J Korean Soc Food Sci Nutr
39(8), 1132~1136(2010)

SF=- &) 3 o ok 3} 5} 5] %]
DOIL: 10.3746/jkfn.2010.39.8.1132

HAZMOIZORRE 2alsh Hizy stai2e Melgy 5ot

— —

Biological Activity of Phenol Compound from a Cactus
Cheonnyuncho (Opuntia humifusa) in Korea
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Abstract

After Cheonnyuncho (Opuntia humifusa) was extracted by 70% ethanol and partitioned with hexane,
chloroform, ethyl acetate, butanol, and water in order, ethyl acetate fraction with excellent antioxidant activities
was acquired. Ethyl acetate fraction was conducted by TLC, and the third spot of 10 spots was selected due
to its best antioxidant activities. When the third fraction further isolated on silica gel chromatography, the fourth
fraction of 10 fractions had the best antioxidant activities and purified by HPLC. The molecular weight on EI-MS,
and 'H- and C-NMR spectrum showed that the purified compound was taxifolin. In addition, antioxidant
activities were analyzed, and the purified compound from Cheonnyuncho was found to be effective as much
as a-tocopherol, BHA. According to the analysis on antibacterial activities, the purified compound also showed
more activity than benzoic acid against all pathogenic bacteria.
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F= % 2388 81| ethanol, hexane, chloroform, ethyl

acetate, butanol & 1522, high performance liquid
chromatography (HPLC)& acetonitrile® formic acid= &
F2 2 Duksan Pure Chemical Co.(Seoul, Korea)®] A<
A3 2.1, column chromatography-£ 24| 2= silica
gel 602, thin layer chromatography(TLC) plate= silica
gel 60 Fous Merck Co.(Darmstadt, Germany)2] Ao =2
AHE-3E T #akst a9E S350 98] AFEg 11-di-
phenyl-2-picrylhydrazyl(DPPH), thiobarbituric acid(TBA),
trichloroacetic acid(TCA), linoleic acid, butylated hyd-
roxyanisole(BHA), a-tocopherol 5= Sigma Chemical Co.
(St. Louis, MO, USA)9] Z& AHE-3t1aL DMSO-ds&vl =
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Table 1. List of microbial strains used for antimicrobial test
Strain ATCC No. Media Temp.
Gram positive bacteria Bacillus subtilis 6633 NBY 30°C
Staphylococcus aureus subsp. aureus 25923 NB 30°C
Gram negative bacteria Escherichia coli 23736 NB 30°C
Salmonella Typhimurium 10708 NB 30°C
Pseudomonas fluorescens 21541 NB’ 30°C
Yeast Candida albicans 18804 YM? 30°C

YNutrient broth (Difco). ?YM broth (Difco).

Aldrich Chemical Co.(Milwaukee, WI, USA)¢] A& Al&
Sttt G Ao AHg3 75 2 wijX|= Table 13 22
vl R & Difco(Detroit, MI, USA)Y A& A&tk

Moty S =& ¢ 22

FEEL AZXAE 100 g9 1081 70% o ghe-S 375l
FFI GBS F &3 80°CY heating mantleol| A 3A1F 3
EA1# o3 (Whatman No.2)3te] Ltk o] & i E=2
ZXE, AddotAEoE, REE & F02 & £33
DPPH < SA% 2F 7 5

gt GE5 ddstdh o] &5 TLCE A5t 10719
fraction® 2 #-3IA L ©o|F Fikst E4o] 74 53l
Y& fractions # 3}t t} ©] = silica gel chromatography (3
cmx 35 cm, 60 mesh)& AHE-3te] A A SIA. ojw] &rl=
ZZZXE-HEE TFEUE AFESIH o HEge] T
EE 0~100%7HA 28 02 o Uslth & 10719 &3
< AF<H & DPPHE S &85t ikl &48 H1ss 4
I 7 &do] gt £9& A F st HPLCE A3
A A3+t HPLCE Preparative Liquid Chromatography
(M930, Young-Lin, Anyang, Korea)®} Develosili ODS-5
column(Waters, Milford, MA, USA)& AF&3t4th o] 54
© 2 05% formic acid$} acetonitriled AFE3II L F&S
1.0 mL/min®] 3t UV detector= 280 nm&Z 3}t HPLCZ
54 A7 7P & HAE RYF 18 min 7] EAS A
3ttt AAEL Electron Impact Mass Spectrometer
(EI-MS, MS Engine 5989A, Hewlett-Packard, Palo Alto,
CA, USA)E A}g3dte] BA#S =484t} 'H-Nuclear
magnetic resonance(NMR) spectrum-= Varian Unity
Inova 300 MHz(Varian Inc., Palo Alto, CA, USA)Z =733}
Ao, DMSO-ds& " & AH&-3t3 1 ppm T2 YERA XA
. BC-NMR spectrum< Varian Unity Inova 75 MHz
(Varian Inc.)E Z43l9° ™, DMSO-ds&" S Al&314
I ppm T2 YERJ AT

