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Exploration of Nutritional Components, Functional Components and
Antioxidant Activities of Brewer's Spent Grain Powder, Red Ginseng
By-Products and Rice Bran Powder

Myoung-Joon MinAlexander, Kyu-Bong Nam, Sung-Hyun Lim, Eun-Shim Son’
Reharvest Co., Ltd.

5 e, TS S-S g5t st
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o, W7pRo] BlsiA ZH2k 28, 238 E=A debgeh A MR A 8|2 ¥(9.67 1g/100
g), 7-Oryzanol(32.3 mg/100 g), GABA(0.71 mg/100 g) SAE(118.07 mg/g) TFol 7 A vehdod,
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Ot &og 3l 12 A J1E drlE2s Uelhgt) o|gst Anfe Wy Jl2 S 2 B4 2E gy}
F A2 283 7H3AE Lol 883 4 S Zlolgt wetEh

Abstract This study determines the nutritional and functional component contents and antioxidant
activity of food processing by-products obtained from brewer's spent-grain, rice bran, and red ginseng.
All three by-products were powdered and used for various studies. Analysis of the general components
revealed the highest crude protein and dietary contents in brewer's spent-grain powder (2 times and 23
times higher, respectively) than the amounts detected in wheat flour. The highest contents of biotin (9.67
1#g/100 g), r-Oryzanol (32.3 mg/100 g), GABA (0.71 mg/100 g), and total saponins (118.07 mg/g) were
obtained in rice bran powder, whereas biotin was not detected in wheat flour and red ginseng
by-product powder. The total polyphenol content was the highest in brewer's spent-grain powder and
was about 50 times higher than wheat flour. Brewer's spent-grain powder showed the highest DPPH
radical scavenging activity and ABTS scavenging activity, followed by red ginseng by-products powder,
rice bran powder, and wheat flour. We believe that the results of this study will be useful for the future
development of processed foods using brewer's spent-grain powder, red ginseng by-products powder,

and rice bran powder as substitutes for wheat flour.
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AR FAREE AR 7S Al BE AES A9
BArels SRS 77, BE A, 2, AgY
oj2]F o R Qlof thFE S8EA Fota EH|U wiPH
7], &7 5o & A== F7t gt skA|RE ol HE
o|QuiA A F SIUE, & Al FIPE7L iif- w2
w 37 ASFH oA I Aol wAl= FFFel 3
A Hot oz}, A AEAIY S wUoE
A AR HEAAAREE I = Sk JelA
FEY QI
Sl A
6,265% EolH, Fits
7] 281 71EE AL
At ol=E FAES
HEE H71=7] fEe] =2 A uldo] YA H
A1 #7718 95t Hd IA| L EE Aol
WEE= A AAZCR Q7] e 7 FY slv=E =
T ASEolA 1995 ARG QUeH1]. W e
W g BARE F 85%E Aot 9o, 2 £ E
g BT AR Y olvE 9y &8EA ot
om, uAFES] wgo R F45] At 4= 917] WEo|
H78HAY oA REE ARYloE o]&5
TH2-4]. SHA|qE 59]9] A9 W HAES VIR E o8-
sto] B, wH, 7], Alol4, oF, Tl BeY 5
I o] 7154 M F49Y 27} 7Hs AlEL R e
= Al=7t 48] o]FojX 1 ITH5,6].
4] 39 o] & R ARLdARIginsenoside2}
HIAREIAQ]l  polyacetylened] A&
polysaccharide 5ol ItH71. olzfgt 4
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9 AIDS Hio|gA9] F4] AA] 5 trFst 28-S
B uEQTH8]. A7t Wit =7 A5t
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£ =EY, 22 AHE b= 40 24
=1 Stk AF7HA] AR E83 Aol AlE
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HAAEA & BAE B TAHTN= oA dojr)=
FAER 400959 od, 4, H[gl B, vdlE,
A-5A - 583t v aso] ol SoIltH15].
oA ABAE]= vl ABARFS] 6~8%7F A AAEE
olH, o] F tiFRo] Almu H|=, PR 2ok
ol-gHt}. sHAY = & AA Yol £A5k= lipase?]
20 & Ahf7h dojual, Aol HolA AlFdEE
A ARESh=t] Alo] drtal A FE Alg, H|=,
FAEE, PEAEd ARGl =RtEo] ARGEI QUTh
[16]. H< 7 4 HEE Bt Al L A, S8 5
71541 R OB A Y] AR X} o]8o] £l YUA|T o
A5] A g JFel vlste] thgstA o]8EA|
Zokar Qlet

T & A" FAEES A58 0E fEgEsid
AR Azt W= 4 AL, A AL E odA
AH|E ZHoR} &= §)7] wiEe] 3AAQI Fo] Yt o]
£ olixe FARES AE AAEA 8717 QA
A AgFoz JFIE € 7154
o|Fofxo} Hrhal ErH{17].

