallés 5™ whylol] wel Zelvlssieo B gt AT

3) & EPA=E #F

3 WbEGElel de ozl 300 mLE #HEEEAA 150 mLE I U
11,000 rpmell Al 15&7H(6T) AR A & FANE T Eeds TF
=48 AREZ AFEEAT dojd Als 5 mLel FolinAl¢F(1/3 g4 9) 5
mLE 7}8ta 38 F 10% sodium carbonate 5 mLE o] 30TCoA 1A%t
nmel A ¢ FFE=E SAGAT. T2 A o

0
Al BS AFEE AL v g (+)-cateching AF&3dle] -3 7

ro
(]

o2 HE

—l
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9) AAZ %5

BPES] 2} ¢]%5(Electron Donating Ability, EDA)& Williams % ¢]
1 mLel 1x10 "M DPPH(a,a-diphenyl-8

1023 X" & 302 s HAT o

A(%)Z YeEld Ayet 7+ A8

g o

o AL, 5, 74 AR

il
i
K

-picrylhydrazyl) €< 2 mLE %
ZA4skslth. =3 ED

525 nmoll A &3
&2 5 E %7] DPPHY =7} 50%

o] Fxo] wE& DPPHO &

o

A % ECod Fahel st

EDA(%) = (1 - A/B) x 100

i
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=
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5) ACE A Z&

Cushman™ 5o Wwe] wet A2 BPES9 50 uLol ACE X&)
50 pL, 10 mM sodium borate buffer(pH 8.3) 100 pL& 7}3F & 37T
shaking incubatorel 4] 5&3F HF-gA|Z ) o] HE-g-olof 7] A<l Hippuryl-His-
Leu €< 50 pL& 738t 37CeolA 30&3F #5421 & IN HCI 250 pL&
7bate]l WSS Fa AT, 7)o ethyl acetate 1.5 mLE 7}3F U2

vortex mixer= 15%7F 33 ¢ 3,000 rpmol A 5E7F ¢

R

o>
ML
i)
ol
ol
ki
ox
o,

o 1 mLE 3G o] AANAES temp-block heater® 120Co| A 158-%F
12X A ethyl acetateE #A| AT & T7FF 3 mLE 7Isted &322 o

228 nmolA FHE=E At

ACE A&(%) = (1 - A/B) x 100
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7) Superoxide dismutase(SOD) FAI&A

SOD fAt#Y 42 Kim 5779 Wy wet BPE A& 2 gol

of
tris—cacodylic acid buffer(TCB, pH 82) 30 mLE 7}3ste] 283 =33 tf
S 4TAA 12,000xg= 303 A * A AES 0.1 N NaOHeF HCI

2 pH 82& %A3tdth o €4 09 mLel 712d&E4 3 mMY pyrogallol

0.1 mLE 233 = 25CE SAAZ]HEA 420 nmolA] 287 T3 W3}

H O

A

=
=

=435kl pyrogallol®] 2t =S A4S o

(A-B)
SOD A A (%) = (———) x 100



4. ZYAEFEEBPE)ZHH 34 E49 £33 € AFAAAN HE
1) Al ¢

Zods 2 TEEAolYY ¥ FF L2 syringic acid, p-coumaric acid,
ferulic acid, vanillic acid, procyanidin B39} prodelphinidin B3 & Sigma
Chemical Co.(US.A)A%2S, TLC platex= A& t& F 74 949 silica
layer®} cellulose layer® MerckAl A5 Algslom 7]Ef e Aok

SHe A&kl

W Febbael amvtEawdel o 45 A K EedETE
EBPE)S sAZxse] 92 G244 $8S A5RE sto] JdF] o] &3t
T} Sephadex LH-20S WE&E&=Z F&EAIA T3S pre-column(20%2.5 cm)}

=3%%=(BPE 1g/30 mL methanol)
pre-column®l] FUAIZ & &7 #WeS 500 mLS 100 mL/he] &
2 AP EFHAZ vS, pre-columnes main columnl = HE 73k
main columnel| 3 L WEES FAAHT. A5 &&= 500 mLe=
g3 g 15 L FE 9 13 mLy 235 g ZgusEs d2
o5 WA= 500 mLA EH s o wEA P 82 pre-columnel] 500 mL
o opAlEHEE(1]) &4E TIAA AL STuiwol=A4 BdE

3]

vorre 3)Fade

K1 o

ot

rl

pre-column® main columnolA =4 &&5%+ 3



oj¢} o] A IS FFIIY FYE F, A Fol U BEEAHS
HES3 HPLC(JASCO, Japan)ol

=
B Bestarh ol BAEALS AN %@ Pt 2ol g

Byl ZedEFEe AR Edsdes 29, oA } 1Tt BPEAI &
10 mgs 1M NaOH 0.55 mlol &3iA#A AixF
g T 4R (20000%g, 15 min, 10C)3te] ASaS A o &
Ao acetic acid 200 uLE 7}s pH 322 A 3AZ1 & %39 ethylacetate

2 53] BkE FE9T Alse FF ¢ ¥Es AT, g EEetd
Ao HAZAFE methanol/water(50:50, v/v) 0.5 mLZ ¥ 045 m filterZ
FUANA oAl AE HET ARE AESY] RYEAFAAE 424 FEE

9] hydroxycinnamic acids(ferulic acid®} p-coumaric acid)E& HPLC(JASCO,
Japen) 2 H@]a gt oju] B ZAL Table 33 2t}

