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Abstract

This study was conducted to investigate changes in the proximate composition, antioxidant activities, and a-glucosidase
inhibitory activity of Opuntia ficus-indica (OFI) cladodes cultivated in Jeju (JJ1, JJ2, JJ3) and Jeonnam (JN1, JN2). The
difference in the proximate composition (crude protein, lipid and ash content) of OFI between the two regions was not
significant. Ca, Mg and Na were the major mineral components of OFI. The ascorbic acid content of OFI ranged from
57.87 to 143.72 mg/100 g. A 70% ethanol extract was used to investigate the antioxidant content and activity as well as
the a-glucosidase inhibitory activity. The total polyphenol and flavonoid contents of OFI were 38.69~55.29 and 3.33~4.03
mg/g, respectively. The antioxidant activities based on the DPPH and ABTS free radical scavenging assays were 45.19~
61.52% and 39.15~51.96%, respectively, at a concentration of 1 mg/mL. The inhibitory activity of OFI extracts against rat
intestinal a-glucosidase was 29.72~45.73% at 1 mg/mL concentration, and JN1 showed the highest a-glucosidase inhibitory
activity. This information could be very useful for authentication of Opuntia species with the highest potential as sources
of nutritional and therapeutic elements.
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E2go] 9, Auje} 277} AEURE AL JPSSHKFDA 5 SRHE 2E80] £9on, 27 A784 D nitric oxide
2016). SalE s o) ARE RAMAG] dAujet & A ANEA A A etk Ao B AT
718 AR, olav $2Fo) BAst @ 4837 59 L Choi S(2001, 20022, 2002b)e] Euek A1 Aufet Z71

402 AGINEL, 55 271k RS, Futels W B FEEY FUIE, 234, A2UAA, FANFA) et
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dihydroquercetin & quercetin 3-methyl ether 5-& #2337, 4t

3t an 9 X A I BAS B716H e, Avila-Nava 5
(2014)2 &l XRIANO. ficus-indica, Nopal) S 2 F-E quercetin,
kaempferol & isorhamneting 2|3} 1, o]52] Ats}l &4
S 7Sk E Buera S00212 ek el dr
ZHE A5 B42 ZH= betanind} indicaxanthing £}
o] ¥ ustgch

HBUUIE B k) AT 5 52 folichsl $
shet Aol ol A=l 910 m(Seo 5 1999), 2| E4
AzE AT BEAE AH = ozt F=H 9 7]§4]E
o2 JfdtE o] AlEE ok 2y G2 FYA0] 037
2 Ueht, 7o) tE Fo= SIE HAX(0. humifusa)2t
FEEE Aort 9lon(Pak S 2013), REAAR ] AL,
Al T 1 S P A
e B ol AE
B7HE Eot] FF°l ¢ ?l% XﬂZE e 1‘51-—3

1. AEMZE

BAANAL A|F S 3R A Jejl2 22
(NI, IN2)OIA] 2015 580 813k 2L 744 AA, A5 2
ANZ&3t & 527 =(Lyoph-Pride, Ilshin-Biobase Co. Ltd., Dong-
ducheon, Korea)3tith. B271% BAHAL 180 um |3}
9] 3712 BEH(SMX-6500JS, Shinil Co. Ltd., Seoul, Korea)3t
T, - 18TolA AFste] X222 ARESHT

M

2. UHIME 2N

AR g E BHANe] AubdE e AE33(KFDA
2016)° wet SASHHT. &, FEFFS 105T YA,
23182 550C AA33HY, 22X Soxhlet F&H, 2t
WO Kjeldahl o2 B3¢t

i
2k

3. MR 24

AR o 2PAAe] TR S A HeR £
ABIHTHAOAC 1995). &, RAAAY SAARED oF | ¢
2 550CoA 3383t &, 0.25 N NHO:E ¥, GF/C(90 mm,
Whatman, GE Healthcare, Buckinghamshire, UK) &J3}x]|2 of
g &, 0.25 N NHO; £ 25 mLZ #-83}4] Inductively
Coupled Plasma spectrometer(ICP, Thermo Jarrell Ash, Franklin,
MA, USA)E H A3} th Nebulizer®] 982 30 psi, auxiliary

gas®] 542 1.5 L/min, approximate RF power:= 950 W, fre-

A] .

