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ABTS™: 2,2’-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid) cation
AE: Acarbose equivalent

AEIC: Acarbose equivalent inhibition capacity

ANOVA: One-way analysis of variance

Ave.: Average

CAE: Chlorogenic acid equivalent

CCD: Central composite design

CE: (+)-Catechin equivalent

DMSO: Dimethyl sulfoxide

DPPH: 1,1-Diphenyl-2-picrylhydrazyl

D.W.: Dried weight

ECso: The calculated half-maximal effective concentration
EGE: Ethyl gallate equivalent

Eq: Equation

EtOH: Ethanol

FBS: Fetal bovine serum

FRAP: Ferric reducing antioxidant capacity

F.W.: Fresh weight

GAE: Gallic acid equivalent

HBSS: Hank’s balanced salt solution

HCA: Hierarchical cluster analysis

HPLC: High-performance liquid chromatography

ICso: The calculated half-maximal inhibitory concentration
Max: Maximum

MeOH: Methanol

Min: Minimum

NADH: B-Nicotinamide adenine dinucleotide disodium salt
NBT: Nitroblue tetrazolium

O2: Superoxide anion

PCA: Principal component analysis

PMA: Phorbol 12-myristate 13-acetate

PMS: Phenazine methosulfate

RSM: Response surface methodology

SOD: Superoxide dismutase

SY11: a Peru A line of yacon introduced into Japan
SY201: ‘Sarada otome’, a domestic cultivar of yacon



SY206: ‘Andesu no yuki’, a domestic cultivar of yacon

SY217: ‘Sarada okame’, a domestic cultivar of yacon

SY237: ‘Andesu no otome’, a domestic cultivar of yacon

TC: Tannin content

TE: Trolox equivalent

TEAC: Trolox equivalent antioxidant capacity

TFC: Total flavonoid content

TPC: Total polyphenol content

TPTZ: Tripyridyltriazine

Trolox: 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
WST-1: Water-soluble tetrazolium salt-1; 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-

disulfophenyl)-2 H-tetrazolium monosodium salt
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X —U— K. v— 2 (Smallanthus sonchifolius) ., &RV 7 = /) —/b
PR AR INEVRLRE, s LAl

Y — =2 > (Smallanthus sonchifolius)|Ex 7 Ft A~ 7 o A@O—F T, BAKT
VT ARG REOHM TH 5, MERTHFEICOIZYBREELT VT, &
=7 Bl a—m v NECEASINTE, BECHRNERE SN DORE
P, B E LTHL TSNS, ~b—HRDUL—A BERFEESYI &
BN 1984 Fll=a—Y— T v FE&RKRHR L TEAEICEAILTLSE, BIfE
FTIZ B Z X4 b A] (SY201), [T FADE] (SY206)., [T X470 A |
SY2INB LT 7 2D L4 (SY237)H H ARIZBW TR STV D,
Y—a OWRICEFICEEND 777 M4V TRICER LW S
TEbODO, FEZH EFRLIEM. R TEH, fiErEEL L U0huE
TR EOBRERME 2 BT 2R Y 7 = ) — VEDOFENRRE SN TR,
WEOFEIA AN S NS, KIS OZXIERNIARIES O RFHEIR & 725
7Ry HBRIZ Ko TIREEEA M TR Lz v —a o AnRE bR D NCEE S
TW5, EN~OBEANBERERNZ EI2MA T, BPEOY — 3 B G FEOE
B U7 BERE OB BEME R 2y . & & ISV TAVER EE 0D 2540 70 BF 22 oA 1 3
rHEChD, EEEMELICAASND Y —a U BEICEE L, JUB bt &
INEVGLERIC X 25508 T LB AR COPBLIER S O g, Bk s
PRI OWTHRGEESLHT 217 9 Z & 13. BafFR At o bEETH L, K
MR TIEEEY— a2 OEZFLERMEERMFEM & LTl T5 2 L2 HIE
2, BEORY 7 x ) — VG EEFIBEERIC KT TINELER DB %2 3]~ T,
WIZ 4RO 0 [A—BRE T TR S, RISy —a VEE T, &
B O NTEARFD SY11 & O THIERLIEH O bk & 248 S\ T 2 5 A
Tro SDICY—a U AR ZEE LT, POEAFHENEICE S ISE thim st
A 22 O T2 BOKRR S O I i@ kIS D WD TR~ Tz,

1) ¥Y—a EORY 7z /) —NEaELFBIERICRIETTMBLEDEE
REA VR FAT fk AR P B SR AT L AL 3 D ARl TR SN e v—a U D 9 6
SY206 DIELZME L, RNV 7 = /) — L EEE XOPRBILIERH 2~ 7o, B
DR 2 FREOWEEEEZ 160°C T 20 4B OMNEGEIZEIC 100°C T 60
SREBVLEE U7 FfER. RY 7= 2 — A S BENIMEGTE VU § 1.96-9.69 {FD &0
BAEARLE, RBEL LT T7 Y —F D VEEEEZIIE LR, Ings
DIET 1.98-4.07 5D EWHIRRLIER 27~ Lz, IR v N BRI ER AT Fh BRAR A Y
DA—NN—FFL KT =F T VONFEATT MIZEBWNT, MR OEITIIN
ERNRMICED &8, SR a~ N7 T 7 40— X D00 TIE. INEE



DIEDH 7 =B EBEITMNEFT LIV G 2.13-3.64 (ZIFEEVVEZ R LI HDOD, 7
ool UG EIeREVVEE R LT,

2) BAIZBITS 4 2OREERBL N —FHOY—a L ELRANERY 7=
J—VEE, SiBMELERR X OWELSBERAEEAD 4 EiICbZ5RlE
AEYC 2013 45, 2015 47, 2016 38 KTV 2017 D 4 Fi2 b7 0 #Bokhs
SNz 4 BEEENICBITEERKE L THWLILD SYIL O —a IS
BEREM R Z BN LN, ZNENOED 11 A OREHICHRE L CHi L
1To 7, SY1 IZEN THERE X OFESIZE D 72 D I8 B S 41 K U 7238 ARF D
RO 1 DOTHD, TOfER, ORI 7=/ —VEwEEHBILIEAIX, SY1l
X0 E SY237 TErolcb DD, ZTNENOFE: MR T & A7 I E M I L5
HZm L C—EBENHDbDOTIE R, I, BEESfREEERLEER %
AT FER, RBRYHZE L CTEBDARE ST 0D, D & SY237 %
Eie 3 DOFIE M SY11 L R%ENENLLED o -7V a v X —VHELZRL
oo SBIT, RNY 7=/ — NG, i bERIB X OWEE BRI FIERI
ONTHE LN 4 FORET —Z #HW T, RGO 7D NCHEE 7 7 A
B =W IN O RR D S E BT 21T -T2, E ORER. FIREBOEENKEI NG
DD, ZNHY—arOFENFEE SY ORMB L&A T IZ DWW TR R
WCHRBEALT D LN TEZ, 22Tl SY237 A SYI1 L0 bENZMFEE 2D
2D T ENIREINT,

3) Y—a UEKARCRE T 5 POLEGFEEICES S DEHEFTEEZ AV
7= B HhH S D B AL

W O ZAE L CHilO Y —a U A oBUKFIH &2 E L. @Vt
FRALER LR 7= 7 — VBRI L 9 DS oW TR 72, itia
JE % 75.0-96.0°C, HHHIRERT A 2.00-5.50 77 & ED, TiLh 2 DEMINIEEE L,
K x DM T O KR AT RE . FHEL G2, POEGFTEIEIZE S IRE
H T FHEA LS K DT 21TV, 893 CR LN 250 DR TFTTY—= K%
BUKH L728581213, 0863 @ T2F L&) HE & BT, BWPIRLIER &R
V7 x ) —NVERETEDRESMEE VST, KETiEEHWsZ T, ¥
— A CROBMAREZFN, B OF T RBOKMIHRFORELEZN D Z LN TE
77,

UEXY, P—arEOR) 7o/ —EEEHBIEMRICER L, UL
BRRY 7)) —NVEgED LR E2H> THMLIERHZ LR s L, £2C
T2 e b DT =2BEBNCT = ) —NVBEO—HN EHTHZ L EZH BN L
7o WIT 4 FEIZOTZLHE T, 4 DOFEEMHED 5 5 SY237 23 SY11 LV bt
BRILER 72 & OBRER CEN-MEE 20 B2 22 R L, 512, —



A RS EWHIIRILE L R Y 7 =/ — AR E <55 % fciEfhi
FEERAOMC LTz, BV 7=/ =@ BTN 81 R mEi
DRSO MR LB R TR & BUKIIH IS B 1 D A st 2 B L72K
eI, PR ICEN T EEY — 2 OB & R A D 5 72 D SR
P72 R TH Y, Fio, BRSO A OIEMERSOBREMELZ 2 E L ER T
HIMTFRED & B 5B Z21TH) L TEERAMRBAZRET IO TH D, 2
NODOWFFERRRIZ LY | R 5 RGN — = o OFERENE R 5 384 ~ DB %
EHHABHEIFSN D,
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AFm X, RERE L~V TORIEEHE T > & A il & 2 E BT b N H
L & # ) (central composite design: CCD){% 2 25 < his 2 il if 1 i (response
surface methodology: RSM)¥EZ W T, BERERN THIEE SN D v —a U DFrITR
FIHERE 720 9 IEOMBRFORY 7 = ) — L EE&ECTIBLER I ZIE 3N
B, L BARTRE TOEE, v — a3 VK OBMMARF 2 87E L7z EHR
BRSOV THE LD TH 5,

Y — = > (Smallanthus sonchifolius)|X% 7 Bt A~ Z o A @O —FE, MAkT >
7 AR T JRPEDRE Tdo % o BT 720 7 U7 (AR, #E, 515,
WMHBLOT7 4V B, AT =T (ma—Y =T NBLa—n v (F=
= LFN[E) O A5 HiE I 2 £ 41T & 72(Ojansivu et al., 2011; Gurung et al., 2018),
HAREPNIZIE, 1984 S~V —A RN =2 — Y — T FEfl L THAZS
N CLLK(Sugiuraetal., 2014), BAEE TIZ [HFZ X4~ 2] (SY201), [T T R
DE| (SY206), (VT XA A (SY2INBEO [T T 2D 4] (SY237) M &
MARERICIERR B M L LTRSS T D,

VAR, MU O RFPEIT IS UTohk 2 R BB STV D, 155 500 m FREE %
Gl T, BRI OLEMIGHREEC L MM BE DR O T b HE &
BRI LBV, AFICHE LIEEROREENEEIN TV DEMRKFEE HP),
Y3 NI BB RE A AT 72D JUNHETT T 500 m AR 0D o ] e
M E SN TWD, ENTIIRFERED & L Cry—arndiifmE, K. &
B, OHE. AL Ba. BR. @R, AEARIS L OEIR B % O —H o MU CTRES
INTEY, 205 LREOH LM, HIR, fwmHE, BARABIOEREZITT
HAER] 79,274 kg DAEPER NI STV 5 (A H AR PE EIEM 2 A WS
2012 4F), EEARIRNOSHT Tlidv— a2 3B 28 U 7z HuskdE BLE 8 2 H D
MHATND, ZZTIE Y —a2 ZFH LpamBERECREICHEFEN L TEY
B PERE 72 ECHRPESL & L TIREE L TV D, Fa, ARSFHME R SRS WY
(Bl 9238 7 ¢ — v R REARIRRBTERERFI Bk AT) C b EEL O FRES L & 8 AR Mt
T L ORI & 556 L T\ % (Kabata et al., 2006; Fujino et al., 2008),

AKEY) OIEREITHE B & FEIZ 01T Hav, M Cld%hEasE CTh o83
ERMAETHHMME O BN, BY~AEDL ) RBREZ USRI H A
BRI TH Y, HIBORES & U TAMBERIZT TRNLENTZYr v 7R
Va—RAELRIEINTWD, TO—FHT, —HMOM CIEZEFETLZFH L
Y—a ABEEERES S LTORBESNHE SN TS, A 1KY
720 ORI LOEXETOFERIIETNZEN 2-4 kg & [AFEE CTH 5 (Sugiura
etal., 2007, 2014; Fujino et al., 2008), ZFIEH O I/ S UNERE & L CRAHE
BOEFETHDZ LB (Kabataetal., 2006), EEDOFH A AN N D, 72k,
AR DZZEEINZ DN TE—HCE T2V OBEDOHEE RN 30 g iR THD Z &



MNH, —HRY7Z0 TIER 37 EEX), LT 46 OEEIIZHEY T 5, X35
EHARTHHE CECEBMELTEIMLL3b 0 ENI REAEFHFOLOD, K
FTRY—a32 U EEEZHOTHA L= VR 2T WIROMBIETR & L7 HF A1
DN 3TV % (Kabata et al., 2006), Y27~ A EDOEEDOF|H % [X] - 7o Fi Tl
SRR LN PR IR JEE o & — CHER SNl T30k o ) MEEL
FTHET A7 S TE Y (Sugawara et al., 2011; Sasaki et al., 2015), 7%,
NUBLORRAEDORELFZME L THRIHI LTV D (EMKFESE HP),

INETY—arOHRIZEEND 7T 7 N4 THEICHER L7opFseosHedE
SINTEELOD, BEL E-HiR{LIEM (Valentova et al., 2005; 2006), 7 » &
7V T O IMLFERE T 1EH (Aybar et al., 2001; Baroni et al., 2016). HLE E{HME(Lin et
al., 2003)3 & OUEETE M (Bai et al., 2017; Mendoza et al., 2017)72 & OISRENE 2 A
THZERRESIN TS, EOERBEMORY 7= ) —ZiE, Z7ans v
e, 17 =g K OV7 = L 7 [ (Valentova et al., 2005; 2006), &&E 1. p-7 ~
JUIE(Andrade et al., 2014) 72 EOFKEE, v 7o I VkF, Tk TF T
v =, 74 VU (Andrade et al., 2014; Russo et al., 2015)72 E D7 TR J A
FE, BERTC I 7 =2 FANVFTBLNY B 7 = A VT )V kT )Lk (Takenaka
et al., 2006; Terada et al., 2006)72 & DA 7 = F A WVFHEERNHE SN TV D, 1
ST, EEY—a OFICRAAERE 72 58EICFER L, AEERERMLE
MELTHLLTWS ZEHHEETH D, HAIXINE TITHHIROREARREY
— 2 R OHER L A/EH (Sugahara et al., 2015), HLRIEIEH (Ueda et al., 2017a), B
WO AEM S WMLERZ a7 Va2 v =B L Va 7 27— B KT TRHLEEH
(Ueda et al., 2017b) & #i25 L C & 7=,

BEFFEOSE T, MR O LR % B BRI HIRLAR 0% D& ENT
DWTREMIESfe T b TE 7o, — KIS, EERNTEASND A—/—F
XURT=F (07T, E RaxFI AT ThN, bk Rk Loy
T, g bKFE, BRLO—EHEBRR R EOEEREREIL, ANIRALTE
TR E S E I L CRREEH E o e Eiie L LB —mand 5
(5 H 5., 1999), T TIL, AU EH L7 EREEO L ~UL0fRfb A b L&
MIEF RSB AEFEREEZR I TR EBEIATVD
(Gutowski and Kowalczyk, 2013), Oy 7 ¥ 1 /Vid, HERI. MM H#EREE B X
OEPED AR EDORRA IR RPEITICEE L TS Z ERRE S TN D
(Pacher etal., 2006), A—/3—FF 2 R ALK —F(SOD)iL, KND Oy L~L
IR T S L&EIZHH S Tod, RSB RO SOD ARIENE 2 7R3 A PRy
PRy DA 7 U —= 2 TP TN E T, T DT R 72 Oy 2442 Z &I,
BRx RIRIR OIIERLHERD U X 7 @ S & 2 DI DAl b H D, L
L. BERNO 7Y —F OV PED @ < FEMBEW T2 Z O IX N
Th DR & N, 1999), #5i% T ) IFREBREEH 2 & N 7e & o A E O
UL VER 2 E T 5 BROFRFE & 72 % (Benzie and Strain, 1996; 1999), #kiz ot



PLlz At /) (FRAP)# % (Benzie and Strain, 1999)(Z 1 2 T, 1,1-diphenyl-2-picryl
hydrazyl (DPPH)Z 77 /L (Blois, 1958)3 & T 2,2’-azinobis(3-ethylbenzothiazoline-
6-sulfonic acid) cation (ABTS")~ < /L(Thaipong et al., 2006)IZxt9 5 7 U —F
ANAEEIENRERIL, o7V OB ER Z EE&MICEMEL, A2 U —=V
T %179 9 2 TELAASN TS, Trolox (FUEMERERERLAIE LT
HInTEY ., Hkx eHiB b ERHOREIZIB WD TR D Trolox 84 &
(TE)& %\ M% Trolox ZEMiHiAR{LRE(TEAC) N SN TV 5, Fex T2 £ Tic
REARREOTRY — 2 VAROFILERICIER L, 7V —Z BT KIETM
HillEHH 21~ T % 7-(Sugahara et al., 2015), L2>L. EHN~OFEABEN RN &
Iz T, BTAEDOY — =3 B ERFEDIEIZ OV TR L 7o REM: OREREME AR
7. S DI TAPREF O FEM 2 0T I I W E 7238 Rich 5, EEEME
IR SN D Y —a U BEICHER U, B2 TR EER & MBVLERIZ X 2 52
Sl & AR COPEMLER S o ik, Bukih b S s oW TRREESC AT
1152 Lk, BB RS EETH D,

AR CIXEEY — a2 OEL B LR RAREM L LT T2 %
HIZE L7, T72bb, Y—a OBEFIAEL L TUNTAHEIND Z D,
Fl1ECE, HEY—aEORY 7= /) —LOREMERS X OPIRILIER I &
ETIMESLEL OB OV TR D 728D, REAR KR AR F Pl AT LA E S D A
PG CHEE SN Y —a W [T T ADE ] (SY206) DA AL . R
MuERH L CYr—a  ERREEOW)HZVORY 7=/ —LEERS LU
AL B ZE Lz, ARBFFETIL20104E9 A & 11 A TR O R 5 2 fi
FADHAEHLIEEE 2 T 160°C T 20 2 FEUINEMZIZ . BIZ 100°C T 60 7 fRIRER
WM 21T o 72, W Z2 g, R 72 /) —L M7 TIR I A K, Fo=v
BELOTa 7o M7= m®&EHE L, BB LERICIL, ABTS", DPPH
BELOOy 7 VKT H2HEEELZHE L, I, AAR—L12-2 U X
7— h 13-7 &7 — MPMA)RIMIZ L D7EMHA e R ER A R ERERIfR D Oy 7
CHNPEATT ZEB W THIIEAAZEIZ L 2 M R 2T~ 7o, MMEGLEN v —=
VEDORY Tz )=V RIFTRELTADL D, MRk e~ N7 ¢
—MHPLOIWZ L A0 &E1TH> 2 L& Lz, £, SHFEICOREVRSGETHE S
B ESNZRSEOEZ AL TR 7= /) — LGB EIT- T,

