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Abstract

Isolation and analysis of dietary polyphenols from various

plant sources

By Yong-Jo Lee
Advisor : Prof. Hyun-Jae Shin, Ph.D.
Department of Chemical Engineering,

Graduate School of Chosun University

The major objective of this study was to evaluate the dietary Polyphenols
from various plant sources including wheat sprout (7riticum aestivum L.),
blueberry (Vaccinium spp.), and black chokeberry (Aronia melanocarpa).
Response surface methodology (RSM) was introduced for the optimized
extraction conditions and DPPH, ABTS radical scavenging activity, and total
Polyphenol contents were employed for the determination of the antioxidant
activity.

The results of high-performance liquid chromatography (HPLC) analysis



revealed that there were 3 major peaks at 230 nm from wheat sprout fr. 2, fr.
7, and fr. 14 , 4 major peaks from wheat sprout fr. 12, and 6 major peaks
from fr. 17, while no separated peaks were obtained from fr. 23. All together
the 6 wheat sprout fractions were detected as chlorophyll compounds instead of
polyphenols which was similar with other reports that over 70% of wheat
sprout extraction were chlorophyll compounds. A series of anthocyanin
derivatives were successfully extracted blueberry and black chokeberry. There
were 8 peaks determined from blueberry identified as
Cyanidin-3,5-di-O-glucoside, Cyanidin-3-O-galactoside, Cyanidin-3-O-glucoside,
Cyanidin-3-O-rutinoside, Delphinidin, Cyanidin, Pelargonidin, Malvidin. For black
chokeberry there were 4 peaks identified as Cyanidin-3-O-galactoside,
Cyanidin-3-glucoside, Cyanidin-3-arabinosied, Cyanidin-3-xyloside.

Response surface methodology was utilized to optimize the extraction
conditions of wheat sprout, blueberry, and black chokeberry. For wheat sprout
the maximum extraction yield was 28.53% under the following conditions:
ethanol concentration of 63.56%, extraction time of 807 h, temperature of 29.2
6T. Maximum total polyphenol content {gallic acid) was 120.14 png/ml obtained
with 494396 ethanol treated for 863 h at 27.86C. Maximum total Polyphenol
content (Quercetin) was 109.29 ng/ml obtained with 49.51% ethanol treated for
864 h at 2789C. Maximum DPPH radical scavenging activity was 87.21%
obtained with 49519 ethanol treated for 864 h at 27.89T. Maximum ABTS
radical scavenging activity was 99.40% obtained with 49.96% ethanol treated for

805 h at 2839T. For blueherry the maximum extraction vield was 99.13%



under the following conditions: ethanol concentration of 53.49%, extraction time
of 1018 h, temperature of 33.563T. Maximum extraction total polyphenol content
(gallic acid) was 100.24 ng/ml obtained with 54.7096 ethanol treated for 9.37 h
at 29.77TC. Maximum total polyphenol content (Quercetin) was 106.81 ng/ml
obtained with 55.91% ethanol treated for 10.76 h at 24.11T. Maximum DPPH
radical scavenging activity was 3b.67% obtained with 53.08%6 ethanol treated for
857 h at 32.02TC. Maximum ABTS radical scavenging activity was 99.02%
obtained with 54.18% ethanol treated for 896 h at 29.70TC. For black chokeberry
the maximum extraction yield was 7.19% under the following conditions:
ethanol concentration of 58.67%, extraction time of 956 h, temperature of 29.6
1T. Maximum extraction total polyphenocl content {(gallic acid) was 100.34 ng/ml
obtained with 62.38% ethanol treated for 833 h at 3095T. Maximum total
polyphenol content (Quercetin) was 110.67 ng/ml obtained with 61.29% ethancl
treated for 872 h at 29.05°C. Maximum DPPH radical scavenging activity was
67.20% obtained with 47.63% ethanol treated for 888 h at 30.45T. Maximum
ABTS radical scavenging activity was 98.63% obtained with 53.57% ethanol
treated for 7.37 h at 31.43°C.
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1. 484 EHA=9 449

AT Aoyt Aid i Holde ZHEIAE HFE Aoy FEA A
< %A (health promoting functions)*71E &7} Q1L WaEAx v} Z¢
Hed SYULE AAStE A AFAAE ] A8 WA c@7|T FoAS =35 F
= A 48 715 S MRl glens AF A U A= o|&Hz
ey, FHZ g5 ALY AFAAME Fdo|y okAE #o| HASE AFLTE
AAd gy ¢ BgE D @AV A FAZo| fFidTE Aol LHATIE, 21,
43]. E9¥E2 454 DNA &4, HAYE AELFH, ALy SdWe|, AED
ARAY T AdAstxn e #dd AAAA FE}E HAH @9dA3 2
3t A diAtel Fodste EA8AHE W AFAY sERdY 54 AAS
A8 FAA 2EE FA A= FEE g (11, 45 38]. EHEL o=
benzene ring®l hydroxyl group® #71 T£& =L 0|4 717 SFEEHA, sy 2
g 2 98 723 249 JAFd g8 48 JAE e £ e da 234
w2} flavonoid, phenolic acid, stilbene, Z18] X lignan2 & vFojAr} [10, 30]. &
Z3lE & @A7A 80007 o< T=7 €A o, /A 2 2Hay F
o2 ¥l Hed ¢ 9 Flavonoidd] &#3e FHE ‘tannin’ o3 F23 F
#4  tannin{proanthocyanidins ¥ procyanidins)® 7}+£23 7158 tamin® =
E5d (111
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2. 484 BdE 27 2 7=

A

7}. Flavonoids

Flavonoid= 15709 @424 & 717 F709 A4 zeE 7R3 2 3719 A
d g2AatEo] AFHUE FHol} HEo TR UE =42 W A &
AL FA&Y A9 flavonoide A& Al HYFe ALHe2RE 27| A
o3t Y3 WEejd AAdEAe|. T flavonoide= phenolic compound® ]
€2 33 st WA= EAsts 30t goHs HEe 443 v 9
o dutFez ol&d EETx F A% Axd m#H 6719 FHE UF T
flavonol, flavone, flavanone, isoflavones, anthocyanidin, ZL&] X flavanol |24 6

7= 27 4]

1}. Phenolic acids

Phenolic acide E& A& % 4 FE T &A%, F=E caffeic acidH} ferulic
acid2. &A@tk e AEHE P} lignn® ATHARA F=
hemicellulosed]l ZHE AHUE HES o 7|8 BEXHo Held#/o #@A7
At} PEAH o2 dHoloE 5 mg/g A% phenolic acid7t #F5HoI U3, 77
= ¢ 507150 mg$] caffeic acid®] 7|2 T2& 7}7 chlorogenic acid?7t 359
A [4].

t}. Stilbenes
Stilbene2 A Ze] ®o] EAFAE AT I FF AIEF Zoi FEG

w5 gl+ resveratrole] T2 59 ). Resveratrole coumaroyl-Co A%}



malony-Co AZYE stilbene synthaseZts JAd 23 FAH= EIZA
trans—form, cis—form, piceid®] 3714 FH= 4=HA At [4].

2}, Lignans

Lignan ATAE FAF, 35, 55, 49 € A4:HF 5 & #f FEd F
WA EAgct. 53 otuiye] FR3A ERAe o]EL HASAHE FulA
v Ee] 23] lignan, enterodiol, enterolactonel.® HAFHT}. FAg AS
sesamin, sesamolin, sesaminol glucose % @4 ¥l tF FTHHo oy
I FolA % sesamin®] 7+

Bl S0l [4]
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1. @8 (Triticum aestivum L.)

A e ToldR] dFY AE FHo| & deo] Yoy A &L
@dat=d, 2 F)FEFGAAKFDAANA AF3}= dol g o] 2o A
42 HEA, #E W3, FolEeldt MEoE oA m, HHL
Triticum aestivum L. ©|t. B2 Aot & REg NFYS2 AL
7bedta, Ae 9719, 9F TLE ARH AR, #& FE FAE
DA HAGY [19] 48 oA 1-2F widdA] FA9 od
#& FEx Tolm, 2% GAE ov] 3 AFH LA U4 2,
Hel, d@g 2L 349 Hde AEH FEY AFE 4 AdE
S48 a3F dHY v A 9§2501(190971994) 8} 59 A}
o WA Yol W AWE(190671990) 5 4% YAEE A=g A7 F
£ Radz g &2 o 70%7} chlorophyllel TRHJEH 4
&7b FR-3ta, £F o] chlorophylle #5% o|isldrg EasA
ArE FENIE BANELR 43S ¢x v =8 28 d= &
HE Asg JAs e AEQD s AEEe] T 47 1071471 4
= HEF 2071A] 7 |5 opr AN yobr 4t 871A] @03t Alg
9] 189 wvlE (&g, #E, vtadls, 9, F71E ofd, A#€E)H
BEAE st glu, 48 Axe AFH F99 AL FHIHF
2 435S SRt gley 3¢ 239 SOD, P4D1, 43, ¥
Edo] §iHe g9 & ANA & =8 & F= AN FE F 1=

rr



#oe &g AFeld vsH FHAME A Fo| ZF AU o4
of AHA7F AtE Aol LA AVt £ ANFLR AFH FH
E ®Bel S85H2 I [6l. A S FHEe] A 2% B ¥
ofA WA WA TFol APA ol& WA g LHAEY A=
A F7te 24 AW 77 e v 2009d & AEA
ZAbl gahd FAdelE @ado] 100 g7 0 g E9 oy 54 7}
Folle 13 g Wl B9 9A Fokxm, E£F HENCT B 6 Hl, H
gL AlFA ¢ 18 w7} 5ol Jx, 2 He= HEbd Azl 20,000
IU A% &9 oy F47MFdde A5 oA Fvtn g
109 gE NolMf A=A, A B, F4L Uolold, PR ESR
ol 547 v 9453 Be AL BuHx o] ARVFAE
o224 AFAHCl =r 2u €4 2% AFS F FHU 4EE A
A #e7l F2 olAXNE PHE FAdEY BREV| D HL dRS
ZHA R ey HIde EEEHY d¥ AFo] AAHT Qu, 1
dst AE3 d77 gast 24 @3 e a7 24 B F
ZE°] IS F2AZ vhe2g @3S A7 8L FdH
3 Bmtgen [26], FEFANERAMNE DH FEES o9 7
=g A utele VLA AdsE A7y A28 Ynwd
ob/ob wt¢-2dA X B FE&ES Y3 AHAE R/ % U
[27]. 2 9 A% FEEo AL o HF w29 T 2A9 A
23& JAstEd FAA 97E e 2e2 2nHJT [29].



