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Abstract

The aim of this study was to evaluate key properties of the prickly pear cactus (Opuntia ficus-indica var. saboten (OFI)
ie, levels of key chemicals (carotenoids, flavonoids and polyphenolic compounds as well as phenolic acid) and its
antioxidative potential, depending on where the plant had been cultivated in Korea. The levels of flavonoids and polyphenolic
compounds in OFI were 55.45~65.32 mg (+)-catechin/g and 149.00~181.15 mg gallic acid/g, respectively. Protocatechuic
acid was the most abundant phenolic acid in the ON1 and ON2 (161.90 and 196.25 pg/g DW (dry weight)). Nineteen
flavonoids were identified and analyzed by LC-ESI-MS in cladodes from OFI. Narcissin was the most abundant flavonoid
in all of the samples (1,241.89~1,775.10 pg/g DW). Capxanthin and zeaxanthin were the most abundant carotenoids in OFI
(64.88~128.08 and 48.10~93.82 ng/g DW). The level of DPPH radical and ABTS radical scavenging activities in OFI were
10.78~25.35 and 16.85~34.16 mg AA eq/100 g, respectively. OFI by cultivar has different kind of phenolic acid, flavonoids,
and carotenoids. Therefore, dietary intake of cladodes from OFI may be helpful for improving human health.
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M B2 A WollA A sHA] Z317] izl HEA] SA o= A
okt (Kim 5 2015; Park 5 2015). Polyphenol-2 hydroxyl 7]
2E4 B e U4 SRES B0H 202 tusy 81
o 2RE AHlE BEsly| S8 Bibste etEde 2 di} o AHE A4S o|F AU SEAZ EAst=T,
Qaat ofiAT HiEh, B AT WA DlFAFLE B hydol7|E BE S4TI9 di nelTR) Y 44
S EHHKim & Kim 2013; Na 5 2013). Carotenoid, phenolic slof| oJsle] Hojut gHAksE A4S ZH=tHDoh 5 2010, Hwang
acid, flavonoid7} &% o] O]‘g——] AELo 1-3lo) of=3}o| % 2016). Flavonoid= 27119 HFFAl 18] 2 E 7FRX & 15
o, B, e, o 9% ek 48U A8 50 A Ao BAR EUSIE CeCoCo) FEE 2k e
WE SUAIE BHALE AASAY Sel T NS ks A AasigEoltkMoon F 2015, 729 G
A 7= AR 2 43 A thlung 5 2010; Kim 5 2] 9] ASMAte]o| wat flavanol, flavanone, flavone, flavonol,
2012; Kim 5 2014b). Carotenoid= C4 2] Z & Zr+= & isoflavone, anthocyanidin 522 BE25H, o]2] 714 flavonoid
2 woh, 294, B, BRE Uil AQAAlE b BA% Eb MEAfoR AUINTE RAGOR o
(Lee 5 2015), B ol S5t HEH A HFA =4 ¢ Alst FHold AkS a5 ZH=THLee 5 1999; Hwang 5
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X012 Opuntia ficus-indica var. saboten)2 {8 X

= Belo], S48 AR Lol hddl 2
St E RS ool Al A A=
JthHwang S 2016; KFDA 2016). B A A QAR (ZoFg| A
D} (B2 712N A AR} 9o 2= o)A, 2]Z, 7]3, 3
BA, 71382 M4 Foll a7t vl 7|55 glom,
HAANE £7]= 72 FoEs 9 M 59 9
ko] A 2A|=A o] &F o] gtiHan 5 2012). o]e} o]
A QS 7k ol &= A TAFEETE obyE} 7]
NS S dreA Q2YPEAL o, HL &Hf
A Eofjo] bt &4 A-(Shin 5 2011), AN 2
o] A= e daw S| B3 A7HHan F 2012)
ol o]FofA L ). ARt =2 dufj $59] A7} o] F
AR AL B9 T glo] &, 7], 2 55 4ol FE&
= Alzsto] A7 APk HPAAL] 7100 B
A++= ASHHwang 5 2015a), HYEA(Kwon S5 2008),
A AHAL A7 Yoon JA 2013) Fofl #EF A2/ H7F A+,
% E9sy STtE o= g(Hwang 5 2016), quercetin,
kaempferol, isorhamnetin®]] €%F A+ (Medina-Torres 5 2011)
5 QPR 27 240 Be 77t 3 s} ik
SRR ZUY oA AuiE BAAAY £7]9 1A phenolic
acid, flavonoid, carotenoid®] A @ ATF B Aot = =
% A7olch

2| TRt AR os] 1 AA71EE AE 7
=24 e F840] FrIetl weEt HAMANE E718
2 71548 A2 g8t 8 75 AR
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2 AGoA AMgE BAANAL 201549 1299 AFE
2] 3G 4340V1~004) T Hehd = Gt 234ONI~ON2)
oA SBS AL AR BANAGS S AAT