552 BCIE, AFEZITIB T 2013 4, 2015 4, 2016 4238 L UF 2017 4EiZbo
720 REREEE SN2 4 DO R 5 3E: HAE(SY201,SY206,SY217 38 LUV SY237)
W2z C, ENICBITAEHERFKE L THOW LN~ L—A BERFE(SYINHD Y
—a BEDM TN R EZRNBO NI EH LT L0, ZLEn0
FO 11 HORIFFEICERIE L CGREZ1T - 7, HEMEOFHIZIX, Y—a %D
R 7= /) —)LEE, ABTS'B LN DPPH 7 ¥ /Ui RIEMH 246518 L U= Hilk
BVEA., o-Z v a v A —EB LW a-7 27— 2N & 3 2 B8 0 iRl R0 E
TERIZOWTHRZ, EIZ, Bon 4 FEoDONET — % & HVWT, Bk



Brie & ONCHEfE 27 7 A 2 —5 i i B Rk B SR BT 21TV, Zhvb D —a
REE LR &OEACRKE SY 11 ORI E T 21T 9 2 & TSR RAL T
L EELT,

B3 ETIE, BEORAEAZEE L CHIRORBRARRE Y — a2 VRO R
KSR EZRE L, SOV EERB LI ORY 7= ) — VAL 5 55
B SEFIZONWTHRDL 2 L & L, IWEEE LTERS D IL/ERIZ
IZ. DPPH 7 ¥ B WiHEIEM. ABTST T U Vi EIEM., SOD £&IE1. FRAP %
PERE Lz, S0 KE{EZ BIZ, 22 TIEEELZ S & lchLEs
FHE(CCDY)EIC H D  RE B FHHE(RSM)EE W CTET VEA 2B X L, fE
MraeiTo> 2 & & Lic, REENEIL, fx F 38O A L D EEDI
RS~ L “REEXETT NV E L TIREMT, BESNIZRIENTIRE
D w2 X 5 72 DIZF H & 35 (Jambrak, 2011), ASAFZE Tl H iR E %
75.0-96.0°C, flitHFFf] A 2.00-5.50 F3 1288 E L, 241D 2 D&M EHE L,
RSM IZ &2 “WRINEHmET MICES X, RIS EMESs7H0 EE L
& | fE(Derringer and Suich, 1980)Z & L, HMr5Z & & L7,



ZN

E1E Y—al EORY 7= ) —LEELEFABRERCRIET
TNEGLEE o B8

F1g RS

Y= VEOEERFIIFEAORY) 7 ) —ABRESNTEY, 778
FUBE, 7 =B L OV7 =L T E(Valentova et al., 2005; 2006), &R, p-
7 < V& (Andradeetal.,2014), Vv F > IV EBF v LT TES =
V7 24U »(Andrade et al., 2014; Russo et al., 2015), B X OB 7 = 4 A
IVIEER T 3 E £ 4 5 (Chagas-Paula et al., 2015), - T, EFEY—a L DF
WCARFIHERE A BEICER L, A REMmEM & LTI L TN Z
CIFEETHD, AL INE TITHIROBERRE Y — 2 K OHRERLAEH
(Sugahara et al., 2015). HIRIEEH (Ueda et al., 2017a), B/ fif %2 0 5 E/LEESR
o-7 A=l a7 I T —BICRITTIHEEHZHE LT 7= (Ueda et al.,
2017b),

T ORY 7 =/ —Ggilid, anfl, IR, B X OUnTARIZ XY A&
#1935 (Lee and Choi, 2012), & < 1T, BMEGERHZIE—RAITINBVLEE AN T
HHDD, BINIRNLZERR LS ED L H D, TD, HEx iy
RHEOTRLER &RV 7 = ) — VG &I LT TSR CFH B O F 2 TR
Z Y CIAF%E b BUR S 41 5 (Ramirez-Anaya et al., 2015; Juaniz et al., 2016), F 7z,
KEOFHEEFEOBECTHRAOZMANAET, AETRP ISR T XU EE8EN
14% L35 Z & Nt 40 Tu B (Friedman et al., 2009), L>L723 6, ¥
—aVIEDORY 7 = ) —VOREME X O A OBREMESCHIER L /ERIC RIE T
TN TALEE R DR BSLFE A P 9T 1IR3k i h 5,

AKETIE, EEY—aEORY 7= /) —VOREMEL X O LIEHIZ &
ETIMEVLBL DRI OV TR S 728D REAR VLRI SR AL Fef FrT kAT L2 LT~ B A
FHGCHRE I Y —a il 7T AT OEEZMEL, MY EH
L CY—a v ERREEDODW)HTZV ORI 7= /) —VEERB L OHERIE
MAERE Lz, AAFFETIZ 2010 49 A & 11 A TREKHI DR 5 2 FEREH OB
it R IR 22 IV T 160°C T 20 A3 [EINEMZIZ . BEIZ 100°C T 60 F7 i R EVLH 2
Tole, Mt ZiitE, RV 7=/ —n RTZTFKRIA R, Zr=rBLDY
Turyy T =vraiEalE L, i bERIZIX. ABTS', DPPH 8 X O
Oy 7 VAT HHETEEZRE Lz, BIZ, AR —/ 12-2 Y 27— |
13-7 27— F(PMA)FLIC X BIEPERL b N R ERAF P ERERIAE D Oy 7 v
PFEAET VAT W THIIREEIC L DI R &2 0~ 7z, MEVLEL S v — = VFED

10



RY 7z )= VICKRETEEEHARDL-D, GEiEKIs/ e~ 7T 7 40—
(HPLOWZ X B9 24795 Z & & Lz, £70. BEFEICO Y RGMETHEE S
B ENZRESEOELZ ML TR 7= /) —LEBOLE AT 72,

F2H MEBIUOFE
B1H MEBIUOREKE

(7 T ADE | (SY200) T HARATEEIN TWA Y —a OFEMETH D
(Fujino et al., 2008), REAS V[T feR Al pa Bl S AT L AL 1 9 2 B R PR i R A O[]
LR SN RMEOELERICEA LT, Y—a X3 Atanrs 4 AD
Mz 15-20 g OFEA £ & 722 28k 72 302 % 50 cm RIBR CT/EM L. 100 cm 1§D 2
¥R~ NVTF ko T THES L7, IEEHZIX 10 a (1,000 m)&H72 Y N 10 kg &
P20s 20 kg B3 LK 20 kg & H\W\ o, AAFFETIL 2010 D 9 H(No. 1)& 11 H
(No. 2)ZEI L7z 2 FIHDO v — 2 VEL FEZRICH Wz, HIKTH 5 BROEMDIR
IZBWT, ED 2 FBICAET D5, B HE R A5 L7z, FRIERIZ 2013
L2015 4F, 2016 =R LN 2017 FED 11 A ORI HHREEZITV., 2 biE
RNY 7z ) —NEREOWEOBICHER Lz, ¥—23 8 13-20C TRF L., 30
R E T o T,

PAF IV AR F T R(DMSO), ABTS, » 7 =g, 7 wnw /sl DPPH, 7
=V FAhN KT = —ikdK, HPLC HOEHE, = b7 —7 7Y
U7 ANBT), B-=aF T IRTT=2UX 7 LAF R F M o AHEGERET
AYNADH)B L7 = F Y A YL 7 = — MNPMS), ~ VA% Y s )
DITFT 74T A7 OR#Eh. BAR)DGHEA L7z, RPMI-1640 it /~> 7 Ak
(HBSS), A/LAR—/L 12-3 J 25— | 13-7 &5 — F(PMA). B L NHPLC D
A Z 7 — )L (MeOH)IZ, FOGHISE T2EEL B L7 A /L AFDEMEE, Kk, B A)D
SBHEALT, 2-4-F— R 7 == /1)3-4-= F B 7 = =/1)-5-Q4-F ALK T = =
JWV2H-7 8 Z7 U T LE 7 F MY U AHEWST-DIXFE{CALFHSEET(REAR ., HA)
KON L7, HL-60 & NHETE #EE 3 i f sk (JCRB00085) (3, Japan Collection
of Research Bioresources (JCRB)HI /N2 7 (EISLAFZEER T8 15 A BE 3L - (s
BRI, K, BAR)EXVAF L, vV RIEBMEFBS)ITI AL AT = Ak
(Nuaille, France)2> HEEA L7z, fOEKBIHIZOWTIE, TSN THWDH 0D
2B, Bk L —RObLOEFH LT,

®2E YU NFR

&

A D BRGETFIED —H 2 212 L(Yoshida, 2003), = Z Tl v — = 34 Bk
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RLERRR IMBVLER U 7=, HDD ., BRI L —a 8250 g 24—
7 N2 T 160°C T 20 A3 NEL L. T2 100°C T 60 45 A EVLEE L 7=, Iz X
HIEOEBEWOFELTERS 72012, 20250 g DYIFEREL D &1k < il
H&=1T- 72,

JENENEE L InBEEDRIEMIL 50% A %/ — /L (MeOH) % il L Cagfl L 7=,
B ER IR (A L7238 2,50 g 2 . MeOH 32 mL & & H 12 4°CT—MBiRIE L 7=,
INEAZE DY) 2 R B BRI, EiRoan < SRR I L7-3E 250 g
BV . Z % B2 MeOH (21278 L 7=, MeOH 1 Z U & INEAEE & FEIN#0aE
IZMilliQ K 32mL Z M2 TEHIZ4CT—HBRE L, BBk ziEm L., i
726 NI HFE LRI K 0 it 2157, %< oW O 7= DI X 20 mg/mL
L% X9 50% & ) — L(BtOH) T T AR L 7=,

FB3E RV T7=z=)—ILEEOHIE

RY 7 = ) —EBONTEIXEEHRIZES X (Singleton and Rossi, 1965), — &%
W L CT{T>72(Sugaharaetal., 2015), RNV 7=/ —LVOEREIZITTZ+—V F
F AN MEEZRWTEY, FHEE LTI 7 =/ — ki E 7 4 — U R
(7= /)= VRE) L OB TS EFH L CRASEREEICLVREY 7=/
— /L EZ M L TV % (Singleton and Rossi, 1965), 425 uL) & 10 512K
L7274 =V FFHN b7 =/ —)VilkdE (125 pL) &2 & LIRATRIC, 10% KRR
TR U U LOKEEWK(125 pL) AN L . =Eii(20-25C) T 10 oA > Fa2X— K L
2o ¥4 707 L— kU —4&—(SH-1000Lab, = 7 ER., Zik. HA)ZHNT
600 nm (ZF 1 DIRATROWICEE 2 JE Uiz, BERIEMRICITEERE L LT
oo UBREMERA L, R 7= —ERIE TV g i EED.W.)Y
Yo uuF UBAAYECAE)mg L LCELE, NXvZ TT 0 RERDN
WEZRET DD v TN EITRIEO A2 ETe R S & Lz,

BA4H RT7IRA FEEDOAE

W7 TR A REEIIBERIZHES W THIE L 72 (Chang et al., 2006), JFEEE L
Tk, 778/ 4 Mgk, E<IEBROY =/ — /WHOKIRE DS AEIR T b Y ¥
LMzl =bokicERS, HIET LV =T AL SREAE ARk S,
SHICKBIAET N D LAEAD Z & TREIE THIEL TV 4 ((vanova et al.,
2010; Pekal and Pyrzynska, 2014), %= Z TlX, IV F oo TH I > 7T
B-F— VEEEFF O T X B R M L T % (Pekal and Pyrzynska,
2014), #iH®(25 pl) & MilliQ /K (125 pL) Z & TR BRI 5% HANfET b U o A
KEEWK(T.5 pLYZ L, =|IR T 6 oA v Fa~x— kL7, KIZ, 10% Hifk
TV =7 AKIIR(T.S L) ZIRATRIZINAZ T 5 A v F 2 _X— L7z, &
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12, 1M KEE{ETF b U T AEHR(S0 L) & MilliQ KQ27.5u) &L, #E& 5 L
BB 510 5MA v Fax—F LT, v~ 7n 7 Lb— ) —Z—%HTS510
nm (2B DIREEDOWIEEZRIE Lz, MERIEROT- O DOEREYE L LT
BD-HITxEFEH L, 7784 FEg®EIF, 70 1 gDW.YZD D
(H)-HT XY ECE)mg & LTHE L,

WEIE XAy LESEOHE

&= B TREHRIZ LSV CHIE L 7= (Sriwilaijaroen et al., 2012), 8- FEEHk
EBICL D2 =V EEEORBEE LT, 7 =/ — EKEE I AL # KSR
EWINTHZEI2X0, 87 = —ASRBTER S, REax BT 5 RS %
ELTWD, [k, MATORICT oA NEEZRET L7 X B RETIEO
RELZHAET 27D L TWAD 70D, #igd il LUK A 4 X513
IZE® L CU % (Iwasa et al., 1970; Sriwilaijaroen et al., 2012), fillHi#(12.5 uL) &
66.7mM U A U o A KU T AEEER(pH 7.5) (187.5 L) & & iR ARIZ,
0.1% HRlRS — kLK & 0.5% WA ) v LT U U LAZE Tl AR
— ARG pLY TN L7, ~(4 27 a7 b — KU —#—%H\T 540 nm |Z
B DIRBEOBICEZRE LT, MEFIEROTDDOEEME & L TERT
rFLVEFH L, Yr=CE8F, Y711 gDWHETY OER BT
FNVYEEGE)mg & LTHEL,

B Tur b T=VUrERBOHAIE

Tay s T =Y EEIFBERIZESWOTHIE L7z (Sudaetal., 2005), JFUEE
ELTE, RV EREHLTEYD, "= e THFHEDT TN 3T
— LAY & ORE % RIE LTV 5 (Sudaet al., 2005; Oki et al., 2013), fliH#(10
uL), MeOH (30 uL), 25% #iifi#-MeOH ¥&#Z(100 pL)¥ L OV 1% 3=V >'-MeOH
ERA100 L) &2 S Tl 5 2 30C T 15 offl A > Fa_X— KLz, v/ 7 mn 7L
— U =& —%HT 500 nm (28T DIRGROWE ZHE L=, BERIE
DT DEHEWE L L CH)- DT a2l L, a7 b7 =U0g
X, P71 gDWHETLY D CEmg & LTELT,

®TE ABTS'T VU HEEREOHIE

ABTS" 7 ¥ B WAEEIEPEIRBEHR 2 F-25 W CTHIE L 72 (Thaipong et al., 2006),
ABTSHEAEIHIL., TORED 7.4 mM ABTS KIFIK & 2.6 mM ~L A4 Y T fif
Fe s U0 LK ZIEN LR HRIET 15 Bfln—F7 — % —% W TERAL
T U7, fEAERTC ABTSTREGT#R(150 nl)% MeOH (2.9 mL) TATR L |

13



ABTS SUSIEIR Z AL U=, Z D ABTS SUGANR(190 pL)Z (10 pL)i2in
A CHOED S L =|IR T 2 R OIS & Bt LT, FOSIRDOWIEE % 734 nm T
JE LTz, Trolox |FAEYEME & LT L7z, 7V WWEHEEMEIZ, o7 v
1 gD.W.2472 0 @ Trolox #H Y F(umol TE) & L TH L7z,

% 81 DPPH 7V HNAEEEEORIE

DPPH T ¥ 4 /UiE EIEME X REHR I ISV CHIE L 7= (Blois, 1958), #lH#(10
uL). 70% EtOH (90 pL)3 X0 0.1 M FEf2 T~ R U o AFETE K (pH 5.5, 100 uL) % &
TeIRA (200 uL)iZ. 0.5 mM DPPH-EtOH &% (50 pL)Z Nz 5 Z & ¢, |ET
30 DS A BAsE Uz, BOSIROWSEEE % 517 nm THIE L7z, Trolox |FAE
BEEE LCHER L, 7V AEEEEIZ, 7L 1gD.W.472 0 @ pumol
TE & LT&E LT,

FIOE OrF VAUNHEEEMEORE

027 VI NAEFEIEMEIL, BEHRIZHE-SU T PMS-NADH-NBT %% HWCHIE L
72 (Gulcin, 2006; Wang et al., 2008a), fili{Hi#)(10 uL). 1 mM NBT /K#&i#&(20 uL).
0.1 mM PMS /K (20 pL), 250 mM U U EE 0 U w7 MERTE R (pH 7.4, 40 pL)ds &
O MilliQ 7K (90 uL) % & TeiR A2 (180 uL)iZ 2 mM NADH /Ki&i& (20 pL) % Il 2. C
SR T 10 M O UGz Bl G Uz, SOSR O % 570 nm THIE L 72, Trolox
[FAEEYE E LT L, 79 EEREIZ, 701 g DWETZD O
umol TE & L TE& L7z,

FTI10E HMRBRIVEAINS 0rFVHNLVOHIE

HL-60 b b RiE#EVE A Mm%, 5% FBS, 100 UmL X=3U > GBIV
100 pg/mL Fifig A b U7 b~ A 2R LT RPMI-1640 £5Hid, 37°C. 5%
CO, BREE TR L7, MEDEALTD Oy 7 VAN ERET H72DIC, T
1.25% DMSO DFF(E F T 6 HEMANEZ A > F = ~X— kL TobiFE ¥ 7= HL-
60 & b YERER AT EREE MR 2 H & L 72 (Nakamura et al., 1998; Kim et al., 2002),
HBSS F1Z 1 X 10%cells/mL & 72 % L 5 [ZFH%E L 72 HEF i iR (250 L) %, 1.5mL
~A 7 uFa—TNTHE®DA25 pL)E & HIZ37CT IS T LA v F a2
— kL7, MlED O T PHNEAZFHEST 5720, 20 uM PMA-DMSO ik
(1.25 uL) & U ks L B A K (PBS, pH 7.4) FIZFHEL L 72 20 mg/mL 5 F 7 &
I oc WWIR(12.5 pL) & & IR A (13.75 pL)Z fiafsdEig o usimn L., 37°CC 15 4
A v Fax—hL7, MEELIOKGBAKPIZ 5 SRESZET O 790
JVPEAR ZASIE LTe, PMA HIBRIC K 0 IEME(L U 72l ia % 2 o BfE L C B3 & [B1Y
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L7z, EEFOTFT N7 v b c OWEEDZEE 550 nm THIE L., MEEIZ O,
T NEZNIE LT, Trolox ITMEUHEYE & L CTHEH LT,

BI1IE HPLCIZLB7uvuul BBIOL 7 cBOSHT

Y— o BRI O HPLC 9471, Y —a VERICEET D EARBMARY 7
= /) =)L Thirr/runal gl 7 B HoONWT, BERIZESWTHIEL =
(Liu et al., 2011; Sugahara et al., 2018), HPLC-UV Z3#7i%., /7= hR U7,
NI —=T v v=aT A= #—5 L NUV-VIS i H#R(JASCO Co. .,
W, HA)ZMH %72 LC-2000 PLUS U — X & & ${Z 3 um YMC-Pack ODS 7
7 (4.6 mm X 150 mm) (YMC Co., Ltd.. F&S, AAR)Z HNTITo 72, JE% 1.0
mL/min I[ZFEE L. BT L% 30CICHERF L7-, BHPEREIT 350 nm [ZF%E L7,
77y MERIZIIBEIE A (0.25% EEEE/KIEIK . viv)E L O EIFH B (MeOH)
D2 ODIEIEE W, WIS E LT 85% A & 15% B DR TIAM %2 Btk
L. RIZI5 T 65%A & 35%B ERDEINTHRAIBEFEDLLEEZET L
T/&E’jﬁﬂ%ﬁt’é\ EHICS M InEMF LT, TDHKk, 35% B 235

