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Abstract

The aim of this study was to investigate the antioxidant effects of O. robusta stem extract
(ORE) and to determine the total polyphenol and flavonoid contents. Free radical scavenging
properties were evaluated using DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2"-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid)), and -OH (hydroxyl radical) scavenging assays.
Total polyphenol and flavonoid contents were measured using Folin-Ciocalteu reagent and
aluminum chloride colorimetric methods, respectively. Active compounds of ORE were
determined using high-performance liquid chromatography (HPLC). The results of the study
showed that ORE exhibited DPPH, ABTS, and -OH radical scavenging activities in a dose-
dependent manner. Especially, 1,000 ug/mL of ORE showed the strongest radical scavenging
properties against DPPH, ABTS, and -OH. ORE contained total polyphenol content of 57.4 mg
GAE/g and total flavonoid content of 5.4 mg QE/g, which may contribute to their antioxidant
effects. As a result of HPLC, the contents of active compounds in ORE, dihydrokaempferol
(0.65 ug/mL), and 3-0O-methylquercetin (1.10 pug/mL) were confirmed. In conclusion, ORE may
be useful as a functional material with antioxidant properties.
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Introduction

]'—/;\—t AlA Q] oL A] HAFS: 5l 4A 0 2 AFRE= BRI 2 Bdo S4EH AtAhE
H2 ol A] iafoll A 22He Aek2 Foto] E2 e EthReuter et al, 2010). 124
njepe] Al B HAke] TRLO 2 ols) Bate] sk uhS Beobyel el skt
o] hydrogen peroxide (H,0,), superoxide anion (O,), hydroxyl radical (-OH) 5-2] FJE} = Extct
(Cao ctal,, 1993). 0|2} 22 BHASE Fx0] 4ta 8] 7] 2/d Abaetal Yot 24 4
4 A1) Ao TR -8 e Baloh MRS PAIBT e Z oA HAT R
HZ 0 2 F4oto] LR E uhlsh= AFeHY -4 -2 7FeChHalliwell and Gutteridge, 2015). AF
512 2ol | 24)) £AHL DNA T2 HHS /AL 4 glon] A% 1|E §25
1o BEA, oIEH 5 of=] ke /lo] & 4= Qlrkar Bl E|o|QlTh(James, 1993). A
Uloll A 278 £
dismutase =-2] g4HsF g4 0] 2+

/A4 catalase, glutathione peroxidase, glutathione S-transferase, superoxide
2 2.0 2 Qe g AR} Tejut Aujol A A E
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F

Fatst A7 AT 4= e B/ AtAo] FRTE o B2 o) E/d Abat Aol xS ] AlA] UjFoljA] 2]
ARl AEH AZE QEEE]| T o] = AlA|Q] 1312 2R A]7ITH(Hassan, 1988; Ray et al., 2012). @158 w}7k=
G AT Y A BESE 255 5 S0 HELR Qlsto] fA TS A AER| Ao =EE 42 Q)
t}. o] & SE317| flote] B AFAE TAIA AA Q] &4, AT 52 et dS AT £ A= 7164
Algol tigh Tl o] &S] F7kskal o oo whet gAitel S5 Hol= AlE AA1E WhaEtlr] fig A7t
2Hhs| 21805 11 Q1th(Ko etal., 2019; Kim et al., 2023; Lee et al., 2023).