=4 EFIYEIA

quency+= 27.12 MHz, analysis pump rate= 130 rpm©]$ith

4. HIE}2I C &4

AR o 2P AN HEl C & 2 £4]2 Hwang
S2014)9] oz PSRt &, HPHJNE sd1x22
= oF 2 gof] 100 mM ethylenediaminetetraacetic acid (EDTA)7}
Z 35 5% metaphosphoric acid &8 40 mLE
genizer(Polytron RT 2500 E, Kinematica AG, Luzern, Switzerland)
2287 28 AT 2292 4THA 1057 3,000 pm
0 YL T, YEAL 0 mLe P FEES
0.45 um polyvinylidene fluoride membrane filter(PVDF, Whatman,
Clifton, NJ, USA)Z2 &J1}3}o] HPLC AR 2 AMLSHE T
HIEH C &40 AR-E HPLCE= UV H&717F 2He Water
2690 system2 AME-3FRTE Column® 2 Mightysil RP-18 GP
column(4.6x250 mm, 5 pm, Kanto Chemical, Tokyo, Japan)=
AFE3HE A, column®] £E= 20T 2 GA|3HHL o] SAS
0.1% trifluoroacetic acid, &2 0.6 mL/min, A|& FYFL
10 UL, F&71%= 250 nmefl A 24atich

7}8}+aL, homo-

5
B3 2 Lee 5 2014; Hwang S

2 20153} ol 482 )
01 A 3 T oS 0|8 S

2l
Az E of | g°ﬂ 1074 SEHE 40 mLE 71 7. 0%

sha, GAliel 9 oty ARES &
S 9% 3a04e] A oL T4 AT5EE ol
stel ol Q1S AASHSich A2E FEEE 10% dimhy

6. & E2|Hz ¥ E2H20|E 2 54
XHHHX]‘QHE‘ HAAJNG &t 2559 3 E¥9= ¢
-2 Folin-Ciocalteu phenol reagent’} 3&E9] =4 3kgt

E"ﬂ o3l ghlEl Aa EejEdl Aoz dlshe S o
2 243519 thDewanto 5 2002) & =25 50 ploj] 2% Na,COs
29 1 mLE 73}, 38 & 50% Folin-Ciocalteu reagent 50
uLE 7kshaL, 3027t WAl - BEg- o) FF=E 750 nm
oA ZAstATt. EEEAQ gllic acid(Sigma-Aldrich, ST.
Louis, MO, USA)E ARE-ste] HIAS 2Hstglen, & &
s T2 A= g T mg gallic acid2 YERH AT &
STt co|E S FEF Choi 5(2003)9] o whzh
F&8 250 uLof 74 1,000 uLe} 5% NaNO, -89 75 L&
7¥et &, Wk 9 SEZF WREAIF T 1 oS 10% AICL -89
150 WL A2z AT ERS F, AeolH 687t FAG
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% 1 M NaOH €9 500 pLE &31ste] 118 HA] & 510 nm
NN FF=E SHsIh T ST olE FF2 AR ¢
%9] mg (+)-catechin(Sigma-Aldrich) ©.2 e Qict

7. RAEiClE a9 g2 £

AR HE BGA/A% fehE =552 DPPH 2|z &
7 872 Blois(1958)¢] W& WF st S4stH Z, 9
B2 &5 0.2 mLo) 0.2 mM 1,1-diphenyl-2-picrylhydrazyl
(DPPH, Sigma-Aldrich) €91 0.8 mLZ 7}ate] A&oA 60
min F¢+ X7 F 520 nmof| A FFE=S SR H, o
ZF 2 L-ascorbic acidE ARESIGTH ABTS o)z AA &
-2 ABTS(2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid,
Sigma-Aldrich) 7.4 mM1} potassium persulphate 2.6 mMZ 5}
T 5t ol WA st ABTS ol FAAII F, &
o1& 735 ol A FHE kol 14-157} HES 9| 4sgich
545 ABTS 8] 1 mLo] o] &h& 222 50 1LE 7H5}e] &
34 0] H3E 60 min 3ol A3} o, JZFE=Z L-ascorbic
acidE ARSI T