0 43 2F T 100% B J:focéot I ER I, a2 & 51210 MR L7,

n@i 60.01 43T 10 4. FIHISHED 85% A & 15% BIZEL U BN 2475
710 rna~< T AT —H OB X OO IZIE Chromato-REC L ot — & — &
Chromato-Pro VY 7 N =T (T HZA LA AV IVA Y W, HAR)ZMEH L
7oo ¥ CEER Y40 ng) F 72 136K 2 IR E OFEEWE (7 v e 7 Uik LY
B 7 = ER)T IR EIAR s 5 R D AT (85% A B LY 15% B) |Z¥fi# L C HPLC
Wt L7z, it hiciBo o iEt e — 27 o EIEMEIL, EEYE Lo/ e
~NTTT 44— hiof%ubtofaﬁ%wmﬁét DI =7 o
MR L O 7 cBORERHIL, ZH 24 1.56-12.5 pg/mL B LT 1.56-25.0
ug/mL & L7z,

5B 12H  FEHENT

T—HE, 4 BIOEBRNSHEONIEEMEEEERFEE L TR LE, T4
. MEtT R4 Y 7 o =7 7w /7 A(Statcel 4, OMS HAR, #HE, AA)%
i U CREMT L7z, —E8>F — % 1% Dunnett D EZ1TVN, P<0.01 TOZER|T
MEMICHEETH D L R LT-, ZEEEBOBICIT — ot &) 0T (ANOVA)
&t < Tukey-Kramer #7E 24TV, P<0.05 TOEBIIMEAMICAEETH D LA
L7,
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FEI3H MRBLIUBZE

BARINIES ORFIHEIR L 22 DY —a L OIEICER L, AYERMREM AL HE
e UTHENLT 52 & & BARIC, AT TIIARZEEY CTHEE SN v —a U3
SufE [ 7 27 ADEF | (SY200)DEDKR Y 7 = ) — )LD EM L Bt eI K&
(E T INEVILER 0 B A G T

B1E Y—oUHENBELSIVONBAEDORY) 7)) —NLEE

BEFH O R0 5 2 FEFEHOHEQ2010 4 9 A No. DI LN 11 H(No.2)) &L v i
MaEFRR L, AR I OEMEIE | g DW)FTORY 7 =) —LEEEZHTEL
T2 AREFIETIH, BV 7=/ — VERDIZEBIT DIBARTRIC K DB L L R Y
V—=735ZxHMIC, BEROWEFRBIZESNTHELADT = ) — /1
INTA—=B—IZOWTHEEIT>Te, RV T = /)=, T IRIA R, X
=BT e T N T =V UERR ENENT an S U (D)- T X
BREVBZFLVEBLIOH- DT MY ELE LTRLE, ZOMRE, MEE 1 ¢
HORY 7 ) —)LEgElE, WY 7T 3.06-4.25 51 CIEMEIE L 0 & E
- 72 (Figure 1-1A), INEZE 1 g F O T T4 / A FEEITW Y 7V T 4.32-4.50
51 EIEMBIE XV & @& h o 7=(Figure 1-1B), MAZE | g h DX = &8I,
FENMBIEL Y ¢ 1.96-2.01 FE 22> I=(Figure 1-1C), ¥ > =G &OHITEIL,
RHPOHTHF U BIOEETFBREBRET OOICHEH IS FEEZHWE
(Iwasa et al., 1970), KIZ, P—a L EDHGH = Thid7rT vV T =
Vo EEE L, EOREMBE 1gFOTa T M7 =V UE R
FEMBNEE X 0 1 2.57-9.69 {5 & 7> > 7= (Figure 1-1D), Z1 5 4 FEFEORY 7 =/
—NEBETRTUIZBW T IBAEDITZ ) NIEMBEL YV LA RICEVEZ R L,
PRERFEA D A2 2 2 FEEE O ¥ — 2 L EO W 5 CRIBEDMEM 258D 7=, FIZ9 A
IZEREU(No. 1) L722E1%, 11 AICER®WNo. 2)L72EEXL Y H TR TONRT A —H —
TEWEZ R THEACH 72, 22 CIEEORBEE NS/ THIERLTWD L
OO, Y 1l mg U720 TRIEBICH, ZNH60ORY 7 = /) —/VE&ITINEE
DIEETEVMEZ 7k L TV 7= (data not shown), JIENEED il HFRF DU & 1 X FENNEAZE
£V 1.55-1.64 5 & By o 72728, 50% MeOH (54 2 IR FE & il & =R &
HERORY 72 ) — VEBNBRLDLEHEHAD 1 SERD5AEELH D, 7T4
RT VNI Efa RMBILEE AT 5 & BRPORY 7 = ) —/VOPREEDHEN
T DAHEA DN S TE Y (Juaniz et al., 2016), MEAGHEL SR & 72 HAEY B
OFIEEER X ORI O Bk EE 2 & 7= L3 /REE RN H 5, 7 U OZEE 200C
T 1-5 S OERERE CREFLEE ST 5 &, 7sra v n< S0 77K /A
RO & 'Y 5 (Lee and Choi, 2012), — 7. 7 1 1 7 U EE NS R S 09
WEDOHRE S H DH(de Maria et al., 1998), Y — a2 VIEIHFET HARY 7= /) —)b
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Wi, Z7eaFrBB IO 7 = BoIEn, 72V T, ST A4
TR TN T = FANF TR EDT 7 = F A NHBEERNHE ST
V)% (Valentova et al., 2005; 2006; Chagas-Paula et al., 2015), U 7 FFHb 727

—aVERICEENDI BWIIBILIERZ AT 55 & L THE STV 5 (Xue
et al, 2011), L7=W- T, Y—avEOI NI unaF U @Bl 7 i, &5
ZIE D 7 = A NVF T BFHERICIZ T, A 7= — PN H U 7 U5
DEEDFMZF T . b OEYFRIREREIC KX T INELEL O 58 %
KETHZLEFEETHLEEZDLND,

H2E Y—olIENMBER X UINBRAED T O N EEER

WA T P I NAEEIEMEZRIE L. Trolox 14 O HiEE{LAELZ F 9 TEACE L L
T, MEE L OIEMNEAY — =2 VEO TR LIER 2~ 7=, SR O R % 2
R DREL VT ABTS™ 7 VI W ETEMEZRIE Lo R, MEGE 1 g 4720
@ TEAC fEIL, WY 7V CIEMBIEL Y & 3.12-4.07 512 L&D -7 (Figure
1-2A), DPPH 7 ¥ I /WHEIEMHEZRE LRSS, NEE 1 g 4729 @ TEAC fi
E. FEINBE X 0 4 3.02-3.13 {51 £ @ H> o 7= (Figure 1-2B), JEMEEFEFED 1 o
0y 7 VAWK DI ETEMEZRIE L7 AE R INEE 1 g 4729 @ TEAC filiix
FEIMMEEE K 0 1 1.98-2.12 f51% & & 0> > 7= (Figure 1-2C), Z 1L 5 OFE MR E Tl
&S UTMBGED TR LAE A FEMBIE LV b AEIZEmN 72, HIZ Figure 1-1
TEBILTAE R L FRIKEIC, No. 1 OFEX, No. 2 DIE XV & &5\l 2 7~ 3 [ 28
WO BT, EFLO TEAC EZ BT DRI ENZ OB O O IR %
2 CTHUBLAEH 2 TR~ TR IMBAIE D 50%2h IR B % K3 ECso fEIFIENNEL
IV LERWEZRL, KREECTCHMWIILIEH 27~ L TV 7= (data not
shown), £72, Oy 7 VI NHEEETHE LN Y —a2 VFED &V TEAC EIX
VRTOF A2 DY —=a U FKI Té@?nﬂ‘t%’i’iﬁfﬁ‘é%@T&)of\_(Sugahara et
&JMQO_MET k2 R EOHIBLIER E AR 72 ) — LV ERICKIT
TG OB H 2 Y TR E D s S 41TV % (Ramirez-Anaya et al.,
2m3§ﬂgﬁﬁﬁj%ﬁﬁ%ﬂ¢5&*T)71/~w@ﬁMkk% .DPPH
B ABTS 7 U LHEENE L H JePtER{L J1(FRAP) CHUER{L/ERH @
ﬁhﬂmb%ﬂTW5QMWmlmU)

FBIEH Y—oaUIEMBIER XIOMBAESHED 0r 7 PHNVEAIZKIET
PHIER

A, Fexlie M@ ZH W=7 v A RE2HWT, fESEmAESE LTH
INTWDHEIN—=TT  —DPHBIEIERAZA L TV ta@lE L TEL
(Sugahara et al., 2015; 2018), A2 T4 [FFEERE T /LT PMA JlIRIZ X 5 1& M4
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b NERIER R ERASIIE O Oy T ¥ B IV REAIZ BT INENAT 1% D v — = 3
M DB E T, EOREE., BEEZ R I /20 1-100 pg/mL O EFFHIZE
V) "C(data not shown), 9 HIZEREL L 72 No. 1 ®ZE (Figure 1-3A) & 11 HIZERHL
7z No. 2 D¥E (Figure 1-3B)D i J7 THILD Oy T ¥ 1 /VPEANT KIFE T IR EEARAF
R INEIER 238572, No. 1 OINEGER Y D 50%FHE L 2 #3 1Cso fE I

FEMBGER Y L 0 HIRVVEZ R L, KRETH 2.71 fEOBRWIRZ R LTV
7z (Figure 1-3A), No.2 DOHET & MBI (Z [FIER DREF 2358 541, 100 pg/mL
FCOREHECTIIMBGERHY TIEo& 0 & L ICso ERELNTZHDD,
FEINEAZERD ) Tl 1Cs0 B3NS B 4172 > - 7= (Figure 1-3B), & ME(L L 7= Hfg D
Oy 7 VANFEAIZKIETT Y —a VINAED Z b MEERIZ. A7 7 av
k1 —/L® Trolox & 0 B8RV E D TH 7=, BEEWMLZ O OFEL/EM
EHAET v BEARTRRDZ LITEETHD, TNETIC, BILIEEEL DY
sanYe Ka7utLbtA V77— NDCFH-DA)Z HW T, &£FOKRY
T )RR BRI LA L L TORBLERNEIES N TV
(Wolfe and Liu, 2007; Girard-Lalancette et al., 2009), —J ., 7Ry 3l —% A F—
LA S & AR R B I OHIET v A RICB W TEWIELIER 28
T 5K DI D LA STV S (Roy et al., 2009),

FA4TH p—aIEMBIER X OHIEZED HPLC o7

Y—a BERORY 7z ) — N RIET BB OB A2 L ARD =0
REH 2 35 & (Liu et al., 2011; Sugahara et al., 2018), JNEE X OFEME D ¥ — =
VIR O aa S R E T 2 BRIZOW T HPLC (2 X DR H 2R AT,
No. 1 OIEMEE I OIMBEERIHP(40 pg)® HPLC 7~ b7 T AuEZ T
Figures 1-4A 35 L TN 1-4B 1278 L7z, [AERIC No. 2 OIEMETS L OINETERh H W)
mm@@Hmﬂ&uvkﬁ?A%%h%hm@mn4C%iwhmmfbto
ZOFER., No. 1 OIEMBIER Y T 5-10 708 L OV 15-40 g S iz

OO B — 7 (Figure 1-4A)1%, BRI/ S e —27 L LTHRIBS
A7 (Figure 1-4B), — %, No.1 OMMEGEREM D T 7 = FRIZXIET 5 B — 7 5)
& (Figure 1-4B N B — 27 &5 2)1%, IEMEZES I O v — 7 58 FE (Figure 1-4A N
AFE L)LY bEd>7z, No. 2 OIEMEZE(Figure 1-4C) & MNEAHE(Figure 1-4D)
DOITH FEROM M P EIEE STz, NEGE L IEMBZEDH TIX, 7 urn /Ui
XIS D E— 7 BME(NE —27F S DICH/NS B ZiRO 7, Bk Tl
Y= UED L UANDRTIZ RIET BB O EITH O NI > TEL T,
£ 0 EFERIIE MR ) @ﬁ%%ﬁﬁﬁéb%wké

RN =a—Y =T RO F oA ZEASINT 4 ODORRLZ A4 TDY
— A PRI OMETIX, 1 g bV BE 7 cBOE
BN ZHNFH 0.037-0.160 mg 3 & T 0.044-0.097 mg DFPHIZH D &8s LT
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% (Valentova et al., 2006), A2 TH VU 7= No.1 3 L O No.2 Ol > 7 /L@ IEN
Bl g/ UrBEEiE, £ 0123 mg B L0524 mg TH Y |
BRI OE W X D 20N B o 7= (Figure 1-5A), = OfEIX, MK IZITZNZE
A1 0.0970 mg 5 L TN 0.440 mg 2345 DAL, MEAFTOD 78.9-84.0%F2JEE & LXKV M
o dEHIENCH o2, — 7. No.l BEL O No.2 DWW 7LV DIENMBAZE 1 g o>
7 EEREIL. FNEN 0625 mg BLUN0.445 mg TH Y, MK IZITZN
FN 133 mgBLO1.62mg &, FIEMEIZEL YV b 2.13-3.64 (FOHEIT @V MED
3 5 7= (Figure 1-5B), AW TR OLNTEMBGTIOY —a > FEDO 7 an 7 U
GEIL, o EH & F%TH D H DD (Valentova et al., 2006), 1 7 =& EiT
URERESNTEED bEhoTe, Y—avEEZMBVLET 52 T7x /) —
RTH D7 = BENBEEL L. 2B HREIER O EFICEaMIC b ER L
TV B AREME S B 5 (Sugahara et al., 2018), 7 7 1 7 VRIS lE & H 7 =~ BRN
T AT NREAE LTS D ThH Y (de Maria et al., 1998), ZAo3fif %2 51703V (de
Maria etal., 1998), ¥ — = NIAFET D FFEA 2L TRy & LT, I 7 = By
FERELE L THET AN T oA ANT IV NI 7 = A VX FEEED T
T = A A VBRI T 5 AL D (Valentova et al., 2005; 2006; Chagas-Paula et al.,
2015), ¥ 7 A EHRICEEND 34-T-0- 7 = A A NXTHE, 3,5-T-0-H 7 = A
ANXTHE, BEIWN45-V-0- 7 =FANVFTRE N1 T = A A VEFEK
1%, BRI K VIHKRT 2 2 &3P STV % (Ishiguro and Yokota, 2018), Z 41
DT = A ANVFEBIRT, Y—a L EPILERENDL I ERHEINTVND
(Valentova et al., 2005; 2006; Chagas-Paula et al., 2015), = D7=8, AHFFETRD
T D H 7 2 BREBOENE, B 7 =4 A ViHERO RN TdH 5 ]
BEMELEZOND, ATERE LT, Zuau X Uige 7 = BoEMobR L
TEHZRE LTz, ABTS'Z VA NMEEEERIEICEWNT, Z7au b U f@ge
= BB IXZ 4 E 41 3.06 mmol TE/g 35 & T8 7.08 mmol TE/g DIEMA A L Tz, [d
FEIZ DPPH 7 ¥ I VI EEMERIEICB W CEZ 4 3.41 mmol TE/g BL O
7.62 mmol TE/g, Oy 7 ¥ A WAHEIEMREIZ BV TIZZ 4 20.2 mmol TE/g
B L 029.3 mmol TE/g DiFEMEZHA L Tz, ZHbHLOMEEHWT, Y—a 3
OHRILIERICED D 7 aa F Ui e 17 2O FGRERITHICEE L TH
TR, kK THLZ el U EET0.0526%, 7 =T 0.162%% 1~ DA TH
STce EDTD, ¥ — 3 UEEDTEMERNT KAE I INELEE D 52 %88 % fikfoe L T
RCWKBERDH D EELRT D,

FTOERTIE, Y—a v EEMATLER) 7/ — L BT TKR /A K,
=BT T M7 =V FETEWVENRE LTV % (Figures 1-1A
to1-1D), F7/2, EE TR, (H)-IVT7F ., (- THF U BLOLTF NP —
O VEEIZFET D 2 EAEE SN TE Y (Russo et al., 2015; Andrade et al., 2014;
Marchyshyn et al., 2017), &ATHIZ Y — 2 U HED Z 30 5 IS RIT T INELEE D
AT ~T, TOREE., HPLC IZ X 2082 K0 | IEGER Y Tix 3.5 55T
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BRI — 7 OFRENREI L, 12.5 5 TH)-ZED T X Y — 7 OFREN
oI L 7= (data not shown), H (2., 254y TO/LF AL — 7 OFREE L, n#k
A CTIRERE Th o2 b OO, REMTIEH)-I T F Uk —7 3RS
Rinolz, Y—a EDORY 7 = ) — )RR BEME R KT TR 0
IIREFZRIZITFALNCEN TV 2N DD, F—ayiEgEDRy =k
TaT s N T =V U ENIFMEGEL D b E o 7o s (Figures 1-1C, 1-1D)
HLELFERICHT D, KRR CTHW =707 v "o T =V UEREIT. b T X
VEED T T N3 F— LA ORI SV T S (Oki et al., 2013), EAE T
Ry D v A NIEE G T X VN, BB OEEZZITOT VN E D D)
LABHLNIT2MENR S S, FlziE, 125CT 30 M OMBVLE 21T 5 &
NTHOEHANEIY | DT X HEERDOK 10-30% 1 EHAT D 2 & nwE
EN TS DD (Yoshino et al., 2018), AEfRIMEIZ OV T HRRAEEIT O LE R H
HEZBZLND, £, AvrOREHWZNBMEOMIE TIL, 7=/ —/b
{EED 33%BMESr T DH—KRY 7= ) — L ThH Y., 67%IXHIHAES TIEA
WESD TR ORY 7= ) — 1 Th b Z & 7)H(Jara and Fulgencio, 2018), N
BRI NS ES TREARIRY 7 = ) — L OfREE L B 2hR L5 U7 aTRENE
HLEZOND, TDOD, Y—a EIFETDHZ ERRESN T DD 7
= )= VB p-7 <R, TTR A RERVEF Y, Ak Fr, TES
=BIOALTAHY N BEOY V= VR RE FIERE OSSR, 728 213
2 A V77 % %) (Russo et al., 2015; Andrade et al., 2014; Marchyshyn et al., 2017)
HEMBULBEIC XV BET 508 90, GEMICHNALE LR H D,

BESIE SEICOLIEVERLEY—a U FEMEZER L CINEED
RYVT7xz/)—)VEE

ATEE Tz, BRI O R 2 2 FEOY —a VG (707 203
DEEZ HAWTEBRZITUV, 2010 429 IR L7= No. 1 OEDIX H IZ[E 11 AT
BEE L7 No.2 LRy 7=/ — L& EHEUEROM S TEL VE
72 (Figures 1-1 to 1-3), JIEZEIZEB W THRERIZ, No.1 DIZH B No.2 LV & &
WMEZR LTz, TD7H, Y—aEORY 7= /) —LERLET, FEHC
ABRHOE N L ZEBEEZZ T HH O EHEE IS, RIT 2010 4, 2013 4R,
2015 4F, 2016 FEB LTV 2017 D 5 FEITH7= 0 11 HICERRES - RSO HE
B L CRY 7 = ) — VEBICKIETHELF -, RREAS L2 S0
S (REAS VA B R BB R B[ S A CIIBEAR 2 18 % 11 A ICINET 720, INHEZ O
HOFMAZIEE L TZORWIZEDOBRZIT 70, EORE, FEMBIE 1 g
DRY 7 = /) —)Vigald 13.4-45.5 mg, JEHE TIL 36.5-66.8 mg T & - 7 (Figure
1-6), ¥ 1 g FOKRY 7 =/ — LG\ KIT TINELER D 5288 % G~ 7= b 5
2010 4E, 2013 4=, 2015 4F, 2016 =B L2017 FECEILSN-ETIZZENLEN
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425 1%, 151 %, 1.1714%, 154 5B X152 5L TR TCOETHRICEVWEE
RLUT, 2010 47, 2013 R L TN 2016 RSN Y —a VFETHRY 7= /
— g ENMEOVEEIX, EFREPLETHIMEBICLDEBTARENRKTH D A
BEELHD., 2D 3 #FICBWTAEDIZE LB, SIRINER D Zen o
7-(data not shown), ZHHDFERIL, Y—a L BEDORY 7 = /) — LEENEH
RHEEICL S TERERDLZ L EZEE LTS, MidT &2 L L LT, I
& ARTINESE D — a3 VEERFURILE T D £ 0 BWIETR & 72 2 ATgetE 23 26
Fohs, 5%, Mo —a B OESCE D HICE s 3EEL H
W, PIBRLAE oA IENE 2 & BIC Tl L. &R OIEMIC MIE 3B
HEAMORBEEEL TS BRERDH D,