Table 4. HPLC working conditions for hydroxycinnamic acids analysis

Column: Waters Nova-Pack C18(3.9x300 mm)

Eluent: 0.05% phosphoric acid(pH 2.8) in methanol(start)—0.05% phosphoric
acid in 0 min, 2% ; 0.1-50 min, 50% ; 51-60 min, 50% ; 61-65 min,
2% methanol(final)

Flow rate: 0.5 mL/min, detector: UV 280 nm




4) TLCel 93 Z2uls £ £

wge]l w3Eol it Hohub: JEE Bl #dar] ste] 274K

A2 g2 G419 TLC plate(silica gel 60 plate, cellulose 60 plate 20x20 cm)

2 Ao Ad39d™”. AMLEwl= toluene : acetone : formic

acid(silica gel 60 plate)E 30:60:10(v/v), isoamyl alcohol : acetic acid :

water(cellulose 60 plate)E 2:1:11(v/v)2 =3 Alg&sgoem,
p-diethylaminocinnam-aldehyde(DAC)& 4 -& &5, X3+

1= T,

AN %
el shl ot
, syringic acid,

HEEFOE AFETE Ry

Vanillic acid, caffeic acid, ferulic acid, p-coumaric acid
procyanidin B3 % prodelphinidin B3 % (Sigma)£&
SRR

5 ZE A=+ E(BPE)Y AZIAA

Hy] ZYyEdRor dojzx G4
AL(25T)F 37ColA 95 s HHslHA 35 tHo0 2

[e]
2 DPPH(a, a-diphenyl-B-picrylhydrazyl)el i3t Az}l (EDA%)S =
243}04 BPEQ ;quq_}ﬂ KR 7450}0314

=

=

Za Wy T =4S Folin-DenisiH @e

[e)
A3l 5 e Williams ™) Wi oz Ado]|A 7]%e W

7.



B EARAEZRE ZE¥E32Z2(BPE)S AddA s)&e wy
o wal ZAAR AE L J)FAZ AL FXE Guad(F 7] £9)o

Al LR RS A 7 H M E A 282 corn oilZA] L o]ste A 54 H A
WAk 2442 Table 59F 2l E=A1 kRl linoleic acid, a-tocophenol
BHT+= SigmaAb A& A&, F=8vek 1 ve BE A %S 55

AokE AT

Table 5. Physicochemical characteristics of corn oil used as a substrate

Specific gravity(25/25C) 0.919
Refractive index(25C) 1.4728
Moisture(%) 0.008
Unsaponifiable matters(%) 0.98
Acid value 0.084
Saponification 194.0
Iodine value 123.4
Lovibond color(5'/," cell) 10.0Y/1.8R
Cold test(hr) 76
Fatty acid composition(%6)
16 : 0 11.06
16 : 1 0.15
18:0 2.13
18 : 1 28.86
18 : 2 56.64
18 : 3 0.63
20 : 0 0.55




2) Eatel i F4sy 53

BPE¢] linoleic acidel ohdk &3t &3t Mitsuda 5] Wl o g
TBA(thiobarbituric acid) 8% ©l&sted 43ttt = linoleic acid&
0.03 Mo] ¥ =% 0.1 M phosphate buffer(pH 7.0)¢} ethanol & 3-8 mf(4:1,
v/v)el H7tste] 71 A& NS Ak, 71-dE4 20 mLel 0.1 M phosphate
buffer 19.3 mL} A/ 58NS 0.02% o2 H7Fste] 40+1TC 2714
A IH7HA] R 'RES A7 A RE AMF St BAH oz TBAZFE 54
At TBAZF A4S A5 2 mLoll 35% TCA(trichloroacetic acid)& < 1

mL¢ 0.75% TBA A2k 2.0 mLE 7lsle] £33 & #+= S8 XA 408
F MeA7 3 Aeom W7zbsta acetic acid 1.0 mL$ chloroform 2.0
mLE 7}8] 3000xgoll A4l 5&3F AR g AR FHE=E 532 nm

N A FA3t] TBA#HS T3H3AT.



3) AEAtse] i FiAsGay

BPEE ol&t&e] =< % 71d#FA<2 corn oilel Z7 0.02% 2 0.1%
TEE Hrbstdon dxTEs 4% duswrs HIEe corn oil&
AbEEA T ERE V1= AkskA ek dtkstE S Wlwstr] flske] BHT 9
a-tocopherolS WA & 0.02%% FH7lste] A&sAd. o9} 2o
Azd Z+ AEE ZetH A 23 E 7H(peroxide
value, POV)¢} & o] FAk7F(conjugated diene value, CDV)2] W3lE A
atith. #arEE7E A0.CS. Cd8-538™e ol gdte] meq/kg.oil® L}EF
Wolom, CDVE A.O.CS. Ti-64H o] wrg} UV-VIS spectrophotometer
(DU™ 650, Backman, U.S.A)E AM-&3t¢] 233 nmellA &3 =2 =439t
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(S -DB) x N x 1000

Peroxide value (meq/kg.oil) =
\W

>
uei)

o Al 4H] ¥ NaxS:0s;
D E A do A 2H]E NaxS:03
D NasS:032] 5 =415

A ERFAS] AL g

5 Z @ v

As
bc

CDV (%) = 0.84( - K)