8. Eele £d

AR G HHMARJNG oehE 2= FdY S
Ferric reducing antioxidant power(FRAP, Benzie & Strain 1996)
Hoz AASHATE 1.6% glacial acetic acid 8289 sodium
acetateE- £0]11, pH 3.6 2.2 ZA3}4] 300 mM sodium acetate
bufferE A 23} ). Ferric chloride hexahydrater= FH4+E
0]83le] 20 MM =2 ZA5FE. e, 40 mM HCl £
2,4,6-tripyridyl-s-triazine(TPTZ) & &4 10 mM TPTZ £94-&
A zT 5, 50T gz A 1027t WX|ste] &3] &
FA1FA T A7) 300 mM sodium acetate buffer, 20 mM ferric
chloride solution @ 10 mM TPTZ solutionS 2z} 10: 1 : 19
H&2 ashel FRAP HFS AR A|23Het Porzs
0]-&3}o] 37CE X AX7] FRAP reagent 1 mLe} 74 0.3
mLE 7}8te] 2313 & 593 nmof A FFEE S51(0R),
kAl A 2S¢ L-ascorbic acid = &5 03 mLE 7}
sho] 427F A2oA WA F FY oA FBEE
24359t 259 YL Lascorbic acidS EFEZ=Z
o] AL AFA 0 F AHAKSl] L-ascorbic acid equivalent(AE)
2 yehpgich

9. a-Glucosidase A &M =X

A A G H HHAJY oehE FEE9] a-glucosidase &
A 242 Hwang 5(2011)9] o] weh SAIAC 3, rat
intestinal acetone powder(Sigma-Aldrich)®] 0.9% NaCl &4-&

7kt % homogenizerE ©]-8-3 ZHEANE FE3}] AN

HAALZY %

M

ER R 523

Stgth 258 50 Lot 2HEAY 100 LS EFsHo] 37T
A 1087 Zufefgt 3, 5 mM p-nitrophenyl a-D-glucopyranoside
(PNPG, Sigma-Aldrich) 50 nLE 7}3}e] 37 Co| A 1587k vjoF
AFct. vk ol 2 M Tris-HCl buffer(pH 7.0)8 7}5}o] 1hg-
S AAAZ F, 405 nmol| A FFEE ZAsgc)

10. SHIEA

EAEA-L SPSS F 4| 2 13 (Statistical Package for the
Social Science, Ver. 12.0 SPSS Inc., Chicago, USA)& ©]|&3]
o 7t SA47Y o FLUXE 4RSS, AR 9E 7k
9] A}po] FHEE one-way ANOVA(analysis of variance) 2 -4
3t 5] AlZFE7E P<0.059] 4] Duncan’s multiple range testS A
Ashict

2ot & nF

A S HHAR/NE £719] dRtE o £4 24

2 85.84~95.10% HYZ VeEhtom, ok %X
9 238 S UEFOE S AT Table 19 Y
R gleh 23170] 8.69~16.50%= 7 W2 Hle2 AHA| st
Fom, Zhilo] 3.31~9.56%, ZA|Ho| 1.08~3.31%= et
U, AR E 2 {9243 2ol EATHP<0.05). Feugang
5(2006)2 &8ke A QVH(Opuntia spp.) £719] FF &=
AR Aaf, 2 4-10%, A 1~4%, 2352 19~
23%°] ok Hustgon, Lee 5(1997) AlS4t &nfe
X RIZKO. ficus-indica var. saboten)2] ZTHil, ZX|H} 9 = 3|
B 3RS 8.52%, 1.20% L 20.05%2 YeERY, B A FZ e}
2 Gl Aol MG oL, Rebuz 2A Y FFLS §
ARt A o2 UEYTE E3F Hwang $(2015)0] A4 £
o XQIZKO. ficus-indica var. saboten) A7 2] SFetHES

Table 1. Proximate composition of the Opuntia ficus-
indica cladodes depending on different cultivation regions

Cultivation Proximate composition (%, dry basis)
regions Crude protein Crude lipid Crude ash
A 4.82+0.11¢ 2.22+0.05° 8.69+0.23¢
12 9.56+0.23" 3.31£0.42° 12.37£0.37°
13 8.56+0.24° 2.88+0.12° 16.50:£0.64"
IN1 6.5520.09° 3.13£0.05% 12.37+0.16°
N2 3.31+0.08° 1.08+0.05¢ 10.55+0.37°

JJ: Jeju, JN: Jeonnam. Values are shown as mean+S.D. of triplicate.
Different small letters in the same column indicate a significant
difference at P<0.05 by Duncan’s multiple range test.