71& d5 Ao oE FAkEo] gt HEet I
7HA 871} 71578 AFo] olFolXtd, =
QIR Al 9] SgRE B FANE Ay
91 33 ed A 59 53t & A
TH18].

wEhA 2 A= AF THERAREQ Wae A

4] PR 9 A &4 2 7154
Ad3sl] It 712AEE A

=
=

L2 A FHolM 7Y g2 WetAtEe
e LUEHE FFor ZpAL oA HE
Bt on, SAH 282 SAAE TRl
KT&GF)EHE S5 AS A5 F&0kaL &
ihg SOl AAF SO 2L} ST A
© & W& 1509 ooz, ni Fikgo] gol Ay
B e2THRAG) L 2RE FFHol Aol
HyshaA Aae ARSIl vaske 7R SR

(HSHAlE, FRxD7HF)E ARSI
H|QEl HEFE GABA, NADP+, GABase, Folin-
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Ciocalteu’s reagents, DPPH (2,2-diphenyl-8
-picrylhydrazyl), ABTS (2,2"-azino-bis(3-ethylbemz

-thiazoline-6-sulfonic acid )& Sigma-Aldrich A}
(St. Lousi, MO, USA)OIA 45ttt ols/do=® A
4= o-phosphoric acid 85%= Merck A{Darmstadt,
Germany), acetonitrile ThermoFisher Scientific
(Portsmouth, NH, USA)o|A tafiste] A3of AR&st
At

]| Burdick & Jackson AHMuskego,MI,
USA)ollA YskAaL, oftoll ARgH B -8rff & AJoF

o

-

(HPLC)

EF2.0

=1

high-performance liquid chromatography

Ahgstelrt

=10
[SR=R=]

2.2 NEXHZE
PSR BAS 9l 2RI et B, SAE
=, 2 & Kim¥} Son[16]9] I+ %4

S g-8sto] 100 mLe] AzEekAzd) A2 2 1 g

=zaxrx=

R DAL

B, 97

I 40 mlL9 SFSE 7Foto] autoclave (Tomy
Kogyo, Japan)& ©|-& 100CoA 147t 7FEst] &
EE AZ319, ¥4 A membrane filters ©]-&5}d
ot & B4 ARE ARSI HFo R HAA
3HAQl vEell C (Sigma, USA)} H]EMI E (Sigma,
USA)E AH8oto] 2257 5U% 5= PSS
H| wskgict.

M
&

, BA 7129] dubgEo] it
Association of Official Analytical Chemists
.0.A.Q)19]° &sto] HASIGTE &, S22 A
Az og 105C 247 ol XA,
42 micro-kjeldahl#& &3ll, A2 Soxhlet
H, AR 23E2
sHE-2 242k Al39 100 g 5 AW,
ey ks
% A]o)d(Total dietary fiber: TDF)
Z%FH(enzymatic-bravimetric method)?l AOACH
og ZAsAEH20].
(heat stable a-amylase)@ HS}A|Z] TR, protease
¢} amyloglucosidaseE A2 HFEA]A chida}l A
EZ 7S A71aL 89 Fo| 844018 RE oet
S8 JAANH 1Y FFE 9l w2 crucibled] o]
SHE A T7E o ZALE of[e-&3} oA ECE A
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S immunoaffinity column (Easi
Extract Biotin, r-Biopharm, Glasgow, UK)2 ©|-&
3t Joseph 52119] WH-ES ®AFste] AAST) 3
3k Alm OF 5 g& ARSte] 589 25 mLE Y2
F autoclaveE ©ol-&sto] 121TollA 2587 &34
o 259 AlEs A2olA ¥4 § 589 25 mL
£ 715l0] IR 5 Whatman No. 2 (GE Healthcare,
Amersham Place, UK)E ©]-83] o3}sto] ARE-sHTt,
Qe BXS 95t 5= 4 FA= immunoaffinity
column (Basi-Extract Biotin, r-Biopharm, Glasgow,
UK)Z ARgsiieh 1 & Aas571(MG-2200,
EYELA, Tokyo Rikakikai Co., Tokyo, Japan)& ©°]
&0t HgteS &5 AATT T 33 375 0.5 mL
2 A&sfste] HPLC &40 ARgstatt. olei 242
0% A &4 90%2 B &4 10%, 214 C &4 100%,
292 A 81 90%2F B &+ 10%C] A+ HPLC &4l
AR&3Stcolumne Kinetex Phenyl-Hexyl (150%4.6
mm, 2.6 gm,Phenomenex, Torrance, CA, USA)°]
%31, UV detectorE ARE5H 200 nmollA AE3Hch