Opuntia robusta (OR)= OpuntiaZ°l] &5h= A1 A2 2 £717F WAshH 331 527] wiZel A%
(wheel cactus)°]2h= B 7HA| AL 1o, ol = tighE Aoz AdalA ot 2 o|=t oA R
B WA F SR of A} APP5HH, ST E 1,500 - 3,000 m AFo] 2] T2 | thof| A F2 WA ORS A%+
ol A AfeRe] FAIE A A] Eoto] 2717 £ A7) wiZell 1 m o|uHje] o] & Ho| ATk A X[t & AHES
W 3m ol A 4= ok £7]= E2 mAo|n Falelal 3 £717F S5 Aok Skttt 7+ £719] 2742 30
cm Uje|o|H ol A1 WEJE 7RA|ef 11 9] 9] WA L2 TN 2 Eviste] it £719] 91F 7 AN B2l
A ekl o] Zo| 3] 7] = 51 Lo A|™H opuntia pear B=+= prickly pearetil &2l Y5 AufjE W= Zloz o
4] 1tH(Parsons and Cuthbertson, 2001). Opuntia<; A1 F= Z7]9 AUl & 4-8- 0 & o851 1o, o2
RE Gh Y IFHAHEZSS X 5517| 215 A = AREE| o)A g5 Rt op 2} x| ol = 2k M, 4 59
ChRt = 4H]E] 3l 9]TH(Feugang et al., 2006; Aruwa et al., 2018). 3t Holje} 2715 3-50f ZohpA|H 2
= SN A §E] 7| 9 A 83319 855 7HA AL kAl B gk vl Qlom, Fte] 7|5 ik AlE E 31
F A= AREE] 31 JITHEI-Mostafa et el., 2014). = Ujol|A] 2 A2 7] Opuntia%2] & TFE Al 5= += WA Z(Opuntia
ficus-indica)2t % \d Z(Oputia humifusa)’t Att. Bl d %= E71, 3 5 25 AeE x| E517] sl RixtollA] Ee
AREE oW Hitel s, JF B4 59 7I5= 7H Ao g2 A ATHKwon et al, 2017). Tl=0] 43t
AlE HEER Z7HRE QIR Bld 2 2252 71kt 2Z8 AlE 50| SAE] AlFLe] EARE & 2te]
oj st & oFITHChoi et al., 2014). 3 dx0] Ae|g/dol] Tt AF2= FAtsE Gt A2 A% A 23} 5
o] H 1 v} Qlom, Zebk o] =2 toxifolin®] et 4tet /g2 okl ATkl YA ATH(Lee et al., 2005;
Yoon et al,, 2009). ORS] = VAT ZE i, = AFSFA &AF k=
(Budinsky et al., 2001; Wolfram et al., 2002), OR2] TH5-2 Z7]of] thet e &/ At &3t Ago|tt ueha] 2
Ao A= OR FZ5/(O. robusta stem ethanol extract, ORE)2] in vitro radical 27 A&7} £ Ejuls W St
o| & gt S & soto] Fatslt et SRlskaat 61l o, e itk =41 2] ORES] 7Hs/d & 75kt

A

[

Materials and Methods

M= 54 Al

A= AT Aol A AElE ORS] E71& Al-gitol & ol ARE-SFATthFig. 1). 2,2-diphenyl-1-
picrtlhydrazyl (DPPH)+<= Alfa asear (USA)©l| A1, Potassium persulfate2} Iron (IT) sulfate heptahydrate:= Daejung (Korea)
ofl Al 43I T}, 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 2-deoxy-D-ribose, hydrogen peroxide
solution, 2-thiobarbituric acid, dihydrokaempferol (DHK), 123l 3-O-methylquercetin (3-MeQ)+= Sigma-Aldrich (USA)

ALl A FLABHd ARESFATE. Trichloroacetic acid, sodium carbonate, sodium nitrite, aluminium chloride~ Samchun
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(Korea)©l| 4, Follin-Ciocaltue’s regent+= Junsei (Japan), gallic acid+= Kanto (Japan)oll4] Z}2} Ftofjsto] ARE-513IT)
Sodium hydroxide+= Duksan (Korea), quercetin dihydrate+= Wako (Japan)°l| 4| Tt 5o AFE-5}SI T}

Fig. 1. Opuntia robusta (OR) grown in Sancheong.

ORE H|Z=

OR2 3% IHollA 222 sthi7t el ed oz wolAH vl 27171 F8ots= §42 .

S AP E7]= 40| vl EESI] AU 7HEsh=t] ol 2ol AS 4~ o] A= AR &
Aole]7] o2 R £7]5 AEsto] 2 Ato]| ARESHITE ORS| 7HA & A7 3 & 52U £5ko] &
B2 Alls }Szi /8 B 80 g 80% == 3] A H ol e 800 mLeF £35to] 8AIXF wykERITE 11 ¥ 4°C
ol A 18A17F XA 3F F KFP filter paper No.2 (Korea filter paper, Korea) S A}-8-510] -8/ J&2 oulotict. o2t
N2 3] 7Ht 557](N-1300, Sunileyela, Korea) S AFH8-5H0] -80lE A 713t H 52712 7| (PVTFD-1, Iishinbiobase,
Korea) S AF-8-510] -80°CollA] 96417t B2 712510 53 ORE Al8+& 5 642 g0]™ 8.03%2] 8-S et
et 22hst = OREE -20°C0]| E#5}0] AR2351%.0M, DMSO (dimethyl sulfoxide)Oll 1 g/mL 5 %E 2 stock 812
HEo] AE Aol B3t sk & 3] Asto] AREsIITh