I AN 9 MAESE & 52 7AZ(Lyoph pride, Ilshin Biobase
Co. Ltd., Dongducheon, Korea)E 3}ttt TAAZ BHAIQ
S 180 um ©|3te] Z7|2 EH(SMX 6500JS, Shinil Co.
Ltd., Seoul, Korea)dto], -70C QY350 H3lHA X8
Az AFgstsc

5 gof| 70% ethanol 75 mLE Y1l 308 F9 %

3t & 3,000 rpmof| A 5E7F QAEE](Union 55R, Hanil Science
industrial Co., Inchen, Korea)d}e| A5--S Q—,—o]-oﬂq- 9] 3}
S 23] WHESte] 3|43 452 Whatman No. 2 934
2 of3e 3 AU FEote] & Bohriols, & Bvs
g, A B Sl ARESHTE

3. & E2Ex0|E ¥ Efn= ?:.%*
BAMIRO] & Zath o]t TS Jang S(2012)9] B}
Atk BFAAA 70% ethanol &5 250
1 mL&} 5% NaNO, 75 uLE 713t 3 A 2.0]A
Atk o] 10% AlCl; - 6H,0 150 ILE 7}5o]
7+ B35 $of 1 M NaOH 500 pLE 7}stglch 118 3,
HEg-M o] S e ZF2 UV spectrophotometer(Spectramax M2
Molecular Devices, Sunnyvale, CA, USA)E- ©]-85}t] 510 nmof|A]
27319t FFEZA 2= (H)-catechin hydrate(Sigma Aldrich)S
Agato] ARAL BT T, F Behrico|E FS AR
g & mge = Yl

BAAIAAS & E8]9Es T2 Dewanto $(2002)2] Hr
Hol| wa} 2A3Pch BAHAAA 70% ethanol =& 100
uLef 2% Na,COs; €& 2 mL 713t & 387F 52|35t 50%
Folin-Ciocalteu reagent(Sigma Aldrich) 100 pLE 7}5ith A&
oA 305 x| & Hk-3-N 9] Tt ZFS- UV spectrophotometer

£ 0|83} 750 nmof| A S5 TE EEFEZZ = gallic acid
(Sigma Aldrich)& AME3te] AZAL 2HP3sE 3, £ Zajys
e A2 g % me guic acd= Lk aleh

b

4. Penolic acid &M 24

AR GE BFAJNY 719 HwAt 24
5(2013)] W AP TE] AA| }9&‘3} A Ed g
of] 80% ethanol 10 mLE 7}3}e] 3087 280} &3 & YAl
22(3,000 pm, 4C, 10 min) ¥ &J7H0.45 ym PVDF membrane
filter, Whatman, GE Healthcare, Buckinghamshire, UK)3}$1 T}
ATRE AaEstel U1 WA AAT T FHS 5
mLoﬂ A&l stk Ethyl acetate@} ethyl ether &3+ 5 mL

BYsiol 9 BYSL A2EH F FH4 2 mLo] A
—9—“H 3t th MethanolZ} water= 43} U X)8FA)7] Sep-Pak®™
Cig cartridge(Waters, Milford, MA, USA)o]| &2 Y3t
3 water 2 mLZ A|Z5}3L methanol 2 mLZ £EA|A AAE
2 A9t o]F thA] AAaEZ=3 T 10% methanol 0.5 mLoj|
&3] & 0.2 ym PVDF membrane filter2 o 3}5}o] 0|31
t}. HPLC-DAD system(Nexera X2, Shimadzu, Kyoto, Japan)©]|
Shim-pack GIS Cis column(100x30 mm, 3 pm, Shimadzu)< %}
ZFslg o, o]FAE 0.1% acetic acid7} T-GF waterS A,
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100% acetonitrile2 B2 3} th 7| &7] €91F2AL 0.6 mL/min
o] 402 27| B 10%2 AHFIAIZ T 1L5E7HA] B 15%
2 27} 358714 B 15%2 §X], 48714 B 20%=2 =7}
TE7A] B 20%2 G4, 1087+4] B 50%2 Z7}, 128714
B 90%=Z =7}, 142714 B 90%= FA], 168714 B 10%=
Zra 9 208 7HK] GR35t #FERE ARES protocatechuic
acid, 4-hydroxybenzoic acid, vanillic acid, chlorogenic acid, trans-
ferulic acid 2 p-coumaric acid+= Sigma-Aldrich(St. Louis, CA,
USA)ZEE Ful5}e] methanolo]] &A1 & 2.40~76.92
ppme] BER 345te] AL AT F W Askel AL
g3tk