2.5 7-Oryzanol 24

AlZ9] y-oryzanol &2 Lilitchan S22 w=f
St A& 1 g& A7Fote] 4t 4 mLe} 8 mLE
gL 3 vortexingdtil 1087t YAHEHSI 45
2ot ASdY FBE e BEBEA
(Thermo ScientificLtd., Lafayette, CO., USA)E ©]
45t 314 nmolA &A51elt. #EEdEE Wako
Pure Chemical Industries®] y-oryzanol2 A&}
om, I HFAZ 3-30 pg/mL Ato]9] & AMES)
P

=2

d
o

T

N

o 1N
olfy,
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2.6 GABA &4

A&°] GABA &2 Zhang & Bownl[23]9] HH<
gR 7gsto] ARStA). AR 0.1 goll HighE 400 pL
Yy 2 AL H water bathollA] ek 1417 B9t AZx
ATt 94719 70 mM lanthanum chloride 1 mLE

=
=2 ©°

7ksto] S3kst & MBS AR S AsH
700 pLE #ste] 1M KOH 160 pule F7Igk & gAls
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2]5lo] GABA &7%of o]&35l3tt. GABA ¥ &3 persulfates £ T A129] 4AaoflA 12A]7F oA} |
GABAseE o]83%t B4 &4 WHOo R APkl Y Aok ABTS Sz XX H 735 nmollA &8

[e] XN

o=

= NADPHY ELISA reader”](Thermo
Scientific Ltd., Lafayette, CO, USA)E ©|-83}9] 340
nmOlA &35t

2.7 SAIEL BAM

FAEY L Hiai S12419] WH o2 24319
250 mL AZ4ESAT0] AR 10 g& ¥ & 57
100 mLE 7I5F oF8 100°CE 24" AgTF4R

(HB-205SW, Hanbeak Co Ltd., Bucheon, Korea)
oA zkz 3/\] 7F =9t 2&3519ch &ML Aeow
JZFt & oI Whatman No.1, GE Healthcare,
Little Chalfont, UK)3} t+2 100 mLZ A-&3lo] £4
o ARESIAT A& 100 Lol 8% vanillin 100 pL
£ 7}sto] Yo A 15821 WAEE thg 72%
H:S0s 1 mLE 7I6te] & Edsidlch. gz
(WB-20M, Jeio Tech Co., Daejeon, Korea)ollAl
60°C, 203t WAl & Aoz Wzt o
microplate reader(Eon, BioTek Instruments, Inc.,
Winooski, VT, USAYE °]&sto] S4ES 544 nmoll
A &5t 249 A B4 diosgening
ARgstlon,  FAEd AEFE ug
equivalents(DE)/100 mL&Z YERHATT.

,9_01—0]—

ToH U

diosgenin

2.8 Total polyphenol

SEYHE Folin-Denis®[25]°] wet &4
OPME]'(Fohn & Denis, 1912). &, &% 2 mLol 2%
Na;COs &4 2 mLE 7I5te] A-2oA 387F ¥hgAIX1
2 50% Folin-ciocalteau & 0.4 mLE& 7(47}5} el
A2oA 3087 WASITE o] BRSNS FFEE
UV/visible Spectrophotometer (Uv-1 601 ,
Shimadzu, Tokyo, Japan)& °1§5t9 750 nmolA
24519t ZHB3lEEe by ot pRERaL
tannic acidg ©]-&st Il o|ZHH 1“4’??_1- ——:_E—‘:.'—éjg
BEHE g5 4 oHE 589 FE
AbskEiTt

Slko.