T

DPPH radical 27 24 %3

DPPH radical 471 2/ 4132 Hatano 5(1989)2] BI'H S whel M3t SH40) ZF == Z(100, 250,
500, 1,000 pg/mL)3] A% ORES} 60 uM 2] F= 2 of|ghZo]] 514 E DPPH A2k 96 well-platel] 22} 100 pL2
Bolo] 23telitt. o] % apgoto] Al2ofA 3027t incubation $F &, £33 = A|(Multiskan skyhigh microplate
spectrophotometer, Thermo Fisher, USA)E A28+ 560 nmOll A &84k S5ttt S4E 534l W= DPPH
radical 22752 Th&-2] Wi & et Al Akl

DPPH radical scavenging activity (%) = 100 - [(A;- Ag) X 100/A,] )
£ 52 AEE YIS AT Ay blank S H7FE IR A £ A B E H71eHA] b2 2] S8 4t
i
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ABTS radical 27 &4 =H

ABTS radical 275 21§82 Re 5(1999)2] Bt S LB WHsto] A4S M35t S-70) 521 74 mMo)
ABTS A2k} 2.4 mM potassium persulfate A 2FS E3HsH 7] 24A|17F 9401 A incubationd}X] radicalo] A= ==
FESHATE 0] % 20 uLo] F-7F2} 180 uLe] ABTS -89 96 well-plateol| 4] E&}5to] 1027t BF21SH H 600 nmol|
A BLES 24592 o] Tg7o] 1.00] £HSHEE ABTS £9-2 2740l 3]A4]510] ABTS working solutionS
A ZokATt 2 5 2100, 250, 500, 1,000 pg/mL) 8]44%E ORE 20 pl2} ABTS working solution 180 pLS- 96-well
plateol] ZF2} Z5-5F01 XFgot A Bl = 420l A 10252t radical 471 B 8 = LS o] & BYEAE ALE
5ho 600 nmel| A S 4ts SASIRIT S8 E S84kl o= & Th22] Wi o = AlkbegiTt

ABTS radical scavenging activity (%) = 100 - [(A,- Ag) X 100/A] )
AT ARSI AET, Ay blankE 7R 2T A S ARE 7 2 ti2we] S8 = 3
& seai

Hydroxyl (‘OH) radical 27 &4 =X

_9_

Ol'

‘OH radical 2715 A% 2 Kim¥} Minamikawa (1997)2] B2 A2 HEg5lo] A¢-S X352t} 10 mM Iron(Il)
sulfate heptahydrate 200 uL2} 10 mM 2-deoxy-D-ribose 200 pL, 5 -r.-—roﬂ 7} == 2(100, 250, 500, 1,000 pg/mL)
3]A %= ORE 1,400 uL, 10 mM hydrogen peroxide 200 pLE At 2 =3}st -‘,:4 2F3g5ko] 37°Col| A 441750t
incubation S} T, ©] % Fenton §H-5-2 A A|7]7] 91810 1% 2-thiobarbituric acid -8-2H 3} 2.8% trichloroacetic acid -&-
g 7}7H | mLA H7kskeieh 23 898 100°CollA] 2087 2oj % 5 75‘—5—3 Y25ttt o] B =AIE
ARE5HO] 490 nmel| A S37E2 578 5HA T S84kl T-E -OH radical 427152 th&-2] W2 wfe} Al ik ik

-OH radical scavenging activity (%) = 100 - [(A,- Ag) X 100/A.] 3
52 A RE 71 AT A blankE 7R IR A= A BE X7ISHA] 92 ti22o] S8 = ot
2 w3t}