5. Flavonoid =M FA

ARG HHA/NE £719] St icolE 24 &4
Astello-Garcia $(2015)2] H-& HEYsto] AAstgET 52
Az BE 1 gof R EZEZ galangino| Z3H F281)
(methanol:water:formic acid=45:55:5) 10 mLE 7}5}o] 3087
g =3 T dHE=(3,000 rpm, 4C, 10 min) I H47H0.45
um PVDF membrane filter)3} Gt o] olS A AHEdto] &
uhg 95| AT T ZR% 5 mLol A-8aHekAch Methanol
7} water2 273 @ | FAIZ] Sep-Pak” Cis cartridgee] 5+
E& F3% T water 2 mLE A& 3}3 methanol 2 mLE £
AA AAES 3t olF A AasEe & FE&8vol
A)€3 9 0.2 ym PVDF membrane filter2 o31}s}o] &1]351%
t}. UPLC-DAD system(Acquity, Waters)]] Kinetex Cig column
(150x2.1 mm, 1.7 ym, Phenomenex, Torrance, CA, USA)S %
251k o] AR 0.5% formic acid7} $HFE waterE A, 0.5%
formic acid7} -5 acetonitrile2 BE 3}t 7]&7] &)
ZAL 03 mL/min®] §£02 27] B 5%2 AAIA I =
20E7H7] B 25%2 Z7}, 258744 B 50%2 =7}, 3057}1%]
B 90%=Z &7}, 328714 B 90%= &4, 358714 B 5%%2
A 9 4087HR] $A35HAE MS EX4(Xevo G2-S QTof,
Waters)-2 electrospray ionization(ESI) sourceZS ©]-&3} positive
ionization modeZ 2133} 2™, MS parameter= Z}Z} capillary
voltage 3.50 kV, cone voltage 40 V, source 2% 120C, desol-
vation 2% 500C 9 desolvation N> 7} 1,050 L/ho] AA =]
Qo BExgF ¥l full scan type 22 200~1,200 m/zo] S
o JE SR o= S WREEEZDY HAsE
T A BE Fote] Ats

6. Carotinoids =44

B AA2] Carotinoid 3 e 5(2015)2] HHY
HYPste] Sk HPAJNFY] 520 £ 05 ¢
50 mL cornical tubeo] il FZ-ZufQl ethanolo] =<l

ot
57
>
flo
fl &
ol
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o
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0.2% ascorbic acid -2 20 mLE 7}3F & 80°C 2] water bath
of| Al 1587t FE3tch 1087 B2 §, 5909 H3pgrel
80% KOH £ 5 mL& Y1l water batho| A 1027} H|H+=3}
93 - 1027 ¥zttt ¥hg-o] A E comical tubed] 55
4= 5 mL2} hexane 5 mLE Y11 vortexdto] E§sto] &3t
t}. 0]% 1,800 rpmof| 4] 1027H4T) ¥E 2|8} hexane &
2 micro-pipette .2 F &l |22 50 mL comical tubeo] &7l
th 91 3¢ 29 o AAIske] oF 15 mLe) hexane 3-8 B
@ ¥ N1 WB527)S o gatel Sl sl AAN
71tk MeOH:TBME(L:1, vv) 1 mLE do] ¢as] =0 &
0.45 pm syringe filter(PTFE, Whatman, Clifton, NJ, USA)Z ]
3}  HPLCE o] §3to] HAI55th HPLC BHZAL 2
© 2 YMC carotenoid(4.6x250 mm, YMC, Tokyo, Japan)& A}
L3519, HE7]= PDAE AME5}9 21, column tempe-
rarel= 40C2 AT AR FUFE 10 1L, AT
L2 450 nmZ 3} o m o] FARS 20 A(MeOH:MTBE: Water:
Triethylamine=81:15:4:0.1, v/v/v/v)Q} &1l B(MeOH:MTBE: Water:
Triethylamine=6:90:4:0.1, v/v/iviv)& AFESHEL, 4452 1.0
mL/min= sk g &) FFuj 272 Kim 5(20142)2] B
o wat £ 271882 A:B=100:028 X235l 58717
ARSI 352 7HA] 50:509] H|-&o] HE=E 2Es}}t 45
E7HA= 0:1002.2 2435 & 587F §A5H9 L, 55874
ThA] 100:02.2 A5t 60871A] FA|tETE EEEAZ
ARE3Y lutein, zeaxanthin, B-cryptoxanthin, a-carotein, [-carotein,
capxantin2 Sigma-Aldrich2 €] Fu]3}o] methanol} methly
tertiary butyl etherMMTBE)Z 1:1(v/v)2 Z§3t g0yt
chloroformo]] €-3[5}4] 0.94~30.00 ppm?] == 3|43}
ARG BT T B Adbo] Agsih

7. DPPH radical 2! ABTS radical scavenging &M
3

27X ¢13+¢] DPPH radical scavenging activity 27 Hwang
5(2011)2] WHHof whet =431t DPPH(1,1-diphenyl-2-picryl
hydrazyl)E methanolo]] 607+ 53] &35t A= F,
UV spectrophotometerS- ©]-83}0] 520 nmoj|A S3 %= FLo|
1.00] === methanol2 3]4]5}itl 8] 4% DPPH &9 1.0
mLo] HHM Q1% 70% ethanol &+ 50 uLE H7lste] A
2of| A 30&7F HA| ) o] F 520 nmof| A FF =] ]
5 &A5}o] AEAC(L-ascorbic acid equivalent antioxidant capacity)
2 YeERf Sl