2. %9 (Vaccinium spp.)

EFdE e HEA, A2HE A2 FAFUFESA &3 JE
ol 8§ o2 Vaccinium spp. ©|3, Arjet o RET 2 goz ALg
o] 7bEstttE A FFFUAAN HFHAE tolg Ho]2o BuH
Ak [3]. 3ete] 25 4 4, ¢ A € ¥4 4, 37 E,
4% $ugAZE d FAsFEe] U e 4YA Joy, =
g AA 1049 FF AEY FU=R AFHA ARZ, F4 Ax L
d o Hxuo s EHEFIE FHd Uvte LA fvt (221

0] & § Vaccinium® berryFE anthocyanin A 250 Bo| &850
Atz @A vl Anthocyanin® HY %= Ho| £ Y& 84
HA Aroy [14, 32, 43], V154 AYEAH 342 A7 4 £330t
¥t} [23]. Anthocyanin A%& 343 E53 LS @Fdo| Usdl
[23,39], 21 @FdaAe HPAH AW L 2@ g 4F 24
#3849 AFH02E JdAsEd =gl 9t =8 44 T4 43 2
g9 8L #AAA 2 848 LS AN T WIHAEE RS
dx ¢ 2 Fd Fg, HY 9EE 23 £ Az BaEAY
[16, 20, 24, 30, 31, 38, 48-501.

3. o} Z Yo} (Aronia melanocarpa)

EdY z==34g (black chokeberry)dtz Ealx otZUol Aronia mela
nocarpa) = A E A (Plantae), 3 A4 EF(Magnoliophyta), %9 14 E%
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(Magnoliopsida), | ¥-(Rosares), | #{Rosaceae), ¥l}5o}3HMaloi
deae), °tE2Uot&(Aroniadl &3l WlElFe &4z dH9= 5%
ol gl 71X Gl A A g} [46]. ofEYo}ell= phenolic acids, flavonoi
dsT9 gy 2o TiH Je [44], 579 Nzt @ 7
e JFH=2 o] &3] ArtE JHEELE ALY Haye] gFHR
At 18417141 f-@ol 274=0 AuE etZYel= B, 4 T3 Fol
Fol A, 942, T, A= AHE3E 5 1T JAA=ZM9 <] §71A
7t = [44]. A=AA A dTE of2Yele] 7|54 B8 n
r2e WISES, FF=EF [17], FIFEF [B], A9zd/| 58
4 2], ARZEF [34] T de RS <¥HA At
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A 348 v EHEA (Response surface methodology)

A% 73 (experimental design)2 ©]H o] vt Fo% &
& F3 J=7kE AYstn I YT FA A= WEE dosad 4
Alste Aoz, L a2lEe] AAFHLE o= AR JFE F3 3o
W, S A% R ¥ VA= dUAEe] HId 2AE
7HA W 74 uigA g 9eE d& F deTtE Sohlr] A% A3
Z2A& Foll7] A AA e AeE A A [27]
HEEARAY L 1950dd], Boxst 18] FFATAEA dF AdH
Aot [7]. HSHHEAHLE £84 2dde AFHo AFTE Fol A

A3 #AAAN FAHAUDD, AFEAGFEIAA dg] FHEHAY
[7]. S EARAYE APA Y @A 4L AF dolge] g
BEH 24 AP V9E Fxu ¥, I @ FAF Vieg @
IFLE FAHAYUY [7]. SR HEAHY 3L Ny == FUA
9 vad §47t F2EHe] dTHE AE BEAR] fdelxn, wdy
3 WeEe] HAE AY2ASE F= A& o &35 AFeld [71

HIEALHY S AHE3H7] AF FAL Figure 29 Zo] JPH =1
[61], 983 &9 wHengE AAslz 493 47 (experimental
design)el &3] HEA AAEE BA F&9 2Foz 749 49
FEdS wEg [61] TAR FEE Az 3724 (Regression
analysis)& $3 <&HAe] WAt we} AFdde] dwh} WA eE
Ag dFsx ANOVAS Z& B4 A (statistical test)E B3 23
2 dAY Ads AR o 2dYF ol w2} {9 ol o
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ethd AA A4 (optimal design)7t BAE®, A AF A4S 9
ot ek, #o @el oA gevd b Add(screening
variables)S 3 thA] 2483 M7A(experimental design)& #foF st}
[61]. MERHEAHFT 713 dvtF o2 AgEHE o] FAFAAE
(central composite design, CCD)e|¥, A & Ag Fd F7 4
it ZE WS E 2ds & o go| AHEEY, 23 MEAAUS
AZ A717] A48 SATAE APHEL 2909 2F acldge] 49A
# 2 09 23 223 n(> 1)708 FAAL= %) F 4¥A
o] $E 292+p71QdH, HSEWe| FEY W T4 Jgo| 2R
TAANA AFE & AFARY ®ol| 3= Ao] uFAY EHE
A At AAASE ZLASE FAE 5 A sdEA AR F
< AY3Fg dag 3= AG4AY Ade] FAJ) o] HFo=
Aol dA7A 717 ®el AHEHR s AF4A7 FAFEH o
o}, $AFAEL Figure 29} Zo] 22 2914 (22 factorial points), %4
Z(center points)¥# %7 (axial points)®] AF-EoZ A g}
HEEHENYL YL FHES T A4S AYR ety £
Aty HYAF] g w2 F53A5 g old mE AHPS
Harge] v &7 AR 4537 F A= FHol U] AAE APA
gL 2V 4% ez ol gHx U} [27]
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2*factorial points

= =] =] = ]
1 1 1 1
entral points
0 0 0 0 Getiral |
0 0 0 0
—a 0 0 0
a 0 0 0
0 0 0 —a ) _
0 0 O a | axial points

Figure 2. The experimental points of central composite design.
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Design of input and output
parameters

!

Experimental
design

I

Regression
analysis

I

Obtain optimal
design

I

Confirm optimal
design

Figure 3. Procedure of response surface methodology.
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Al 44 A9 53

Be HEY 2AEL in vitro AN FHHIL 2AG in vivo W
NA] Q2L AFEddZd T F4L WHst=d Fas Fig g8 3§
€ HEsF g3E, GEAcH 2 EFENoE F}E & st A
e, 2 FAAZ WgRF 2 o AYFE A9 48 HAAZ T U
A Aot [44]. 53] EFHE S ot2ole tHE A E3 nudHdE o, 4
HHez & FAsgE MR e Aoz g2 oy, tEAj o
3 AsF HPE T JUFeE 5L FFL Holxn Yk ALE 4
A Aot [34, 461 o)¢t o] FiEEHHA #A e HE L2AZHEHY fF
4 AL FEL dNFoZ ) FE0] RHUFGH] gleH, ol 2 AT
dqAe $8 B84 23& dF FHF 359 A2 2A(L4, of
ZYyel g EFHeERY 0|52 /& AR §FE 4 Z¢

=5 SAHES 59 s HrhE AAdua i =3, 2 o
Tl AHEE AE A €84 Ang A9 EHA=sS RS &
4 AR & JF3 WS AT E 959 AEAYHQ ST HEY
RSM)E =3t ual vt HEEAEAEL JE 249 FEAE &
& TANA & zde AAsE FPsEd Ao FE &9 FF,
A R B2 574 e EYESsTT HE F& 584 A 999
EPUFE 09 435 A Fotsuz 9.

gEA, & A7 d4gee] 52 AE AAE ged 494, EFH
g R ol2Yo} T 3F< HERHY EFH=S F&, 28 2 243
3 o5 FuasL FHuA dgey, Y EHHE FFES
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Al 2% AR ' UH
A 14 AdAE R A

1. 48 A8

U R Triticum aestivum L. (keumkang))& 74 EE& AML3Y
I, AE wgrE B3 A A RES Az AL (401 &
FW & (Vaccinium spp.)© AlFolA #vjste 9ES THFAL A3
ALE APste &% FH=E Axso W5 sttt [36]. oFZ Yo}
(Aronia melanocarpa)© A S39o A AFH +IdE dn
E 715 ol HEAL HEste 2 FEHE A Xt WE

Figure 4. wheat sprout(left), blueberry(center), black chokeberry(right).
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2. A48 Al

Z2d AHET A G A3 FKorea)itt9] ethanol, methanol, ethyl
acetates AI-83l% 2, Junsei(Japan)itt®] petroleum etherE AH8-3}%A
t}. open column chromatography®} F&E &3 93] Oci(Korea) jit:
9] silica gel(2007300 mesh)& AH83t9 32, & 44 EE A3 Sigm
a-aldrich(USA)jt¢] Folin-ciocalteu phenol, sodium carbonate, gallic a
cid, quercetin, 2,2-diphenyl-1-picrylhydrazyl, 2,2'-azino-bis(3-ethylbe
nzothiazoline-6-sulphonic acid), potassium persulfates A}£3l9 X, Gi
beo(USA)ES] PBS bufferg AHE-3tth. HPLCE4 S A3l Junsei(Jap
an)ii:2] formic acid, J.T Baker(USA)iit2] acetonitrile® A}&3tgHc}. &
el 244387 F Zevs §F $4E& 93 Sinco(Korea)ite] S-3
100 UV-Vis spectrophotometerg Al83l93, £3E Y FE2E9 &
A& 48 HPLC £4& HAA sz, AHEE 4 77| Simadzu(Jap
an)iit ] LC-20A SeriesE AM&-3H .
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A 24 5 4 249