K : absorbtivity by acid or ester group
ester : K= 0.07
acid : K= 0.03

As : absorbance of oil at 233 nm

b : cell length(cm)

¢ - oil concentration(g/L) of the final
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6. BPES @373 2 #3944 &3t

1) A

o) 7}

A Z2¥EFE2BPE)EA 97 E - (BPE)

S8z WEo Folsdr,

2) 23d%FE £ Y7L

vhel o2

0

28552 Sprague-Dawley rats(250+10 g)< iy o= 7zt

d F etekAEor IS S48k 300 mg/dL

sto] streptozotocin(STZ, A0130, Sigma)S A&
TE 53 FAlsla 39 F

3) ¥35A

Precision Plus TM Electrodes(Medisense Contract Manufacturing

Ltd, United Kingdom)& AF-&3te] 25 &<k SA s

qge

T



4) Liver index&7H

277F 200 ppm FES] SEFE HAT YuF 4G FAS A AF
100 g Foz Baste] G9IAF F AFAZ ZA5ke] liver indexE 1%

Sk

5) #43dA &3

In vitro’dell Al B3 EE(BPE 1) ol 2(BPE V)9 #ibstefA] avp=
Bishayee® W ® o] wz} wkg oS A5k, Ohkawa T9 W&oz
Hhg-ol & WA XA 532 nmoll A FFEES ZAs] A Qs A& 7

Lo ik A& (%)= e Sl
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7. 344, ol T =EAAFAEY dFAs R A4 A 2

1) 234e]

AgAels wee EARAEZA S, vol, WA 3Fow ol

Ztzkel A 25 80~100 meshA & 34 F = ERAHE RS oA
o7 dAYgHs Azt sF 13](1,000 mg/kg bw) B7F 3

2) 4¥EE

AR E=EE HiAFol 250510 g Wl 9 Sprague-Dawleys 3 & Ay

ARG R dFL3 duabsd & ddae 4 8utENow &)

Ttz (DM), A5 A2 (DM-Bran, DM-Germ,

DM-Broken kernel)©.Z o] A&S& AAsYTE oluf A}S Ao &x=
22+1C, &+ 50+10%, Ads dAsA FAste] 653 AbF3A

oft
s

3)

L

FafgEe A3 4 0.1 M sodium citrate buffer(pH 4.3)°] &3a]A 7]
streptozotocin(STZ, A0130, Sigma)= 45 mg/kg b.w E7 FASA &
STZ 4+ 39 & <hepaid o d9ds SA5ko] 300 mg/dL ©]de &
= skt

do

o
£



0 N iAE, AT A% L Holxg

Aoloh A5 HHAF D AFES A APIS Fae] 29 Ao AY

=
st A7 SAEF o Aol g & (food efficiency ratio, FER)S Qi
T AFUI Al SUMHS 2F2 7| ok Aol HHFoR Yo ALk
s ot
5 934

d 2 Precision Plus TM Electrodes(Medisense Contract Manufacturing
Ltd, United Kingdom)& ©o]-83to] w5 A5, A3 dy= SAS A=
2Ia9E olgato] FAH o, I Ade HuEgd FEoaE e
o AlgAEe] 23 HE5S Yd one-way ANOVAZ EAsdon
7Fe] ol A& Duncan’s multiple testZ ©]-&3Fo] p<0.05914 FIAHS A
bt

o|\
Olt

6) YA = AA

X3 FEHeRE A T 1M

Atk 7HFe AFHS 0.9% NaClz A &
4 WS A ZH oW, homogenizerE AF&3to] 10

%%‘”‘(pH 74)& 7hste] WdEtel A #ATE whfste] A

(10%, w/v)& 13,000xgel A 1087 A Rested 71 AAgds 7ats)

=7 ol Ab-&3tA T

M W S HE

(
2
U
o,

>
X, mim



7) 99 AH

dde =9 <kl AF Skl heparino]l A AP del] ¥,

3,000 rpmol A 1537 A elsto] S welsto] Asetd AxE 54

Sk

8) X9 #AxEd 54

gHol FastA AL Satohe HH®S wEso =AY Serum
0.5 mLel 20% TCA 1.0 mLE 7Fsle] nwket & JAEEE 3t A o

05 mLE #Hste 08% TBA 1 mL& 7hete] &+

(chromogen)& F&3

532 nmolA FHE=E ZAHsAY. FAHEE FEE malondialdehyde®

calibration curve® 243t F=E A4tel At



9) xxA 9 HAg9A &% 54

7z e #HarstA AL Ohkawa 5o W™l o8 =A4ss. A A
gu txAo AAA 02 mLol 81% sodium dodecyl sulfate(SDS) 0.2
mL, 20% acetic acid(adjusted to pH 3.5 with NaOH) 1.5 mL, 0.8% TBA
15 mL& 78t A #3954 mLeE 243 t5 #5 B4 3027 7t

g3l ¥ F4Ystdth n-Butanol 4 mLE 7138t ZA&SHA wwkA A 2

=

£
i,

=

A 2 (chromogen) & F&3 thg 94 #2(3,500 rpm, 10 min)dte] 718 vl

=% 532 nmol A FHEE =AY}
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Table 6. Proximate composition of brans, germ and broken—kernel in barley

pearling by—productsl)

Constituents” Bran I Bran I Bran I Germ Broken-
kernel
Moisture 24.36 10.81 9.80 7.18 10.79
Ash 3.59 2.03 2.12 6.13 0.80
Protein 13.54 16.80 17.86 35.25 9.60
Fat 457 511 5.32 14.65 0.90
Starch 7.65 32.31 36.56 4.78 64.90

D . ..
Values are means of triplicate determinations.