BAH E

RE AN R SR e 110 P BFT SRR LA [ T A R Pl CTHE: S e v — = 3R Es
(7o T ADE| OEEEMNMEAT L L, FEMBEEOIEL LEXTHRY 7= /) — LG
BBIOT7 V=V INEBEETOIRBILERANEEDL 2N LT,
HPLC IZ X D25 Z4T\, MG OED H 7 =BG &N MARTOZE LD HE 0N
ZEERIFFEL, EORRICZ va s U EBEENOERVME Z R T A 2RO 7,
5 FEIZH Y R IR SN RSO Y —a VEEHAWTERY 7=/ —)b
ERICKT TN O FEBERFEL, T X COETINAZICARICE WVEE
/D LENTE T, o T, MBEVLEEN Y — o VEDIEMR SR E I E %
FIF L., MiblEf %2 LR CEDREEMRSH D 2 L2 R LT, 4% I3nEuL
BEFEEZTY—a VEOABEMER S O 5 & & AP RIFT T AL
AZTAR TS MER DD, Flo, KFHERE R DY — 2 U BEEZ G LR
PERMFEM & L THENSLT 2720128, o —a Ui MRECR 2 5 A ICEREL
ENT-EEE AW TEDIEEO LESOMMBULE I X 5 B2 H LI LTV 2
ENEETHD,
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Figure 1-1. Total polyphenol (A), total flavonoid (B), tannin (C) and proanthocyanidin
contents (D) in yacon non-heated and heated leaves. Data shown represent mean =+
standard deviation (S.D.) from four independent experiments. Two batches of extracts
prepared from yacon leaves collected in September 2010 (No. 1) or November 2010 (No.
2) were used in this study. Values not sharing a common superscript letter are considered
significantly different (P < 0.05, one-way analysis of variance (ANOVA) followed by
Tukey-Kramer test). CAE; chlorogenic acid equivalent, CE; (+)-catechin equivalent,
EGE; ethyl gallate equivalent, D.W.; dry weight of sample.
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Figure 1-2. TEAC values of yacon non-heated and heated leaves in ABTS" radical (A),
DPPH radical (B), and O radical scavenging assays (C). Two batches of extracts
prepared from yacon leaves collected in September 2010 (No. 1) or November 2010 (No.
2) were used in this study. Data shown represent mean + standard deviation (S.D.) from
four independent experiments. Values not sharing a common superscript letter are
considered significantly different (P < 0.05, one-way analysis of variance (ANOVA)
followed by Tukey-Kramer test). TEAC; Trolox equivalent antioxidant capacity, TE;
Trolox equivalent, D.W.; dry weight of sample, O2"; superoxide anion.
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Figure 1-3. Effect of the extracts prepared from yacon non-heated and heated leaves and
Trolox on cellular Oz radical generation in PMA-stimulated human granulocytic
neutrophil cells. Two batches of extracts prepared from yacon leaves collected in
September 2010 (A) or November 2010 (B) were used in this study. Data shown
represent mean =+ standard deviation (S.D.) from four independent experiments. The
statistical significance between treated and untreated cells was evaluated using Dunnett
test (**P <0.01). PMA; phorbol 12-myristate 13-acetate.
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Figure 1-4. High-performance liquid chromatography (HPLC) chromatogram of the
extracts prepared from yacon non-heated and heated leaves. Extracts of non-heated
leaves (A) and heated leaves (B) prepared from yacon collected in September 2010 (No.
1), and those prepared from non-heated leaves (C) and heated leaves (D) collected in
November 2010 (No. 2) were analyzed using HPLC. The phytochemicals from 40 pg of
the extract were detected at 350 nm. The retention time of chlorogenic acid (peak 1) and
caffeic acid (peak 2), indicated by arrows, was approximately 11.4 min and 13.4 min,
respectively. Individual figures represent data from three repetitions.
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(A) Chlorogenic acid E Non-heated Leaves
B Heated Leaves
0.8 -

b

0.6 -

0.4 1

Amount (mg/g D.W.)

No. 1 No. 2

(B) Caffeic acid B Non-heated Leaves

B Heated Leaves
1.8 - d

1.2 A

Amount (mg/g D.W.)

No. 1 No. 2

Figure 1-5. Chlorogenic acid (A) and caffeic acid (B) contents in the yacon non-heated
and heated leaves. Data shown represent the mean + standard deviation (S.D.) from three
independent high-performance liquid chromatography (HPLC) runs (see Figure 1-4;
chlorogenic acid (peak 1), caffeic acid (peak 2)). Two batches of extracts prepared from
yacon leaves collected in September 2010 (No. 1) or November 2010 (No. 2) were used
in this study. Values not sharing a common superscript letter are considered significantly

different (P < 0.05, one-way analysis of variance (ANOVA) followed by Tukey-Kramer
test). D.W.; dry weight of sample.
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Figure 1-6. Total polyphenol content in the yacon non-heated and heated leaves among
five different cultivation years. Yacon leaves collected in November 2010, 2013, 2015,
2016, and 2017 were used in this study. Data shown represent mean + standard deviation
(S.D.) from four independent experiments. Values not sharing a common superscript
letter are considered significantly different (P < 0.05, one-way analysis of variance
(ANOVA) followed by Tukey-Kramer test). CAE; chlorogenic acid equivalent, D.W.;
dry weight of sample.
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FT2E HARCRBITD4O0FEMEENNV—FRKEOT—aEE
AWERY) 72 —NVEE, FiBBLIERB X RS MREBERILE
ERD 4 FEIZh-5RE

F1g RS

Y—a 0, BEEMICAET =7, 3 —a vy RXBIXUHARZELT T OV
<ONDEICEASNIZT 7 RJRPEDFEY) T & % (Ojansivu et al., 2011; Gurung
etal, 2018), BfE, 4 DOEL DY —aMfE, BIL 147424~ A (SY201)
(Sugiura et al., 2007), [7 > 7 2D ] (SY206) (Fujino et al., 2008), [ Z X 4%
A1 (SY217) (Fujino et al., 2008)F LT [7 > 7 A D 24| (SY237) (Sugiura et al.,
2014)2%, HBAE O NN ZedkiE Al & U CEMKER ICRFEINL TS, &I
LD R & LT, HT LWELFECTH D SY237 I3l BRI K OB XA
ELTEINENEE BT D2 &ENRIN TV 5 (Sugiuraetal., 2014), ~/L—A BER
MCEARF)D SY11 X, ~—nb=a——F 0 FEKH L TRIICAARIC
HAIIN, BRELLOEENZEOT-OIZ@E I SNE R LIZRHED 1 DThHD
(Sugiura, 2016; Sugiura and Yano, 2016), %2 (X. SY11 |Z¥#1inFE SY237 DAL
DOFFZHE L TCHHEHS, BN TIIRBMEOEERKLE LTHYLND
(Sugiura and Yano, 2016),

1 BT, RS CHES LA SY206 DY — a2 U EEE NBVLEES 5 &
N7 x@EELARY) 7 ) = VORBILERE R TE 52 2B 60T LT,
fEEEmERICFA SN Y—a U BEIZER L, EEY— 2 LS H L R6E
PEALEM PRI E L CHENLT A Z LIFEETH D, LR, ENOY
— 2 G &8 AR T OFIRRLAEH 72 & OBEERENE D LB R FECAEAT I
BT 2WF5EI3R 7@ Elch 5, RIERNT 2 42[(2008 435 L T 2009 4F 11 H)
2720 # B2 5 ONCUNE SNz — o 3RS R O BRAR IC RS9 2 BF5E T,
SY206 XV %, SY201 & SY217 BNEWARY 7 = /) — V& EEAH T 5 alREtE &
5 LTV 5 (Takenaka et al., 2011), Fex X v —=2 U EIZTHER L, 2 DOk
SY201 (Sugahara et al., 2015) & SY206 (55 1 2 ZHR)OEORY 7 = /) — L& &
ETBALIERIZOWTHE L T& 72, L LARRS, BEICHE Y BN T
SN ESE QY —a N LB AR T & < ITHEITHERER 72 2R3
PO HALD TR L TIER TR R BIIZFAN S T ey,

LA EMHTIT. BEORNTO0T T — Z BRI RSN T, 2o 0L O
FAAAEHSBLME 2 fR 3 2 55t FREiE T 2, BHERT — 2y M
FHMEB L ORI T L 2RREET 5, INETICEIATHLSEIER
Y — 3 U DR LA RAEHIT I 1T D IRFEDM T 41 T 5 (Lachman et al., 2007,
Russo et al., 2015b), F7=, RIESCIHZF OIBILIEASCAMR EDOMET —#
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N ORI % 77 FE L 7= 325 <0(Patras et al., 2011), REFOEMNRS E 7V —F
T WAEETENE & OB 2 BEAM I I2B VT (Giselaetal., 2009), 248 & fEAT
DRI N TWD,

ARETIL, REAR LRI BRAT R R AR AT LA 1 9 2 AR\ T 2013 47, 2015
2016 F-38 KON 2017 1072 0 GRBRARES S 47z 4 DD E R 2355 MFE(S Y201,
SY206, SY217 B XN SY237)ZINA T, EWNIZHIT HEEHERKEE L THW LI
% SY1l DY — =2 U EEDM THEEMN 2 2R NBO LN EH LN T L7280,
ZTNENOED 11 A ORIFHNCEREE L CHREZ T - 7=, BEMOFHmICIX, Y
—a EDKRY 7 =) —)VEE, ABTS'B XU DPPH 7 ¥ b Vi ETEME & FRiE
ELTEPBILEAR,. BLIQRa-Zvav ¥ —EBIlWa-7T 17— EENLET D
W BB EERIC DWW TR, BiC, oz 4 Fo0lET —% %
FAWNT, ERRD D72 6 NG 7 5 2 2 — 4540 6 ik B S8 B @ AT 2470,
TIHDOY—a R & ARKE SYI1 OFHEMIZALES T 21T 2 & TIHRR
IR T2 L & LT,

B2 MBI UHE
H1E PP K OREEE

Y—a 4 FEAE( T Z 24 R A (SY201)., 7T ADE] (SY206) .
(BZ 24T A (SY2IB L 7T AD 41| (SY237)) & EARED A~ L—
A BERBE(SY 1)L, ENAAFZEBRFEIE NRZE - B E SE BT G 7S (R R
)18 H AR ZEMZEE o & — (IR U [E R FERERY) D OB IE O To O I2 58S
b DT, WERFREFHNITA T D REAR &AL/ Bl &%+ N o @ 5
(32°53'29.1 "N, 130°59'43.5"E, 15 486 m)IZ BV CHEFFEHL L T\ 5, Y —=
Y OFEA E L7 DR BE3E(15-20 )& 3 HHAIC 50 cm MR CEAM L. 100
em lEDEEH~ N T - A CHIE 21T > 72, 10a(1,000m?)H7= Y N 10 kg
& P20s20kg B LUK 20kg & 70D K O SR ZAT o 70, 4 DO ¥ — =2 gREE L
ESY11 i3 7e< &b 80 FEWE IR % 10 a D [35N C LS (random block design)
IR DR LSRR L2, 20 & SMORFEEZ S TLAE 910 IR 2355 LT
Too AMFZETIE, 2013 411 A 11 H), 2015 45(11 A 6 H), 2016 (11 H 7 H)
BIXOY 2017 A1 A 10 B)YD 11 A BRI S FAITHT T, SY201. SY206,
SY217.SY237 B LN SY11 D72 < &b 5 DD R A2 OREYEELD EENE 2 3
HOMEGE AKX 1, 2MOEET X DR ILTE, 20k X, 2014
DY T INITE L T F 7 3R BRI B W TRBE O 7= O A
BN FEOIZHEIT LI272D AR CTIIH WD 2 LR TE 2o 72, 2013 4, 2015
2016 EB IOV 2017 HEOEITFEORELZ T HENCEINI L, oL &
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SY206 & SY237 IEBAAE L Tz, FehFilBR 247 o 7o il T 11 A ISR 21X
HET 5720, ZORMNCELZRR L7z, B L7232 -20C THRAE L, & DEH
AEHLIR A AT o T2, FFBIEMEDOIEM E LT, v—a DL ) fElA TN
BT 54 FHIFEARENPRKRE S, mESCRMEE TORBBEHELWZ ENE 6
TWb, 2O, EFFRCNENZTE L TV DIIEERENZ HO B, £
OEMREICEREL L OB EENERE S TWD, AFRETIE, Y—a2>0F
FEAFEIC K <A SN D8 ARH SYI1 ZR#EL L THWTEREY, Zhz ik
x4 & L 7= (Sugiura et al., 2007; Fujino et al., 2008; Sugiura et al., 2014),

ABTS.DPPH BL W7 4+ —V v F AN T = /) —NVikEII T T4 T A7
FRASAEOLER. B AR BN L7z, p-Nitrophenyl a-p-glucopyranoside (35 + 7
AV AFIEHEEE SRR, BRSO AT LT, 7 X EBHK a-7 27—
£ Type VI-B. p-nitrophenyl a-p-maltoside 33 &2 O Trolox (37~ 7 /v R U v F
A =FL(St. Louis, MO, USA))H AF L7, BEREE K a-7 v a s X —Bi3A U =
VA NVEERR SRR, BAR) BN L7, 7 B /LA — A& LKT Laboratories
R #(St. Paul, MN, USA)) 5 AT L7z, oG IZ OV TR, HiliEST
WHHLDODIL, Kk 7L —ROLOEMH LT,

w2E VU

oML, B1EE2HB 2B/ RO FIETHRE L,
BIE R 7=z /) —NLERBOHIE

AU 7/ —NEEE, B1EF2HFEIHLFAFROFETHE L,
4 HERR{LIERORIE

PURLIERIX. ABTS™Z U B W EEMF L OV DPPH 7 ¥ 1 /W TE EiEEHIE
EEEAL, 22N E 1 EF 2HFE 7 HB L ORE 8 T/ & [AkO 5 ik THHM
L7,
S WEOBMRAEERAORIE

a-7 27 —ERHEEMIIRERIC S D X (Sama et al., 2012), — & & L CTHl
E L7z (Ueda et al., 2017b), FERSGIE, P — 2 VEERROMTM(10 pL, K&
I 1.00 mg/mL), 1% b7 RV w7 AKEWQR7.8 ul), 0.1 M U FEFRE R (pH
6.7,12.2 uL), MilliQ /K(14 pL), BELI 6.5 mMp-= a2 7 = =)L a-D-¥/L ¥

R(69.5 pL)&2&Te 7 v A IRAN#K(133.5 pL)iZ 130 UmL o-7 2 7 —8(55.5 uL)
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ZUWMUCTEM LT, IBRIEZE 37TCTOE 180 Wil A > FaX—h L, v A
7 a7 L— kU —4—(SH-1000Lab, = v 7R, ZA¥. HA)ZHWT 400 nm
BT DWNEZRE Lo, MEHRIEROTDITEERERE LTI ESEh
BEDT INR—ZEEH Lz, Z 0L X BH S 07 50005 1 (ICs) 1%
0.0213+0.0025 mg/mL Tdh > 7=, FEHHP DIRE 1.00 mg/mL T O FHETEME(32.6-
56.8%)8 L OEDO B EED.W)2 S OMHINEZ RYIZIE L, T0k, [H
EIEMEIT umol 7 AL AR — AFM E(AE) /g DW. L L TR LT,

o-7 v 3 B —P E BRI HE D & (Matsui et al., 1996), —&FZ 28 L CHl
iE L7z (Uedaetal., 2017b), BRSO, (10 pL. SR 1.00, 2.00, 3.00
mg/mL) & 0.08 UmL -7 /L2 % —E 40 pL)x &7 v A IREW(S0 ul)i
0887 mMp-= b7 ==/l a-D-Z/LatZ /3 K150 uL) & #N L TR L 7=,
REWE 37CT 15 pfilf v FaX—FL, v~ 7a7Lb— ) —Z—%H»
T 400 nm ([ZBITFDWREEZRE LT, T AR — A ZERERER L LTHEH
L72BE D ICso fif1E 0.496+0.032 mg/mL T&H 7=, HHHM D 1Cso fE(mg/mL) F
TolFRER U 7o s KR 3.00 mg/mL COPHETEME(35.5-51.2%)8 LU D.W.22 6 D
TN EZ R INZRE L, £ D%, HEFEEMEIT LR & FERIC pmolAE/ gD.W. &
LT&LE,

FHOH Y—oar i EERLBEBOINEDHEIE

INFEREIZ 10 HROY —a UHE O B2 IR & OB TOIWE, BEHIZT Y
BNVAT— )V EEH LT B OFEEE 2 HE L, £0%k, SRIZONT
(X TEZE Rz 9 2 THREEEZHE L, Hx OBIRIT 50 g UL E o R e
TNEZREL., S0g RO DEHEI L Ui, 7 — X 13 10 BROFEMIED S
OYHEE L TR L,

BT AT

T —=Z1X 3 Al E T 4 BIOFERD DL FHEHEERA L L TR L,
T —% O—HhiE, Excel 2016 (Microsoft Co., Redmond, WA, USA)H D#idt 7 KA
VY7 My =T 7 ur T A(Statcel 4, OMS HIR, HE., AA)ZFEH L THOHTL
77o ZE LB DOBRIZIL Post-hoc Tukey—Kramer f7E # 1TV, P <0.05 TOZR X
MAtIICAE R TH D & B L=, ZEEMNTIZIL, Excel-Solver 7 KA > 7' m 7
7 L&A OCTERDONT(PCA) EFEE 7 T A X —3HT(HCA) 1TV, 2D L& T
— X EVE 0B LOEE L ITERE L., HCA IZ==—72 VU v NEEEREIC X 0k
EfHT 7=,
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FEI3H MRBLIUBZE

AREETIIARZEZIZEB T 2013 45, 2015 4, 2016 8 L V2017 Fi2H7-0
ABRAEE SN2 4 DO R DA LB ARFO UL —A BERFE(SY11)D T —
I EEITHEBENI R BRI D . TNENDOHED 11 H ORIFEFICEREE L
THRY 7/ —NER, iR LER B X O MEER L EER IOV TR
oo FONTRET —F ZHOTEEEMRT TV, D OY —a U
il & BACRHE SY 11 OFFEE e fr i 11 2 R R iRz b L,