1 u%e 2% % 29

AL 8 FEEA Fidssel srxn gt aHA 2 AY
AME 254 BAA 435S 2= 22& 27] 939 Figure 59
Zo] 49 AP [15]. £LFeH= FA AHg 24 200 g&
80% ethanolell 25C @A 72 hr 59t shaking incubatorg ©]-83}
o 170 rpm, A2A FZE3Qrt. FEEE aspiratorg AHE-3to 43}
3le] oj3}el g A3 o|F evaporator rotaryS AlE3td T 234
t} FE2EL A5 BAWE 288 93 ethyl acetate 9 FFHF
11 H&2 $FE& 380 =59 FEAE APeA 2, ethyl acetate
% 389 evaporator rotaryE AHE3te Y 53U, Ethyl
acetate ¥ FE & buthanol 3} FFF 111 &4z FE3] 54z 2
e g AYstd &5 EAL #2¥3YL, buthanol F7 34314
Al %239t} open column chromatographys 3471 93] butanol
5% E silica gel(2007300 mesh)& #H7}8lY evaporator rotaryE A}
4319 silica geldl FFA392, FFE silica gelS open column
chromatography & A3t F 28719 ZYES AU} oo AHE3
4292 hydrophobic® hexane/ethyl acetate £& 9L 82 H &1 ¥
Al&ate 7:3, 55, 37, 01 HE& TAYWE £F39 3, hydrophilic 3
methanol/water 1:0, 1:1, 0:1 ¥]-& AN =E &34 28719 ¥ YES
dAt. TLCE ©| &34 p-anisaldehyde HzSOs4, ethanol E&4-E& &
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Aoz o] &3l BAL AP x, =Hel7]E ALt o
2 7}E3te O AFsE 3t dAe] #AE fr. 2, 7, 12, 14,
17, 23& A =3l HPLC 42 A3}
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Wheat sprout (7riticum aestivum L. (keumkang)) 200 g

v

Extracted by 10 L 80% EtOH extract

Dried weight - 12
¥ Phase separation with EtOAc

v

EtOAc layer (1623 g)
¥  Phase sepatation with n-BuOH : Water 3 : 5{viv)

Waterlayer (11240 =)

v

1-BuOH layer (13.73 g)
Use Thin laver chromatography

v
Waterlayer (0.30 g)

fr24 fr23 fr26 fr27 28

YT TR EE RN RN R R EE PR

fr20 fr21 fr2) £33

frl &1 &3 fr6  fr7 fro f10 frll fr12 £13 frid f15 frl6 frl7 fI18 frid
< >
)
Hydrophobic Hydrophilic
Hesane : EtOAc 8:2 EtOAc MeOH ke
Detect polysaccharcarides by thin laver chromatozraphy
Reagent : Anisaléehyde 50ml +H;804 50ml + Ethanol 200ml
Get 6 fractions
fr2 fr.7 fr12 fr.14 fr.17 fr23

2328 (047 (03T (035 g (03Mg (89

Dilute 20 ml ethanoland then storzzein refrizerator

! ! ! }

fr2 fr.7 fr12 fr.14
(116 mg/mi) (235 mg/ml} (18.3 mg/ml) (17.5 mg/mi)

}

fr17

(17 mgml)

Figure 5. Isolaticn of wheat sprout.
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2. =23 9 ofz o} &u]9 anthocyanin =&

EF e} ol2 el vl dEH EsE AL SR xol=
Adse QtEAold BFEoltt. ¢tEAld BAFEE Eedr] 95y
Figure 67 Figure 73 < Wio= AP S APsact [36]. EF
g, of2Yel AviE 2 JdstAL A 3o % HHE WE F
0.1% HCl= #7148 80% ethanolsr A|TALE 2 ¥ 713te @Ha FE
@l 80% methanol& & ¥ ¥ AJlste AKFHow FEWUT F2
E< syrnge filterg AHg3t9 938 ¥ FLFEL 3o alcoholF
ethanol® methanol?t AA gttt A AE FFHEE petroleum etherg 7}
o AR E o s #d e HIAGEFES AAYY
e d E3Fl ethyl acetateE 7}l A& vt #eld 3
A 5L 39 L @443 AAY F formic acid2 pHE 22 2
F5FTE 718t 8443 =2 F syringe filterg AlE3tY HHAE
dx, 4 A9 9 7% s A9E A G4 WA REL @
o

A
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Blueberry (Taccinivm spp.)

Treated liquid nitrogen Blueberry(Vaccinium spp.), Domestic 5 g
¥
50 ml 80% Ethanol containg 0.1% HCI x 2
¥
50 ml 80 % methanol = 1
v

Filtration by Milipore 45 pm — REsitue a0l o
¥

Extract : 4400 mg

Vacuum concentration at 35 °C
Add 25 ml p!troleum ether
[25 ml ethyl!ce‘ra‘re} %3
Evaporation Ly Rotavapor
Diluted 33.6 ml D.W adjusted tﬂ pH 2 by addition of HCOOH
Filtr:nion — Concentration : 100 mg/ml

Residue : 1040 mg
Extract : 3360 mg

Figure 6. Isolation of anthocyanins from blueberry.
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Black chokeberry (4ronia melanocarpa)

Treated liquid nitrogen Black Chokeberry(4ronia Melanocarpa). Domestic 5 g
'
[10 ml Water + 40 ml ethanol + 1.0 ml 0.1 N HCI = 80% Ethanol containg 0.1% HCI] x 2
A\
[40 m! methanol + 10 ml Water =80 % methanol 50 mi] x 1
A\
Filtration by Milipore 45 pm
A\

Vacuum concentration at 35 T
v
Add 25 ml petroleum ether
\
[25 ml ethyl acetate] » 3
\

Evaporation by Rotavapor

A\
Diluted 50 ml D.W adjusted at pH 2 by addition of HCOOH
¥

Filtration — Concentration : 22.4 mg/ml, 110 mg/ml

Figure 7. Isolation of anthocyanins from black chokeberry.
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A 33 Z 9459 AE B4

1. 24 E8 &9 HPLC &4

qd 2 EL hydrophobic® £v)<9] hexane¥} ethyl acetates] =%
7} hydrophilic® €9l methanol¥} water?] ZFoz &£& =gV 9
ol 6719 &3E{r2, fr. 7, fr. 12, fr. 14, fr. 17, fr. 23)8] A=jo] o
2} Table 13} Zeo] HPLC #4& &t}

_26_



Table 1. HPLC analysis conditions of wheat sprout

Analysis condition Explanation

Mobhile phase 0.1%EtOH/Hxn
25% ACN/Hxn
20% ACN/water

30% ACN/Hxn
Flow rate 1 ml/min
Column oven temperature 40°C
Column silica column (300mm X 4mm 1LD.)

CapcellpakCl8 column (250mm X
46mml.D.})

UV detector wavelength monitoring 230, 254 nm

Total run time 60 min, 90 min, 30 min

Injection volume 5ul

_27_



2. EFug = olx2ye}l dwl anthocyanin FEFE 9
HPLC &4

EF g g of21Yo} Evl anthocyanin $&E2 HPLCE 3 &4
& 39:, Table 29} 2& z2do2 B4& i) [36]
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Table 2. HPLC analysis conditions of blueberry and black
chokeberry
Analysis condition Explanation

Mobile phase

Flow rate
Column oven temperature

Column

UV detector wavelength
monitoring

Gradient program

Total run time

Injection volume

(A) 10 % Formic acid in water(v/v)
(B) Formic acid, water,

acetonitrile(10:60:30, v/v/v)

1 ml/min

40C

PRONTOSIL 120-5-C18 SH (250 x4.6
mm, 5.0 pm particle size)

546 nm

0-10 min 40%, 10-25 min 50%, 25-26
min 100%, 26-30 min 0%
40 min

20 ul
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Al 42 Response surface methodology(RSM) %

S A A

EARSEHYE ol &sld HF FE A& ZESu. THEA
AYL F3 SHUTE 372 32w, Ethanol?] ¥ %2(07100%, X)),
& ANIHETI6 hr, Xp), € 221007, X3)2 A3t} Table 39
Zeol 3 dAZ £33 s ol Y2 =12t} HAE S 207
Ax, E£UTE 4 dEEY F Z9H58F DPPH, ABTS radical
scavenging activity®. 3ttt 4382 £33 dojd AFAS FAERA
ALESto HE =239 7|23 FAH LS o3 2 [33]

V=by+b X, + by Xy + by Xy +b,X X, + 5, XX,
F bog Xo Xy + by, X7+ bas Xg+ gy X7

RSM 4% 93] Design-Expert(80.7.1 ver. Wiley) Z2I1d& 9]
B3t FAFEAAGE A 98 494A L 3FAE4, 3D-mesh ZHxE
E B3, FA=AE A H3 4 SHAFLE W A
S AME3te A€ HAE A4S 3, Matlab(2014a version) &
ALg3ste HAAZ=AE A
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Table 3. Central composite design by RSM computer program

Experimentral
Xy Xz X3
number

1 25(-1} 6(-1) 20(-1)
2 75(1} 6(-1) 20(-1}
3 25(-1} 12(1) 20(-1)
4 75(1} 12(1) 20(-1}
5 25(-1} 6(-1) 40(1)
6 75(1} 6(-1) 40(1)
7 25(-1} 12(1) 40(1)
8 75(1} 12(1) 40(1)
9 0(-2) () 30(0)
10 100(2) 9(0) 30(0)
11 50(0} 3(-2) 30(0)
12 50(0} 15(2) 30(0)
13 50(0} () 10(-2}
14 50(0} 9(0) 50(2)
15 50(0} () 30(0)
16 50(0} () 30(0)
17 50(0} 9(0) 30(0)
18 50(0} 9(0) 30(0)
19 50(0} () 30(0)
20 50(0} 9(0) 30(0)
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Al 5. RSM SARAHA g% 4F &4 43

1. &Y= &%54

% Z99E §3F& 2387 93 02 M Folin-ciocalteu phenol A
ok(Sigma-aldrich, USA)¥} 2} RSMel| &3] A8 d4E2d FEE7
2% NagCO; £89(2:98, wv)& 27 1111 v &= oA ¢adelA 50
® F¢ 9&& AFvh. UV-Vis spectrophotometerg ©] 43t 750
nm 3FA FF=E FAH{YL) 7|1 EZZ gallic acid, quercetin
& AHgEx, §F AdE J1E 329 standard curvedl wE ALb
3 6l