HZAX179] ABTS radical scavenging activity 272 Hwang
5(2013)9] "ol wet Z73Hgieh 7 mM ABTS(2,2’-Azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid, Sigma Chemical Co.)
2} 2.45 mM potassium persulfate(Sigma Chemical Co.)E 12~16
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AZE Aol A Ek-g-3te] ABTS radical %ol FAJAIZ1
% UV spectrophotometerS ©]-83}to] 735 nmo|| 4] §F &

o] 14~157} H=& SH4E 34519t 4% ABTS - °
2o 1.0 mLo| BAXIAF 70% ethanol =ZE 50 uLE A7}
sho] ALoj A 3087t WX Ft) o]F 734 nmof| A EFE 9]
F2AE &7t AEACE Yehfigich

8. SAIEA

EABA-L SPSS FA X2 13 (Statistical Package for the
Social Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)Z ©]-&
stof 7t ZHZY BRY BEEAES S, A
7+2] z}o] §-FE one-way ANOVA(analysis of variation) 2 £
A%t %] Duncan’s multiple rage testS ©]-&3}o] p<0.05 =39
A $olde A

1. & E2IE%0

AujA ol g 2PN F
s e E4% k= Table 19 JeR I & S8t
Hi-o|E 9 ke Ao A AulE 013 2P A Q17 o] 5545
mg (+)-catechin/g &2 7P WA Yepytar, dafiol A zfuie
ONI1 27 91%0] 65.32 mg (+)-catechin/g &2 7 =4 U
Bt & E2HE T2 FofiolAl Auie ON2 2F A2
Z}o] 149.00 mg garlic acid/gC 2 714 FA YEea, OJ1 &
AX QAo 181.15 mg garlic acid/gC.2 71 =4 Yeth
0|9} 22 A= Hwang 5(2015a)0] A=A Eubet A%
E7] 0% gL FE2EY F St eolE T2 144 mg
(+)-catechin/g, & 8|9 TFL 172.0 mg garlic acid/gS.Z2
H13}9 31, Gallegos-Infante 5(2009)2 O. ficus-indica &7]2)
50% methanol 22| tjg & Sehuico| e} Aol e
2 445 mg (+)-catechin/gZ} 180 mg garlic acid/gg}xl H 713k
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A =5

= WF2 v SR UERT o2’ Aol= AuiA|
& 739 atol, FE8, +A7] o ©E
E4A 81l 719 Aoz F5Hr Lee 5(2008)2
B¢ B4 ezt A B42% pH, 1=, 2

2 Zad 52 F SEEAE viadlede =9 4

o] ztolof oJsff deFo| th=rhar nEskITh E3F Lee 5
(1997)& &ulg MelAe] 719 A= 2+t 503} 80% il
e85 o] g3lo] &3 A} 80% WEHE FEE2| ol
=A vEtd 2EHo] gl 9% v ¢ v 1
Zshglom, Choi 5(2009)> FABUF o H&HE &
£ A 547 649 F Hls Aol 7MY ¥ 10€E7HK]
astglon, ETtEo|E AFE H|F Ao r Zo|7t
e ARl 2 A JEA AT Al EA71E 2T
slokatti asklc). webs iKY n Mg
Sohuo| ot Beluio] Fepe) Aol nMAG A
Hjz| o, gkA)7], 22 Tl wet kst vetu= A
oz Az

2. H=4 8

AR S HFA/NTE £719 HsA 245 E4T 2
I}= Table 2%} ZHo] 629 Hl&Ato] AEE I Protocatechuic
acid= Ay Ja4kel ON13}F ON27} ZHz} 161.90 pg/g DWWk
196.25 ug/g DWo.2 A|54k1 0J1~0J4(1.89~3.15 ng/g DW)
B}t 9% o2 =7 yehytth 4-Hydroxybenzoic acid, chloro-
genic acid 2 frans-ferulic acide= ON29J| A Z+Z} 1.61, 3.83 &
2.61 ng/g DWo 2 713 =2 S B o, vanillic acide}
p-coumaric acid= OJ4o| A Z+zF 3.21 2 63.56 ng/g DWoE
E2 e 2o AR o wet #HlmAt gl AolE B

o

Table 1. Total flavonoid contents and total polyphenol contents in cladodes from Opuntia ficus-indica by depend on the

cultivation regions

Jeju Namhae
onY o2 oI3 (0)2} ON1 ON2
Total fl i tent
otal flavonoid contents 0\ o) ) g 5793936%  554541.00° 60.48+2.93° 65.32+1 33" 57.812.36™
(mg (+)-catechin/100 g)
Total polyphenol content
ofal POPACNOL COMENIS gy 1514300 1516127140 160.58£5.07°  171.424439° 163484426  149.00:3.44°

(mg garlic acid/100 g)

Y OJ: Opuntia ficus-indica cultivated in Jeju, ON: Opuntia ficus-indica cultivated in Namhae
? Values are shown as meantS.D. of triplicate. Different small letters in the same line indicate a significant difference at p<0.05 by Duncan’s

multiple range test.
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Table 2. The phenolic acids content (jig/g DW) in cladodes from Opuntia ficus-indica by depend on the cultivation regions