29 on a dry basis except moisture.



EARAES MEE color & color difference meter® =43t A3} (Table
7) =AEo] ool w Mo ¥r|E el Lk branl 9 51.3191A4]
bran M<] 81.97=% =olxl Wk AALE Yed& agk 2 $NEE YERE=

Table 7. Color and color difference meter readingl) of brans, germ and

broken-kernel in barley pearling by—products

Bran” I BranIl BranIll Germ Broken=
kernel
L 51.31 80.10 81.97 60.57 87.03
a 4.14 1.19 0.82 5.45 0.45
b 11.88 10.61 9.42 18.35 7.84
AE 39.22 14.75 12.85 37.10 9.07

VL: lightness, a: redness, b: vellowness, AE: [(AL)+(Aa)+(Ab)] Y2,

YBrans I, II and III were collected from pearler 1-4, 5-20, and 21-24, respectively.
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Table 8. Particle size distribution(%6)" of brans, germ and broken-kernel in

barley pearling by-products

mesh
Fractions
>12 > 14 > 16 > 18 > 30 > 60 » 100 » 120 » 200 » 230 » 325
Bran? I - - - 23 246 566 128 3.0 0.7 - -
Bran I - - - 135 37 399 270 105 41 1.0 0.3
Bran II - - - - 03 770 139 57 2.4 0.3 0.3
Germ - - - 32 845 105 07 04 0.7 - -

Broken-kernel 0.7 94 845 45 08 01 - - - - -

Y30 min sieving by a Ro-Tap sieve shaker.

?Brans I, II and III were collected from pearler 1-4, 5-20, and 21-24, respectively.



EE A5 FEY TFHES 43 A (Table 9), branI ~MMoll A F%
o] e 261~343%2 WHAZA Az Tt & FolE YERA Zgkort
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AHom waFe AWE AzEch =5 72t gid aE fEde dREA

+ sucrose, glucose, fructose, maltose, raffinose % 1-kestose G|l ©]

% sucrose®} raffinose= E3] wjo} & Ho 8% o]Ate] =& staks e

FEHFE vHE Aow e



Table 9. Free sugar contents(%, dry basis) of brans, germ and

broken—kernel in barley pearling by—productsl)

Fractions Glucose Fructose Sucrose Raffinose 1-Kestose Maltose
Bran” 1 0.72 2.15 0.12 0.27 0.15 -
Bran I 0.06 0.09 1.09 0.92 0.40 0.22
Bran I 0.02 0.06 1.28 0.76 0.38 0.07
Germ 0.03 0.06 8.77 817 0.08 -
Broken-kernel 0.10 0.09 0.80 0.60 0.36 0.05

1 .. . .
'Values are means of triplicate determinations.

YBrans I, II and III were collected from pearler 1-4, 5-20, and 21-24, respectively.
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Zhell 2 ztel7b glolont mfol EE 2 17.1%% ¥ o]l S A
g FF 24 sucrose, glucose, fructose, maltose, raffinose % 1-ketose’} 7
ZHQ 3 E3] wjo} o] sucrose, raffinose’} 8% o] =& S e
W Aol EAHeUY. ExvE 9 EmEEe Ay g¥S HPLCE
A% A3 wjof EoE o-EFZIEY a-EFZEFA =] 90.26 mg/kg 2
1627 mg/kgl. 2 FFS o]FA bran & ARANME EFHE E B
FEZo]Ee] bran DFFNA 7HE =2 g5 HEUden 53] y-EFE
ol =9 49 1033 mg/kgeZ FE T /M =2 #S HAdh



Table 10. Total tocol concentration(mg/kg) in oil of brans, germ and

broken—kernel”

Isomer’ T3
Fractions
a-T a-T3 B-T B-T3 yx-T ¥ T3 &§T 6&T3 Total (%)
Bran”l 327 347 - 273 123 266 - 057 1393 67.70
Bran I 383 1610 - - 814 1033 - 252 4097 70.66
Bran I 1.07 550 - - 743 703 - 215 2318 63.33
Germ 9026 1627 147 - 1864 467 - -~ 131.31 1595
Broken™ ,76 781 - - 346 194 - 023 1620 6161
kernel

YValues are means of triplicate determinations.
?Brans I, II and III were collected from pearler 1-4, 5-20, and 21-24, respectively.

3)T, tocopherol;, T3, tocotrienol



5.82% =%

[e)

L

3

=
=

(BPE) ¢
Zo] 714 @& bran I

o} A

o

=
=

94

3

A F bran O} 19

1)

ol
o

!