B1H HBARZBITZ450REHEL SYIL O —aVEORY 7= /) —)v
-

ANZ, 4 DDHETe 53 MFESY201, SY206, SY217 38 LN SY237) & ~L
—A BHOBARKESYIDNHY—a CEMEYZRE L, Y—aFEORY 7
= /)= VERERNT, HBRE L ghOR) T =V EEE 7 ur s UM
WMHE(CAE)E LT LT, TORE, 2013 HFICERBLS 7z 4 ffEE SYIL @)
B, SY237 (57.0mg)DHMRIE 1 g FORY 7 = /) — /L& &1L, SY201 (45.9 mg).
SY206 (33.8mg). SY217(47.6mg) L ¥ L AEIZHE <. SY11 (44.9mg) & 1% 1.27 fiF
D 72 % iR & 7= (Table 2-1), 2015 4, 2016 3 L OV 2017 FITEREL S L7 BE T,
ZNZFI DT SY201 (58.2mg). SY217 (43.8 mg)F L ¥ SY237 (73.4 mg)iZ B\
TEWMEZRD -, TNENO M TR O T EITRBR M 28 U TEEB 2K
Do OO, 4 FORBRMIM A8 L CTHRIZ SY237 OAM SY11 LV LA E
IZEWARY 7= /) —VEEER LT, Y—a gL, ERBEMORY 7/
—nelLCrZunFl @ 7 2BBIRNT =V IBARENFELTND
(Valentova et al., 2005; 2006), HIFETiX, 7 7 a s U ERE IO 7 = BRIOSHEES G
T SY206 DEEITHFET HRY 7= ) — L THHZ L EZH LN LIz, EITER
TILHPLC IZ X A0 LV, SY206 DIEIZER T, ()-=EITHF U BIW
INTF UREDEH B — 7 2388 TE Y (data not shown), ZALH (LY — 2 U EEILF
ET 252 ENTTITHRE STV 5 (de Andrade et al., 2014; Russo et al., 2015a;
Marchyshyn et al., 2017), [EEY—a U RER TR T AT T F o
GEIZOVWTHHE SN TS L OD(Kitaietal.,, 2015), R 7 =/ — /L& &I
B2 EEAREB CTOERIZOWTIEHA LN > T ZRWEDH Z W,
ZDTD, FTNED Y — 3 ARG R &8 ACRKE T OBERENE R SO K BE
WZOWTOWRIIRTEZ LICHY, SBRIMEZLEL LTS,
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B2 HBHARICBITIA4-O0FELEL SYI1 OY—a  EOHERLIER

WIZ, Y —=2 CERMNY &2 VD TR %2 72JR BE T ABTS™ 7 & 1 /W ETETERNE
ATV, AN BN R L (ECso) i (ng/mL) & IR AE L 7= (Table 2-2 Zf), €D
i . ORI IR EARAA e HUER (LM Z 7k L (data not shown), 20.6-82.4
pg/mL OFiH T ECso % 572, 2013 4, 2015 4=, 2016 B LN 2017 HFi2E
WT, P HERA TR S SY11 THRAYIRVWEME 2 7R L7 ZERh 4 D ECso fiH
X, TNENOERE T 20.7 pg/mL (SY237). 20.6 pg/mL (SY201), 29.4 pg/mL
(SY237)3 L TN 21.2 pg/mL (SY237) Ch > 7o, RERAZIEMENMRWZ & 2R
ECso D fifi 82.4 pg/mL 23 2017 £ SY201 THRHHNTZ, T D& &, Bhikxt
OB E Trolox @ ECso fEIL 8.59 ug/mL ThH o7z, BEMMHMOIEIET —
X EHMRIEN D ORIHINELZ S & 12, Y — 3 U HEREE 1 g(D.W.) Y72 Y @ Trolox
MBI LAE(TEAC)E A B L7z, 2013 fEO Y 7% H= ABTS' 7 Uk
JUEEIEMERIE CIE. SY201 (268 umol)Fs & TF SY237 (280 umol) THE D 7= Rzl HE
1 g7 ® TEAC 25, WThh SY11 TH7ZEQRS53 umol) & [0 LI
TdH V. SY206 (191 pmol)F L TN SY217 (240 pmol) TEH/-ME LV b A EITE VME
%7k L7=(Table 2-3), 2015 45, 2016 #3 KT 2017 RS =S 7L
T, TN ORERET SY201 (322 pmol), SY217 (264 pmol)F K OF SY237
(358 pmol) T FIE G H LT,

[FRRIZ, ¥— = UBERTE ) 2 H O TR % 723 EE T DPPH 7 2 1 JLH &R
E &7V, £7 ECso fll(ng/mL) % IR E L 7=(Table 2-2 2 1R), = DOfEH., FEOHH
WL Z Z T HIREKRFN 2L /EH %2 7~ L (datanot shown), 25.6-128 ug/mL @
#ilH T ECso I 2 1372, 2013 4F, 2015 4, 2016 F36 L2017 FFIZB N T, b —
3 L FREE SRR & SY 11 FE CLEBRAY TR MEME 2 or L2 BERIH ) O ECso I,
ZNORERF T 25.6 pg/mL (SY237), 30.2 ug/mL (SY201) & [AME(SY237). 52.0
ng/mL (SY217)3 X TV 45.4 pg/mL (SY237) CTH - 7=, M, = Z THIKIEME
%~ ECso DEVME 128 pg/mL 728 2017 42D SY201 TRO bNTZ, Z D& X,
Trolox @ ECsofE(% 7.32 ug/mL TH ~ 7=, Lid &[RRI, M OIEET — ¥
EHLREEN D ORI EE H L2, HBRE 1 g (D.W)H72 Y O TEAC fEEL LT
B L7, 2013 45, 2015 4, 2016 4, B8 L2017 DY > 7 v % H 7= DPPH
T VA NAHEEEERE T, 2N O T SY237 (193 pmol), SY201 (187
pumol), SY217 (139 pmol)35 £ ¥ SY237 (142 pmol)iZF VT TEAC fE TEVVED
BoinT-,

W7 A NAEETEME OB ERE TR O B AL D FFEE 7215 ME O iR S PRI,
AEDORY 7/ — VEEHE TH LA EFEBIL Tz, RBFFE T,
WA T LB LT-IEY L E, iR 7= ) —LDERB X
WEHRIEICHW ., 20720, BZ L kxR BUECRO Y —a V3D
RY 7= ) —LEBOEWVITHEFE L C(Table 2-1 2R), HiE{LI/ERA ORIEICE
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WCHHEALI L 723505 258D 72 £ B 2 b5 (Table 2-3 &), F7-, B2
% 4 FEORBREICIB VT SY237 DAN SY1L LV $AEICE WV TEAC [EZ < L
TbDD, A2 DOMETHEONTEITEH N REL, FRBFELEBEBCTC—EHL
T 23 2 Sl e o 7o, BEESY1 X W EH &7 SY237 1k, BAR D
Bk L O EDOZXZEEARERMFE L UV IRWVIRA D Do T2 80T D &0 )RR
% FF - TU>%(Sugiura et al., 2014; Sugiura and Yano, 2016), SY11 & ki LT,
SY237 IR M2 T o b T = U7 EOREMIME AR N AW TR O - L 5 72t
FALTER O EICEH S L TV EH LT 5 2 & b BRENT —~<D—>
ThHbD, TIETIZF A 1L SY201 (Sugaharaetal., 2015)3 LN SY206 (35 1 T2 &
YD —a BEEHNT, 7V = VLT vl AR LR MR T v &
A FZRTOFIBAER 28 U T & 7o, B & B AR TOMEER Z2E
RO GNCT D200, AU TRIE L 72 LSO LB R CHBEME R 21T
I HLERLEETHD,

HBIE HARIIBIT? 4 00O BLEL SYI1 O Y —o  EORERSFERER
FHEER

Y—a U EMEYE AW CTE—EE 1.00 mg/mL T a-7 I 7 —BHEEEL
HE L7z (Table 2-4 1), ZO#ER, FEOHIHMIX 32.6-56.8% D& THEE
Pea R LTc, 200 OTEMHMED 50% T2 d > 772, milR R T o FER 4 i
Lo, 2oL & st e LTHEMA LT VAR — 20 ICso B 1% 0.0213
mg/mL Tho7c, 7 AR —R L 2 BBERE OB O 72 0 ORER) 72 BREH &
D UNEERA] & LT A & 415 (Chiasson et al., 2002), EEfHHEY OIEMET — % L i
BIE 1 g DO OMMEINEE D & IC, Y—a U FRE 1g(D.W)S7ZD DT LR
— AR ERRAEIC)OMEEZ FHH L=, 2013 O I LiE v a-7 2 T —
VRLEREMEHIE CTIlE, SY201 @ AEIC f#(5.82 pmol) It oz L v 4 o7
Mo T=2H DD, 2015 DY — 3 B XD 157285 % OE TIERE R2ZENR
B B AV7R 7)o 72 (Table 2-5), 2016 F3 LTV 2017 IS 2 7 v 2 Hn
BICIE. ZENEOFRERAE T SY217 (10.5 pmol)d X T SY206 (9.89 pmol) CTrF)
VMBS B LT,

Wi, v—a CEMEYE TR RIRE T a7V a v ¥ —EBHEEEZ
HE L, ICso fE(mg/mL) FE 72 135 KEBRIR 1T 1T 5 HEIE (%) 2 & LT
(Table 2-4 Z:[f), = OFEE, FEOHEMIL 1.72-2.80 mg/mL DO#iFH T ICso fE.
F721% 3.00 mg/mL D KIEE T 35.5-512%DEFEEG5 2 LN T T,
2016 LN 2017 FFIZBWTIEL, SY237 DO IERM A OFE LA & SY11 12
PEARTERVEMEZ R TR ICso fEZ R L, ZNZENORBRF T 1.72 mg/mL
L2114 mg/mL G oTc, ZoEE EESRE LTHER LT 1R —2X
D ICso fEI% 0.496 mg/mL Th - 7=, Eil& FERIZ, TERMEYOTEET — % L HL
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BRI O ORI EZ & 212, T— o VRS 1 g(D.W.)4 72V O AEIC % 5
HLU72.2013 4E D > T v Tz a- 7 0 2 o 2 —B LERFR MR E TlE.SY206
@ AEIC fE(56.1 pmol) ML D3R EL HFE L U & OB VWMEZ 7~ L7, 2015 42,2016
FERB LW 2017 FICEBRENZEY L2 AW, ZREn0RBRE
T SY201 (65.0 pmol). SY237 (76.6 pmol)Is & OV SY237 (79.9 umol) T &\ Ml &
BT, TNHD 4 OOFEMFRIT, TN ENOFRBREIZIB W TERA R L~L
TEEZEEA AR L, 2017 4£0 SY201 2BV CiE, s e LTV
SY11 OEEFEILFE & RI%EL ETHh o7, ABFIETIEL, B &8 ARRMEICE
T DR ER DI OWTIERZHLNILTELT, 57050
WradtEed s, MEOWREIZLDE, Y—a LV EIFETIHEDON 7 = 7
A NXFTWEFHERTL E Oy AS, a-7 X 7 —E (Narita and Inouye, 2009; Oboh et
al,, 2015)B LW a-7 Va3 v —BIx T 2 HEEEICHF S L WD aletEn &
% (Terada et al., 2003; 2006), Y — 2 VEDEAXT LT 7 hoxm b R
VEBLIOARAST T U UT AU R LEEEICEBRL ) Dk TH D
(Honoré et al., 2015), BULERIZRWZ &2, KIFSETHR LN —a U BED -7 L=
U HE—VIHEEMO AEIC ff(45.2-79.9 mol)if. LARTHRE Sz 27 FE DG
M7 SE A2 L 5 A 5(0.5-31.6 pmol) (Feng et al., 2013) L 0 & & <, 5
FLEEH 2R LTz,

B4E AARITRITD 4 0ORKREL SYIl OY—a VEOMENRT — X %
RN T 2 BARAT

REFETHEESINZ 4 DO —a ML SY1 OZELXZHWT 4 Fi2o7-
LHRETHE LN BROWRET — X 2 W CEEEBMT 21T\, l 4 OfE % 1)
FERNCHE 2 D <, R 7 hE A1 & AT b 23 A 7o, A WIS FABEA T A
SWTHIET —Z Z AR L, FR o (PCA) & i L7, 378 2 OFEs &
R LOSY1l D 4FESOVET—2EHE L, PCAICL DT &#1T-o7-, %
DFGEF, B D 2 DD RS (PCs)iE, FALE AV x #1IZHH Y35 PC1 28 75.6%
EHiEy BHICA Y95 PC2 28 22.1% 00 B Ak D A5t 97.7% DRI T — 2 B % &
T2 & DHEE S U7 (Figure 2-1A), x A&7 PCl1 OAMEITASL AT 7 =
J—VEgE, B LERB X RNa-7 Voo X —EHEEM & O IEOFE N
KL 272600, ylihz K+ PC2 DAMEIT o-7 2 7 —VIE L BH#-S
7 545 (Figure 2-2), kg7 7 22— (HCA)ZIT > T2 fiR. 5 Lo i#E
] CHRVFEBIM: & W GERERE L L CER)ICER TS 3 SOMN LT
7 T AR —DIFE & 7B T (Figure 2-1B), PCA (2R} HALEN T 2 Ak 3 5
L BIEZKNHE > T (Figure 2-1B /), SY201 & SY11, SY217 & SY206,
Z L CSY237 DA% M L3 HHSL LTy T AKX —|Z5%E L= (Figure 2-1A &
), IR WA Y 7 = ) — G, RO EERB LR W a- 7 1 a v &
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—VPIHEEEZ AT S SYL1 & SY201 28 PClL o ADNIEIC T 1y b &, T
RTDO/NT A —=H =% L THBREVEZ > SY237 NIEOMBEIC T 1 v
F STz, THE TOWHNORE TIE, EFOY—a AfREICB T A2RY 7
= /) —/VEBEDORIEM & in vitro EWTENE & OREIZ(Russo et al., 2015b), &5\
ITEREZR LT DY —ar tZORY 7 ) — O00EME E ORI O ED
FABEME 2N F8 6D B 41Ty % (Lachman et al., 2007), FiZEEIZIBVT, SY206 DY —=
VIEORY Tz ) —VEREIE, BREL SO OEWIC L AEhd S ArHErE
MWD ZLER LI, v VB ORI 2 AL E AT DRI ENIZ
FOEOREREZZ T TCVDIONEMRIHZEHLEETHDH, KRIT, Hr D
pnfEE 721X SY1 OFRBUE Z & 02T — & % W THi 7212 PCA 0T 2170, #
Hi[X % VERK L 7= (Figure 2-1C), Z Z Cx#ix &R T PCl DAMEIIRY 7= /) —
NEEBLOTBILIEA &L OBWIEOMHBEANER L 72 2700, y xR
9 PC2 DAMEIT o-7 I 7 —EBHEL IO a-7 Vv a v ¥ —BHETEM: & BE
ST B 5 (Figure 2-3), = OFER, #FI2 SY11 11X, x B & y O A D HOIZiT
VNS PRI BLE S AL, OB I L D RE AN E ST,
ZDOZ LT SYIl DHERENET — X ICB W THEREFIENNESWZ L EEE LT
Wb, D%, TNHLOT—F 7y MIOWT, 8EUFEZ & ICHNICELE L
WAL & 3 A 7= (Figure 2-1D), BLIEVZENZ &2, 2013 4E & 2015 (DT —Z (T y
HoD X 0 ARWGATICALE L, 2016 4E & 2017 FEDOT — X 13 L 0 @B AT &
LCW=, F£72. 2015 4F & 2017 A ClIskEs M ot — 2 12810 %
RERZENILNFEN & LTI,
FRTHLNERE ., Hx O —a RGO B R 701 5B hE A
EDOMICB T 2BEMEOEREEZETHZ ELEETH D, SY [TEEENE
ELTWDHZ b, HRTRIIZEASHEL LT~V —A RO 1 DT
& % (Sugiura, 2016), Z=D7=, SYI1 ZFENTHEEEEH T 2B OB RHM &
LTHEAINTWS, SYI OB TIIREORBRNHEBEICRE AT 5729, SY11
WZIEWBI D~ —A BERFEE R Y BT RN D REZDOABAN D 72 W 2 £F
 SY201 N EFEZe b ONTi#E L S 7172 (Sugiura et al., 2007), SY206 & SY217 I,
EEA LA atr ¥ —ICHR LERBEEDEWRLL O FHEEEINTEY
7277 T8 SY206 1L E LN, BRAT 72 BTt 36 L OMEARINE S B8 Cdb 5 KMk,
— 7T SY217 bLZELIN., BHEE., BIOHRNE N ZHR -4 L o
T DR % 49 5 (Fujino et al., 2008), SY237 i, SY201 & SY11 OEEH
mAEFD, MREBEOHMN DI REDONRESRABDPSTZHEETH D
e WNEELESHM ETOERFTL R TH L7 EDREE A LTV 5 (Sugiura
et al., 2014; Sugiura and Yano, 2016), AHFZETIL, &% OFEFMFEOBERE R TD
BHUMESERIZOWTREIT &0 & LEFERENEL N TR, L LR
5. B2 D 4 FHEEND OBRENET — % OEWEZ W= 2 EBMITIC XL 0,
Figure 2-1A B X OV IB (/R8T X 912, ¥—a v OBEENEFIC X 54
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AR DREGRE 72 & OZERSHERNE NS BRI O OMEEN: T — % O & B
BT BNDEH N AZIT oD, WHUIORESNTWA RN S 5, 1
SATOHERNCH H D X 9 (Z(Lachman et al., 2007), %% DY — 2 @R L O
REDOB LA ROMEMEEZMNTT 5 Z LI2 X V| EIEHE RO RENE & o [E
MERIETHAZ ELEHETHD &5 % HIL5H(Svobodova et al., 2013; Ziarovska et
al., 2019),

Y—a M B EBIAR DI E A FTEE &(F.W.) & L C Table 2-6 |2 % & 97,
SY206 & SY237 [t X ¥ & HeignBiAR EHE S & < BREZ @ U TR OIE KR
HRESEWIEELZ R LTS, ZOFE 2015 F & 2017 F O sk L UNSY11
ORI E X, 2017 D SY201 DA ZFRE, MOFE LV b EmWEHANZH - 7,
CDOZEEF, Y—arOBROKREICE > THRERENRBIF CTH-T-Z L2 E
L TW5D, BFHL, 2015 & 2017 FEOFEERER 21T - - HIK Tl S
T EZ P BRKIZT TOXIR R & ORBEER S (KREG)T HP, 2020 ), Shfl &8 A
FREOMREIEORET — X IR ONDEREZA LY, BIFREBTER L
AREMENE . HID, — 7, 2013 FE & 2016 FEDOE N SEKITT TIEE iR RS
T2 & U (Table 2-7), fhfl & B AR COMEEEDOE N /NS AFREN
EULTEEZLND, RBHIXIZEIT S 2013 £ 7 A & 8 HDAHBPEAAIE
IXZENFh 24.7°C & 24.9°C TH Y, 2016 FDOFHKIRIL 24.5°C & 24.7°C T
ol ZTNHIT, EERE L L THOWOLNS 1981 026 2010 4O SFEAEHIC
D THD23.6CE 8 AD29CERR LEIDEIBREICH 72, WHFED 9
H (2013 0> 20.7°C & 2016 £ 22.1°C)FB LTV 10 H (2013 4ED 16.1°C & 2016 4F
17.9C)DFEHERIE S £ 72, FAEMEO H D 20.5CE 10 H D 14.6°C) L v & Lhilghy
B VMEANZ & o 72, RTFRAYIZ 2015 4T, bl & 8 ARKE R CHREMET — 2
ERHRELBROAEBIERLBHFTHY . 7ANS 10 AT TRl ST
HYEHRIR(FNZH 23.0°C, 23.6°C, 19.6°C 3 L O 13.8°C) 11 FEME (TN Fh
23.6°C, 23.9°C, 20.5°C 8L 14.6°C) LV HLARERE IZH 72, 2017 FDHGE
WX EZFETHD25.0CLE 8 AD 24 9CH ALY bmh-7=Ic b b 53,
MZE9 HD 19.6CE 10 HD 13.8Clix. NEMITIREED FEHEEIZE T IR > T
77,