Phenolic acids Jeju Namhae
(ug/g DW) oI 0J2 0J3 0l4 ONI ON2
Protocatechuic acid 2.36+0.02? 1.98+0.01° 1.89+0.01° 3.150.01° 161.90+1.72° 196.25+1.32°
4-Hydroxybenzoic acid 1.19+0.00° 0.800.00° 0.02+1.24° 1.54+0.01° 0.98+0.02° 1.61£0.01°
Vanillic acid 2.78+0.02¢ 2.27+0.01° 2.87+0.03¢ 3.2120.04° 2.88+0.02° 3.1120.03°
Chlorogenic acid 1.49+0.01° 0.45+0.01° 0.64+0.01¢ 3.16+0.01° 3.8120.03" 3.83+0.03°
trans-Ferulic acid 1.32+0.01° 1.49+0.01° 1.57+0.00° 2.24+0.01° 2.48+0.03° 2.61+0.00°
p-Coumaric acid 42.65+0.57° 54.24+0.39° 47.15£1.10° 63.56+0.53" 49.81+0.58" 52.8320.13°

Y OF: Opuntia ficus-indica cultivated in Jeju, ON: Opuntia ficus-indica cultivated in Namhae
? Values are shown as meantS.D. of triplicate. Different small letters in the same line indicate a significant difference at p<0.05 by Duncan’s

multiple range test.

ol Aoz yepiith HHANKHO. ficus-indica)®l= p-coumaric
acid7} 140 png/g DW7F 2 HE4to] gl oH, gallic acid, 4-
hydroxybenzoic acid, ferulic acid 2 salicylic acid”} 5 ng/g =52
Z 33-HEo] Qltka B w3l It El-Mostafa S 2014). Cortez-
Garcia 5(2015)2 O. joconostle?] 8 H|=AR protocatechuic
acid(201.80 pg/g)7} 73 =9F-2 ™, 4-hydroxybenzoic acid, syringic
acid 2 vanillic acid”} 95.33~ 109.73 ng/g HY =2 e
H 15} t) Guevara-Figueroa 5(2010)2 1152) Opuntia 2(ficus-
indica, leucotricha, robusta X tapon) Z719] H&EA ZAS &
A%t A3}, ferulic acid9} salicylic acid7} A EFJH =2 5
Z(5.6~347.7 ng/g) 2.2 A== QAT gallic acid@} p-coumaric
acid= 37119 &9 A& 2 protocatechuic acid2}
4-hydroxybenzoic acid= B|FF HAEE o] 25 719 H&=4k =
X apol7} =ckm wshech

3. Flavonoid &2}

i gE RPN £7|25E E2E Y Sk
o]|=9] L% = ESI sourceES A3t single quadrupole MSoj| A]
positive ionization mode £4] A] A St 2RE FFIt
U7t fragment HS £A5to] @2 JHE BTz
A E(Qiu 5 2002; Galati 5 2003; Lee 5 2003; Saleem
2006; Park 5 2007, Kim & Park 2009; Guevara-Figueroa
2010; Leo 5 2010; Santos-Zea 5 2011; Dhaouadi 5 2013;
Moussa-Ayoub 5 2014; Yeddes 5 2014; Astello-Garcia 5 2015)
o vlwste] FASHATE STtE 0|t RS BATE A3,
199 aglycone H I glycoside5°o| HEEHoH, o059
MS fragment ion¥} $+F £4 ZAIE Table 3o YeESith
Aglycone© 2 quercetin (17), isorhamnetin (18) 2 kaempferol
(19)0] A&H Ao, 01394 Z+Z; 34.69, 53.70 L 34.63 ng/
go = 7P & S Hlon, QiR g 7He {94
Z}o]& B G th(p<0.05). Querceting aglycone 2.2 Zt= v