OREY] F E2)u= 3 572 21519 Denis® Denis (1912)] ¥H-E JH HE 51
4=0]] 3145 ORE 50 pL2} 10% Follin-Ciocaltue’s regent 100 pL, 700 mM sodium carbonate 35
1

incubation SFRIT}. O] 96 well-plate©l] 253+ F E-F-F A E AF&5F 600 nmoi|A] = S5kt ol
7 == 2(6.25, 12.5, 25, 50, 100 pg/mL) 3] A F gallic acidS AF&-510] 5 U5H AFS 218851911, B eAS
AH&3101 600 nmell A St FF g Wi o2 BEFAIS 253l ool ORER S50 te] F33te

tidsto] & Ejuls 2SSt

£ Eapeio|c B2 £

ORE®] & Z2}H -0 & 3 572 $15t0] Moreno 5(2000)2] WHE whet AdS Wgstict. S74ol 3
A e A& 125 pLe}t 5% sodium nitrite 75 pLE =35lo] 6827+ A-20]|A] incubation 5+ T ©]F 10% aluminum
chloride 150 pLE 75t & 527 RS A|Z AL 1 N sodium hydroxide 750 pLE % 7Fsto] 1587t incubationSt 5 96
well-platec]] 2551131 B3F = A S AF8-510] 492 nmol| A T84S S35 T Quercetin dihydrate S 7} 5=
2(6.25, 125,25, 50, 100 pg/mL) 3|45t} FLst AS X8, FHH ZF 51 quercetin®] S-33¢ol o}
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HEF A4S 25l o o]l OREE AR A olM 4 S8k tidsto] & EatE eol =] & 4t
=kt

High performance liquid chromatography (HPLC) M2 Est Q1 M2 2A

HPLC 57 2712 Park 5(2017)2] HH & L7 H3dsto] ARESIIT. DGU-20A (Shimadzu, Japan) HPLC S7
71718 AFESFE A 94 ZH 2 € column (250 * 4.6 mm, 5 um)Z-EH-S AFESISICE o] 5A; SR = 1% formic
acid?} acetonitrile2 AFEF.2.H 1 mL/min2] §-4.0 2 ZuiE 151tk B0 AREE 27 9 A7) w2
0]-57/d -&112] H|-&-2 Table 12+ T} DHK7} peak S LFEFU= 280 nm&} 3-MeQ7} peak S UHEFHIR= 320 nmoi|A] 1
3 HAE 77F 245130t S 913l DHKEF 3-MeQ ZH &= 2(62.5, 125, 250, 500 pg/mL) 3141 5Ho] 275131
O HEH peak®] WA 02 BFE JMS A/doto] RE 249 e SHsIUTH

Table 1. HPLC (High-performance liquid chromatography) experimental conditions.

Parameters Conditions

Sample injection volume 20 uL

Column temperature 30°C

Flow rate 1.0 mL/min

Wavelength 280, 360 nm

Mobile phase condition Time (min) 1% formic acid (%) Acetonitrile (%)

0 90 10
40 60 40
60 0 100
70 90 100
SAEN

22T ARSEIE UL AT
Sciences (SPSS, IBM Co., USA)E: ©]
ol 83101 2t 72| B b0l Hod S WAL

d

NS £ E—f‘%i}i L]'E]'Lﬂmﬂ Statistical Package for the Social

Results and Discussion

DPPH radical 27 &M 51}

DPPH radical 227 2/ A& A& Ax)9] g4itst /8-S H7et7] flofl a0 = wol Abgoh= Ad W
% stutolct. DPPHZL A B0l &l o] Sl 4o Rtol| olal 2L FofotHA] 4kl jhgo] dojut
Al =)™ (Blois, 1958), L 2ol 4] 11-5-0] ZJFAljo] dojz] FMZ wl = E/dS Bl A% A1} ORES] 5%71 5
7}¥&}ol| w2} DPPH radical A7 /d0] F71oh= &k 2JE24Q1 o] UEbs 2 H(Fig. 2), 53] 1,000 pg/mLe] &
LojlA] 25.59%= 71 =2 radical 2271 B/ 0] FRIE QAT o)A ALol|A Al Eute AR J3E FEES
DPPH radical 4~7{-5-°](ICs;) > 1,000 pg/mL. O = LFEF O ™ (Hwang et al., 2015), AEZ E7]2] FZ5 1,000 pg/mL
9] H I of| A= 20%E T S2 DPPH radical 271 43S UEFH A TH(Lee et al., 2014). B 20} Mz 0] o &

X
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£-2] DPPH radical 2715 EE3F 1,000 pg/mL2] 5ol A ZH2} 36.62%3) 21.20%2 UrERATh B v QI thKim
etal., 2018).

100 f~

80 A
70 4
60 -
50 4
40 A
30 1 a
20 4

DPPH radical scavenging activity (%)

10 c
. f T |
100 250 500 1000

Concentration (ug/mL)
Fig. 2. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity of ORE (Opuntia robusta
extract). Values are mean = SD (standard deviation). a - ¢c: Means with the different letters are
significantly different (p < 0.05) by Duncan’s multiple range test.