2 W o1

2.9 ABTS 2 DPPH 2iC|Z AA
ABTS 2tz 2752 Re 5{26]°
ExErisy
7.4 mM ABTS 893 2.6 mM potassium
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T o] 1.00] HA SHTE 3Aste] ARSI Al
F25 25 plol 3149 ABTS €4S 500 ul 7Iste] &
204 oF 3087 BA|5tATE. olF 96-wello] 200 pL
# &7 ELISA reader”|& 0|83} 735 nmefA &3
L5 45ttt DPPH oz 47452 Blois[27]9]
S o]-g5to] AP AP Alm 55 25 pul
] DPPH & 500 pL& H7FRHH 3023t 2ol vk
AlA ELISA reader”]Z 520 nmOA&75F et ABTS
9 DPPH &)z 42459 EFEZZ gallic acidE At
25190, mg gallic acid equivalent(GAE)/g
residue® YERH ATt

3. SAEH

2 o] 27 e 23] oy wiEslel AT At
olwl, W+ HEVAR TAGIct AT Azo] §AH
Ql B94 ASL Statistics Package for the Social

Science(SPSS, ver. 22.0 for window, SPSS Inc.,
Chicago, IL, USA) T2 13S o]&sto] A5,
20

Duncan’s multiple range testE £3f p<{.05

A Azstack

3, gl BA ThRet UMY R o
E4 Ai= (Table 1)3F Zch. @ad; 7129]
BO B 432%, 2T 20.62%, AW 9.53%,
Z3E 330%, SEHE 62.23%, A0S 46.52%%
Uretsttt, 4R 7R 9] dubdRS SE 7.26%, 2%
W 12.98%, FAH 2.98%, Z31E 4.79%, 71.99%, 4]
o] 40.67%= UElTh BA 7179 dutdE2 4
8.22%, =gl 13.3%, ZAW 20.8%, X3E
7.98%, BFSHE 49.7%, 4loldw 21.0%2 YERTE
IR O] YUbGES SH 11.61%, 2 10.34%, =
A 1.01%, 2315 0.40%, S53H= 76.64%, 2014
f 2.70%% YEFSiTH dRbYE-S v Hoke o, 5
H‘O_ uﬂztﬂ— 7]-_?_ i/kh:ﬂ— 7]-_?'5_ A‘L\:}z] 7]_E 1:117]_2

2 ROIHOP(p(05), BB E BA 7%, W7 7}
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Table 1. General Nutritional composition and Dietary Fiber content(%) of Brewer's Spent-Grain, Red ginseng
by-product, Rice bran and Wheat flour

Sample
Composition Brewer's Spent-Grain Red Ginseng Rice Bran powder Wheat flour
powder by-product powder
Moisture 4.3240.23? 7.26+3.01° 8.2242.24" 11.61+1.34*
Carbohydrate” 62.2342.17° 71.99+9.76™ 49.745.31° 76.64+2.17°
Crude protein 20.62+3.39" 12.98+1.77° 13.3+3.06° 10.34+2.51°
Crude Fat 9.53+1.48" 2.9840.61° 20.845.12° 1.01£0.09°
Crude Ash 3.30+1.81° 4.79+0.38" 7.98+1.49" 0.40+0.09°
Total Fiber 46.5245.14° 40.67+4.32° 21.0+4.52° 2.7040.07°

1)Ca.rbohydrate = 100 - (moisture + crude protein + crude fat + crude ash)
YMean+SD; *Values with different superscripts within the row are significantly different at a=0.05 by Duncan’s multiple range test ;
“ND: not detected.

Hu

YHE, S 71 202 BoMtH(p(.05). =& 4.2 Biotin &g Hlw

HE WT SR T A VIR MEH I 2 w08 (biotin}2 EW] Bro g BREE 484 v
= 2O 05). 2ARE W, FUN 7L, B gulon guue) Ame) mlg 24k, LRI
FH 7R BA AR 208 oTHpC05). AR wjoee Aupal 914 ofuiAl OA} W Bk Ao
W AA VLR, SN L, MEN VIR €02 4 gase) wx o4 gL BT LA ATH30.
F=OHIHpC05). SIoH8: N 2= AN B2 4 wjo g0 Ay wreejolel e 7] HEe] vew
Q.