22| Mz A9 gatst gt

ikl &3 DPPHR O ot [At8 o5 3 TBAHY
o o3t A AAiE gAY S Sttt DPPHH Al <
3 AAF AT o] T2 AIEE 4 mLe methanoll
%0] 15%10" M DPPH methanol €94 1 mLE d7}8 3,
0E-7F ALof] WX]3te] 517 nmollA FF =2 =AU

W

AEE 7R e dE2TY FFEE 122 A=
| 23 A7 U(ug/mL)S RCooE YEIW oW 7=
3431 €1 a-tocopherol 2 BHAS9F Bl w82 TH9). TBAY
of ofgt N AFssl A E A3 fg 714 AL
0.1 M phosphate buffer(pH 7.0)¢} ethanol& 4:12 £33k
L9l linoleic acidZ 0.03 Mo] H == H7}ate] 2| 2314
t} o] 714 €9 20 mLell 0.1 M phosphate buffer(pH 7.0)
192 mL, A1EE 500 ppm& Al 0.8 mL X713 3 A8
20 mLE #Hste 243kt 9 A5Q 2 mLol 35%
trichloroacetic acid 1 mL2} 0.75% TBAA|¢F 2 mLE 7}3F
O 30x ¢ AGAZ F 95°C 8 oA 408 &<t
WA Z T o] Wkl A27bA] WA A acetic acid 1
mL, chloroform 2 mLE 7}3te] 218A171 & 3000 rpmeil A

Anj

oot

59k A% sl PN FHEE 532 nmol A =
gtel TBAGS W&dtel A7 A ES 43519

tH(10).

22| gHE S22l g 2t

g &S paper disk diffusion(11)3} liquid culture®ll
A A £3(12)8 S35 Paper disk diffusiona
8 log cf/mL=E Aujgst 4 A FTF M dd 0.1 mLAE
petri dishell HES & v ES] F/H wet 27 shdulA|
10 mLE pouringste] iR & 243tk 7)o AAES
methanold] ¢ & 1 E A8 o] 4 mg =E 8 mgo)
HALZ &E2A)71 DT paper disk(8 mm, Advantec, Toyo
Roshi Co., Tokyo, Japan)E& H2ZA]7]a 30°Coll A 24A] 3F
e e F FAE A F99 Z7(mm)E S 35A

=91 ko] methanol?te 2 FA| ¥ S 31t} Liquid culture
oA &R ave FAx E2 AHA E[Cheonnyuncho
(Opuntia humifisa) compound(C.C)]19 E5 55 2483
liquid culturedl] 55 HEAIZ & 2427 & 79 ASA
=% UV/visible Spectrophotometer(Lambda 15, Perkin—
Elmer, Norwalk, CT, USA)E °]&3tod A5 A3 &35
dolr gt HEZTOE CCY B5Ls T A3

benzoic acidE Al-&3ch.
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Table 2. 'H- and ®C-NMR data of the purified compound
from Cheonnyuncho (Opuntia humifusa) (H-NMR measured
on 300 MHz, C-NMR measured on 75 MHz)

Table 3. Comparison of DPPH free radical scavenging acti—
vityies between the purified compound from Cheonnyuncho
(Opuntia humifusa) and commercial antioxidant

N c.c? Compound RCs (ng/mL)
o Proton Carbon c.cl 1.19+0.10°
2 450 (d. 11.4)? 85.1 (d) BHA 150+0.07
3 4.40 (d. 11.4) 73.7(d) a-Tocopherol 1.29%0.11
4 198.4 (s) YCheonnyuncho (Opuntia humifisa) compound.
5 165.3 (s)
6 5.78 (d. 1.8) 97.3 (d)
7 168.3 (s)
8 5.82(d. 2.1 96.4 (d) a-tocopherol
9 164.5 (s) ¢
10 101.8 (s)
1’ 129.9 (s) I
2’ 6.87 (d. 1.5) 116.1 (d)
3’ 146.3 (s) BHA a
4’ 147.1 (s)
5 6.70 (d. 8.1) 1159 (d) i
6’ 6.75 (d. 7.8) 120.9 (d)
‘”Cheonnyuncho (Opuntia humifiisa) compound. cc’ b
?Proton resonance multiplicity and coupling constants (Hz) are
given in parenthesis. ; ; ; ;
0 20 40 60 80 100

OH o

OH
HO = Ry

=

Fig. 1. Chemical structure (taxifolin) of the purified com-
pound from a cactus Cheonnyuncho (Opuntia humifusa).