2. 3 2HEA

7}. DPPH radical scavenging activity

DPPH radical A%} 008 gol methanol 200 ml& 7}3te] DPPH
radical 908 =2 QH, A2¥ DPPH radical €945 2437 ¢
g sampled L1(v/v)H|&2 A 26837 A 712, d4E%
¥ 359 73t UV-spectrometer® 517 nm 33N FREE &
sttt radical &A% g A o33 2o [18]

Absorbance o f control — Absorbance o f sample
Absorbance of control

Antiozidant activity (%) =

_32_
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Y}. ABTS radical scavenging activity

ABTS  (22'-azino-bis(3-ethylbenzothiazoline-6-sulphonic  acid))
scavenging activity= 57l 838 ABTS 7.0 mMedl 7Tl &
38 potassium persulfate 245 mME 1:112 ¥ 12716A17 H9 g4
of WA 3}32 radical stock solutione 730 nmelA FFE  gol
0.70(x0.02)0] H=Z FFAFLE Z=Es}o PBS 43 E9(pH 7422
434t sdd &9 3 mlel s=E2 A2E sample 20 W¥ 7t
3te] 158 T g A F FRFES FAJAY. AT &
A LS 23 24 (18]

Absorbance o f control — Absorbance o f sample

Antioxidant activity (%) = Absorbance of control

_33_
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A3 A3 R nF

Al 18 4 9E=25Y

Rl
&
e
i
i)
s,
e
o
z
i
fo

24

1. 44 &8 E&E HPLC &4 A

124 2HE2S HAAsedols TLCS 24A%2l p-anisaldehyde
HzSO4 ethanol EF A2 ALg3te] Aol @ EHEL AEst= T
o2 A3}l p-anisaldehyde HoSOs, ethanol EF AL FAR I H)
Angg Agyoz dAg Jv} Zeds SA44 flavoncidiol 34
ol AgHAJE MFA FFES LA 2879 AR EYEEF
4= A9317] Agelr.

o|FA Mg L& Z RYEES B4V 98 o544 3xE 2
g3ty BEAE API}Ed. fr, 29 fr. 72 02, 015 0.1%9]
ethanol/hexane &2 £4& Al&3ld peak £271 2 He FEE
ded #3499, £4 A Figure 8, Figure 9, Figure 10, Figure
113} 29| 0.1% ethanol/hexane £wliellA #el7} & ¥, 230 nm I}
ZFelA 371¢] F8 peak’l e gS HAE + AN

D& fr. 12 hydrophilicst EZ¢] = Aoz HAGsYEx b55%
methanol/water®} 25% acetonitrile/water2 HPLC 4% A &34
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24 A3} Figure 12.9} Figure 13.3} Z& dAxdg d94& & A3, 230
nm 3F A 25% acetonitrile/waterE AHE3AE W] F8 peak 47
ool g2 7€ peak’} UEtEE I F+ AN

A% fr. 145 45% methanol/water®} 20% acetonitrile/water=. ¥4
& A&, £4 A7 Figure 149 Figure 159 24 A4 & A&
+ 993, 230 nm H3ZFeNA 209% acetonitrile/waterZ 43 FL o
peak £2]7} & HUZ, 3749 F 8 peak’l AEFE HAF + U3
.

A& fr. 172 55% methanol/water, 30% acetonitrile/water, 25%
acetonitrile/waterg ol 422 o] 8§39 HPLC 4% AlF3it. &
4 A7 Figure 167 Figure 173 &2 AdE d9& ¢ UAx, 230
nm H}3¢]A 30% acetonitrile/waterS o|FACE 3HE W peak &
271 & HAx, 6719 8 peak’l AEEE FIY 4+ A

fr. 23& o] F4& 509 methanol/water, 20% acetonitrile/waterS 2|
83t 230 nm, 254 nm¥}FdA HPLC E4& A £4 27
Figure 183} Figure 19.8} & A#AS 9d& & YT, peak &7}
Z HA g5 FA & F AR
24 Z2HE 63 T8 RS 9, o] Az U= HLE F
W22 70 % AE7} chlorophyll $7<% Ae2 RuFoglr}. 12

2 498 BYE 6£9 sample =8 ZEEHEF7 old chlorophyll

Ao 3@t

t

ol

e

=
T
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Figure 8 HPLC result of wheat sprout fr. 2(230 om).
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Figure 9. HPLC result of wheat sprout fr. 2(254 om).
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Figure 10. APLC result of wheat sprout fr. 7(230 om),
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Figure 11. APLC result of wheat sprout fr. 7(254 om),
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it ] 55% MeOH/Water

0 o E
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e 4 o 5 = i
DAl A, Sige230,4 Ret=d50.1 00 CyvWhin 3200 2403 00
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Figure 12, HPLC result of wheat sprout fr. 12(230 nm).
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[T DAL B, S 5 4 A=A 100 (Vi 301 2900 1)

bk ] 55% MeOHWater

T T T T
10 15 mn 5 mar

DA B, S35 A Fel=450,100 (rvied 3012803 0)

may 7 2595 MeOH/Water

0 =3 0 15 i P s

Figure 13 HPLC result of wheat sprout fr. 12(254 nm).
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0 - -

T 1

6 -4

T
B 4
&

Al

20

&

4£20

45% MeOH/Water

3003
4802
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Figure 14, HPLC result of wheat sprout fr. 14(Z30 nm}.
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GADA B, Sige 254 4 Fer=4%0, 100 (v 301 3405 07

ALl 45% MeOH/Water
B -
70 -
W -
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0
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* 2 i
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Figure 15. HPLC result of wheat sprout fr. 14(254 nm}.
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Figure 16. HPLC result of wheat sprout fr. 17(230 om)
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Figure 17. HPLC result of wheat sprout fr. 17(254 nm).
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2w 2@ ok2ol Jvj HPLC B4 23

7}. Anthocyanin & £3 HPLC &4 437

EFdle] 2 ol=4Yeo} ¥ anthocyanin #&E& IIPLC 4% 3
7] Ad] anthocyanin EEE3d 8% WA 2439 Figure 20.3 #&
chromatogram& 9% 3, o|& FXHZE Z4Zy 43ty Fxo AF 4
H AF2A S FEA). cyanidin-3,5-di-o-glucoside, cyanidin-3-o-galac
toside, cyanidin-3-o-glucoside, cyanidin-3-o-rutinoside, delphinidin, cyan
idin, pelargonidin, malviding& ¥43l$H oy Ztzte] AFAL 714}
y=45839916x-3530684, y=47181376x-5776397, y=42425078x-3845567, y=458
39916x-3530684, y=97621784x-2787021, y=110721223x-15591528, y=363970
29x-5508022, y=94087548x-24907804¢+ #Zo] AMHN, NIA=RA)E Z
Z} 0.9842, 0.9936, 0.9885, 0.9983, 0.9995, 0.9836, 0.9930, 0.9530 °|t}.

Y. EFdlg @9 HPLC &4 23

EFHg] HPLC £4 A7 Figure 21.7 o] £4¢] H X, yanidi
n-3,5-di-o-glucoside, cyanidin-3-o-galactoside, cyanidin-3-o-glucoside,
cyanidin-3-o-rutinoside, delphinidin, cyanidin, pelargonidin, malvidin 8%
°] AE&HL HIY + UNUG. HPLCH F4 BN E 7|22 o AF
4 23 8F 9 anthocyanin 33E Z+2}H 0135, 0.133, 0.092, 0.079, 0.029,
0.141, 0.152, 0.269 mgo] FHHNEE &I 5 YU & EFMY 5
g &&= 3375, 33.25 23, 19.75, 7.25, 3525, 38, 67.25 mgeo] &AL
< HAT F AT
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Figure 20. HPLC result of anthocyanin standard mixture.
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Figure 21. HPLC chromatogram of blueberry anthocyanin extract.
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. olZ 1Yo} dvj HPLC &4 &3

of2yel AvjZ%E &8¢ anthocyanin $&EE HPLCE AH43}
o AL AAs9). Figure 229} & chromatogramS 9& & 3
N, peak FAE HEE SFE 7 FFL Table 49 AFHA. F
8 peakt 10.399 minelAd A& HAUX | cyanidin-3-galactosided!
€ A & F A/} k2ol dnf J|EAA oF 0.003%A =] T&
& A & & AU oYl A AA FEE ALt F£EE A
A% A o 0.013% A= FE&E A F AU
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Figure 22. HPLC chrematogram of black chokeberry anthocyanin extract.
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Table 4. Contents of anthocyanins in A. melanocapa

Peak R. Time Content
Compound name Area

No. {(min) (mg/g)
1 Cyanidin-3-O-galactoside 10.399 157227 0.126
2 Cyanidin-3-O-glucoside 11.647 5652 0.091
3 Cyanidin—3-arabinoside 12876 27616 -
4 - 16.077 957 -
5 Cyanidin-3-xyloside 16.826 2751 -
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Al 24 RSME 0|83 7+ P29 & =71 33

RSME ©]8% Zr 429 AR & =3 A3 93 FHFES
o] 43t AF ZA& AR, 21 = wehA AEE B 4L AAE
EHEH FFAEHE A3 2344FHe] FAYE IR olg FIMA
SASH HF 2d& TR, HF £4& A dLste HAH
= 33Tt ANOVA E4% 33 BAHHY FoF AFs 2 =
BEA RE TS EHE}H.

ot

i
4
o

=2
52 £2& A9 ¥ 27 % shiozz & AYdAE
o] 22 $8& A2 5+ Ax BL2AL FARAA YT

FAREEE o183t A¥E 48 =2 4E & FL& Table b
of Yetdth 48 #&F 14Xy 50% Xz 9 hr X5t 50T)IelA 713 @
< F& £80080%)F Ao, 19Xy 50% Xz: 9 hr X3t 30T)WelA
Hd £&(3210%)& ALY