SY206 35 L TN SY237 X HLEGHIBIAR DR & BAF T, L0 ZUUHETH 5 R %
Ff > TV 5 (Fujino et al., 2008; Sugiura et al., 2014; Sugiura and Yano, 2016), HA®
JUINBT R I TR DN T A OFRERETL INEXFH T LD Th -T2,
SY206 & SY237 OBUARITAERFFADSEWF MR H D . T O DO MTRITE N D
HIZNT TORIRA M LRI T DB HERAENZ EDBBL N5, ZHET
2, WY AEDEDORY 7 ) —VEBEOEIMMN, FHEEEED 9 6 H R
LU0 BHITHAKIR DB 2 = 1T 5 Al et 23 #i s & 40 T 5 (Kobayashi et al.,
2019), T2 CIHMEREE L EFA MLy b= LTHIX, BEORY 7=/ —1LE
BamE~ B AREEN RSN TV D, — 5. ARBFZRICEBW T, 2017 4
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D SY201 DEIZBWTOHRRY 7 = ) — LG @& Chi{b/ER 7 & OReM: <
T A—F =MD EEART LD B SEHIIREAHOEETH S,
SY201 ORI E DD 7o Tl D, SR O AFERE D ED > T2 Z & 3K
ThdEEDLND, 2007 025 2009 4O M E N OEE O H X CTRlBRE LS
AT o B EORE TIL, SY201 28 SYI1 L0 b ABNRITLE L TEWIR
RN A 15 T D (Sugiuraetal., 2007), WIZFe~ OFER TIX, SY201 23 SY11 &
D HAEBNRHTHRINE L EVETICH 72, FD-D, A THE LN
T—H 2 LT 2R &M ORERN ., Z ORBRHISIZRA Th 5 "REMEIC D
WT hiEmORMN D 500 LR,

28 BARATIIRER) & 5 5 2880 X 0 PO EREL © & ICBIREEZ IR E ST
HTODOHRRFHLY — L ThY, A THIEIERT—ar OERESK
RN BT A MREEDMT 4L TV 5 (Lachman et al., 2007; Russo et al., 2015b), &
BHEICOEVRBRREZIT> THOND T — XX, H—HETEZLEET—4 X
DY SEEMNTEZI L CX 0 ERRNERRE T CTE D REMENH D,
e —a RER A L SY L ORFERHm 2 Ak LRI Z2EATTO 2L, &
DICHEE OB EZ R L TWS ZELEETHDL EEZ LD, REERD
TR DAEBICHBERIEFT L 2BETH L. [URTEIT TR < HBOBKE
72 EOBRFEDOREEM Y F -0~ OSFE LB AR OISy DG B EE
PEIC A KT T AREMEN S 5,

Baf /ME

AL BT 2013 4F, 2015 4E, 2016 4238 L OV 2017 R 7= 0 ikBrols
ST 4 M EENICBIT AEEREE L THWLILAEARFDO SYI1 O —
o THEBERY R BN D BN AT O W TRRIEE TV, EORY 7= ) —
VEREPIRLIERIEZ, SYIL K0 b (7T AD L4 (SY23T)TEWI &,
L2y L7278 B NE N OFREE il T O V7 HE M BRI 28 L TEZ &)
KEL—BHBEMNMELNIZ W Z EEZW LT Lz, WIC, HED RS EE
HEFRZEICE, RBHMEZBEL CERERRENoTZb0D, Dl Lt
SY237 & te 3 DOAESMFEN SY11 & RENENLL ED o -7 Va3 v X —ERH
EERLE, 612, BNz 4 E5OEMEORIET — 4 2 VT2 EfR
WEITW., 2 b —a ksl SY1l OB A 72 &R 2 AR REI A,
ALt HZ LN TE-, F2TIESY237 A SYI L0 bEN-AFEE 2D 55
TENIRENTZ, LM LAENOARBERIL, BREWRRBRXCHET —XI1285
T DE I IR & 72 D RTREMEDRN B U | FFIREH O BN RKE N LICHHRE
THVENRD D, AR THEONIHEEET — X LB TOFREEICLDIE6D
ENRRKRENSTT20, ABITBREERNHIE S - A TREECR v FTO
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DU AREE A E AT BB AR RE MO AR A AR A R A TR S L ONEL A SRR
THOLNZLTWS ZENEBETH S, WEMERMFM & L THERBENEO
Y —a U FEEZHENL L T TEDICh, SBITEICEENARY 72 ) —
VDR SHT, MR L~ TOHREER. in vivo TOMEE EAMHIER 72 &
IZDUWNT, SY237 & e v—a AR R LY SY 1 [Tl & #it = HhisARGE
ZATOo TV BERDH S,
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Figure 2-1. Multivariate analysis of the data obtained for total polyphenol content, antioxidant
activity, and carbohydrate-hydrolyzing enzyme inhibition of yacon leaves among four different
cultivars and a Peru A line collected in four different years.

Yacon leaves from four different cultivars (‘Sarada otome’ (SY201), ‘Andesu no yuki’ (SY206),
‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237) and a Peru A line (SY11) collected
in November of four different years (2013, 2015, 2016, and 2017) were used in this study. PCA
(A) and HCA (B) were conducted to visualize the data obtained from the different cultivars plus
SY11. Additional PCAs were performed to visualize the scattered plots at different cultivars plus
SY11 including four different years (C) and at four different years including four cultivars plus
SY11 (D). Circles (or dot circles) in the figures indicate clusters. PCA; principal component

analysis, HCA; hierarchical cluster analysis.
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Figure 2-2. Multivariate analysis of the avetaged data obtained for a PCA loading plot
with total polyphenol content, antioxidant activity, and carbohydrate-hydrolyzing

enzyme inhibition of yacon leaves among four different cultivars and a Peru A line.

Yacon leaves from four different cultivars (‘Sarada otome’ (SY201), ‘Andesu no yuki’
(SY206), ‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237) and a Peru A line
(SY11) collected in November of four different years (2013, 2015, 2016, and 2017) were
used in this study. Data from yacon leaves collected in four different years were averaged
for following analysis. PCA (A) were first conducted to visualize the PCA loading plots
to estimate their PCA scores in PC1 and PC2 axes, also shown as PC1 and PC2 in
Figures 2-1A. HCA (B) for the PCA loading parameters was next performed. PCA;
principal component analysis, HCA; hierarchical cluster analysis.
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Figure 2-3. Multivariate analysis of whole data obtained for a PCA loading plot with
total polyphenol content, antioxidant activity, and carbohydrate-hydrolyzing enzyme
inhibition of yacon leaves among four different cultivars and a Peru A line.

Yacon leaves from four different cultivars (‘Sarada otome’ (SY201), ‘Andesu no yuki’
(SY206), ‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237) and a Peru A line
(SY11) collected in November of four different years (2013, 2015, 2016, and 2017) were
used in this study. Whole data from yacon leaves collected in four different years were
used for following analysis. PCA (A) were first conducted to visualize the PCA loading
plots to estimate their PCA scores in PC1 and PC2 axes, also shown as PC1 and PC2
axes in Figures 2-1C and 2-1D. HCA (B) for the PCA loading parameters was next
performed. PCA; principal component analysis, HCA; hierarchical cluster analysis.
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Table 2-1. Total polyphenol content in yacon leaves among four different domestic

cultivars and a Peru A line collected in four different years*

Years SY201 SY206 SY217 SY237 syi1
TPC (mg CAE / g D.W.)**

2013 45.9+2.6°A  33.8+1.8A  47.6+1.7°A  57.0+1.3°A  44.9+3.4%A
(1.02) (0.75) (1.06) (1.27) (1.00)

2015 58.2#3.1°B  36.0+1.3%A  245+1.6%®  40.7+1.6°8  33.4+15°B
(1.74) (1.10) (0.73) (1.22) (1.00)

2016 34.0£1.8°C  28.4+2.2°B  43.8+0.8°C  34.4+0.8°C  24.4+1.0%C
(1.39) (1.16) (1.80) (1.41) (1.00)

2017 9.6840.33*°  52.1#2.15C  20.8+1.0°C  73.4%+1.99°  30.0+0.7°8
(0.32) (1.74) (0.99) (2.45) (1.00)

* Yacon leaves from four different cultivars, ‘Sarada otome’ (SY201), ‘Andesu no yuki’
(8Y206), ‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237), and a Peru A line (SY11)
collected in November of four different years (2013, 2015, 2016, and 2017) were used in this
study. Several leaves from different plants were sampled at the second position from the top of
plants, and then lyophilized, crushed, and pooled for investigation (see the Materials and
Methods section).

** Data shown represent mean = SD from four independent experiments. Tukey—Kramer’s test
was conducted for the multiple comparison; values not sharing a common superscript letter in
small capital (or large capital) are considered significantly different at P <0.05 among individual
cultivars (or individual years, respectively). Data in parentheses indicate the relative amounts of
TPC in individual cultivars vs. SY11 (1.00) at the same year. TPC; total polyphenol content,
CAE,; chlorogenic acid equivalent, D.W.; dry weight of sample.
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Table 2-2. Antioxidant activity of the extracts prepared from yacon leaves among four

different domestic cultivars and a Peru A line collected in four different years*

SY201 SY206 SY?217 SY?237 SY11 Trolox
ECso value (g extract / mL) ECso
in ABTS" radical scavenging assay** (Ug / mL)
2013 22.2+1.3 30.9+0.2 26.240.5 20.7+0.4 22.2+0.5
2015 20.6+0.3 27.2+0.4 42.9+0.7 24.2+0.5 34.7+£1.0 8.59+0 15
2016 38.9+1.0 42.0+0.6 32.2+0.2 29.4+0.2 37.5+0.2 DA
2017 82.4+0.8 26.7+0.6 41.7+0.6 21.2+0.4 41.5+0.3
ECso value (ug extract / mL) ECso
in DPPH radical scavenging assay** (ug / mL)
2013 31.8+0.7 32.7+0.2 29.1+0.3 25.6+0.2 26.8+0.2
2015 30.2+0.8 39.7+0.3 78.4+1.1 30.2+0.7 61.8+1.0 73940.08
2016 55.1+0.3 53.4+0.3 52.0+1.8 52.6+0.8 68.6+0.6 e
2017 12845 54.0+1.2 58.6+0.7 45.4+1.3 54.3+0.3

* Yacon leaves from four different cultivars, ‘Sarada otome’ (SY201), ‘Andesu no yuki’
(8Y206), ‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237), and a Peru A line (SY11)
collected in November of four different years (2013, 2015, 2016, and 2017) were used in this

study. Several leaves from different plants were sampled at the second position from the top of

plants, and then lyophilized, crushed, and pooled. The leaves were extracted with 50% methanol,

then the supernatant was lyophilized, reconstituted in 50% ethanol for investigation (see the
Materials and Methods section).

** Data shown represent mean = SD from four independent experiments. D.W.; dry weight of
sample, ABTS"; 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) cation, DPPH; 1,1-

diphenyl-2-picrylhydrazyl, ECso; half maximal effective concentration.
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Table 2-3. Antioxidant activity of yacon leaves among four different domestic cultivars
and a Peru A line collected in four different years*

SY201 SY206 SY217 SY237 SY11
TEAC value (umol TE /g D.W.) in ABTS" radical scavenging assay**
2013 2681734 191414 2404594 28054 253+5PdA
(1.06) (0.75) (0.95) (1.11) (1.00)
2015 32258 245+4bcB 199+348 250+5"B 238+7°%B
(1.35) (1.03) (0.84) (1.05) (1.00)
2016 19645 ¢ 185+3¢A 264+14¢ 200+1C 191+1bcC
(1.03) (0.97) (1.38) (1.05) (1.00)
2017 68.7+0.72P 301+70¢ 171+3¢P 358+74P 162+1°P
(0.42) (1.86) (1.06) (2.21) (1.00)
TEAC value (umol TE / g D.W.) in DPPH radical scavenging assay**
2013 1594324 154+1°A 184+2¢4 1934244 1794184
(0.89) (0.86) (1.03) (1.08) (1.00)
2015 1874528 143+1°8 92.9+1.3%8 1714448 113+2¢8
(1.65) (1.27) (0.82) (1.51) (1.00)
2016 118+13¢ 124+1°C 13945%¢ 95.1+1.49¢ 88.7+0.8°¢
(1.33) (1.40) (1.57) (1.07) (1.00)
2017 37.9+£1.43P 127+30C 104+1¢P 1424440 105+1¢%P
(0.36) (1.21) (0.99) (1.35) (1.00)

* Yacon leaves from four different cultivars, ‘Sarada otome’ (SY201), ‘Andesu no yuki’
(8Y206), ‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237), and a Peru A line (SY11)
collected in November of four different years (2013, 2015, 2016, and 2017) were used in this
study. Several leaves from different plants were sampled at the second position from the top of
plants, and then lyophilized, crushed, and pooled for investigation (see the Materials and
Methods section).

** Data shown represent mean = SD from four independent experiments. Tukey—Kramer’s test
was conducted for the multiple comparison; values not sharing a common superscript letter in
small capital (or large capital) are considered significantly different at P < 0.05 among individual
cultivars (or individual years, respectively). Data in parentheses indicate the relative TEAC
values for individual cultivars vs. SY11 (1.00) at the same year. TEAC; trolox equivalent
antioxidant capacity, TE; trolox equivalent, D.W.; dry weight of sample, ABTS"; 2,2'-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) cation, DPPH; 1,1-diphenyl-2-picrylhydrazyl.
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Table 2-4. Carbohydrate-hydrolyzing enzyme inhibition of the extracts prepared from
yacon leaves among four different domestic cultivars and a Peru A line collected in four
different years™

SY201 SY206 SY217 SY237 SY11 Acarbose
Activity (%) at 1.00 mg leaf extract / mL 1Cso
in a-amylase inhibition assay** (mg/ mL)

2013 45.3+1.3 39.5+1.2 37.0+1.8 40.3+3.0 42.2+0.5
2015 48.3+2.6 42.1+0.4 32.6x4.1 48.6x1.4 36.4+2.4

21.3+2.5
2016 53.444.0 50.7£2.3 52.5+1.5 56.8+1.8 53.0£2.8
2017 40.6+£2.5 52.4+1.9 50.2+2.4 50.5+3.1 52.3+2.0
ICso value (mg leaf extract / mL) 1Cs0
in a-glucosidase inhibition assay** (mg/mL)
> 3.
2013 2.69+0.08 3.00 2.69+0.07 2.73£0.13  2.75+0.06
(Max 49.8+2.0%)
2015 >3.00 >3.00 >3.00 >3.00 >3.00
(Max 51.2¢1.0%)  (Max 39.521.4%)  (Max 35.5:0.4%)  (Max 43.0+2.1%)  (Max 35.72.0%)
~3.00 ~3.00 0.496+0.032
2016 2.80£0.04 2.74+0.05 ' 1.72+0.06 '
(Max 45.4+1.1%) (Max 42.9+1.1%)
> 3, > 3.
2017 2.77+0.02 3.00 2.49+0.04 2.14+0.17 3.00
(Max 48.2+1.0%) (Max 46.7+1.0%)

* Yacon leaves from four different cultivars, ‘Sarada otome’ (SY201), ‘Andesu no yuki’
(8Y206), ‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237), and a Peru A line (SY11)
collected in November of four different years (2013, 2015, 2016, and 2017) were used in this
study. Several leaves from different plants were sampled at the second position from the top of
plants, and then lyophilized, crushed, and pooled. The leaves were extracted with 50% methanol,
then the supernatant was lyophilized, reconstituted in 50% ethanol for investigation (see the
Materials and Methods section).

** Data shown represent mean £ SD from three (in a-amylase assay) or four independent
experiments (in a-glucosidase assay). Data in parentheses indicate activity (%) obtained at 3.00
mg/mL of the maximum concentration. AEIC; acarbose equivalent inhibition capacity, AE;

acarbose equivalent, D.W.; dry weight of sample, ICso; half maximal inhibitory concentration.
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Table 2-5. Carbohydrate-hydrolyzing enzyme inhibition of yacon leaves among four

different domestic cultivars and a Peru A line collected in four different years*

SY201

SY206

SY217

SY237

SY11

AEIC value (umol AE / g D.W.) in a-amylase inhibition assay**

2013 5.82+0.19%AC  4.89+0.19°A  4.79+0.30°*  4.93+0.46"*  5.06+0.08>4
(1.15) (0.97) (0.95) (0.97) (1.00)
2015 7.04+£0.45**  6.00+0.06%>B  555+0.93>A  6.48+0.22%B  6,17+0.53%B
(1.14) (0.97) (0.90) (1.05) (1.00)
2016 9.58+0.79?*8  9.23+0.46%C  10.5+0.3*B  7.90+0.26°C  8.90+0.52%¢
(1.08) (1.04) (1.18) (0.89) (1.00)
2017 5.27+0.36*C  9.89+0.38"¢  8.39+0.44°C  8.98+0.59**C  8.27+0.35°C
(0.64) (1.20) (1.01) (1.09) (1.00)
AEIC value (umol AE / g D.W.) in a-glucosidase inhibition assay**
2013 49.5+1.424A 56.1+2.8>4 52.3+1.4%0A 47.7+2.284 45.9+0.924
(1.08) (1.22) (1.14) (1.04) (1.00)
2015 65.0+1.6%8 46.6+2.2°8 45.2+1 58 47.1+2.3°A 46.5+3.6°A
(1.40) (1.00) (0.97) (1.01) (1.00)
2016 61.1+0.92C 63.5+1.0%C 62.2+1.43C 76.6+2.8>E 48.3+4.4°4
(1.27) (1.31) (1.29) (1.59) (1.00)
2017 45.8+0.2*P 70.1£3.0°P 64.2+1.0°¢P 79.946.748 58.4+3.8%8
(0.78) (1.20) (1.10) (1.37) (1.00)

* Yacon leaves from four different cultivars, ‘Sarada otome’ (SY201), ‘Andesu no yuki’
(8Y206), ‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237), and a Peru A line (SY11)
collected in November of four different years (2013, 2015, 2016, and 2017) were used in this
study. Several leaves from different plants were sampled at the second position from the top of
plants, and then lyophilized, crushed, and pooled for investigation (see the Materials and
Methods section).