ABTS radical 274 & 1}

ABTS A]2F2} potassium persulfate” | =35} H]'——OI":'q ABTS &o|-229] 7125 7 free radicalo] /=M, o]
AxF o 5= 71 Fitet B4 2R E AAFE whol ghelE w ABTS7H7HA| AL QlH AL7-3h J FA o] fojA|=
6’ | AthRe etal., 1999). S 2ol A o] FojA] = H & T2 SO M radical 27 B/ T2
4 ek A 7:‘4 DPPH radical 271 2742 FAFSHA OREES A 2|3t 5 =7 S7Ftoll w2} ABTS radical
o] Z7eh= Y , 55 1,000 pg/mLe] 5L 2 22|t ol A 34.21%= 7 =2 radical &
<= Yeh %E}(Flg. 3).

B ol _llm l‘ll’

Xl
e N°"

N
l
ox,

100 1

o
o
1

o]
o
1

70 4

60 A

50 1

ABTS radical scavenging activity (%)

40 a
30 -
20 b
10 4 c
d '
o - W .
100 250 500 1000

Concentration (pug/mL)

Fig. 3. ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging activity of
ORE (Opuntia robusta extract). Values are mean = SD. a - d: Means with the different letters are
significantly different (p < 0.05) by Duncan’s multiple range test.
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‘OH radical 27 &M &3}

o
T
]

<~

2
(¢]

=R
flo
ik
ox
2
P~
of
=2
o)
N
o
o3
ret
re
olo
ox
o
N
N
N

11 )<= radical= YA Q1o QIHJ BA}] MALE
B4HAA ALBIAIA 220 W2 42 7K 4= SATk(Sies, 1993). ORES 2] At B 455100, 250, 500,
1,000 pg/mL)°NA] 30% ©14+] radical 47 o] 1T, 53] 1,000 pginLe] FEIA 46.99% 71 e
‘OH radical 271 2/ 0] Z21 =] U THFig. 4).

100 -
90 A
80 A
70 A
60 -

50 A

a
b
C

40 d
30 -
20 -
10 -
0 . : : .

100 250 500

1,000

-OH radical scavenging activity (%)

Concentration {pg/mL)

Fig. 4. -OH (hydroxyl radical) radical scavenging activity of ORE (Opuntia robusta extract). Values are
mean * SD. a - d: Means with the different letters are significantly different (p < 0.05) by Duncan’s
multiple range test.

OR¥

Eojhls 3 & EatE 0| B

ZejolE2 dlE 29 22t eRE ] e ErEE S Wb EetE ol 2l 5ol oo 3
w5 Ba} o] Al 112] e}k ofg] 7112] £AF ] (hydroxyl, -OH)= B AAE A A 5}o] Akah 2H8-5 8 4= Q)
o, 2| of2f7IA] Eejuls SRHER R E |, A2, old A 5ol 7 &3k} itk A7 Bars]of
A THCazarolli et al., 2008; Molino et al.,, 2016). Ze}H o] == 7]o] B E M AlEoj|A] 47| A= 4= 9lom 9l
Zro] 717 ghol A sk Hl& EejullEe] FFE DA 312 (Spencer, 2008), AU} A2 2 Aol x| S/ Aba
2HE] ABHEES-S AR A7l o2 Fatet §5-S 7FA] T 9okl B E] 9l ckCotelle, 2001). 12]L} OR Z7]0]
st Z2|ul s} etk o] =] shegoll et A= B vl §lom, o]of| e} Folin-Denis *8'H % aluminum
chloride B] %] o]-&5to] & E|ull =2} Sebi ol & 3 242 z18¥5}qit. 1 23t ORES] £ Z2]vl= &
F 574 mg GAE/g, & S 0| = 2 5.4 mg QE/g 2 & BHR1E| A Th(Table 2). Kim} Lim (2019)9] 150l 4]
£ A5 SHrA 1% 271014 8 mg GAE/ge] F EejmlE o] I, & ZekE o= &F2 0.18 mg
(+)-catechin/g (mg CE/g) -2 E13}AT} Jeong 5(2017)2] AF-oi| A= Aljuiz| o] whz} AlR1%o] 27| &5
A1 1.49 - 1.81 mge] F Z2|5= ghFo] &Rl1E v itk E3t Jeong 5(2016)2] AtollA= BHAH/NG E7]0lA
1.29 mg/g®] F EetE o] =7} 3hR-E o] QIokal B 15l o] & 53l Opuntia £0] AlE5-2 Au) &4, B 5
ohFet 2%l ofsf F ZejullEs Y et o] =0 heF Ao 7t U= A 0 2 AR T