524 O|AIE - RS2 .

o>

2. FUIYE &F

2
=
D)

8

13
T
o
2
rO
N
N
N
o
4
N
2

fuS o (o]

Fe, K, Mg % Nao] Z&E ‘212“%, o5 AT A= Table
20 Yebfgich 2849%

=okon, AdAge AU £719 Ca &=o] 4
4,204.09 mg}t 4,173.14 mgo. 2 A=A F 9] 1,745.89~2,571.77
mg/100 g2t} =A YEgth Fe $HF2 13.90~52.87 mg HY
2 AujA|Fof| wht ohefstA yeben, K e 11394
2,534.68 mgo 2 714 =7 LeRgth Mg geRe 113, INT &
IN2 R Fo] 1,362.77~1,385.91 mgo 2 F-2]Z Q] x}o]& Ho|
Z| ¢kl Na g2 J12¢) J130] 212} 1,547.78 mg} 1,096.76
g2 71 e, Aoz 2 RolE K5I, Feugmng
520060y &uket AR (Opuntia spp.) £719] Na T
400 mgo] RThal B 15} 21, Hwang 5(2015)2 AlF4t &
vt X RAZKO. ficus-indica var. saboten) G473 2] Na TS
689.9 mgo 2 H1algch E3F Lee S(1997)S A=A dn}
g Aeld £7]9 7148S B4 A, Ca, Mg, Na, K,
Fe, Mn, Cu ¥ P7} AZE o, 0]F Ca $+5Fo] 43912 mg
o AR TR o 0%E AASHHRL, K, Mg E Na
SHF= Z42ZF 1,932 mg, 1,984 mg @ 985 mgo|{itial B s}
ok 5 5 Al el 2t )98 B Aol
Qglont 1 HEL SARIY o, E5] Ca T2 736 mg),
A2(14 mg), Th(23 mg), HF(6~7 mg), B7](13~20 mg),
R(G-8 mg) 5 ThE TR ula) BHa] BA FaE ol
o] FHSE Ca I FHULE 7|[gHHLee 5 1997).

3. HIEMI C B2
Ay BANAY B7]9) vEhEl C gL BAR
AT Fig. 13} 2k RAMAR 27] 100 g & HEE C
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Fig. 1. The L-ascorbic acid contents of the Opuntia ficus-
indica cladodes depending on different cultivation regions.
JJ: Jeju, JN: Jeonnam. Vertical bars represents standard
deviation (n=3). Small letters on the error bars indicate a
significant difference at P<0.05 by Duncan’s multiple range
test.

FHFe 29} IN1o] ZHzh 143.72 med} 115.66 mgl. &2 =QLo.
w, 71 29 X192 57.87~90.88 mg HS|Z AujR] ol w2t
SFsHA ekt Lee 5(1997)2 A=At vk A A7HO.
ficus-indica var. saboten)2] BEFY C §HaFo] 71.2 mg/100 go]
STk HTel SAREOw, o] ufeh Helg duje] 1638
mgRE T 2Ruh &20]9] 332 mgHtis =2 Autgrh

4 & BRlblE U BapR-OlS A

A S AN £719 & s S A=
¢ gallic acid equivalent(GAE)Z UEMH Zib= Fig 29} 7
t}. JJ10] 5529 mgl 2 7} =2 kS ¥ ew, 12, 113
2 IN1-& Z}Z} 4772 mg, 48.15 mg X 48.86 mgO. 2 72|41
2}o]2 Ho|7] SkQFI(P>0.05), IN27F 38.60 mg O & 713 b

2 S BT A& g catechin equivalent(CE)Z2 & Z&}
Hol& FeKFig 3)2 IJ1~IN10] 3.85-4.03 mg HY=E &2
HQl 20|18 Bo|x] FAATHP005), INS 333 mge2 7}
7 e Fheks ') Astello-Garcia $(2015)2 EA A%

|]olI

Table 2. The mineral compositions of the Opuntia ficus-indica cladodes depending on different cultivation regions