** Data shown represent mean £ SD from three (in o-amylase assay) or four independent
experiments (in a-glucosidase assay). Tukey—Kramer’s test was conducted for the multiple
comparison; values not sharing a common superscript letter in small capital (or large capital) are
considered significantly different at P < 0.05 among individual cultivars (or individual years,
respectively). Data in parentheses indicate the relative AEIC values for individual cultivars vs.
SY11 (1.00) at the same year. AEIC; acarbose equivalent inhibition capacity, AE; acarbose
equivalent, D.W.; dry weight of sample.
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Table 2-6. Yielded weight of the aerial part and tuberous roots of yacon among four
different domestic cultivars and a Peru A line cultivated in four different years*

SY201 SY206 SY217 SY237 SY11
Aerial part (g F.W. / plant)**
2013 981 (0.90) 761 (0.70) 938 (0.86) 1,098 (1.01) 1,087 (1.00)
2015 819 (0.85) 1,194 (1.24) 904 (0.94) 1,296 (1.34) 965 (1.00)
2016 958 (0.68) 1,252 (0.89) 947 (0.67) 1,720 (1.22) 1,410 (1.00)
2017 1,076 (0.59) 1,217 (0.67) 1,517 (0.83) 1,634 (0.89) 1,826 (1.00)
Tuberous roots (g F.W. / plant)**
2013 486 (1.14) 1,300 (3.06) 476 (1.12)  1,582(3.73) 425 (1.00)
2015 776 (0.53) 2,254 (1.54) 1,477 (1.01) 1,795(1.23)  1,460(1.00)
2016 432 (0.61) 1,439 (2.04) 489 (0.69) 2,079 (2.95) 705 (1.00)
2017 342 (0.31) 2,537 (2.31) 1,134(1.03) 2,435(2.22) 1,099 (1.00)

* Yacon from four different cultivars, ‘Sarada otome’ (SY201), ‘Andesu no yuki’ (SY206),
‘Sarada okame’ (SY217), and ‘Andesu no otome’ (SY237), and a Peru A line (SY11); yield in
November of four different years (2013, 2015, 2016, and 2017) were used in this study. F.W.;
fresh weight.

** Data shown represent mean value from ten plants. Data in parentheses indicate the relative

values for individual cultivars vs. SY11 (1.00) in the same year.
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Table 2-7. Monthly temperature during experiments 2013, 2015, 2016 and 2017 in Aso-
Otohime in Kumamoto, Japan.

Temperature (°C)
Mar. Apr. May June July

>
@]

ug. Sept. ct. Nov.

2013 8.40 10.8 16.9 203 247 249 207 161  7.90
2015  7.10 13.4 17.3 193 230 236 196 138 12.0
2016  7.50 14.0 17.8 203 245 247 221 179  9.80
2017  5.40 12.8 17.0 195 250 249 198 157  8.10
1981-

o1 850 11.7 16.3 20.0 23.6 23.9 205 14.6 8.90

Temperatures in 1981-2010 indicate the reference as their averaged data. These data were obtained
from the Japan Meteorological Agency (http://www.data.jma.go.jp/obd/stats/etrn/index.php).
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BIFE o REARICET 5 POLESFIEIEICE S
JEs 2 B T R 2 A O T Bk Sl S D Bad b

F1g RS

Y= NIRRT T AMAREOHY TH Y | MEHRTFITDIZY, BA
EELTVT, AT =T B0 E —r v XEOAEICTE A S {172(Ojansivu et
al., 2011; Gurung et al., 2018), ¥ —=2 L DHBRIZF Y~ AL EFD L 5 RFRE LT
BO., HRMOEZ L L THELMICH RSN TS, HAETIIEN TSI
XoTidvmey s, Va—RA TAAIT IV —A, ¥ T —BIWNEWRE
OMLAEME LTRIESINLTND, —FH, EO—HPEFEERN&ELDOY—a
FKELTEHHNTHEE SN TWDE DD, i EERO KR I TSR % DOFE i
ERY . RAAEBEROEETH S, T— a3 UIEIIPIEETEM(Lin et al., 2003)3
X OHIRIE/ER 24 L TH Y (Valentova et al., 2005; 2006), 7 > hEF /L Tl
PERE TR % 7: 97 (Aybar et al., 2001), REARBN THE I KON L E - EpEY
—aEOFRMEEZHONIT DO, THETICHE X T IROREKREPEY
—a R E O TN O -0 —RA 7 J—=0 T 2T, v~ 7817 7—
THIREIZ B T D PIRIEEH (Ueda et al., 2017a), a-Z /v a v X —EEB L Wa 7 3
7 —B A2 G IHLEER I RIT T EEH (Ueda et al, 20170) 2 A L T&E 72, &
LI, FY—a2 BN 7V =T dDE LT Oy T VNI KIETHERLIE
F B 5 2M2 LT & 7=(Sugaharaetal., 2015), = DI IE, ¥ — 2 %5 % 90-100°C
T 45 Bk HE {75720, Y—2a A 4°CT 3 HRH 50% MeOH 12X %
RIEZ R T 2R L IR A EE L T/, 207, @E O
Re 2 A8E L7 ZH R BOKN 2479 2 &0, mWIRIKERB L ORY 7 =
J=nEEEMAE L O D REMHSEEZHAND 2 LICEHLRTFELND,

Ji~ 2 B [ 51 18] (response surface methodology; RSM) %<2 H .04 A §1 1 (central
composite design; CCD)EIL, RO W ESFMF DL FEMEEE R T 57200
FEBFHEETH D, RIMIEIC KV RSN EREIH 2 FEfT 52 Lo kv, 5
BE ST VERPEEHIND, FXEZHOCHEEZ TR 5 Z &t
B T — 2 RGO, T INOREFRFOREMEEZF T 52 &R L 7
%o AR, SZ M FHEE IR S ORLE T 0 v A Ok A& BRIZFIH ST
WDHERH, 2013), TR A — /L COMRERIL, AT OTRILIEH B LU=
EHaA TR = PR BESHET 572010, CCD EIZ X D RSM 5%
BTz 7 — VIR 0-100%., fhHIRERE] 3-15 4336 L ONEE 10-70°C O &LFAN T
FUERRE S 4L, ORI Themfh R OHEE 81T T 5 (Kim et al.,
2016), FI-ATIET, ARITHRES TIERWT — VA — )L TO LM AEFES
GCORMEHELLEEZ MO IN D,
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ARFETIL, B ORHARFZEE LI IROREARRPEY — 2 RO FEH R
AR ZREL, mWIRBIKIERB I ORY 7=/ — LG8 2 R7HE L 5 5
RIEIH ROV TIND Z & & Lie, SUBEEM ORIEIZIZ, DPPH 72
N NAHEIEME, ABTS'Z 2 WAHEIGTE, SOD #RkifEME, FRAP f& M2 HI7E L.
INODEZINEE L ER LI, ISR oKE(bz AIZ, 2 2 TIEE
&L HIT CCD IEIZE S RSM EIZ KD 21795 2 & & Lz, ARFHHEITEIL,
{2 F T ITEEOPSE RN K » TEEER OB A2 REM T 2 12O &
A% (Jambrak, 2011), ASHFZE TIEfMHIRE %2 75.0-96.0°C, fhHiFFfE % 2.00-5.50
FTERE L, 2D 2 DEMNAEE Lz, RIMIEIZ L D “RISE ihmET /v
IZEDE | RERISEMERL 0D THE LS A RE L7z (Derringer and
Suich, 1980),

B2 MBI UHIE
B/ 1E Ak KURER

REAIR ST (R A) THES, MR LU0 snlcv—= k% 2018 4F 1 A
(2B A L7z, DPPH, ABTS, 7=} Y X h P L7 = — KPMS), = bz 7 /L—
7 hZ > U 7 ANBT), NADH, F U U 2L kU 7 ¥ (TPTZ)% L U Trolox 1%
Sigma-Aldrich (St. Louis, MO, USA)72> 5 i A L 72, DMSO ¥ Merck KGaA
(Darmstadt, Germany) O A L7z, 74—V F A N7 =/ —Lil3E I
Carlo Erba Reagents srl (Cornaredo MI, Italy)7» HHEA L72, %R FEEIE Fujifilm
Wako Chemicals USA, Inc. (Richmond, VA, USA)2> S A L7=, oI EFHEIZ D
TiE, RSN T2 bDD 55, Kk L— KDL D2/ LT,

W2lE YU HE

Y—a EOBUKMERIX, UTFTOLIICRE ) U —F — ATl L
oo BMRELT-Y—a U RGLBREE) 1 g & 2.00-5.50 43, 75.0-96.0°CD A0
tHe, =N E—F—NTMIlliQ /K S0mL & & HITIRIE Lz, T VX VERE
FHC L EBHEE 25 L7z, Design-Expert 7.0 (Stat-Ease Inc., Minneapolis, MN,
USA)D CCD FEEREFHHEET /LI L0 | R E X B8 XK X &/ 5T L
72 13 B9y DS % Table 3-1 IZ- T X O IZFHHEI L, N ENOEMET THill %
1Tol-, Bonizfitikz 4°CTHRE L, ROERICHEH L7,
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% 318 DPPH 7 PV HNEEEREORIE

DPPH 7 ¥ WHEIEMEIR, 55 1 B8 2 i3 8 THO SRS S IE LT,
KREIZBIT W ZRET DRI, v~ 77— U —%—(EZ Read
2000, Biochrom Ltd., Cambridge, UK) % F\ 7=, Trolox ZHE¥EY)EH & L CHEH L.
HBoNT=T7 U EEERZ, o7 v 1 mL (IR 272D @ Trolox 1A &
(ugTE)E LTE LT,

TA4TH ABTS'T VU NEERMOHIE

ABTS'7 U NAAEEEMIT, B 1EF2HE 7HE FAEOFETHE L,
BT U ERNEIZ, Y70 ImL (RS 729 O ug TE & LTE
L7,

BSH Or7 VHNHEEEMESOD HRIEHE)DHEIE

SOD ##iEME L, F1EFE 2P OWE L RO HIETHIE Lz, £ 5472 SOD
FRIEMEIX, o7 1 mL (FiHR) M 720 @ ug TE & LTE LT,

% 6 FRAP FHEHEDOHIE

FRAP {5 IZEEHIZ 35D T TPTZ % W CTHlllE L 7= (Benzie and Strain, 1996;
1999), 7B L 7= #hiHik (12.6 pL)IZ, 0.3 M EEEE T U 7 AEEMER (pH 3.6, 200 uL).
0.04 M HCI (Z3&fi# L 7= 10 mM TPTZ (20 uL)F L O MilliQ /KIZEf# L 7= 20 mM
FeCl3 (20 uL) % & &» FRAP 53240 uL) Z W0 L7z, IRAWR(252.6 uL)IX=EIR T 4
SYEBOS ST, OSSR O %2 593 nm THIE L 7=, Trolox ZIEHEME & L
THA L., 55172 FRAP fEIZ V> 7L | mL ()Y 720 @ pg TE & L TH
L7z,

WIH RY 7z )—NEEOHE
RV 7/ —NEET BI1EF2HEIFOFEICESTHUWE L, A&
TITRERIERIEEDE & L CREFIRA2FEH L, R 7 = ) — V& &L,

P71 mL (RS 720 O pg BERFEEEYEGAE)E L TR LE, XFR
H1ClX TPC (total polyphenol content) Z [AlFiE & L THEHTHZ & &9 5,
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B8 IH  EBRECHE L HFART

FH P 72 B2 351 2 IR (75.0-96.0°C) & BEfH(2.50-5.00 43 DFLAA D
FIZHOW T ZHE LED 72902, 2 2 CTlk CCD % V7= RSM 15 % il A
L CEBRHMBZZRT L=, BB, Table 3-1 127 T K512, 5 5055k L%
TEfE, IRE-1.41(75.0°C), -1(78.0°C). 0(86.0°C). 1(93.0°C), 1.41(96.0°C), 72
B NTIKFH-1.41 (2.00 43). -1(2.50 43). 0(3.7547). 1(5.00 43). 1.41(5.50 53)D
S A FEBRFIEN AL AIA AUTE, EBRGHHEE TER SN D IEF B O H.L (0,001
BIFA2HHE 5 R#VIKE L, 2T 13 By O SR %2 2T AR ERGE T
X, EAFEOATERBLOINGENGT LM ERET HMD 4 SDOMfi %5
DEORELT, 4 DORBZITBICEABIORY 7= ) —VEBICKITT
IR &R 2 RS 2 DOMNER O E LY “IREZHEXET V2 AN T,
FRE & @A S, S ORDIMTICHHT 27200 ZRZERET /VIL, LARI
DHAEIZHE - C (Puttongsiri and Haruenkit, 2010), &=%& H 7=,

Y = Bo+ BiXi+ B2 Xo + BuXi?+ 22X+ B XiXe 0 ... Eq. 1

2T, YIRS BAISAMEDPPH, FRAP, SOD, ABTS', RU 7=/ —
V), X IR, Xo XL Bo lZEEH, Br & Bo IFARIZTE, B & Boz I ZIKIH,
Bu I HAEHETH D,

ET VG S5 72912 Design-Expert (/X—3 3 > 7.0, Stat-Ease Inc.) % fifi
ML, RSM HEIC L) MimM iz, TEELE) HaRELL, £, #
T RAF YT Ny =T 7 a7 T A(Statcel 4, OMS HIR, FE, HAR)D Pearson
OFERERRE 2 W T, fHlx DT A —Z —[ COMBEAMEOFE 21T 572, 7 —
A%, HEHRHZIZ 3 BIOREFZR GG DT ESE CAEEFRA LS LTERL
76

FIH HRBIVEBR

HWHE OMHREZBE LI IRO Y —a U RO FEHRBURIH SR A E L.,
EWPLEBLIER E AR Y 7 = ) — VAR L 9 D il SRz DWW TR~ 5 72
D HEHME & & HIZ CCD HEIZ L D RSM % F W CTHEMT 21T - 72, Design-Expert
V7 2T ERMEHL, TEE LI BELRET DI LT, mEstbo 21T

> 7,
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F1E IREEBORE LNV ORE

FEH RS L ORH O 2 DOMSEZEENTHOWT 13 80 OFEER AT
VN, CCD JEIZHS< RSM 1E%& FE LTz, &FEBRBLIFICH T DR (X)) & FEiH]
(Xo) D AA>E & DPPH, ABTS", SOD, FRAP % & ¢ 4 DD R 72 2 Hiipil
ERERY 7= ) — LG EOEAEZ Table 3-1 IZF & 7=, W OB AREA
FRE L. 75.0-96.0°C D #FPH CTHIHEEE & 2.00-5.50 45 O &P ChiiH R 2 3% & L
Too T ORER . BRI EOIEE i (86.0-96.0°C) THHH 247 - 72 BRICIX W Bilig(b
ERERY 7= ) =V EEDELNDMEMICH D AR VR (75.0-78.0°C) T
XN HIERVENR S Hiviz, DPPH 7 ¥V /WiEEE®HICB W TS O &
KAEF L OEHR/IMEORNTIE 1.80 5D AR ZRBOT-, ABTS 7 2 EEIENE,
SOD #&iE M, FRAPIEMERB L OVRY 7 =/ — V& & TIX, TNEHKRKT 1.71
5, 336 %, 211 5B X188 5D AR AT O, RBUKHMHEMET THERE
SHHTE DA DAY 7 = 7 — VI DWW TUER TR REEZ T > TV
RV, L LN S, By by —a A =z HPLC IZ X 5 TR ¢
. Bkt h 7 2B IOV v 7 U Y — 7 OIFEEZ R L T
% (datanot shown), RIZ, 2 ZEE TOFBEMEZFAT T 572012, %% OHIEE
ZRAWTEYFSHT 21T o7, £ DGR, Pearson DAHBIMREIZ L Y . DPPH (r =
0.888). ABTS' (r=0.628). SOD (r = 0.635). FRAP (»r=0.806)., B LRI 7 =
J—VE B (r=0.810)D&PEMIL, & ATHHIRE & ORICA B2 IEDO BB
R& R LTV = (Table3-2), £7-. 4 DDORRLHBVIEHBLIORY 7 = ) —
VEBEMICBW A B R MR TE -,

HEADO—SHAXRE AW REIZBWTH, MHIEER X O 2 ABTS™ 7
U NEEEM, FRAP GBI ORY 7= ) — V&G EICHE L RITTEE,
K+ C& % (Burillo et al., 2018), % Z Ti&. HhitHIEE(70°C, 80°CH L OF 90°C)H
F ORI 0B LS )i+ 2 & i bE B L7 = /) — V5 &
REEINT AMEA ZHE L TS H DD, 80-90°C TORIHIEE Tl & A EE1L
DFBD BTNV, 8 &2 AW 2345 Tid, FRAP IETEDY 70-90°CO Rl 2> &
HWINL., MHRFORMI DO 15 BENEMEDO EFIZKE <5 LT % (Langley,
2000), 2O DEERREETORY 7 =/ —/UiE, HiBLERICB W CEER
HE R TH OO, IEERD OMMEIISEMICKRE IKRTFET D AEERD 5,
RSM £ %2 W= EBREHEIC L 0 | RENL DR RARY 7 = /7 — )L & HERLAE
HzRtT 208 IERN G TH D 2 L b F s STV % (Belwal et
al., 2016), — . EHHHIZRY 7= ) =L OBRb ZFE T 5720128 F L<
2 L O EE] S & % (Naczk and Shahidi, 2004; Belwal et al., 2016),

WAz, RN &S HEME E OBRMEE RE T 21CH720 . 2 2 Tlkoi
T & ZIREGIHAD ZGPEIZ DWW TH Tz, Table3-3 1%, fFofbS /2 >D
ST IR A Fe IR & BERIC )95 5 DO B2 ¥ DPPH. ABTS', SOD. FRAP
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BLOKRY 7=/ —VEEDO ANOVA(DHE AT DR R %R LT %, Table 3-
4 |2 X RIM VEIZ L D ERAEB O TR —RZHEAET V2 EXNE L TE LD,
DM ETITENENDOINENEZRT FMEICESEZ, P—a Komi{biE
HIZBITHBE T A —4—0 5 5 FFIZDPPH I L UNFRAP Ol €7 /LTl
R RS & PRI L DB L A EICTHITE 5 2 & 3B L7-(Table 3-3 1),
BRRTENZ DN TINEME 2 (2 (AT RS S RS (X))IE DPPH, ABTS',
SOD, FRAP BL UK 7= /) — L EEBEOETO/NT A —Z— LD THER
FHBIRR 2T b DD, FHIFH(X:) & OFICITEERMEBEEES L ICIEED
erol, ZOLE RO THEEX?)2 ABTS ™5 LTV FRAP (2% L TO AR
HAT O b0, FEH O “FIF(XY) e 5 ONIIRE & R oI 1T 522 A
EHEXX )TN TNOISER 1L DM THOAEERBESRZRE o7, 1E
HIR_&&EE LT, Z2NEFho ZREEXET VTN THOIGE BN T
t AR A FE (lack of iy E CHRBMENRD LNV b, THET VL
WHITH D Z EHA LT, T2, £ TOET IVOMBEBEERY)IX 66.9-85.5%
DOFIFATH 0 BT TIIFRERRE L MR ENBIE SN o2 2 L KV
INHOELXNISEOTHNERAT 2720027V Th b L ¥ T& iz,
ZEPEIZONWTELIZHND =, TRl RZAXET LV OERIZEK 2 DRI
BT D EREEZRA L TPRMEA R L CTA AR, TR S FERIE & DfH
THGEZ2 XS SR - 7= (Figure 3-1), D2 b, Hohviz
REZENET VO YRR TE T,