S
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Table 2. Total polyphenol and flavonoid contents in ORE.
TPC TFC
5744041 mg GAE/g 54+0.03mgQE/g

Values are mean = SD.
TPC, total polyphenol content; TFC, total flavonoid content; ORE, Opuntia robusta extract; mg GAE/g, mg of gallic acid equivalents in 1 g of
extract; mg QE/g, mg of quercetin equivalents in 1 g of extract.

OH

OH

OH O

(A) (B)

Fig. 5. Molecular structure of (A) DHK and (B) 3-MeQ. DHK, dihydrokaempferol; 3-MeQ,
3-0O-Methylquercetin.

OREC]| Z&HH DHKS} 3-MeQ2] &FS uhetslr] 9]t HPLC 4!
oAl spectrumE Z75+ o1, LS AJZHol A peak”t LERS A
spectrume H| st A} A3 2 AS FRIT 4= JJAFig 6 and 7). s =E=E S H DHKQ} 3—MeQ—4 peak
HAZ S S 2/dH BE Aol thdsto] Aldket Z2H g2 32 2H2} 0.65 ug/mL e} 1.10 pg/mLS LFER]
ATh(Table 3). 0] ALl AH|F EHPEARIY 2EE-2 0.12 mg/e2] DHKE} 0.14 mg/g2] 3-MeQE &35t Q)
o} 1 2 15} ThShin et al., 2018). 3} Park 5(2017)& 2= U o] ek2- =% 2njjo] T oj E}EP Cha Zpol= 2
L} DHK 7} 18.87-27.56 mg/100 g, 3-MeQ7} 2.71-3.88 mg/100 g= $H5-511L Q= Z1 02 HU5lgon & Zo] 2| &
/J 8 glefo| Z7Feh4= DPPH radical 27 &5 2 | A 3}Als} 7)) G%50] =0}zl Zlo2 Hol B A vtoljA]
ORE Y A| DHK®} 3-MeQE &-R3t 224 4kel 50 7]o3l& A o2 AZHE ) o 1tol| k2™ Opuntia
& AR1e] E7]oll= Zs, HIEIC, BB E, 2 Ao] /-5 T eHR-ohal Q1S 2t otz}, E8julis 2%
quercetin, isorhamnetin, kaempferol | g 2] o= 2| & Y A o] 3H7-% o] glo] 4tet U &FH S 52 e
Tt B 3150 QIth(Lee et al., 2003; Santos-Zea et al., 2011; De Wit et al., 2019). 2 17Lof| A H]| = FFakSt § 50| L
X 2| B3 DHK S} 3-MeQ7} &-7-5]0] A=0] &RI=| oL, 71 9] mjF ol Yehd of27}17] sletEof tigh =
714 Q1 A o] F g strial A7 T

o. mlo

o NS UQL'
[¢] [u]o

™

2

ol

oL

38,

)

=

_1\1

)

®

k=]

w

]

S

1o
%

oX

ol ﬂ]lO

OI
o
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(A)
2o PEEmAETT
10003 ,DHK

SO0

250

T T T T T T . v v T T T ¥ »
ao so 100 150 200 250 300 aso <00 450 0.0 sso eco eso e

(B)

—— LM S vy —— ]
<00 450 s0.0 ss0 600 650 e

Fig. 6. HPLC (high-performance liquid chromatography) chromatograms of (A) DHK and (B) ORE. DHK,
dihydrokaempferol; ORE, Opuntia robusta extract.
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Fig. 7. HPLC (high-performance liquid chromatography) chromatograms of (A) 3-MeQ and (B) ORE.
3-MeQ, 3-O-Methylquercetin, ORE, Opuntia robusta extract.

Table 3. Dihydrokaempferol and 3-O-methylquercetin contents in ORE by HPLC.
DHK 3-MeQ
0.65 % 0.02 pg/mL 1.10£0.05 pg/mL

Values are mean + SD.
DHK, Dihydrokaempferol; 3-MeQ, 3-O-Methylquercetin; ORE, Opuntia robusta extract.
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