Cultivation Mineral composition (mg/100 g, dry basis)
regions Ca Fe K Mg Na
i 2,280.36+129.99° 22.5142.55° 360.2149.15¢ 1,060.11431.25° 473.33+41.72°
2 1,745.89+107.05° 52.87+3.92° 953.87461.56" 1,619.57+5.25° 1,547.78+154.41°
3 2,571.77+183.72° 33.8546.49° 2,534.68+38.88" 1,362.77£30.51° 1,096.76+26.18°
N1 4,204.09+280.52° 29.57+5.03¢ 237.82432.15° 1,385.91+144.76° 289.23+8.55
N2 4,173.14+186.66" 13.90+2.07 493.4443.51° 1,363.08:49.34° 168.92+32.58°

JJ: Jeju, JN: Jeonnam. Values are shown as mean+S.D. of triplicate. Different small letters in the same column indicate a significant difference

at P<0.05 by Duncan’s multiple range test.
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Fig. 2. The total polyphenol contents of the Opuntia ficus-
indica cladodoes depending on different cultivation regions.
JJ: Jeju, JN: Jeonnam. GAE: gallic acid equivalent. Vertical
bars represents standard deviation (n=3). Small letters on
the error bars indicate a significant difference at P<0.05 by
Duncan’s multiple range test.
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Fig. 3. The total flavonoid contents of the Opuntia ficus-
indica cladodes depending on different cultivation regions.
JJ: Jeju, JN: Jeonnam. CE: catechin equivalent. Vertical
bars represents standard deviation (n=3). Small letters on
the error bars indicate a significant difference at P<0.05 by
Duncan’s multiple range test.

of AR & Belsls U Behricol= Wb Wl
AT}, 22.5~56.7 mg GAE/g ¥ 17.6~20.4 mg quercetin equivalent/
g0 Ueh}, Sepno|C Tl Eejuse] 493 Ho|
7b Acka 205Gt Hwang 5(2015) AJ5=AE &uker A
RIZHO. ficus-indica var. saboten) G732 70% FA FE2&
9] T E9Hlsy} SR o= do] 247} 172.0 mg GAE/g
3} 144 mg QE/gO = Upekyttha 1 wsho] & A7 AT R
=2 TFE Btk 23U Lee 5(1997)2 AlS4t &8
A, ficus-indica)®) % Felslsat Behricol= e
o] Z}z} 1.821 mg caffeic acid equivalent/g¥} 1.110 mg rutin
cquivalent/g© 2 UfER}, B QA7 ATIRCE Fe PFS B

w3 ey 525

o} Lee 520142 Az A% &7] 5% 4 FEES
Z Ed9E 9 StE ot ko] 242t ¢F 40 mg GAE/g
7} 10 mg CEgo 2 Yeh}, 2 A7l FARE A5 Hol &
vher AR £8, 29 SOl wet thgFsAl vebstth

5. X2tz & &N

A g B0 £7] oetE FE2E2 | mgmLY
FTEE ZASte] DPPH 2tz &7 243 F71%t 3=
Fig. 49} 2}t 111, 112 9 JN1°o] Z}Z; 60.62%, 60.92% X
61.52%29] =& A7 TS B P OLHP>0.05), IN2E 45.19%
2 7 W A B4E Beth ABTS grig 27 849
A9 IN19] 51.96%2 7F =2 424 A4S Bgon, JII,
132 2 )13 Z}7F 47.42%, 46.31% L 48.48%F ENG O,
IN2E 39.15%2 7Fg W2 84S B HchFig 5). gi27<l
L-ascorbic acid= 0.1 mg/mL =94 DPPHS} ABTS Zho)Zt
& 77} 86.71%%} 70.89%F 273t RAMNY £7] &
EET 2 s S-S BT Astello-Garcla 5(2015)
HAAIH g2 529 AuljA <8 DPPH 2tz 427
A4S F713t 23}, 309.1~659.4 mg trolox equivalent/g(H o+
5084 mg) 2.2 ekt Aeid Rolzh A, & Eeluls 2
ETtExolE i} o] HEIdEY I ATt
E0hL B8t Hwang 5(2015)2 A4t Sube A%
£7] S2%9| DPPHS} ABTS ehtiz 27 B4 B 2
I}, 747} 1 mg/mL ©]/¢7} 0.8 mg/mL9| F=o|A 50%E #|3)
(IC)FTh Batge. Ea A ARkt Wdzol A2t
RHAMY £7] G4 22E9| DPPH 2oz 24 TAL
H| 2 gk Park 5(2013)] AtollA= 0.5 mg/mLe] FEoA B
AR FEE(7.34%)0] HEZ FE55(28.75%) Xt DPPH
S 27 @4o] dtha Bustgon, Mdx 7] F
% F5&2° DPPHS} ABTS 2HtjZt &7 42 B7IR) Lee
5(2014)9] Ao A= 1| mgmLe] FIeoll A ZH2f 20%2} 30%
o 7] TS wol, ulet MR Tz a7 BHE
% 9 FHY 240 wgt tekstA v 4= ok