V= 58.849 + 0.592.X, + 7.941.X, + 2.497X, — 0.021 X, X,
— 0.001.X, X5 — 0.003X,.X; — 0.003.X7— 0.405 X5+ 0.041X ;

A9 A EU2 AARNE 0NN o §3el 309 VEAE
4g Figwe 23% 2ol ANSYx, A4 A7 zde 7% A
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63.56%, 807 hr, 2026C ol A Hudjgte] 2863% = < F ATt Zde ¥
F7t & &4 vAE %2 48 A% 22 819 Fx=(sum
of square: 39.06)7} 5% AlZHsum of square: 33.06), & 2%(sum
of square: 342)Rr} & ZoZ YEgow HZ gre Fxd o
F-valuew 3.66(p=0.02)2.2 FAAL=E f8 & EAS p<0.059)
24 UNF3}rs KA dFE VAT YAT FE AT H FE
259 F-values &4 1.77(p=0.21), 1.60(p=0.25 ¢ 2 =Z fAde] fl=
Ao Jepyt)
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Table 5. Yield of wheat sprout extracts for response surface methodol
ogy analysis. X;: Concentration of ethanol; Xg Extraction time(hr); Xs:

Extraction temperature(T)

Conditions
Xy Xg X3 Yield (%)
1 25(-1) 6(-1) 20(-1) 16.00
2 75(1) 6(-1) 20(-1} 21.00
3 25(-1) 12(1) 20(-1) 15.30
4 75(1) 12(1) 20(-1} 13.90
5 25(-1) 6(-1) 40(1) 18.00
6 75(1) 6(-1) 40(1) 21.50
7 25(-1) 12(1) 40(1) 16.70
8 75(1) 12(1) 40(1) 1420
9 0(-2) 9(0) 30(0} 16.30
10 100(2) 9(0) 30(0) 26.50
11 50(0) 3(-2} 30(0} 16.10
12 50(0) 15(2) 30(0) 12.80
13 50(0) 9(0) 10(-2) 15.60
14 50(0) 9(0) 50(2} 9.80
15 50(0) 9(0) 30(0} 16.80
16 50(0) 9(0) 30(0) 29.20
17 50(0) 9(0) 30(0} 3150
18 50(0) 9(0) 30(0) 30.00
19 50(0) 9(0) 30(0} 32.10
20 50(0) 9(0) 30(0) 29.90
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v EFd g dv

FATAEE ol &3t AYE 4Y 244 B2 ¥§ gL Table 6
of vetdcl 48 g% 10Xy 100% Xz 9 hr X3 30T)9dA 713 @
L F% £4B804H%F BR2eH, 16Xy 50% Xz 9 hr Xt 30T)d
A Aol $&0845%)% EJY. 4¥43E JALHE 3o IR
Ze 22 g3 e AL fF=3dvt.

Y= 43.786 + 0.796 X, + 2.867.X, + 1.161.X; — 0.007.X, X,
~0.002.X,.X; — 0.003X,X, — 0.006 X~ 0.119.X5— 0.016X

e A& o] &3ty 32 W ®W 4 & AAF}HT Figure 249}
22 d3s 48 7 U0 $A43 A =dS 79 27 53.49%,
1018 hr, 33.53TelA 99.13%¢] FHd & T&°] He Aoz qad
F U0 2 2 gS 4 weEe] 4F%E A9 A4 & &4
5 E(sum of square: 33.25, F-value: 343, p=0.094), 32 A|Z(sum of
square: 14.25, F-value: 147, p=0.253), & 2%.(sum of square: 22.56,
F-value: 253, p=0.158)1& & +& AJx & 559 FAFHA #9
AL #HoHA ke sum of squareft® F-valuegte] =& £
FEIT AY EUSE AAEY 2 A dE 9%E A= AL §
A& F AT
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Table 6. Yield of wheat blueberry extracts for response surface me
thodology analysis X;: Concentration of ethanol; X;' Extraction time

(hr); Xa' Extraction temperature(C)

Conditions
Xy Xg X3 Yield (%)
1 25(-1) 6(-1) 20(-1) 86.12
2 75(1) 6(-1) 20(-1} 9554
3 25(-1) 12(1) 20(-1) 90.35
4 75(1) 12(1) 20(-1} 9715
5 25(-1) 6(-1) 40(1) 89.13
6 75(1) 6(-1) 40(1) 96.15
7 25(-1) 12(1) 40(1) 92.38
8 75(1) 12(1) 40(1) 98.10
9 0(-2) 9(0) 30(0} 83.40
10 100(2) 9(0) 30(0) 80.45
11 50(0) 3(-2} 30(0} 92.30
12 50(0) 15(2) 30(0) 94.33
13 50(0) 9(0) 10(-2) 88.30
14 50(0) 9(0) 50(2} 94.50
15 50(0) 9(0) 30(0} 98.45
16 50(0) 9(0) 30(0) 98.31
17 50(0) 9(0) 30(0} 98.18
18 50(0) 9(0) 30(0) 98.19
19 50(0) 9(0) 30(0} 98.43
20 50(0) 9(0) 30(0) 98.19
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. olZ Yo} dvf

FATAEE ol &3t AYE 4Y 244 B2 ¥§ gL Table 7
of vetdcl 48 g% 10Xy 100% Xz 9 hr X3 30T)9dA 713 @
L FE FEMIOR)E BP9, 3(Xy: 5% Xz 12 hr Xzt 20T)¥ ¢
A Aol FE(7B3%E BJY. 4¥43E JALEE 3o dLH
Ze 22 g3 e AL fF=3dvt.

Y'=—38.898 + 0.323.X, + 10.886 X, + 3.551 X; + 0.015.X, X,
+0.010X,.X; + 0.048.X,.X; — 0.006 X2~ 0.688. X5 0.077X ]

A FAHL ol 8319 39 ¥g ¥ A& HAA3D3, Figure
259 e AdAg 4d& F I BATH HAFH 2A& 7o A
5867%, 9.56 hr, 2061l A Hdjgte] b19% = AHU}. Zze ¥
TEY 2 4384 dg ¥ 2AHE A3 F& &9 F=(sum of
square: 111.83, F-value: 515, p=0.047), $& A Z(sum of square:
6360, F-value: 293, p=0.118), F& <%(sum of square: 4658,
F-value: 215, p=0174)°1%, & & SE=ANT A3 #9843,
2 A qig 4] & Aoz & £ ATk
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Table 7. Yield of black chokeberry extracts for response surface meth
odology analysis X;© Concentration of ethanol; Xg: Extraction time(hr);

X3 Extraction temperature(C)

Conditions
Xy Xg X3 Yield (%)
1 25(-1) 6(-1) 20(-1) 48.90
2 75(1) 6(-1) 20(-1} 53.50
3 25(-1) 12(1) 20(-1) 75.83
4 75(1) 12(1) 20(-1} 70.00
5 25(-1) 6(-1) 40(1) 61.60
6 75(1) 6(-1) 40(1) 75.76
7 25(-1) 12(1) 40(1) 75.15
8 75(1) 12(1) 40(1) 48.70
9 0(-2) 9(0) 30(0} 47.70
10 100(2) 9(0) 30(0) 44.80
11 50(0) 3(-2} 30(0} 59.10
12 50(0) 15(2) 30(0) 5410
13 50(0) 9(0) 10(-2) 75.13
14 50(0) 9(0) 50(2} 46.20
15 50(0) 9(0) 30(0} 55.40
16 50(0) 9(0) 30(0) 50.30
17 50(0) 9(0) 30(0} 55.30
18 50(0) 9(0) 30(0) 75.81
19 50(0) 9(0) 30(0} 55.40
20 50(0) 9(0) 30(0) 75.62
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2. F 2= &%

Phenolic compounds= 4E¢] diE3 ¢ 23 dAMIEE hydroxyl”]
£ A 38F agEeld. ot s A Ad B4, F4
3} &4& phenolic compounds®] FFY TFeo] v Jio] & A
o=z 4¥A vt i -E¢ phenolic compounds+ MEY, U35, &
ad 34 dzdz2 ZAFE olF: AU FEAE EASM,
hydroxyl”| & 3% 434 sz neTze] 39 As e 9y
gt e S ebdd.

7}. Gallic acid

F E9¥E FFE 3457 98 EF 239 gallic acidg A}43
o FE vs FRES o83t AFAL ANFYY, AFL &3
o] Figure 26°1 A3} R, ©|& °| 434 gallic acid FF& T3
v} A% L y=10.022x-0.0335 ¢]x, V= (RS 0.9935 ©|t}.

(1) 44

FTAREEE ol &3t AYE 4F = 2 & #E Table 8
o Yetdt. 489 #%F 13Xy 50% Xz 9 hr Xz 10T)HA 713 &
< %(90.156 mg/mL)E BHoH, 19X 50% Xt 9 hr Xt 30T)®
A Ad 310013 mg/mL)E At A¥AAE FARYE Fd
023 22 2% gAY FH9 A4S FEAT.
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Y =60.348 +0.068.X, +1.541 X, + 2.193.X; + 0.008.X, X,
+0.0003X, X, + 0.018 XX, — 0.001.X7— 0.140.X7— 0.042X ;

324 wrg W 24 A Figure 277 & AFAE Idx, B4
A HA =A& 78 A 4943%, 863 hr, 27.86 T4 Hdiztol
120.14 mg/mLl& <53[h. gz wege] F Eove(gallic
acid)®] #F AT JFE FAHLzE BEAHE A & &V F=
(sum of square: 0.03), & A]ZH(sum of square: 0.56), & 2%(sum
of square: 487B)e|B2 & X JFL T Ao= Yrgow,
F& 2%9 ¥ F-valuex 509(p=004)c|=22 FTAHo=Z #T 4
FE& HAZ YA & $v Fx=e F& ATl WY F-values &
Z} 0.0004(p=0.95), 0.059(p=081)°| 22 EAHo=E #93A ¥LL &
A3tgen, & ZEds FF(gallic acidel et FFE vXA %
=