Hu

—_—

T
ny
2l

No
ol

=

b £

[s]

gl

=
T

LR

-

o

g o]

-

A -

[e3]

= e

o

R

1.26% 52X A8 =5 718 o

K

p—

0
otz

o= B3

branI ©] 7}

[e)

j=4

-

T

gel A9 ¢
SHIEE R

o

<=
o
=

9l
=y
=

ah e}

=]
5

S

g 9

Zo s stFo] 3.23% 24 branl T
=2 BPEE %A

©)

T

ki3

]

o] 4

=

s}

]

(e}

AN

i+
N
el

—)

0

4
!
(G
o

1Xro

eR}

BPES &2 1~10 g/kg A=A
Table 11¢]



Table 11. Total polyphenol contents in barley pearling by-products and

barley polyphenol extract(BPE)

Bran I Bran II Bran III Germ Broken
kernel
Polyphenol(%) in 5.82 1.80 1.34 3.23 1.26

pearling by-products

Polyphenol(%) in BPE 4368 2772 19.64 11.92 17.56
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Bran Il Bran I

|l EDA(%) 90.80 70.26 68.95 81.27 54.45
|2 EC50(mgimi) 1.59 7.15 7.19 437

Fig. 2. Antiradical activities of barley polyphenol extracts separated from

pearling by-products.

3 F&W BPES ACEA 284S 343 A¥(Table 12), o} Fito]
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Table 12. ACE inhibiting ability, nitrite-scavenging effect and SOD-like

activity of barley polyphenol extracts separated from pearling by-products

ACE inhibiting SOD-like Nitrite-scavenging

ability activity effect

(%) (%) (%)

Bran I 25.25 63.94 74.64
Bran 1I 18.84 78.16 73.25
Bran I 16.35 59.57 72.59
Germ 40.04 4591 73.04
Broken kernel 6.09 6.38 64.08

ol }e] Aitel 2ol FFd BPES| ACEA 282 wjol F&o] 40.04%=

7Hd =dkar, obdAke AARES BE gEolA 70%°lde Are s e

= 53] broken kernel 2§02 Abgste HE|ZI Ao e AR
2 olFa Jerng Bl HELARAML AR &9 T S



3) HPLC9| €3 BPES &3

==

ZedsA 2TEHES HPLCE 83 23+ Fig. 3¢ Zth. 5 phenol

i+ (protocatecuic  acid, caffeic acid, chlorogenic acid %)% flavanol -+

(catechin, epicathechin)® ZAWkHo|x  &2]% 23  dihydrochalcone

=

(phloridzin 5)¢} flavonol glycoside F+(rutin )< RT 40% o] 3 2] FukHo
A 22 E Yl o]E Oleszek 5% 2 vallés 5™ Axtel fA}at

o2 % proanthocyanin % flavanol & dA3oA £84E Ao=w FA

o,

4.0E+05— 6

3.0E+05—

Fig. 3. HPLC chromatogram of authentic phenolic compounds.

1, protocatecuic acid; 2, caffeic acid; 3, catechin; 4, p—coumaric acid;

5, epicatechin; 6, chlorogenic acid; 7, phloridzin, 8, rutin.
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5.0E+04—

4.0E+04—
3IDE+04—
2.0E+04

1,0E+047

0.0E+00 ~ ~ —

5.0E+04 16.00

Fig. 4. HPLC chromatograms of phenolic compounds in barley polyphenol
extracts separated from pearling by-products.

A, Bran I; B, BranIl; C, Germ.
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Table 13. Characteristics of each fractions from BPE by Sephadex LH 20

column chromatography

Total
Fractions Yield(g) polyphenol Color Aroma
(g %)
Pre 500(F1) 0.45 1.04 yellowish brown light bérley ‘t.)ran smell,
smell like boiled soy sauce
Pre S00F2) | 0ot 0am QRN e ey tr
Waste 500(F3) 0.17 3.26 yellowish brown unique barley flavor
F4 0.07 3.68 light yellowish brown odorless
F5 0.11 4.33 light yellow odorless
Fo6 0.06 2.17 light yellow odorless
F7 0.06 1.53 light gray odorless
Main500(1)(F8) 0.04 1.72 gray-reddish yellow odorless
Main500(2)(F9) 0.03 0.41 gray-reddish yellow odorless

F1. Methanol fraction(500 mL) after connected pre and main column of Sephadex LH 20.
F2. Methanol : acetone(1:1) fraction(500 mL) from pre column after separated pre column.

F3. First eluate(500 mL) from main-column washing with 3 L of methanol after separated
pre and main column.

F4. Refer to Fig.
F5. Refer to Fig.
F6. Refer to Fig.
F7. Refer to Fig.

N NN

F8. Last eluate(1 L) from main—column washing with methanol(1).

F9. Last eluate(1 L) from main-column washing with methanol(2).



Fig. 5. Separation of flavanol from BPE by Sephadex LH 20 column
chromatography. F1~F9; Refer to Table 12.



5) TLCol 93 Zvl=9 £

Sephadex LH-20 A#d] ola] H¥ H ZFdhvts S 2579 TLC
2 By S Fig. 69 el o oju ¥FEZHZ+= vanillic acid,
caffeic acid, (+)catechin, (-)epicatechin, ferulic acid, p-coumaric acid,
syringic acid, procyanidin B3 % prodelphinidin B3 & AF&3tith. 2 23}
(+)catechin, (-)epicatechin % X =ZtEAlo}Ud A9 procyanidin B3 %
prodelphinidin B3+ &7} 2 o] Fx vk &7 sistEe] 2el& & ol F
of XA erskrh. 3 i} EH=FEEBPE DI Sephadex LH 20 A=
rtEIH IR A 9% Hohvbs EHES 44 TLCol W/MAA ZFE4
7} Regk= vlalgk A3 BPE 19 4% Rs 042, 051, 0.59, 0.74¢] 4719 A=
T mEEZEY Rigkd vlus] 2 Ay F=Add meElk procyanidin B3,
prodelphinidin B3, (+)catechin % ferulic acid®} < Xx|sl= Aoz e
T3 9F(F1~F9) 3= TLC ANIEds AHEW F3 oA Regkol
e ZTROFEA Y YA Y procyanidin B3, prodelphinidin B33} 7o) =2}