ol ofd Mo

A| Z+= quercetin 3-O-thamnosyl-thamnosyl-galactoside (2), quercetin
3-O-rhamnosyl-rhamnosyl-glucoside (3), quercetin 3-O-rutinoside
(8, rutin), quercetin 3-O-robinobioside (9), quercetin 3-O-galactoside
(10, hyperoside), quercetin 3-O-robinobioside (11, isoquercitrin)
7} AEEH UL o= isoquercitrin®] 30| 89.24~196.96 ng/g
HA=2 7H =A debdon, AufA ol et 22 Q1 =}
0]& X Hth(p<0.05). Kaempferol ¥ G| 2+ kaempferol 3-O-
robinobioside-7-O-rhamnoside (4)2} kaempferol 3-O-rutinoside-7-
O-thamnoside (5)7} A= oM, 22} 35.62~70.88 ng/g} 1.16~
8.44 ng/g A= F2 SRS B Y} Isorhamneting aglycone
6 2 zH= A 2+= isorhamnetin 3-O-rutinoside-4'-O-glucoside
(1), isorhamnetin 3-O-rhamnoside-7-O-rutinoside(6), isorhamnetin
3-O-rutinoside-7-O-thamnoside (7), isorhamnetin 7-O-rutinoside (12),
isorhamnetin 3-O-robinobioside (13), isorhamnetin 3-O-rutinoside
(14, narcissin), isorhamnetin 3-O-galactoside (15), isorhamnetin
3-O-glucoside (16)°0] AZE At Isorhamnetin BiZA] 5 1.47~
4.86 ug/gS H 2l isorhamnetin 7-O-rutinoside S A €3t T
2 WPASE 100 ngle olAFe] BL TS mom, Ea
narcissin® 2 &7 isorhamnetin 3-O-rutinoside:= 1,241.89~
1,775.10 pg/g®] &2 TF2 B P o, flavonoid A3} &
= G| AR Gof upe} zpo]E B Frh(p>0.05). El-Mostafa
5(2014) RHAJZHO. ficus-indica)?] F-$]H(flower, pulp,
seed, skin fruits, cladode)?]] flavonoid Ao E&tAH, 11 &
Z7](cladode)]| = isorhanmetin A& 2] flavonoid7} FE o]
23 glom, E3] narcissin®] FFo| 147~1,371 ng/ge.2 7}
A =rvhy Buste] B Q3rAnkel Adx]5tg Tt Yeddes &
(2013)2 EAXA QA Z7)(cladode)S 7 (peel) T+ TH(pulp)
2 }3=9] flavonoid £4E B4t A3} isorhanmetin Al F 2]
flavonoid7} A& o]l th 2 o] UCH, I5ofli= phenolic
acids?} betanin, isobetanin, betanidin ¥ indicaxanthin® 2 -
=o] gtk maatgch
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Table 3. The flavonoid contents content (11ig/g DW) by LC-ESI-MS in cladodes from Opuntia ficus-indica by depend on
the cultivation regions

No. Systematic names MW Fragment ions feu Namhac
(m/z) o’ oRr 03 04  ONl ON2

1 isorhamnetin 3-O-rutinoside-4'-O-glucoside 786 809, 787, 625, 479, 317 89382 105.59Y 123.29° 128.00° 168.71° 182.03*
2 quercetin 3-O-rhamnosyl-rhamnosyl-galactoside 756 779, 757, 611, 449, 303 10640 89.68° 17.27° 20.81° 2554% 27.98°
3 quercetin 3-O-rhamnosyl-rhamnosyl-glucoside 756 779, 757, 611, 449, 303 32719 29.83% 343.76" 221.62° 21839° 276.74°
4 kaempferol 3-O-robinobioside-7-O-rhamnoside 740 763, 741, 595, 449, 433, 287  52.65° 35.62° 70.88" 48.70° 5054 5834
5 kaempferol 3-O-rutinoside-7-O-rhamnoside 740 763, 741, 595, 449, 433, 287  1.16° 126" 803 844" 650°  8.16°
6 isorhamnetin 3-O-rhamnoside-7-O-rutinoside 770 793, 771, 625, 479, 463, 317 134.20" 10047° 116.52° 107.66° 94.60°  84.05
7 isorhamnetin 3-O-rutinoside-7-O-rhamnoside 770 793, 771, 625, 479, 463, 317 452.01° 352.01° 37.82° 34.10° 2828 3036*
8  quercetin 3-O-rutinoside (rutin) 610 633, 611, 465, 449, 303 1488 1401° 4660 820° 934 759
9 quercetin 3-O-robinobioside 610 633, 611, 465, 449, 303 67.02° 42.34% 51.66° 5138 78.65"  78.58°
10 quercetin 3-O-galactoside (hyperoside) 464 487, 465, 303 81.02¢  7826% 13925 325.57° 322.25% 291.26°
11 quercetin 3-O-glucoside (isoquercitrin) 464 487, 465, 303 196.90° 176.14° 89.24° 114.84° 148.00° 144.55°
12 isorhamnetin 7-O-rutinoside 624 647, 625, 479, 463, 317 356" 4.86° 147 286" 335 353
13 isorhamnetin 3-O-robinobioside 624 647, 625, 479, 463, 317 101.40° 102.90° 175.69" 120.12% 133.90° 146.56"
14 isorhamnetin 3-O-rutinoside (narcissin) 624 647, 625, 479, 463, 317 1,561.94°1,566.16° 1,775.10* 1,241.89" 1,413.64° 1,579.38"
15 isorhamnetin 3-O-galactoside 478 501, 479, 317 119.97° 120.19° 167.30° 279.53% 377.58" 303.33"
16  isorhamnetin 3-O-glucoside 478 501, 479, 317 32.17° 25427 131.68° 163.00° 266.07* 200.81°
17  quercetin 302 325, 303 20.01°  1540° 34.69° 1836° 1551° 3048"
18  isorhamnetin 316 339, 317 25750 18.06" 53.70° 24.00° 35.62° 43.94°
19 kaempferol 286 309, 287 1890°  10.94° 34.63* 2496° 3494 3321°

Y 0J: Opuntia ficus-indica cultivated in Jeju, ON: Opuntia ficus-indica cultivated in Namhae
? Values are shown as mean+S.D. of triplicate. Different small letters in the same line indicate a significant difference at p<0.05 by Duncan’s multiple
range test.