(2) =74 g+

FTHAEAAEE ol §3td AYd 43 = & 4§ #&2 Table 9
o Jetde 48 %% 1(Xy 25% Xg 6 hr X3t 200)9 AN 713 @&
ZFT350 mg/mL)E R, 200Xy 50% Xz 9 hr Xg 30T)¥elA
Ao 310234 mg/mL)< Bt 434A+= AAEHE S8 o
=3 22 23 93 FH9 AYE FEAUT

Y'=—23.632+ 0.976.X; + 11.604.X, + 2.876 X; — 0.030.X, X,
— 0.007X, X, — 0.120X,.X; — 0.005.X] — 0.342.X;— 0.024X

A9 FAAHLZ o] &3t 3XY kg wd B42 WA, Figure
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287 2L AdE Ay FAAR] HAH =dE& 78 A7 5470%,
937 hr, 29.77C1A 10024 mg/mLe] A4 §Fo] HE AL 43
F AN:, A7 dsEe dF%E E4% A4 22 & FE(sum
of square: 27.74, F-value: 146, p=0.25b), & A7 (sum of square:
19.44, F-value: 1.02, p=0.336), +& <% (sum of square 6.56, F-value:
0.35, p=0.569)8] AFAES 4L F UAZ, FAAA /4L Y[/AT
sum of sugare®} F-value7} & &4 3ZA4 & AL AT 9
2 89 3271 & 49 %L A= AesE FAFAH

(3) ot2e} &

FAREEE ol E3t9 A¥E 48 2Fd HE 9% FL Table
104 vl 48 #F 17Xy 50% Xz 9 hr X3t 30T)AA 713
W& (7087 mg/mL)E Yo, (X 25% Xz 12 hr X5 40T)9
oA Hd FF100562 mg/mL)E 2. A@AA= IALYE 53
o 923 Z& 24 O3EAH 9 AAYLE FEIAS

Y'=—37.354+ 1.347X, + 9.656 X, + 3.585.X; — 0.043X, X,
~0.013X,X; — 0.101 X,.X; — 0.005 X, — 0.231 X5+ 0.031X 5

£ A& o83ty 334 ¥W ¥HE E4& HAAIAx, Figure
299 Z2 AdE dE, FA%H HFY 2dE 78 4 62.38%,
8.33 hr, 3095ClA FHudigtel 10034 mg/mLe=E oSHt)t. 42 W
o @ 2 499 4% B4 A7 & & FE(sum of
square: 100.16, F-value: 750, p=0.021), ¥& AlZHsum of square:
1447, F-value: 108, p=0323), & <2E(sum of square: 37.14,

_69_



F-value: 2.78, p=0.126)% F& & T=7F & dAYo] IS woky,
FAFLE F98E RYGAT, F& A, 2 2= FAHLE ®
A%E BolA FUrt.

1}, Quercetin

Z E9¥E %S SAHN A8 £ =29 gallic acidg A3}
o X vs FZEE o8y AFHNE A, AFE AL
o gallic acid &3F& T3}A. AF2 2 Figure 309 A3},
y=10.022x-0.0335 °|x, A =[RS 09935 A}

(1) 4%

ZFATAYPE o435 AYY 49 =d & kg %L Table
1161 Yvebduh A9 g% 14Xy 50% Xa0 9 hr X3 50C)dHel A 713
e FF(75.23 mg/mL)E BPoH, 20(X;: 50% Xz 9 hr X3 30T)™
oM Hol $3(11040 mg/mL)E RE 4PAF3E JAEHE £3)
o T3 Z& 23 3R AY dHe AANE =Y.

Y =55.005+0.103X, +2.224 X, + 3.014X; + 0.011 X, X,
+0.0004 X, X, + 0.024 X, X, — 0.002.X] — 0.198 X, — 0.058X 5

A9 Ze AL o834 3A9 g qW 4L @ AT
Figure 313 22 ZA#4& 4% ¢ Az, SAAA I3 =48 78
A} 4951%, 864 hr, 27.83T A A 2] Hdgteo] 10929 mg/mLe s 45
HA. B APAME 2 2% (sum of square: 83,57, F-value: 5.03,
p=0.048)7} & &9 FE(sum of suqare: 0.062, F-value: 0.0035,
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p=0.954), & A7H(sum of square: 1.04, F-value: 0.058, p=0.814)x 1t}
B Ay 2AqA 9L v = Aoz &3

2) 747 <4

FTAREEE ol&35t9 A¥E 4¥ 2Hd #mE ¥ FE Table
1241 Jebdl. 28 &% 1(Xp: 26% Xz 6 hr Xgt 200)¥4A 713 @
< (7418 mg/mL)S 2P, 18(Xy 50% Xat 9 hr X3 30T)d
A FHd §$3(10835 mg/ml)E R4t A¥AAE FARYE Fd
23 2 234 Ay 99 A4 e FEIAU

V=—232.162+ 1.167.X, + 12.738 X, + 3.137.X; — 0.036 X, X,
—0.010X, X5 — 0.141 X, X5 — 0.005 X7 — 0.341 X5+ 0.022X ;

2 IAHE ol §3to 3A4Y v EW 4SS A9, Figure
32¢ 22 AFAE 4& F AT FAFA HAFH z2dE 79 AFH
56.91%, 10.76 hr, 24.11CelA 10681 mg/mL<] Hd FFe] 5% +
AN o] HEEd dg 2 A¥e 9F2 AT 459 & &
] % (sum of square: 3406, F-value: 0.98 p=0.345), & A]ZH sum
of square: 48.32, F-value: 139, p=0.265), 3% 2X%(sum of square:
496, F-value: 0.14, p=0.713)0] 3, A A9 #e4& FAHA gk
o} FZ& A7t sum of square®} F-value?} & WERT & A

& e RS W 2 AR 9¥E vAGE A& $A¥ 7 QU

@) et=2o} dvl
FTAREEE o83y Afd 4¥ 2d4 BE BE& FL Table
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1341 Jebdch 489 3% 17(X; 50% Xat 9 hr X3 30T)delA 713
o 88062 mg/mL)E RPeH, 20(X;: 50 Xz 9 hr Xa 30T)d el
A AW $3(110.70 mg/mL)& BYoh 443 IARHLE 339
o023 2L 2% g g9 HANE =T

V=—46.132+ 1.457X, + 10.250.X, + 4.642.X; — 0.041.X, X,
—0.013X,.X, — 0.096 X,.X; — 0.006 X — 0.283X;— 0.052X

E AL o4t 33449 ¥d 98 24& A9 x, Figure
337t Z& AJE QA SANF FFH =dE& 78 AT 61.29%,
872 hr, 20.06Te|x, gL 110.67 mg/mLYAe] <} 4z
HpEe] st 9L & &l T %(sum of square: 112.45, F-value:
6.13, p=0.033), & A|{Hsum of square: 7.05, F-value: 0.35, p=0.566),
#2& 2% (sum of square: 047, F-value: 0.02, p=0.881)Fd A F& &
il 3=t $AFHLE fo¥S 4 F AR:, E A did G
& Aoz FAHAD
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Figure 26. Gallic acid standard curve for total polyphenol contents.
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Table 8. Total polyphenol(gallic acid) of wheat sprout extracts for res
ponse surface methodology analysis X): Concentration of ethanol, Xz

Extraction time(hr); X3 Extraction temperature(’C)

Conditions
Xi Xz X3 GAE (ug/mL)
1 25(-1) 6(-1) 20(-1) 93.18
2 75(1) 6(-1) 20(-1} 91.42
3 25(-1) 12(1) 20(-1) 9191
4 75(1) 12(1) 20(-1} 9164
5 25(-1) 6(-1) 40(1) 93.36
6 75(1) 6(-1) 40(1) 91.01
7 25(-1) 12(1) 40(1) 93.37
8 75(1) 12(1) 40(1) 94.22
9 0(-2) 9(0) 30(0} 9448
10 100(2) 9(0) 30(0) 96.60
11 50(0) 3(-2} 30(0} 95.40
12 50(0) 15(2) 30(0) 92.81
13 50(0) 9(0) 10(-2) 90.15
14 50(0) 9(0) 50(2} 74.28
15 50(0) 9(0) 30(0} 96.44
16 50(0) 9(0) 30(0) 99.50
17 50(0) 9(0) 30(0} 160.00
18 50(0) 9(0) 30(0) 99.13
19 50(0) 9(0) 30(0} 100.13
20 50(0) 9(0) 30(0) 99.24
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Figure 27. Response surface for the effects of total polyphenol

contents(gallic acid) on wheat sprout extract.
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Table 9. Total polyphenol(gallic acid) of blueberry extracts for respons
e surface methodology analysis X;: Concentration of ethanol; Xo@ Extra

ction time(hr); X3 Extraction temperature(T)

Conditions
Xi Xz X3 GAE (ug/mL)

1 25(-1) 6(-1) 20(-1) 7350
2 75(1) 6(-1) 20(-1} 89.61
3 25(-1) 12(1) 20(-1) 9441
4 75(1) 12(1) 20(-1} 91.72
5 25(-1) 6(-1) 40(1) 92.88
6 75(1) 6(-1) 40(1) 9268
7 25(-1) 12(1) 40(1) 89.64
8 75(1) 12(1) 40(1) 90.23
9 0(-2) 9(0) 30(0} 89.24
10 100(2) 9(0) 30(0) 92.87
11 50(0) 3(-2} 30(0} 90.12
12 50(0) 15(2) 30(0) 90.27
13 50(0) 9(0) 10(-2) 9457
14 50(0) 9(0) 50(2} 91.61
15 50(0) 9(0) 30(0} 100.31
16 50(0) 9(0) 30(0) 100.35
17 50(0) 9(0) 30(0} 100.32
18 50(0) 9(0) 30(0) 100.54
19 50(0) 9(0) 30(0} 101.35
20 50(0) 9(0) 30(0) 102.34

_77_



(XD
0099 )
Raess

S

XD
%5
b

&
&
N

<L
0%
%
0‘0

0039620,
“%

(S gvD) Od.L

05
2585
290

100.00

Concentration (%)

Temperature (C)

10.00 - 0.00

5
S
GRS
s
(oo 0%
L0

(/B gv0) Od.L

100.00

Concentration (%)