o] =& EA} (+)catechin® ferulic acid7} E& ¥R om, F49 FhollA =

procyanidin B3 2 prodelphinidin B3S. 2 T4 %o &S &4 & IdArh
B oAld e A} silica gelolt cellulose plate EFol A spotd] €& FA}
StAl YElstom gieo] FabsFe] F45 spotd olsHEVl HAdstE o=

et



Fig. 6. Thin layer chromatogram of flavanol fractions(F1-F9).
Absorbent; silica gel 60F254, solvent system; toluene:acetone:formic acid
(30:60:10), visualization; charring by heating with dimethylaminocinnam-
aldehyde(DAC) reagent.

PC; procyanidin B3, PD; prodelphinidin B3, CT; (#£)catechin, FR; ferulic acid,
CA; caffeic acid



6) HPLC®l| 9|3 hydroxycinnamic acidd &3 % B %

RE ARTAA HEEHJoy 53] BPEI A Z+2F 2.854+0.015 mg/g

Ao eyt

8.0E+05—]
1

Fig. 7. HPLC chromatogram of authentic hydroxycinnamic acids.

1, protocatecuic acid;

5, p—coumaric acid;

2, vanillic acid;

6, ferulic acid

3, caffeic acid;

4, syringic acid

ZY ¥ E5FEE(BPE)Y hydroxycinnamic acids’ &<

a3 A3 (Fig. 7, 8), ferulic acid®} p-coumaric acid”}

)
=



2.0E+05

1.5E+05—
1.0E+05—

5.0E+04—

98%180

1.5E+05—

10.00

4 nrr.onc__|

Fig. 8. HPLC chromatograms of hydroxycinnamic acids in BPE separated
from barley pearling by-products. upper; bran I, middle; bran II
and III, bottom; germ.

A; p-coumaric acid, B; ferulic acid
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Table 14. Changes of total polyphenol content in BPE during storage at

different conditions

Room temp 37C
Time(week) 0 > 5 >
Ny Air Ny Air
0 41.95+0.02 41.38+0.13 41.48+0.05 41.30+0.20
1 41.56+0.15 40.66+0.08 41.25+0.04 41.47+0.05
3 41.49+0.11 38.10+0.04 40.52+0.06 42.34+0.09
6 37.05+0.04 37.26+0.15 35.96+0.01 36.30+0.30
9 36.21+0.04 37.09+0.03 35.34+0.25 35.94+0.02

I)NZ, 2)02



@ A AF 95 (Electron Donating Ability , EDA)

i)

By Z29H 53559 DPPH(q, a-diphenyl-B-picrylhydrazyl)ell o3t =}
ToATE FEESE 0.000%TFEANA Aot 7|3t we SA3 A=
Table 159 #Zth. AApzosol SolMe & ZYHA=dE 4 2ot

G AFgoRE A 2= W ARG 7|zl e 2 Wkt gllem A% 9
Al oF 6~8%H L Adte AWE Ho HE EAFANAERNE AL

Hz=F=EBPE)Y A% HAES AFIE = AAT

Table 15. Changes of EDA(%) in BPE during storage at different

conditions
Time(week) I)Roorn temp = 5 e >
Ny Air No Air
0 91.79+0.05 91.22+0.02 91.83+0.08 91.86+0.03
1 90.34+0.02 91.05+0.03 90.87+0.12 90.37+0.35
3 88.09+0.22 87.66+0.13 87.94+0.33 87.84+0.19
6 85.63+0.03 84.17+0.11 85.92+0.05 85.29+0.10
9 84.03+0.09 84.43+0.14 85.72+0.04 84.21+0.31

I)N2 2)02



3. 1g ZYHE=3FEE(BPE)Y d43H

1 =it g I3y 13

Linoleic acid(0.03 M)Z 0.1 M phosphate buffer(pH 7.0)¢} ethanol &£3&
) (4:1, v/v)ol H7tete] A 71HAE&HES 40TlA 8447 &<F A st A
TBA7}S =43 A3 Table 16 2 Fig. 9% #t} Bran MO Z5E 223
BPE+ a-tocopherol?} H]Zz3t &ikstel S YeEP IS bran 1, sl o} A Sl A

= a-tocopherol Etle= 953 =2 34te3 S Uelay BHTSE A9
fAbe Awel s Z9E KTtk Kong §7e 2R 4 &)
B FZHES o]83t9] linoleic acid EEAANA &ditsas A3 Ay
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Table 16. Antioxidative effects of various antioxidants on the linoleic acis
stored at 40C for &4 hours.

Storage period(hours)

Samples" 0 12 24 36 48 60 72 34

CON 0.0286 0.0805 02734 1.0313 16756 11817 1.0242 0.9635
TOC 0.0213 0.0381 0.0437 0.0709 0.0571 0.0702 0.0836 0.0562
BHT 0.0242 0.0163 0.0094 0.0221 0.0109 0.0196 0.0168 0.0220
BPE-B 1 0.0508 0.0249 0.0408 0.0509 0.0411 0.0197 0.0385 0.0347

BPE-B II 0.0292 0.0253 0.0295 0.0331 0.0274 0.0224 0.0277 0.0255

BPE-B Il 0.0292 0.0702 0.0353 0.0331 0.0274 0.0224 0.0277 0.0255

BPE-Germ | 0.0290 0.0108 0.0170 0.0227 0.0176 0.0386 0.0207 0.0611

UBPE-B 1 ~BPE-B III, Barley polyphenol extract from bran fractions;
BPE-Germ, Barley polyphenol extract from germ fraction.