6. e

FRAP assayol] 2|3t e8] 42 W& pHol A H4FEHA|
of o3 Fe*'-TPTZ7} F*"-TPTZE TYEL= LS
5 2000)5Hs A2 AL £ABHE ol g3 Faks)
ST o2 WAUSZY B7PHo|tH(Yoo 5 2007). A=l
A BAAJNE £7] ek 259 FYES A= g7
L-ascorbic acid equivalent (AE)2 H7}3t A3}+= Fig. 63} Z+
o 1130] 0305 mgO2 71 £ VUG neon, et

IN10] Z+Z}F 0.277 mgT} 0.273 mgO. 2 -5-2]F 9] z}jo]& Ho|
] SFQFI(P>0.05), IN27F 0218 mg o2 7ha wre shld e
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Fig. 4. The DPPH radical scavenging activities of the
Opuntia ficus-indica cladodes extracts depending on different
cultivation regions. JJ: Jeju, JN: Jeonnam. The concentrations
of extracts were 1 mg/mL. The DPPH radical inhibition rate
of L-ascorbic acid, positive control, was 86.71% at concen-
tration of 0.1 mg/mL. Vertical bars represents standard deviation
(n=3). Small letters on the error bars indicate a significant
difference at P<0.05 by Duncan’s multiple range test.
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Fig. 5. The ABTS radical scavenging activities of the
Opuntia ficus-indica cladodes extracts depending on different
cultivation regions. JJ: Jeju, JN: Jeonnam. The concentrations
of extracts were 1 mg/mL. The ABTS radical inhibition
rate of L-ascorbic acid, positive control, was 70.89% at
concentration of 0.1 mg/mL. Vertical bars represents standard
deviation (n=3). Small letters on the error bars indicate a
significant difference at P<0.05 by Duncan’s multiple range test.

Hol AujA| G w2t 2to]E eI Bensadon 5(2010)2
T E5FY EAALR E7]¢F 9] gdEe Briet 23
gt £7] deE FE59 Fd¥o] wsken, F39

APz £7]19] 80% ot FE2E2 TYH(0.157 abs)o] &
ZE(0.069 abs)ETH 28] AE EQitiT RSt on,
Lee 5(2014)9] Aol = HAAx HAF &£7] oflehE &
= 2 guiEgEY S Hrigt A3k chloroform 8
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Fig. 6. The ferric reducing antioxidant power (FRAP) of
the Opuntia ficus-indica cladodes extracts depending on
different cultivation regions and concentrations. JJ: Jeju,
JN: Jeonnam. AE: L-ascorbic acid equivalent. Vertical bars
represents standard deviation (n=3). Small letters on the error
bars indicate a significant difference at P<0.05 by Duncan’s
multiple range test.
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7. a-Glucosidase Aaff &4

a-Glucosidase= 2% Zut U] wA-§2gtof Ql= G4 Z A
GRS UURe RSt wesiEe) Asteh Saabgol
Fosts maso|ty AR WA UG Bzt | &
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Fig. 7. The a-glucosidase inhibitory activities of the Opuntia
ficus-indica cladodes extracts depending on different culti-
vation regions and concentrations. JJ: Jeju, JN: Jeonnam.
The a-glucosidase inhibition rate of acarbose, positive control,
was 69.75% at concentration of 0.1 mg/mL. Vertical bars
represents standard deviation (n=3). Small letters on the
error bars indicate a significant difference at P<0.05 by
Duncan’s multiple range test.
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