3.00 7 0.00

_78_



(S gvD) Od.L

—~

1SS
£
g
=
g
o)
fit

10.00 - 3.00

Figure 28. Response surface for the effects of total polyphenol

contents(gallic acid) on blueberry extract.
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Table 10. Total polyphenol(gallic acid) of black chokeberry extracts fo
r response surface methodology analysis X)° Concentration of ethanol;

Xo Extraction time(hr); X3 Extraction temperature(T)

Conditions
Xi Xz X3 GAE (ug/mL)
1 25(-1) 6(-1) 20(-1) 94.17
2 75(1) 6(-1) 20(-1} 85.59
3 25(-1) 12(1) 20(-1) 100.13
4 75(1) 12(1) 20(-1} 93.76
5 25(-1) 6(-1) 40(1) 90.01
6 75(1) 6(-1) 40(1) 100.31
7 25(-1) 12(1) 40(1) 100.52
8 75(1) 12(1) 40(1) 89.96
9 0(-2) 9(0) 30(0} 96.39
10 100(2) 9(0) 30(0) 8797
11 50(0) 3(-2} 30(0} 89.50
12 50(0) 15(2) 30(0) 92.59
13 50(0) 9(0) 10(-2) 100.31
14 50(0) 9(0) 50(2} 93.40
15 50(0) 9(0) 30(0} 93.65
16 50(0) 9(0) 30(0) 92.58
17 50(0) 9(0) 30(0} 70.87
18 50(0) 9(0) 30(0) 100.30
19 50(0) 9(0) 30(0} 92.65
20 50(0) 9(0) 30(0) 100.31
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Figure 29. Response surface for the effects of total polyphenol

contents(gallic acid) on black chokeberry extract.
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Table 11. Total polyphenol{quercetin} of wheat sprout extracts for res
ponse surface methodology analysis X): Concentration of ethanol, Xz

Extraction time(hr); X3 Extraction temperature(’C)

Conditions
X Xg X3 QUE (png/mL)

1 25(-1) 6(-1) 20(-1) 100.84
2 75(1) 6(-1) 20(-1} 98.46
3 25(-1) 12(1) 20(-1) 99.13
4 75(1) 12(1) 20(-1} 98.77
5 25(-1) 6(-1) 40(1) 101.09
6 75(1) 6(-1) 40(1) 9791
7 25(-1) 12(1) 40(1) 101.11
8 75(1) 12(1) 40(1) 102.26
9 0(-2) 9(0) 30(0} 102.61
10 100(2) 9(0) 30(0) 105.49
11 50(0) 3(-2} 30(0} 103.86
12 50(0) 15(2) 30(0) 100.34
13 50(0) 9(0) 10(-2) 96.74
14 50(0) 9(0) 50(2} 75.23
15 50(0) 9(0) 30(0} 10527
16 50(0) 9(0) 30(0) 110.15
17 50(0) 9(0) 30(0} 109.25
18 50(0) 9(0) 30(0) 110.00
19 50(0) 9(0) 30(0} 109.46
20 50(0) 9(0) 30(0) 110.40
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Figure 31. Response surface for the effects of total polyphenol

contents(quercetin) on wheat sprout extract.
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Table 12. Total polyphenol{quercetin} of blueberry extracts for respons
e surface methodology analysis X;: Concentration of ethanol; Xo@ Extra

ction time(hr); X3 Extraction temperature(T)

Conditions
X Xg X3 QUE (png/mL)
1 25(-1) 6(-1) 20(-1) 7418
2 75(1) 6(-1) 20(-1} 96.02
3 25(-1) 12(1) 20(-1) 102.52
4 75(1) 12(1) 20(-1} 98.88
5 25(-1) 6(-1) 40(1) 99.44
6 75(1) 6(-1) 40(1) 96.17
7 25(-1) 12(1) 40(1) 96.05
8 75(1) 12(1) 40(1) 96.86
9 0(-2) 9(0) 30(0} 95.52
10 100(2) 9(0) 30(0) 99.32
11 50(0) 3(-2} 30(0} 97.25
12 50(0) 15(2) 30(0) 96.90
13 50(0) 9(0) 10(-2) 102.74
14 50(0) 9(0) 50(2} 98.73
15 50(0) 9(0) 30(0} 107.65
16 50(0) 9(0) 30(0) 106.35
17 50(0) 9(0) 30(0} 107.81
18 50(0) 9(0) 30(0) 108.35
19 50(0) 9(0) 30(0} 107.35
20 50(0) 9(0) 30(0) 106.34

_87_



5
.9
sl
&

!
%5
&
L

55

s
AL
J'Qﬁ::«o,
“ 5

20
<5

[=

(S 4nO) Od L

Concentration (%)

—~
1SS
S
g
=
g
o)
fit

10.00 - 0.00

P
00
(X

%

0
KK
000

O
5

110
100

(/B 4nO) Od L

100.00

Concentration (%)

3.00 7 0.00

_88_



(S 4nO) Od L

—~

1SS
£
g
=
g
o)

fit

10.00 - 3.00

Figure 32. Response surface for the effects of total polyphenol

contents(quercetin) on blueberry extract.
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Table 13. Total polyphenol(quercetin) of black chokeberry extracts for
response surface methodology analysis Xj: Concentration of ethanol; X

s Extraction time(hr); Xg Extraction temperature(C)

Conditions
X Xg X3 QUE (png/mL)

1 25(-1) 6(-1) 20(-1) 102.19
2 75(1) 6(-1) 20(-1} 90.56
3 25(-1) 12(1) 20(-1) 110.35
4 75(1) 12(1) 20(-1} 101.63
5 25(-1) 6(-1) 40(1) 96.55
6 75(1) 6(-1) 40(1) 110.31
7 25(-1) 12(1) 40(1) 110.31
8 75(1) 12(1) 40(1) 96.48
9 0(-2) 9(0) 30(0} 10520
10 100(2) 9(0) 30(0) 83.63
11 50(0) 3(-2} 30(0} 95.86
12 50(0) 15(2) 30(0) 100.05
13 50(0) 9(0) 10(-2) 110.32
14 50(0) 9(0) 50(2} 101.15
15 50(0) 9(0) 30(0} 101.48
16 50(0) 9(0) 30(0) 100.03
17 50(0) 9(0) 30(0} 80.62
18 50(0) 9(0) 30(0) 110.17
19 50(0) 9(0) 30(0} 100.13
20 50(0) 9(0) 30(0) 110.70
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3. FitstT

7}. DPPH radical scavenging activity

DPPHE sls4 StEE9 free radical 2A8AE A A"
T o] dId AQLAZREH P4 EFAS FA437] 95t #ol
ol 53 e WHoeE AL AINE He HnFH GASE free
radicalo] #FAtstAl, BFS o}dl 7o} ¥k Al radicalo]l AAEHo] o]
F@Adoz SAHE 985 o83ty s FAHLE FHIEH ALS
|t
1) 9%

FAFAAEEZ o839 A¥E 49 24 @& BE #F2 Table
149 Yetdo 438 2%F 9Xy 0% Xz 9 hr Xa 30T)HA 713 @
< 846152 %5 Yoy, 20(Xy: 50% Xz 9 hr X5 30T)H A H
g 840143 %)= Rt 48ddAe AAEHE S3d deHd 2
2 22 oAy e gHHE FESACL

V= 24.813+0.780X, + 3.834X, + 2.192.X, + 0.005 X, X,
+0.003X, X5 + 0.114.X,X; — 0.009.X,— 0.447.X,— 0.063X

A9 AL o] &3t 34 g FH E4& 8 A Figure 33
I e AFE d& 5 AUz, A3 FF z2de& 78 4F
48.35%, 7.85 hr, 26.00TCA 87.21%<] HuY 4o He AL 458
F A} 4 HFEd e 2 439 4% FAFHE A 4
3} 32 £v % %(sum of square: 1.46, F-value: 0.022, p=0.885), &
A ZHsum of square: 4554, F-value: 069, p-0426), 32 2X%(sum of
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square: 211.40, F-value: 3.19, p=01.04)¢] A#}Z d& F U=, &
HEEe BA3Q fo4E 3R] X3IPAT FF SEAAN FFE v

Ae AL & F 99+
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Table 14. DPPH radical scavenging activity of wheat sprout extracts f
or response surface methodology analysis X;: Concentration of ethanol;

Xo Extraction time(hr); X3 Extraction temperature(T)

Conditions
Xy Xg X3 DPFH (%)
1 25(-1) 6(-1) 20(-1) 85.30
2 75(1) 6(-1) 20(-1} 7732
3 25(-1) 12(1) 20(-1) 67.06
4 75(1) 12(1) 20(-1} 68.70
5 25(-1) 6(-1) 40(1) 65.51
6 75(1) 6(-1) 40(1) 69.15
7 25(-1) 12(1) 40(1) 69.17
8 75(1) 12(1) 40(1) 65.97
9 0(-2) 9(0) 30(0} 61.52
10 100(2) 9(0) 30(0) 62.04
11 50(0) 3(-2} 30(0} 69.23
12 50(0) 15(2) 30(0) 68.93
13 50(0) 9(0) 10(-2) 67.56
14 50(0) 9(0) 50(2} 52.77
15 50(0) 9(0) 30(0} 64.11
16 50(0) 9(0) 30(0) 90.42
17 50(0) 9(0) 30(0} 90.31
18 50(0) 9(0) 30(0) 89.35
19 50(0) 9(0) 30(0} 89.34
20 50(0) 9(0) 30(0) 91.43
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Hu 4(70.36%)% 23T Ad2AE AR S 39 v 2
< 27 gAY A9 AL FE}AH

V= 4.270+ 0.608.X, + 4.215 X, + 1.765 X5 — 0.007.X, X,
~0.000.X,.X; + 0.002.X,X, — 0.002X7~ 0.229. X5 0.020X ;]