2 s

[e]

7hsgel itk Aol dizs], Ba AR W amo s QoluAs e 28 A W2, 48 7
A% 94 23E, gSslE9 2 47 12.0%, 5] 99= T9% o] oAk Holcky AHA 9ok

10.0%, 3.7%, 67.4%= WErI. B1L. & dgole B 7w, F4hat he, A 7}
Z Aol T 32.3%011 1 F =84 4o] 2 "yjo] H|QE TS olry| 9J5te] HPLCE

AR7E 26.3%, 5878 AoldRATE 6.0%E YHHEAT. 195101 mae agsigdT, olo] diot B4 Az
2 AolAe] S b e ke A0 ¥l e 2y0) UieRgien)

R FEOE RO, FEUTE Parkh Km0 0 12 23 4 9212 =43 8AO.67 1e/100 9)
o Aol 6.9%% 2 AT 7.26%%h B Al g wjoE weo] A kA UERdT, w12

b SkE Aom uETh ofHRt ACkE Parkdh (66 4e/100 g HleE Fho] Tl Ao U
Kim[2919] A7tellAl= 60TAA 1241F A2 Fol ¥t yom sap 7120 Ao AZo] w7 Ak} o=
= ARRHOH, & A AN BT 4E BR gy, spp)0) o)A A AR vlew o
SPRA AA] 37159 S TN Ut 2O (5038 /100 @o] 218 9] 90,105 £e/100 @
A Az, 3 Z(ND)o] BleIA] 9 A ekee B Hle.

e 7he o) gasht A ¢ 4 Aol S9) Wl

Table 2. y-Oryzanol, GABA and Biotin contents in Brewer's Spent-Grain, Red ginseng by-product, Rice bran and

Wheat flour
Sample 7-Oryzanol (mg/100 g GABA (mg/100 g) Biotin (ug/100 g
Brewer's Spent-Grain 92.1940.61 0.2440.01"? 0.66+0.03
powder
Red Ginseng by-product DY 0.45+0.02% ND
powder
Rice Bran powder 32.3+2.30 0.71+£0.07% 9.67+2.11
Wheat flour 1.44£0.62 0.24+0.01° ND

YMean+SD; ?Values with different superscripts within the column are significantly different at a=0.05 by Duncan’s multiple range test ;
IND: not detected.
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L= K}

AR A= 0.875-2.723 1g/100 g #99] vl ed &
T Hy, 2YE & 99 A HewE o
19-52%71A] Z4st 202 vyt A Hejo] Bled
TS 1.025-1.184 pg/100 gO & Uehgon Hayt
Ze]of whz} v E9] FeFo] oF 52-66%7F FAsh= 7
TS Bt Groppersi33lol WEH H|Q¥2 &
ol et B4 714 tHE 849 HlElol Hlsto
zg] F &40 Aoty dEA vt 1y w2 252
Z] Al A AR AL vdET HE] §&2
o] ZrAdtta HarE] o] Irh34].

£ A+ A%, o] 7HEHEE A- T ARG FHojzl
wseal 7k SAkEE 7k visiAl 7tdabo] e
o] AANEE AMEH &A 7179 H|H JlgFo] {9
Ao =2 HoE H| QY FUAELR JA7F &2
Aoz wtE)

4.3 7-Oryzanol &&f H|w
At Rmd AAY AA 7150 8RE TR
AHEOITH32]. ol AH4telu @ o gt ek
o] Q=oto] MAKSE X HQ] AFAE A AlAFH =
Q)Mo &Jgt ZRtolu AFAfoll A7t 45k S22 o]
oh B3 Eies2 S @Ak A1
2L, Tt 715 SURE, BT ARG, | X
oA ol By UeH35]
=S FF ISR ASE k= 7 5

2 711, FE 5o| AA=E ndanel wshA| At
£ BAll &2 & glom xSt FEX 5
Hog FFBIER 7]50] AstEo] 7= A

L
-
2

270248

2g o] B A8, 5T VR FA TeH32.

T ofEug mEQ, kR AYFlE F2 A
£ HoJFal UH36). AR EARs2 tho|olEA|E0]
U QS0 AweddAE, sade A% 714
A, B4 52 BIE 7 AFEHEAFLEA Y
Ndo] 7hsdtH, nekgE, IUA, BS A=A 22
uFATA|, ofEw| G u g SPgEoIY T ot of
gojo] fot 27070}, £3AA == 5ol A8 # 3-8
o] 7Fssitt. AT A=FolA EA 717 Artes]
Az ol 32.3 mg/100 g2 7P w7 UEReH,
S 7R @rhRole YERA] gttt ke et
=2 718 39 A I gol et ¢3A e
H[37], & A2l vehd AAY 7HEsHA] @Al
7Sk AAQ A W), AR 7hRo] wisiA 1

T, ouTl
ool &2 el gicky Azhect.