Figures 3-2A 7> 5 3-2E (22T T, £1£4 DPPH, ABTS'. SOD, FRAP 5
FORV 7=/ —nEREE, HHHEER L OREM NS 72 2 M5 & o ¢l
AL SN EdhiE X 2R Uiz, MHEEN LA 55 & DPPH 7 ¥ I WEETE
PEMR B L 7= (Figure 3-2A, Table 3-4 (Eq. 2)), fillHEE IS L OWER O W 400 A3
ML C% DPPH OIEMEMEIZ —IREIE 7 B ARD 5 Z L I3 o 7o, A5
BRI, RIHEER L 0 BIREN Y — =% @ DPPH 7 ¥V W W EEENZ
HIEDDICEBERFEEL KIFTT I PR T2, [FRICHEIREN AT
HIZ23 T, ABTST 7 ¥ 4 ViH EiE 1 (Figure 3-2B, Table 3-4 (Eq. 3)). SOD £&ik
P (Figure 3-2C, Table 3-4 (Eq. 4)). FRAP {& % (Figure 3-2D, Table 3-4 (Eq. 5))¥
KX OR Y 7 = /7 —)VE E(Figure 3-2E, Table 3-4 (Eq. 6) b £7- FH L7=, b
DOPBLERHB LRV 7 = 7 — /L E 81T 90-100°CHHE TR KRIZET HE AN
BlEShlz, hHHREZ FHS®5 & MWHROFMEINLRY 7= /) —b
DO N B35 2 LI3A < 5 STV % (Wang et al., 2008b; Tan et al.,
2013; Belwal etal., 2016), £7=. BHXHRY 7=/ —/L & & & DPPH 7 VI ViEE
15 ME(Turkmen et al., 2006)35 X TN ABTS/FRAP {E%(Liu et al., 2009) & O [ 134H
BAMER S D, BADEMET TR LY —a U ROFMERICE T 24 7ot
BAVLVER OF —Z 1%, IS TEx7=RY 7 = ) — /LS ORI EROFE W
KX OAEUCTAEELND D,
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23 HhHREE & RRR O RE1 L

FERB 72 R & B o fiE{kiX,. DPPH, ABTS'., SOD. FRAP B L OVR
U7z ) = NVEBEDHKISEBENPERERT RIS L) FEMLI EEL
S ERTEBEIT 0 (BE L2V D 1 (B LW ETafbsd
oo TEFE LX) OfflE, PIESNZAFZRMED LR E TRICESE, FTEOR
FEIZE CiEd TR Z1T>72, CCD {EZ V- RSM £ T, fiZs T2FE L
S| AR HPIT 0.80-0.63 Th 5 & #&"8 41TV 5 (Lazic, 2004; Puttongsiri and
Haruenkit, 2010), AMFZE CTEBR S N7 K NN T A—F —DEFE L S JOfHEIL 0.737-
1.00 DFEFAICH Y, BEAMR TEFELE] Ofie: LTHHoIZEm W 0.863 235
5 AL7-(Table 3-5), = D5 % i 72 3 A ST D il HH R 0D fic it 1L s 2 OV e di e
X, ZNF4 89.3°CH L2503 ThHDH I EVHIA L7, [AHHSMFIZRT
% DPPH, ABTS*, SOD, FRAP B LU TPC O FHIfEIX. TN L 30.3 pg
TE/mL, 117 pg TE/mL, 1,443 pg TE/mL. 43.0 ug TE/mL 3 £ O* 0.634 mg GAE/mL
Thotz, b ENT-HHEETFICBWTIEIRY 72 ) —LEBORT [BF
L&) OfED 1.00 27~ LTz, AW CIE. MiHSroKkEms Hm LikET 5
Bl A T8E LX) OfEN 0.853 705 0.863 Z - THEBOBEM A2 STV
%o D EESAE DB OV T Table 3-6 (2R L7-, T OFS, A No.1, 2
BELO3 OHEESCRKFICE O TEREZEWN TV b o0, gl T2E
L &) OENEVMESR No.l DSft% Table 3-5 TEH L7,

B OFERIZ, CCD % V72 RSM BB H Ol IR EE 38 1 OVRR ]
NTH-TH, Y— 2 ROBAREO EMRW 22 i &2 ET 57291
WHRERY =V THDHI EELFEL TS, CCD EIZ LD RSM EH o #F
TEBIZL > THHRHAINTEY . WK BRE S ABEMER > 2R+
LB O EtOREEATTORLTWS, flziE, n—X~ U —nrbnA<
V. ANV UBRB ROV ) = VOO B SR 55 Ao
X ) — LK TH D Z L (Oliveira et al., 2016), ~>FEDERY 7 = /) —
JUIRIIR D 7= 6 D Fcii 428 48.07% 7 & h i & v 39.57°CC 73.87 4yl &
175 Z &(Umaetal, 2010), £ ENLR IS e bhrdF o TL—E
B L BICHBILER 2155 120 O S0 57.7% D% ) — iz kb
70°CC 15 4y 217 9 2 & (Kim et al,, 2016)72 E A HRE S TW5E, ¥ —=
VIR D EcE I & FEE IS UAEESRMIZE Y AL A BRI, &0 ISP ol
MRS 2 5% RET L TS BER S D,

MR DREARBEEY — a2 o K Z2HWIZLRTOFEICEB W T, Fx lTigEE
100 g 247= v OFER(LIER 23 DPPH 7 ¥ 4 WiHETEMCTlX 7.56 ¢ TE, ABTS'—
PHNAEEIEMETIZ 10.5 g0 027 ¥ A /L1 Z(SOD #£)iEMETIL 208 g TE, RV
7 x ) —)VEBEMN 776 gCAE Th D Z & Z A L7-(Sugaharaetal.,2015), K&E
TIE, RESEMICRBIT D REORRER 100 g %4720 THRE L7ZBoOHERLIE

56



FH1Z[7 DPPH T 0.152 g TE. ABTS" T 0.585 g TE, SOD T7.22¢gTE, &"VJ 7 =
J—NEEMN31TgGAE &, W URTOHREME VIEVEL R LT, Zh
5OEWT, BL < HFFOFARHGLOR v NMEOEWZEIDI LD EEZD
N5, Hlz1E, Fex OLIRTO®AE TIL 90-100°CT 45 43 B ORI H 2 85 L
T 3 [FIfT > 72(Sugahara et al., 2015), F7=. fHHZICHE S DIEMER T DA
TELECAMERENRR D LRSS, — AT, B E R —aED
PREUREEA, FREZERBE. BESMAEOIED, O K H il & BURGL e Sl TR
SRMBVEEIZHEK LT, RNY 7z /) — oRB L ER 22 EoREMER 1 > k
TEICEEBTAAREEL FSICELLND, INLDOEEREICTH2DICY
Wi B9 A LB L 35, BRZEWZ L I2, SOD BEIEM: TR b= fiig bk
AINIEEWE O Trolox XV bEVEARL TW2, 2L E TIZFH A 1T —
o R OPLRIEVEH (Ueda et al., 2017a)3 K OWHE /> fREE R L EIER 2 G L &
7z(Ueda et al., 2017b), AHFZE TlIY — = > O 2 BN B O F it 72 Buk bl
HEMORBEILERATZDL OO, FRMIIZZ D L 5 2 FENE N OREFEALE
P A U 7o PR BE R 53 D SR 2 iV E OR% E & MESLICFIH C© & 5 nlgetk
N D,

FAH IE

HH O A2 E L TR OREARREE ¥ — 2 V2K O I 72 BUKHh H &
ZRRE L., CCDIEICHSL RSM EIC X 2T & & bic, EWHIRRLIER &R
U7z /) —EaEzEit Lo D@t S W TR~ 7o, iR % 75.0-
96.0°C, filiHFFRE] A 2.00-5.50 57 & FRWVEIFHNIZE D, 241D 2 DE ML &
L. &2 OFHETOMIHKREFRREZ, EAEL2E-, MOStoREEE M-
7oL 2 A, 89.3°CHLN2.50 M DSEM T TYr—ar Rz8uki L7541
1%, 0.863 D EFE LI fHEE L HIT, MWHIBBILIEHERY 7= ) — NV EEE
LT ORESRM L2V ELIZ L2 LT, CCDIEIZL D RSM (LI, 8
WL RKHL e TAFERIGICRBIT 5 LRSFMOREL R ET D720 D ik
wmELTHAEND, KEFTIEZHWSZ LT, Y—a Ko EHIc, &
MOET BRI ORELEXD Z N TE, Y—a EOR) 7=/
— IV DIT2 O TR WM A X U 72 SRR RE R 7 DR B 72 i T E DR E &
FESLDT=, S ORDHMFEEVELELT D,
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Figure 3-1. Comparison of the measured values in DPPH (A), ABTS" (B), SOD (C),
FRAP (D) and TPC (E), v.s. their predicted values using individual quadratic equation
models. The quadratic models are from Table 3-4. Sample number corresponds to the
run number appeared in Table 3-1.
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Figure 3-2. Response surface plots of extraction temperature and time on four
antioxidant activities, including DPPH (A), ABTS" (B), SOD (C), and FRAP (D), and
TPC (E) of yacon herbal tea leaves. TE; trolox equivalent, GAE; gallic acid equivalent.
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Table 3-1. Central composite design and experimental response values in the hot-water

extraction of yacon herbal tea.

Run Coded Uncoded Response
X1 X2 Temp  Time DPPH ABTS* SOD FRAP TPC
(°C) (min)  (ug TE/ (ug TE/ (ug TE/ (g TE/ (mg GAE/

mL) mL) mL) mL) mL)

(X)) (X2 (Y1) (Y2) (Ys) (Ya) (Ys)
1* 0 0 86.0 3.75  23.5%0.9 131+10 1,288+153 40.2+0.7 0.540+0.027
2* 0 0 86.0 3.75  29.1+20 107+6 1,293+263 45.8+0.7 0.633+0.013
3 0 141 86.0 5.50 29.9+15 122+10 1,373+199 46.1+1.6 0.611+0.051
4* 0 0 86.0 3.75 24.3+1.1 113£15 875+205 41.4+1.6 0.523+0.026
5 1 -1 93.0 250  30.3x2.8 11146 1,098+204 43.1+0.8 0.632+0.023
6 141 0 96.0 3.75 30.7+2.4 111+1 1,343+119 44.9+0.5 0.627+0.014
* 0 0 86.0 3.75 26.0+20 96.1+7.8 1,233+256 37.2+0.3 0.554+0.013
8* 0 0 86.0 3.75  29.3%0.7 11747 1,721+205 38.5+1.6 0.605+0.017
9 -1.41 0 75.0 3.75 17.1+2.4  76.448.0 512+143 23.1+1.6 0.421+0.039
10 0 -1.41 86.0 2.00 23.6x1.6 115+11 1,232+143 39.8+2.2 0.540+0.013
11 1 1 93.0 5.00 30.5£1.1 118+8 1,400+182 40.4+0.4 0.602+0.034
12 -1 1 78.0 5.00 17.3£t1.6  89.6+£21.9 748+212 21.8+0.4 0.336+0.008
13 -1 -1 78.0 2.50 17.4+2.0 102+3 1,020+131 31.4+1.3 0.493+0.038

Max. 30.7 131 1,721 46.1 0.633

Ave. 25.3 108 1,164 38.0 0.547

Min. 171 76.4 512 21.8 0.336

*The central point of the design in a square. The five coded levels were incorporated as described

(see Materials and Methods section). TE; trolox equivalent, GAE; gallic acid equivalent, Max.;

maximum, Ave.; average, Min.; minimum.
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Table 3-2. Correlations between the variable parameters obtained in this study.

Correlation coefficient (r)

DPPH (ug ABTS" (ug SOD (ug FRAP (ug TPC (mg
TE/mL) TE/mL) TE/mL) TE/mL) GAE/mL)
Temp (°C) 0.888*** 0.628* 0.635* 0.806** 0.810***
Time (min) 0.173 0.0312 0.0741 -0.0450 -0.101
DPPH (ug TE/mL) 1.00 0.619* 0.770* 0.871*** 0.920***
ABTS* (ug TE/mL) 1.00 0.744** 0.776** 0.655*
SOD (ug TE/mL) 1.00 0.708** 0.778**
FRAP (ug TE/mL) 1.00 0.927***
TPC (mg GAE/mL) 1.00

Significant at *P<0.05, **P<0.01, or ***P<0.001 using Pearson’s correlation test.
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Table 3-3. Analysis of variance of independent variables on the response variables for
hot-water extraction of yacon herbal tea.

Source F-value

df DPPH ABTS”* SOD FRAP TPC
Model 5 8.25** 2.99 2.83 6.31** 4.46
X1 (Temp) 1 37.10*** 8.13* 8.06* 23.86** 18.60**
Xz (Time) 1 1.47 0.30 0.12 0.07 0.29
Xi? 1 2.68 6.05* 4.43 6.83* 2.19
X2? 1 0.04 0.08 <0.004 <0.004 0.08
X1 X2 1 <0.004 0.06 1.46 0.61 1.24
Residual Error 7 - - - - -
Lack of Fit 3 0.92 0.14 0.12 2.84 2.22
Pure Error 4 - - - - -
R? - 0.8549 0.6808 0.6689 0.8183 0.7613

Coded X; and X, indicate temperature and time, respectively. Significant at *P < 0.05, **P <
0.01 or ***P < 0.001. df; degree of freedom.
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Table 3-4. Predictive models from the response surface methodology.

Dependent  Quadratic models Eq.
values

DPPH Y1 = -171+4.00*X1+0.930*X,-0.0202* X12-0.0922* X ,?+0.00556 X1 X> )
ABTS* Y2 = -885+22.3*X1+6.16*X-0.123*X12+0.518*X;2-0.100*X 1 X (3)
SOD Y3 = -14,389+382*X1-868*X,-2.34*X12-0.833*X2+10.6*X1X> 4)
FRAP Y4 = -374+9.50*X-11.3*X2-0.0541*X;2+0.0400* X ,2+0.128* X1 X (5)
TPC Y5 = -2.35+0.0678*X1-0.185*X>-0.000395*X12-0.00278*X,2+0.00235*X1X>  (6)

X, = temperature (°C)

X, = time (min)

Eq.; equation.
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Table 3-5. Optimization of extraction temperature and time in terms of composite

properties.
Optimization of extraction temperature and time
Response variable Goal Lower Upper Target  Predicted Desirability
responses
DPPH (ug TE/mL)  Maximize 17.1 30.7 30.7 30.3 0.968
ABTS* (ug TE/mL)  Maximize 76.4 131 131 117 0.737
SOD (ug TE/mL) Maximize 512 1,721 1,721 1,443 0.770
FRAP (ug TE/mL) Maximize 21.8 46.1 46.1 43.0 0.872
TPC (mg GAE/mL)  Maximize  0.336 0.633 0.633 0.634 1.00

Extraction temperature = 89.3°C, Extraction time = 2.50 min
Composite desirability = 0.863
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Table 3-6. Several candidates of the optimized temperature and time for extraction in
terms of composite properties.

Predicted responses
Number Temp Time DPPH ABTS* SOD FRAP TPC Desirability
(‘C) (min) (MgTE/ (MgTE/ (ugTE/ (ug TE/ (mg

mL) mL) mL) mL) CAE/
mL)
1* 89.3 250 30.3 117 1,443 43.0 0.634 0.863
2 89.5 250 30.3 117 1,437 43.1 0.635 0.863
3 89.1 250 30.2 117 1,450 42.8 0.632 0.862
4 93.0 484 30.7 118 1,451 42.2 0.614 0.856
5 93.0 475 30.5 118 1,439 425 0.612 0.853

* Number 1 herein is the optimum condition as selected in Table 3-5.
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WA

AR iE, HERE L~V TOYIIRHE T v & A Hiffr & 228 &M 70 6 NS H
DA FHEI(CCDNEIZ FED < IR il FHE(RSM)YVE &2 FIV T FEITREAR RN TR
by —arORFICRHAZRE R0 5 2EOMBEORY 7 = ) —1VE
EOTRIAERICRIETTINAORE, WL EARFKME ok, v—a 2%
DOERHRF 2 F8E LI FZ AR BUKE SOV THRE L2 D TH 5,

Y—a i GEXFIBAST P REBO—FET, KT 7 R LRI R EE OHE
MThs, BERTFIZOLEYARZELT VT, A ®7=TB8LPNa—nn v
REEZE N & 72 (Ojansivu et al., 2011; Gurung et al., 2018), FIZHR AR & &
NOEOHRELT, EHEELTHL—HTHHIND, ~V—HEDO~L—A BE
FAESYL ZETe)N 1984 =2 —V—F 0 RZ2RA L THEAEICEASH
CLIK(Sugiura et al., 2014), HAEE TIZ [V F X4 K 2] (SY201) (Sugiura et al.,
2007). 7> AMDZE] (SY206) (Fujino et al., 2008), [ F X4 A ] (SY217)
(Fujino et al., 2008)3 L O [ 7 > 5 A D &4z ] (SY237) (Sugiura et al., 2014)7% H A
IZBW TR ER STV 5, SYTT IZEN TE MR L USEGHFE O 72 12555
SNE K LT BEAREO~L—A BERFEEARF)D 1 2 THH , ERNIZEIT S
BEHEREE L THWONS, Y—a OBRICEEICEENE 7T 7 AU I
PECER LR S CX b 00, EICH - b/ER. g T
TER., PIEEFEMERS L OPUEENE R EOMENR 26T D00 R ) 72 /) —)b
LEOFENRESNTEBY ., EORIDFHPERFIN D, K OEXEERH B
RINHES DARFIHEIR E 725 —FH T, Mz k> CFEEZMTRAH LY —=
CIEPEL L D TNTHE SN TV, ENA~OBEAER RN &1z T,
EHFEY— 2 BN OEICHEH UMMM rERcsy . S 623 T
RF DFEM 2R R EOMEMT IR 7238 B dh 5, BEZERREMCFHESNN S P—a
HE\ZHEH U, SUERBIER &BVLERIC X 2 2 TR L8R T ohiiil
TER 72 E D ki, UK SR W TR 217 5 2 & 1%, B EHEN
RAHMNS LEETH D,

AW CIXEEY — a2 v OELFLRERERLFEME LT T2 %
HIES, BEORY 7 = 7 — /g aE & Gl b AE RN RAE 3 INELEE 0 5278 4 i~
Teo RIZ 4 RIS A —BREE T THEE SN RIS e P —=a U EEZ W T
BokihiE SY11 & O THIRILIER O kil & A BT 24T -7-, &HI12, ¥
—a VAR ZTEE LT CCD EIZ 3-S5 < RSM k% F W 7= Bk il 44 D
LI OWTHART,

851 B CIE, REARULBIERAT R AR AT ICATE 3 2 ARG T s e v —=
ARG HE SY206 DIELZMET 5 & | FENMBFEDIE L L RXTHRY 7= /) — L5
BRIXOT7 V=TV INEHETIHRBEERAREEL Z L2 LN LT,
HPLC (2R 20T &ATV, NEME DIED I 7 = B EmDMEFTOFE LV & &
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ZEERFFEL, EORRICT v s UG B ME A R T 25D T,
5 $ 2}971 ORI CERE N RSB EO Y —a EEHNTHRY 7= ) — b
./z.\ FAETIBLEE DB A RRFE L, T X TOHETINEGELI ’ﬁi? :%Mﬁ%
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KREL—EBUERELNICK W EEZHLNC L, KIS, B fEEE SR EE
HEHFHZEICE, R ZE L CTEBR KRS homb0D, Ll th
SY237 & 1e 3 DOHESMFEN SY11 & RENZFNL ED o -7 Va3 ZF—ERH
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