CON; Control, TOC; Tocopherol
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Table 17. Peroxide values of the corn oil containing of various antioxidants
stored at 60+2C for 35 days

Storage period(days)

Samples" 0 5 10 15 20 25 30 35

CON 2.78 2327 4375  109.00 148.02 19150 251.98 361.07
TOC 2.46 1750 3911 9250 12772 20050 23873 396.03
BHT 2.43 7.00 2621 73776 115650 15196 190.00 271.11
BPE-B | 2.50 4.46 2525 7094 121.37 173.30 201.50 328.05
BPE-B I 2.56 5.30 2878 7011 11237 14970 17042 250.20
BPE-B Il 3.02 1150  31.07  91.09 12550 159.50 18824 300.49
BPE-Germ 294 6.35 3350 8614 12550 16450 190.00  306.93

YBPE-B 1 ~BPE-B Ill, Barley polyphenol extract from bran fractions;
BPE-Germ, Barley polyphenol extract from germ fraction.

CON; Control, TOC; Tocopherol
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Table 18. Induction period(IP) and relative antioxidant effectiveness(RAE)

of the com oil containing BPE from bran and germ fractions at 60£2C

Antioxidant”  Added-concentration IP(days) RAE
CON - 9.1 100
TOC 0.02 10.2 112
BHT 0.02 115 126

BPE-B I 0.02 11.6 128
0.10 12.3 135

BPE-B II 0.02 11.4 125
0.10 11.8 130

BPE-B I 0.02 10.7 118
0.10 11.1 122

BPE-Germ 0.02 11.0 121
0.10 12.1 133

UBPE-B 1 ~BPE-B Ill, Barley polyphenol extract from bran fractions;
BPE-Germ, Barley polyphenol extract from germ fraction.

CON; Control, TOC; Tocopherol
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Table 19. Conjugated diene values of the corn oil containing of wvarious
antioxidants stored at 60+2C for 35 days

Storage period(days)

Samples" 0 5 10 15 20 25 30 35

CON 025 064 123 154 242 265 378 560
TOC 025 059 109 150 266 309 517 639
BHT 025 041 095 128 159 206 323 398
BPE-B | 025 044 112 131 187 210 316  4.06
BPE-BII 025 057 114 135 206 249 334 424
BPE-BIII 0.25 061 117 139 216 253 360  5.09
BPE-Germ | 025 043 115 134 190 215 324 397

YBPE-B 1 ~BPE-B Ill, Barley polyphenol extract from bran fraction;
BPE-Germ, Barley polyphenol extract from germ fraction.

CON; Control, TOC; Tocopherol
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Table 20. Food intake and body weight gains of experimental rats

Groups Body weight gain(g) Food intake(g)
Normal 51.48" 18.20Y
DM ~51.40° 29,62
DM-BPE 1 27.26” 25.39"
DM-BPE IV 23.88” 21.06°

Normal: No streptozotocin injection

DM: Diabetes mellitus

DM-BPE 1I: Diabetes mellitus-BPE I(200 ppm)
DM-BPE [V: Diabetes mellitus—-BPE V(200 ppm)
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Fig. 12. Effects of barley polyphenol extracts(BPE) on blood

glucose levels in STZ-induced diabetic rats.
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Table 21. Effect of barley fractions on changes in body weight gains, food

intakes and food efficiency ratios(FER)

Food intake Body Weight(g) FER
Groups — : : 0
(g/day) Initial Final Gains (%)
Normal 1820+0.10Y  265.67+6.13%%  400.22+37.97" 13451+34.87" 0.18
DM 29.62+0.70°  266.36+4.84  22348+8.85°  -42.87+6.54%
DM-Bran 21.64+1.05° 266944917  321.11+10.40° 54.17+7.43” 0.06
DM-Germ 23.43+043%  27087+957  342.36+9.02°  6958+9.26” 0.07

DM-Broken kernel 24.25+0,78”  263.40+3.22  299.09+40.53”  15.69+654° 0.02

Normal: No streptozotocin injection

DM: Diabetes mellitus

DM-Bran: Diabetes mellitus-bran suspension(1000 mg/kg)
DM-Germ: Diabetes mellitus—germ suspension(1000 mg/kg)

DM-Broken kernel: Diabetes mellitus—broken kernel suspension(1000 mg/kg)

N.S): Not significant
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Table 22. Effects of barley fractions on organ weight in STZ-induced

diabetic rats

Organ Weight(g/100 g body weight)

Groups
Liver Kidney Spleen

Normal 2.96+0.249 0.56+0.03° 0.20+0.01™
DM 5.36+0.14% 1.27+0.14% 0.22+0.01%
DM-Bran 3.81+0.10° 0.87+0.04” 0.19+0.00”
DM-Germ 3.64+0.13" 0.79+0.01” 0.21£0.01™
DM-Broken kernel 4.12+0.10” 0.92+0.03” 0.21+0.00™
38 I W3l