F
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Kim {3219} &of| oJsp @n] AZlell= r-oryzanol
9] &Fo] 160.694-238.566 mg/100 g, A A
= 78.099 mg/100 go& YeRdth y-OryzanolS
steryl®} ferulic acid9] triterpenyl ester SFHEZ 7
g3l PITHA o, A5ty AEHAZ Q1% HA A
33 Eol= ¥ Ax¥o|tH35]. B4t ofe} o]= %
SYAEES ALY 23 A7) S AEE
o] B AALE Sl 59 A3SE AYste 2R
T &#A UTH36). Srichamnong S[371° &Jstd &
zg Al £ 33} oA Fa% 8Rlojw, &g A
=3t B2 2SR y-oryzanol?] IEE op7IstY]
-oryzanol®] ¥go] A4 4 vhal Hisiyoh &
Ao M= ke Rze] defo] AA H|s|A W
g 74, 24k 7R A UERA] GAY vl 2
TS Hol= ol W5ute] A9 I3kt ol
J-20]4 AR Fof FAER A= Fa} 4k
9] B¢ dFEZ 5T o8 AYEY 24
o] o] LA = HollA F4AT 4] gl=
LEEQ7] wZol2ta BZE.

o

T

=

=
7

ot

o e

=2

4.4 GABA &g H|W

ool . AHGABA) HITHA] /g ofrliito &
oA IR A7gAEE-(inhibitory neurotransmitter)
2 geA qlom =4t A4, wiF, B Sofl B2 Yol
EATTH38]. GABAE 8% FEAHE, 384T 5
7HA|, @3 45 IA, FHT AL, SEUAER F
£, A3 2 Bt A i, HEF T8-S A FE
AT EE BH £4 59 53t s o= dEA
ATH39-42]. GABA A& A 7IRAIA 071
mg/100 g& th2 Wl 71, Z4kE 7R, Wk
HIsA =A UERTH(p<.05).

Kim 5(32]9] A7olM= =7 872 GABA 2
0.117-6.403 mg/100 g oA vehstomn, Wt =
Z] Alolli= GABA o] At AXYH & AtolA
T 7}hEE o] o) AR Wi 7hRel SAk 7129
A% AAY glo] A& =4t U2 FARER] BA 7}
Fof BlsiA wi-g- FAY FEo] HA

U ZoRE B
o Frt.

Oh Sl 43&3 W] 7|54 48 24t
st 1 Foll GABAZF Wiadlol] Z3E T Qirk=
A& Yk GABA= @At B o, B9t
9 925 st 53 2 5E UEE 7548 AE
oz IR QrH43]. AEA A L-glutamic acid=
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BH glutamate decarboxylase?] Zw|&-2o] o5t &
et 78S B3l GABAZE AEAE & qlow Hejet
H o} 22 ZE9] ¢ ol F GABA ¥o] 371
Sttt B ilEo] QItH44]. Waters 562 HWolE o8&
slo] WE A Z A] BSG(Brewery Spent Grain)9] &%
WA SR 22.13%0]H 1 5 GABA §:F0] 0.26%=
AHA|5kaL Qlokal Harste] W Gl o] So e A
Z9 GABA o] &Y Y32 HoFgled £
AT v AaE Btk BP9 Aojge £
9] o}z Az Eof 55| W 7hgo] AREEoiX]= A
o= WL olF 53}, F3} o L2 FAER
£ dolabg o] Woto]] GABASHFO] & Al45]02 o
AV 1-29] T3}, FEE AA dHoRE AA
Hr gFo]l HA vephdtha AztEoh B WE=
45~78°CY] F2Z HolA & 247 H=Q] G5t o]
FolZBR o] B F Ao Wolet GABA J+ol
FEHUS AoE P

L| St2f

4.5 ZAZH Y

Atz o o] w&t §50] th=2H, JFik([46], T
AEHA[47], F4EHES], 491, 1F 715 EE[50],
1 2[51], =3} #HA][52] 5] AUt £ AoAds W
FHF 71, AR 7EE, BA V1R, D7HRY] AtEd g
T2 sty AU FRol WA Blweh At
= (Table 3)°] eIt SALEU Y] TS v
o, AA 71271 118.07 mg/gl 2 7 Wol YeRgt
o, I oF o7 AU 712(54.0 mg/g), Wt
7F#(32.9 mg/g)= UEFHETHHC.05).