A A& o] &3t 329 9t E¥W B4 & HAA3YY, Figure 349
2e 435 =% £ Ut 5449 FFH zA& T8 4dd
53.08%, 857 hr, 32.02TdlA Hdlgto] 3b67%°] He AL A5 +
AN, 2 A RE 7 AeES] IFE 249 27 F& & 5
T (sum of square: 9.27, F-value: 043, p=0527), 32 A|7Hsum of
square: 4.64, F-value: 0.22, p=0.652), & A|7Hsum of square: 19.81,
F-value: 0.92, p=0.360)°| 3, 43 #AHL HolA gou, &
Aol gk 2 23] d&o] g dpEd HF avdes AL §9%F
T AN
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Table 15. DPPH radical scavenging activity of blueberry extracts for r
esponse surface methodology analysis X;@ Concentration of ethanol; Xz

Extraction time(hr); X3 Extraction temperature(’C)

Conditions
Xy Xg X3 DPFH (%)
1 25(-1) 6(-1) 20(-1) 5735
2 75(1) 6(-1) 20(-1} 64.78
3 25(-1) 12(1) 20(-1) 5491
4 75(1) 12(1) 20(-1} 61.36
5 25(-1) 6(-1) 40(1) 64.06
6 75(1) 6(-1) 40(1) 63.65
7 25(-1) 12(1) 40(1) 62.95
8 75(1) 12(1) 40(1) 59.44
9 0(-2) 9(0) 30(0} 59.55
10 100(2) 9(0) 30(0) 60.66
11 50(0) 3(-2} 30(0} 5745
12 50(0) 15(2) 30(0) 58.73
13 50(0) 9(0) 10(-2) 56.61
14 50(0) 9(0) 50(2} 59.67
15 50(0) 9(0) 30(0} 53.81
16 50(0) 9(0) 30(0) 69.68
17 50(0) 9(0) 30(0} 70.35
18 50(0) 9(0) 30(0) 68.67
19 50(0) 9(0) 30(0} 67.61
20 50(0) 9(0) 30(0) 68.68
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(3) e}z Yo} duj

FAFEEE o839 A¥d 49 2 BE & F2 Table
16¢1 Jebdoh 48 #% AXy HB% Xz 12 hr X5 20T)s oA 713
@S FA4(4290%) EYoen, 18Xy 50% Xz 9 hr Xat 30T)¥elA]
Hu A46754%)F 23T APAAE AR S B39 t2H 2
< 27 gAY A9 AL FE}AH

V'=128.71340.630.X, + 1.791.X, + 1.021.X; — 0.007.X, X,
+0.009.X, X; + 0.142X,X; — 0.009.X7 — 0.325 X5 0.045X 5

A AL o83 329 1§ ¥W A& AA3}AX, Figure
35.9 Z& AAE Ak 2d @& FAE HF 24L& 7 AH
4763%, 888 hr, 3045T UL FQASH R, ol T HHF}L 67.20% 2
2 dqAadt, 47e W$EQ F& 4] F3=(sum of square: 2253,
F-value: 132, p=0.2769), & Al (sum of square: 3.74, F-value:
0.22, p=0649), & 2%(sum of square: 10.33, F-value: 0.61, p=0.454)
ZdA BAGHcE #oF dTE ¢gUA T, sum of square, F-value
7t & & 8 3=71 2 494 %S F= 222 FAHUG
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Table 16. DPPH radical scavenging activity of black chokeberry extrac
ts for response surface methodology analysis Xj: Concentration of etha

nol; Xz Extraction time(hr); X3 Extraction temperature(C)

Conditions
Xy Xg X3 DPFH (%)
1 25(-1) 6(-1) 20(-1) 63.14
2 75(1) 6(-1) 20(-1} 4822
3 25(-1) 12(1) 20(-1) 6732
4 75(1) 12(1) 20(-1} 42.90
5 25(-1) 6(-1) 40(1) 57.10
6 75(1) 6(-1) 40(1) 67.31
7 25(-1) 12(1) 40(1) 67.35
8 75(1) 12(1) 40(1) 51.49
9 0(-2) 9(0) 30(0} 56.91
10 100(2) 9(0) 30(0) 4843
11 50(0) 3(-2} 30(0} 4701
12 50(0) 15(2) 30(0) 4841
13 50(0) 9(0) 10(-2) 6744
14 50(0) 9(0) 50(2} 4560
15 50(0) 9(0) 30(0} 53.94
16 50(0) 9(0) 30(0) 5847
17 50(0) 9(0) 30(0} 61.68
18 50(0) 9(0) 30(0) 6754
19 50(0) 9(0) 30(0} 46.68
20 50(0) 9(0) 30(0) 67.30
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1}. ABTS radical scavenging activity

DPPH 2A®A°| free radical®] £2AHAAE AL ol &3l WH
o] ABTS £A8AL Fol& radicale] £2AHE AL o &3 ¥
o]}, Potassium persulfate®} ABTS 7} k&3l ABTS <ol
radicalo] A=A FFAE A Hed Fiskd 224 <3 ABTS
Fol radicale]l &AHo FFHo| 2HAHE AT o & FiFH
g4& SAst=d AHEEH
1) 2%

FAFAAEEZ o839 A¥E 49 24 @& BE #F2 Table
1741 Jetdch A9 %5 10Xy 100% Xz 9 hr Xat 30T)AANA 713
@ FA(T127%)E Ko, 20(Xy: 50% Xz 9 hr X3 30T)dHelA
Hd 84(09.34%)= 2t 4@A3%E AARHS §9d9 v 2
2 22 oAy e gHHE FESACL

V= 46.255+ 0.558 X, + 3.089.X, + 1.965.X; + 0.008 X, X,
+ 0.003.X, Xy + 0.014 X, X, — 0.008 X — 0.241 X, — 0.039%X ;

A HE& o439 33/ 9§ BEH 48 8 A Figure 367
22 458 42 7 AT, FAFQ 3 2HE 78 AH 46.96%,
805 hr, 2839TlA 99.40%¢] Hd e He Aoz 45 3H0.
2 AYY g d%E BE4E A4 2 &vl9 FE(sum of
square: 24.23, F-value:0.71, p=042), & A i (sum of suqare: 23.45,
F-value: 0.69, p=043), 3% 2X(sum of square: 16.09, F-value: 0.49,
p=051)el22 B d3¢ TAF fodL JAT F2 &9 3=}
2 439 9daE vAE AL AT + A4t
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Table 17. ABTS radical scavenging activity of wheat sprout extracts
for response surface methodology analysis Xy Concentration of ethano

I; Xy Extraction time(hr}); Xy Extraction temperature(C)

Conditions
Xy Xg X3 ABTS (%)
1 25(-1) 6(-1) 20(-1) 9738
2 75(1) 6(-1) 20(-1} 95.10
3 25(-1) 12(1) 20(-1) 92.78
4 75(1) 12(1) 20(-1} 92.46
5 25(-1) 6(-1) 40(1) 90.86
6 75(1) 6(-1) 40(1) 90.58
7 25(-1) 12(1) 40(1) 8742
8 75(1) 12(1) 40(1) 90.22
9 0(-2) 9(0) 30(0} 81.07
10 100(2) 9(0) 30(0) 71.27
11 50(0) 3(-2} 30(0} 88.57
12 50(0) 15(2) 30(0) 8441
13 50(0) 9(0) 10(-2) 79.04
14 50(0) 9(0) 50(2} 80.34
15 50(0) 9(0) 30(0} 90.23
16 50(0) 9(0) 30(0) 99.25
17 50(0) 9(0) 30(0} 99.15
18 50(0) 9(0) 30(0) 99.31
19 50(0) 9(0) 30(0} 99.18
20 50(0) 9(0) 30(0) 99.34
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Table 18. ABTS radical scavenging activity of blueberry extracts for
response surface methodology analysis Xj: Concentration of ethanol; X

s Extraction time(hr); Xg Extraction temperature(C)

Conditions
Xy Xg X3 ABTS (%)
1 25(-1) 6(-1) 20(-1) 85.53
2 75(1) 6(-1) 20(-1} 98.02
3 25(-1) 12(1) 20(-1) 93.33
4 75(1) 12(1) 20(-1} 93.11
5 25(-1) 6(-1) 40(1) 9452
6 75(1) 6(-1) 40(1) 93.40
7 25(-1) 12(1) 40(1) 94.03
8 75(1) 12(1) 40(1) 92.93
9 0(-2) 9(0) 30(0} 92.59
10 100(2) 9(0) 30(0) 91.86
11 50(0) 3(-2} 30(0} 93.38
12 50(0) 15(2) 30(0) 94.09
13 50(0) 9(0) 10(-2) 92.20
14 50(0) 9(0) 50(2} 91.16
15 50(0) 9(0) 30(0} 99.31
16 50(0) 9(0) 30(0) 99.68
17 50(0) 9(0) 30(0} 98.35
18 50(0) 9(0) 30(0) 98.35
19 50(0) 9(0) 30(0} 99.74

20 50(0) 9(0) 30(0) 99.62
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Table 19. ABTS radical scavenging activity of black chokeberry extra
cts for response surface methodology analysis Xj: Concentration of eth

anol; Xz¢ Extraction time(hr); X5 Extraction temperature(T)

Conditions
Xy Xg X3 ABTS (%)
1 25(-1) 6(-1) 20(-1) 84.75
2 75(1) 6(-1) 20(-1} 65.83
3 25(-1) 12(1) 20(-1) 98.31
4 75(1) 12(1) 20(-1} 57.26
5 25(-1) 6(-1) 40(1) 61.05
6 75(1) 6(-1) 40(1) 98.31
7 25(-1) 12(1) 40(1) 98.35
8 75(1) 12(1) 40(1) 70.79
9 0(-2) 9(0) 30(0} 93.92
10 100(2) 9(0) 30(0) 69.49
11 50(0) 3(-2} 30(0} 88.64
12 50(0) 15(2) 30(0) 85.77
13 50(0) 9(0) 10(-2) 98.15
14 50(0) 9(0) 50(2} 7997
15 50(0) 9(0) 30(0} 7494
16 50(0) 9(0) 30(0) 88.32
17 50(0) 9(0) 30(0} 70.26
18 50(0) 9(0) 30(0) 98.53
19 50(0) 9(0) 30(0} 84.24
20 50(0) 9(0) 30(0) 98.14
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