]_
st Aye F %:—(103)01 B3 Halo|A F&3F B-glucan®] Alloxan{+gt
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Table 23. Effects of barley fractions on blood glucose level in STZ-induced

diabetic rats

Blood glucose(mg/dL)

Groups

0 3 6(week)
Normal 105+7.07 115+10.0¢ 111+8.0¢
DM 335+13.0° 456+29.0” 420+23.0”
DM-Bran 369+19.0™ 326+25.0° 245+42.0"
DM-Germ 346+22.0" 384+27.0" 134+35.0¢
DM-Broken kernel 378+16.0” 376+22.0" 168+38.0°

Normal: No streptozotocin injection

DM: Diabetes mellitus

DM-Bran: Diabetes mellitus-bran suspension(1000 mg/kg)
DM-Germ: Diabetes mellitus—germ suspension(1000 mg/kg)

DM-Broken kernel: Diabetes mellitus—broken kernel suspension(1000 mg/kg)
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Abstract

Physicochemical Characteristics and Antioxidant Activities of Barley
Polyphenol Extracts(BPE) Separated from Pearling By-products

Seo, Mi Sook
Department of Food & Nutrition
Graduate School of

Sungshin women's university

Barley has been an important dietary cereal in Korea with the highest
consumption following rice. However, the consumption of barley is decreasing with
the change in the diet of Koreans. Before consumption, barley undergoes pearling
as the initial process. This pearling process is a serial process of removing seed
coat, aleurone layer, outer endosperm, and germ in order to obtain pearled barley.
Currently in Korea, when processing barley into rolled or split polished barley,
about 30% results as by-products in the form of barley bran, which is mainly
used in animal feed. Pearling by-products contain not only barley bran including
seed coat and aleurone layer, but also germ and broken Kkernel, thus, high
value—added materials or processed products could be developed by appropriately

processing these by-products.



The objectives of this study was to separate and utilize effective components

such as natural antioxidants present in barley bran fractions.

The results were obtained as follows ;

Barley brans, divided into fraction I(pearler 1~4), I(pearler 5~20) and
I(pearler 21~24), germ, and broken kernels were collected as pearling
by-products produced by an industrial process consisting of 24 consecutive barley
pearlers. Barley germ and broken kernel were also collected as barley pearling
by-products. Barley germ contained more protein, lipid, and ash than barley bran.
The activities of a-amylase and glucoamylase were high in barley germ, whereas
that of B-amylase was high in bran fraction I. Only a slight difference in free
sugar content (2.61-3.43%) was observed among the barley bran fractions. The
highest amount of free sugars (17.1%) was found in barley germ. Free sugars in
pearling by-products included sucrose, glucose, fructose, maltose, raffinose, and
1-kestose. Barley germ contained distinctively high levels (>8%) of sucrose and
raffinose, and a-tocopherol and a-tocotrienol at 90.26 and 1627 mg/kg,
respectively. The bran fraction II contained the highest amounts of tocopherol and
tocotrienol, with a significant amount of y-tocotrienol (10.33 mg/kg).

The pearling by-products were extracted with 75% ethanol, and polyphenol
extracts were separated by using Sepabeads SP-850 resin. The total polyphenol

content was the highest(43.68%6) in the polyphenol extract separated from the bran L



The polyphenol compounds analyzed by HPLC were presumably identified to be
proanthocyanins and prodelphinidin polymers, which were known to have
antioxidative and antimutagenic activities. Antioxidative ability was estimated to be
high in the following order of bran I > germ> bran II > bran III. At the level
of 0.01% polyphenol extract, angiotensin I-converting enzyme(ACE) inhibitory
activity was the highest in the germ fraction(40.04%6). Nitrite-scavenging activity
was more than 70% in all the fractions. Superoxide dismutase-like activity was in
the range of 64~78% in the bran I and II fractions.

Barley polyphenol extract(BPE) was separated from the pearling fractions, and
the antioxidative activity was determined by measuring in a linoleic acid system
and lipid autoxidation using corn oil as a substrate. At 0.02% addition level,
thiobarbituric acid(TBA) value of BPE from bran fraction III appeared to be
similar to that of a-tocopherol, and bran fraction I and germ extract exhibited a
similar antioxidative activity to BHT. Peroxide value was measured to estimate
antioxidative activity of BPE upon lipid autoxidation. As BPE concentration
increased, it showed somewhat higher antioxidative activity than a-tocopherol and
BHT until 10-15 day storage, but BPE concentration did not affect after 20-day
storage. Relative antioxidant effectiveness(RAE) of 0.02-0.1% BPE from bran
fraction I and germ were 128-135 and 126-133, respectively, and appeared to be
higher than that of BHT(126). This suggested that these BPE fractions could be

used as a natural antioxidant.



Streptozotocin(STZ)-induced diabetic rats were fed beverage containing 200 ppm
BPE extracted from barley bran and germ for 2 weeks, and the effects on diet
intake, changes in body weight, blood glucose level, and lipid peroxidation of liver
were investigated. The BPE showed hypoglycemic and lipid peroxidation inhibiting

effects.

Effects of  Dbarley pearling by-products on blood glucose levels in
streptozotocin—-induced diabetic rats were investigated. After 1 week, the blood
glucose levels tended to decrease in rats fed barley broken kernel, germ and bran,
and were significantly lowered by 42-68% compared with the control group after 6
weeks. This suggested that the barley pearling by-products could be used as food

materials in controlling blood glucose levels.
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