A A] E(Ginsenoside)= A AHZo|E 2T
FAo|Eo|x}t EgtolEHl ALY AFOE o] AFEY
SRIEZ 4t Hofl ol A& HolA Eol TaE,

M sfekEol tigt ofEjehy ATolA F8 HdEo=

=] ik

=z=
o

—
o
=

—

53]. 1 FolA Z4el ®ol Sei%le IAAr
A 3} =295, 4 59 aneE
Rgl, Rbl, Rg39] &oh& AwHEIT
g, Tz 2, H=9E 2,
Z-g, DNA - RNA 334 28,
5= ol9, Rb1 Al

Al 28, Sl 28,

o

F2407

J

27 e 94 s SRS oA, 3=
ARJEBRADEE, ST2EHE Y =
271 2gst A48, RNA 957 24,
A8 52 Rg32 YAIE HoldA 282

ol So1%le Aldd A2l Eelle
TEs7] s Ak =Rk o5 BE =T
£ AFoME W, A 7R A s A=A =T}
79] oA eRokal, SAEE ZRRo AT WA leALe] =7}
AEES € 7 A ARt ol A7s] A2 o=
Li 5[53]9] 7ol ofstd T4 G2 2siA A
AlleAte] E7F it F257] tge] & Aol ARS-H

ESY|
i B

© A 71 A4S AN A= WY A &
4 A3tk 53] Choi S[5512 L&A =914 Rbl &

o] AZEA & olf= Rblo] Qof ulg- Bets}]

wolhal stylon, T4t 7Feol A% 0.13 mg/g
o]

0% o7k BT Qs A0 ek} B QI Asle}

Py

vt TS Bt T3 Yang 515612 93TOlA
72A17F &3 BAIML Rb1, Rb2, Re, ReZt HEER

o
FFS Fe 2roME w2 FFS By

2 AFNE TS EFFET Fol B2 A
7179} Rg37F 3.83 mg/g, W 7HEet AA 7HRe]

AR ol ZHz 32.9 mg/g, 118.07 mg/g Hl& A
o7 RAEO] fEARo] Wol o] o]83t AEAX
2 ARl sHo R B8 4 9k A0 W

Table 3. Saponin contents in Brewer's Spent-Grain, Red ginseng by-product, Rice bran and Wheat flour

Gisenoside (mg/g)

Sample Crude Saponin (mg/g)
Gisenoside-Rgl Gisenoside-Rb1 Gisenoside-Rg3 Total
Brewer's Spent-Grain 1)32.9i3429b2) ND}) ND ND ND
powder
Red Ginseng by-product 54.0+1.13° ND 0.13+0.01 3.7040.12 3.83+0.13
powder
Rice Bran powder 118.07+17.13% ND ND ND ND
Wheat flour 1.16£0.10° ND ND ND ND

YMean+SD; ?Values with different superscripts within the column are significantly different at a=0.05 by Duncan’s multiple range test

; IND: not detected.
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Table 4. Effects of DPPH radical scavenging activity, ABTS radical scavenging activity and total polyphenol

contents of Samples

DPPH radical scavenging

ABTS radical scavenging

activity(%) Total polyphenol(ug/mL)

Sample activity(%)
Brewer's Spent-Grain 82.240.12%
powder
Red Ginseng by-product 81.3+0.31%
powder
Rice Bran powder 75.6+1.01°
Wheat flour 27.2+0.89°
Vitamin C 94.6+0.43"
Vitamin E 89.6+0.45*

38.2+5.87"? 443.9417.6"
21.8+3.14° 110.5+5.11°
14.5+2.56% 74.4+1.31°
11.6+1.64% 8.9+1.09°
51.5+0.38" ND?
35.6+0.19° ND

YMean+SD; ?Values with different superscripts within the column are significantly different at a=0.05 by Duncan’s multiple range test

; ND: not detected

4.6 DPPH, ABTS radical 215 2! & Z2|Hs
Stk
DPPHE F2 A28 ey O AA7F A4 5

9] SdEA H]T’L—i QI3 B S 2= E4olH
%*}ﬂxﬂ WS ofglR Foll Sjsf ghE o] Aol =

=t o] AgE ’\M—* JAA 7= HE R AHEE
I Y Hut ofuzt QAWM &4 2] 9Jgh
3} oA 282 Hr2 o]-8HIL UHH32]. DPPHE 3
7 517 nmolA FBEE e 4stdA £4o] A
ZhEld g o8 Sgwrt gAagitt

e i S Ll - v I i M s B
sk = (Table % Zth Zt A& F5HY
Fitsks Hlwstr] s HAgFARERARl el Cat
HIElY] B ARgste] 54Ut 2402 Ayt B4
Ay} DPPHE WZ8F 7}2(82.2%), 4k 712