4. Carotenoid 241 o 24 A3, HAe] Bzesht 13 o EakEe] i

AujR|d 2P A% =719 carotenoid TS HATH capxantin?t A& =X FAYFA AlFA, B2EY, ALY, &
A= Table 49} ZHo] lutein, zeaxanthin, B-cryptoxanthin, a- Az So 2 ZASH= zeaxanthino] EH A A Q1AM Fx
carotein, [3-carotein, capxantin®] 6 2] caroteinoid7} 4% %1 caroteinod AEYL 21514 thJeong 5 2007; Kim 5 2011;

Table 4. Carotenoid contetns (11ig/g DW) in cladodes from Opuntia ficus-indica by depend on the cultivation regions

Carotenoid Jeju Namhae

(ug/g DW) oI o2 0J13 0J4 ONI ON2
Lutein 0.41+ 0.04% 0.34+0.01° 0.27+0.06° 0.25+0.02° 0.380.01° 0.20£0.01°
Zeaxanthin 93.83+11.42° 71.79+£1.91° 54.96+5.52¢ 61.72+0.32° 87.76+1.78° 48.1043.06°
B-cryptoxanthin 0.91+ 0.14° 1.360.03¢ 1.150.14¢ 1.54+0.05° 2.3740.11° 1.22+0.10%
a-carotein 0.91+ 0.23¢ 2.97+0.10° 1.29+0.08" 1.38+0.10° 1.06£0.09° 0.75+0.05¢
B-carotein 1.66+ 0.26° 1.53+0.06° 1.07+0.15 1.04+0.11° 1.70£0.26 1.09+0.05
Capxantin 128.08+ 7.42° 95.9142.12° 64.8845.72¢ 69.87+1.93¢ 122.5443 25 69.05+5.07°
Total carotenoid  225.80+ 3.25 173.89+0.71 123.62+1.94 135.80+0.42 215.81+0.92 120.42+1.39

Y O Opuntia ficus-indica cultivated in Jeju, ON: Opuntia ficus-indica cultivated in Namhae
? Values are shown as meantS.D. of triplicate. Different small letters in the same line indicate a significant difference at p<0.05 by Duncan’s
multiple range test.
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Kim & Kim 2012). AjujR|gH EZAAR £7]9 lutein,
zeaxanthin, B-cryptoxanthin, a-carotein, B-carotein, capxantin®]
SRS 742} 0.20~0.41, 48.10~93.83, 0.91~2.37, 0.75~2.97, 1.04~
170, 64.88~128.08 ng/e, DW W2 Uehdth 7 2 lutein,
zeaxanthin, capxanthine A|FEo| A AuljE OJ1 EZH A Q17 o]
041, 93.83, 128.08 ng/lg DW= 7} =4 YElgten, B-
cryptoxanthin@} B-carotein2 F3fjoll A AujE ON1 EHAIQl
7o, a-carotein A|F=ol| A AuljE 012 RPN ] 7+
=4 UEbstth ol2dt Ak WA= oA AHelE Opuntia ficus-
indica =7)9] B-carotened} lutein®] g=Fo] Z+Z}F 90.40, 11.03
ug/g DWel AF+Z 32} Opuntia ficus-indica®] a-carotened} [3-
carotein®] $FFo] Z+z} 0.487} 2.50 ng/g FW(fresh weight)gh=
AZA e} v s o), B2 F g2 E oK Gonzédlez-Cruz
5 2011; Isaac AA 2016). 3}R|9t =92 carotenoid?l capxanthin®]
8%, A ufze)z) 2383} B w27} 35-9] capxanthin

Bheo] Z+zF 4.30~5.303F 147.0~184.6 ug/g DWQ FLet H)
AP o, AR GE 2P o] WY w7t o=
1}

% 63 A7Zd 5z e]7h9] zeaxanthino] FEHA whzejz}
(orange pro)E A £J3F31(313.7 ug/g DW) 8.10~ 54.3 ng/g DW<SI
2ot 2P o, AR BF A7 zeaxanthin 3
Fol & FEolANE BE, HUE, 439, JvE, S
5, AFX 9 Z2& A5l 3t zeaxanthin®] Hek(154~717
ugg DW)ETH= @& 39S 4 5= AchHa 5 2009;
Kim & Kim 2012; Hwang 5 2015b).

5. DPPH radical 2! ABTS radical scavenging &AM =X
DPPH radicali} ABTS radical2 ©]-&3F &Akst &4J9l L-
ascorbic acidE EEEZ 0] 83}o] AEAC Fk(mg ascorbic acid
(AA) equivalent/100 g) 0.2 AFE3IE AL, AR Yol w2 B
AR £719] FAtst &S 4T 2= Table 59|

et B A X421A2] DPPH radical scavenging 2H43-2 10.78~
2535 mg AA eq/100 g DWZ, 0J3 BAA AR 0| 744 v,
on 2x49130] 713 =4 UERGT] ABTS radical scavenging
ZAJ-L 16.85~34.16 mg AA eq/100 g DW=, ON2 EH A%+
o] 7P W1, OI1 HAREo] 71 =A vehydth g3
o= HE4d AREY ol #2555 radical®] 24 H A
35 25t &0l TUAA TS EA4o] Fordl
T Bl Zro] o5l BAARNRS] H¢, & EetE ol
o Zedls ol AlE FoA FYFeE g2 S E
o & A 4ol et Aoz AZETHun 5 2014;
Kim 5 2014¢c). 3}X|qF AlEZH o2 197]9] flavonoid HaFE
AS 1Pe o, w2 AR S vEhd 011 2 A
A2 quercetin 3-O-rhamnosyl-rhamnosyl-galactoside, isorhamnetin
3-O-rhamnoside-7-O-rutinoside, isorhamnetin 3-O-rutinoside-7-O-
hamnoside, rutin, isoquercitrin 5£&4to] R-o]H 02 =4 e
U3 BA3 629 RE dmile] gL gejmoz v
bt ol2ie ATk & Beldlnd o] B RUE
A Ao FHAsE o] HlEAte] SUKE A Q4 dET
EA Ueh glsAtec o2 SetR o= R o] Akl
719 =7F =& Aolghe di(Lee S 2010)2}F 22 flavonoid
o|R|qt Fo| AF of o} viFA| o] A} 7, Fo] ARt
AR w2t FAtst e theFstA FFE vlXthe A7HKim
S 2014b)of| wet Vet Axtety ooy B3 H4E &
Aol E=A yehd 011 EEXAQJAA2 6719] carotenoid Fof|A]
lutein, zeaxanthin, 3-carotein, capxantin®] 2] 02 =4 1}
el o]8]$t A= capxanthin®] B-carotene, lutein, zeaxanthin
A9 TAIBHE AL Al BL TS Bolehe o
o] 71918 Ak} AR E K Matsufuji 5 1998). wjehA 1
A419172] DPPH radical®} ABTS radical scavenging 42
A&0| F FRHo|Ee} T ZT| w9 Tt -4 phenolic
acid®} flavonoid, carotenoid 243} &+ £=~Fof wa} thokFst
A vehd Ao AR

Table S. The DPPH radical and ABTS radical scavenging activities of in cladodes from Opuntia-ficus indica by depend

on the cultivation regions

o o Namhae
Antioxidative activities 1
oIy on 013 0J4 ONI1 ON2
DPPH radical scavenging activity 2) b ¢ b b b
g AA eyi00 g DW) 25.35+0.14 18.52+0.17 10.78+0.64 18.74+0.09 18.64+0.32 17.82+1.54
ABTS radical scavenging activity 5 1 c)um 200501450 19784130° 21674197 23.50243°  16.8540.67°

(mg AA eq/100 g DW)

Y O Opuntia ficus-indica cultivated in Jeju, ON: Opuntia ficus-indica cultivated in Namhae
? Values are shown as meantS.D. of triplicate. Different small letters in the same line indicate a significant difference at p<0.05 by Duncan’s

multiple range test.
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2 <%

2 A ARG B & EepEo|E, T &
= dF 65 2] phenolic acid, 19£2] flavonoids, 6£2]
carotenoid S 3FeFE 415137 DPPH radicali} ABTS radical scavenging
S SHITE T EetE ol = A2 oA AuiE
ON1 R 7 Ae17o] 6532 mg(+)-catechin/g ©. 2 7P =Av}e}
®al, & EYuE TS AlFolA AujE oN Ey A% o]
181.15 mg garlic acid/g® 2 714 =4 UEtth 67112] phenolic
acid 9]l 4], protocatechuic acid= AH F34F2] ON12} ON2
7} eF o2 =4 UEREO ™, 4-hydroxybenzoic acid, chlorogenic
acid @ frans-ferulic acid= ON29J|A] 71 =4 Velal, vanillic
acid®} p-coumaric acid= OJ4o|A 714 E2 S R A
Hjz| oo whet HmAk FHegoll 2hol7F Uebgth SetE kol
9] AL, quercetin, isorhamnetin, kaempferol-> OJ3 X7 A1¢l
Aol A 7P =A debg e 242+ v Aol thiEt =
ohFsHA Vbt 2A217%H] S22 carotenoidi= zeaxzanthin
1} capxanthin© 2 UEFGO ™ ZF2Z 93.833} 128.08 ng/g DW
2 0J1 RAAQA ] 71 =4 vebyth DPPH radicali}
ABTS radical scavenging &4 9] 7%, & ZdtR o|=el &
=9 3heko] 7P &2 011 B 0] 7b =4 U
Epiith webA EetEico|=9 EQHsY o] St
a7}of FERS v Ao, phenolic acid, flavonoid, carotenoid®] &5
o} ggol et st w37k ke e Ao R @
ey

2 A= sEATH ST ATAIYEAZ: PI011644)
2 2016 At AR A A
AAFAFAIRE: PI011644)2] x| Lel o3 o]Fo] A<
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