1:
o

2 Ke)

AT

B AT

L= Sy RS =1

2 =] S
(81.3%), A 7F(75.6%)7t W71(27.2%)°1 H]stod
48.4%~55% Ax [oHoR 2 FHS HIoH
(p€.05), HIEH] C(94.6%)2 HIEHT] E(89.6%) =t thi

2 A%S Btk

ABTS radical 4&4A ABTS®} potassium
persulfates Y404 FREAIZ|H ABTS gol20] A
go] HH, i3t Alget fiHA HE HEA g5t
7-” %’éj—]j— ABTS= Z]_Q_Aé _’.._QJH o]—/\}_g]- QJ—/H ‘:’ZLQ.
o= /\]—-g_ 7]-»——0]— o]—/\}_q,]— 7~7<4 l:ﬂ-lg__i ZF O]—Ei'xil 2}\1’4-
(57]. B9 ABTS &A% HFH7FR(38.2%), &4
g 71R(21.8%), EA 7HH14.5%)= DR G‘V)Oﬂ
H| 5} 29% ~26.6% = FoHoR w2 FE& HFo
H(pC.05), &4 71F, BA 71F, WiEE= HEd
C(1.5%)<F ‘ﬂE}” E(35.6%)5c} thh W2 7:‘0(};0“ L1
Fow, Wl 7120] H9- HIERl ERTE o =2

J—J.L_—l—
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=L o

=

A Holout §91411 Rpol= YA 9ttt Jung 5
(5819 AtolA HAA FASAA H[Erdl CY ABTS
radical £7%°] 40.05%2] &4 B9, H[E E=
28.42%9] radical &5 Ho] BAH] &g o
9 radical £2784 Edo] tF Sol%lee & &
oj# FAHs-S 2l = AEEZ WY
9] ooy} 3, w5lolA| 5 AARE
= 71578 AELEA 01‘9% T
A ol2et 75 7HA L
7}2 BA 7FRE o8 7ls
e ofziTt,
FEY=SEE Wk 7LE7E 443.9
ug/ mLE B4EF 712 A 712, d7kRo) HlsiA =
Al Yo (p<.05), B7FRel HIshA <F 508 =4
e & 4 AT webs Bt 7R 24 7}
BA 7VRE ol&sto] WHRE d8E AMSSHE 4
o 7158 oE A &8 4= UZ A= Wt

g,
=
o
0]
AR

El

Sleko] A W

= o
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OOF
45

al 24
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A]ZL
A

2 = 7V EAREQ] WEuE A A
7F2o] AR, A, 7154 AR RAIA
1—4._ om}/\g_‘:.é. _‘,__;] 7&4 quHI- 7]-E‘— EJJ-H]- 7]-_‘_
AA, D7HFo] BlsiA dEAn Aol 7t 7Y E=A
UEhtom, 5] WrhEETh Zkz) oF 2uf, 23u) %%711 s
Bt Ho" o EAZAT B HAE AT A
(9.67 pg/100 g)olA Q™ o] 7P =A Ueht
ok, W3k 7E(0.66 £g/100 @) HlL® gego] wie-
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Ao Yo gk 713o] A
FQket.

7-Oryzanol> A 7139 7mteE|xls o]
32.3 mg/100 g2 7F¢ =A vehson, S4hdat g
7}Rol= UERYA] Uitk GABAE wWieu} Zahal A
A 715, WrER] BE 24511, EA 7104 0.71
mg/100 g& Tt Wl 7k, Sahdh 72, drhRo
HlElA A UeRdth FARRYS &4 7127 118.07
mg/go & 7P wol Yehgton, 1 thg=o 2 Z4kEt
7}12(54.0 mg/g), WFE 7FR(32.9 mg/y), YHF
(1.16 mg/g)= Uty E3t FEZuE T B3
v} 71271 443.9 g/ mLE SAH 71, BA 7R, 9
7Fsol| HlshAl =A Yebskom, L7 BlsiA] <k 50
v =4 YehdE & & 21214 DPPH =z &7A5-2
77t Wzt 712(82.2%), S4tEF 7H(81.3%), &A 7t
F(75.6%), B7FH27. 2%)E Vet on ABTS AA%
2 W3Ek 712(38.2%), Sate 7H(21.8%), A 71
(14.5%), Y7F(11.6%)= et

B A AFE E3) AE 7L EAREQ] Wyl SA)
uk A7 7120] oobyE NS} B 754 AR
o] 83t A& Axo] L83 4= 9lon o|F o83t Ak

soll 7zxARR B8 4+ A Acltn Vs

HEo] A
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