OH

T 7] Bl AL SAS systemS ©]-&3te] ANOVA
2 & q=0.05%14 Duncan’s multiple range testE A}-&-3}

Folge A

2 Ao

T EY
=EY

ARGl A Eed shehE2 Wy Edoln 72
5 4% 27 EI-MSOl 938te] Ml mz=304, UVAmax
nm(loge) 291(4.29), 335(3.66)2 LFEFETE 'H-NMROIA §
4.40 ppm(1H, d, J=11.4 Hz, H-3) ¥ ¢ 450 ppm(1H, d,
J=11.4 Hz, H-2)9¢] signalZ ©]F9] o] 3}3H&9] flavanol9]
Azl Ao 7 HZAFEAY. K aromatic region®] H-H
coupling®} ©]=¢] chemical shiftx], *C-NMRoA ] chem-
ical shiftx] Sl ¢Jsle] o] gE2 taxifolin® 2 5433
tHTable 2, Fig. 1). Taxifoline 22U, =FU+%, A4

T 59 Aggd 242 E9 vt Aok(13-15).

—LJ

H« HI

TBARS (%)

Fig. 2. Comparison of lipid peroxidation inhibition as TBA
value between the purified compound from Cheonnyuncho
(Opuntia humifusa) and commercial antioxidant. UCheon-
nyuncho (Opuntia humifiisa) compound.

‘:‘EI X‘lx-” Jél I 3O|-Al‘§|- =APN|

DPPH® ol ofsto] g4bs} %‘r*é% A b= Table
37 2o ddzoA £
L& ko 7 50%9] free radical &7 %% H
copherol, BHA £2.2 £2 g4 & RAF T
ojste] Akt EA4S AR A7 Fig. 29 2ok AAF

5 53479 g BHAV 78 S8 48 RoFa
a-tocopherole] 7FF @& &84S HAFAT o] Lee 5
(D] AFeME HS=d A37F YEbs=T a-tocopherol
o] TBAZIIA 714 @& B4E HAFE olfF= a-
tocopherol®] - &3F < A4 A A A (singlet oxygen
quencher)2 2+83F0 2 X free radical®] A2ASE 43}
- linoleic acid®] A&4ks}el] JoAXe I = o] FelA
237 ks ZRARA ZAEE 5 A7) wiEolgkal A7
ARITHI61T7). & kst A An Adx A E Fatst
gL g-tocopherold} H]S=3F A x o] A4S UeERAIL
BHA®] Hl3ty AA}F o5 53t X dHitsl JAE
< T4 X A e A2HRE BAFATh AR Hd A
AAH &4 o] taxifolin¥ S 7¢HsHH taxifolin®] EAF&o]
304, BHA Y] #x}&o] 180°0]al a-tocopherol®] #2}&o] 431
o]2 2 RCs5& mole EF ZH3}HS Z-Fol= taxifolin
2 a-tocopherol¥ H|$:3F L o|HA BHAR T = -3
free radical 27453 A QA3 JAHE HAE Aoz
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Ha| M= Salo| st &AM Table 4. Comparison of antimicrobial activities between the
purified compound from Cheonnyuncho (Opuntia humifusa)

: e ol 3 o] WAL =x .
Paper disk diffusion®l] ©J8}o] clear zone®] #7< =4 and benzoic acid at various concentrations
& At A A= Table 49 2ok AdxoAM AAE & Inhibition zone" (mm)
A& 28] Zo] benzoic acidRTE 953+ 34 A4S H o Cont? cc®¥ BAY BA
F2th. Gram positive, gram negative @l sl =% (4mg) (4mg) (8 mg)
.. e )
o223 g7 aFE BHolFoh w3 Table 49 7]A 52 Gram positive B. subtilis 18 10 12
. - . o bacteria S. aureus — 20 10 12
gFgro v 2uf 2l 8 mge] C.CE paper diskoll EFAIAS T ol - % - T
739~ veasto| A= W23 =7]9] clear zone% wEZd 9l Grag‘ rgeg_atwe S, Typhimurium — 18 - 14
} acteria _
9}11:}- BenZOlC aCld_q o—,—— 8 ng 754 3 73-?—0“5—‘—_ 501' P. ﬂl]()fé‘sceﬁs - 17 13
AT &2 RoFA Bl 9S ] ]:]]JJ_g]_o:] 2o 2 A Yeast C. albicans - - - -
AEe 223 AT FHE & & 3}\21\;]_ C.C9 liquid Dy mg of Cheonnyuncho (Opuntia humifiisa) compound was
o 1ot o = = N absorbed into paper disk (@8 mm) and the diameter (mm)
cultured| A 9] AFH3| a5 SA A= Fig. 37 2 of clear zone was measured.
ot o AT 2 ST RE TFY liquid culturedl 50 ul of methanol was loaded.
3) . .
- Cheonnyuncho (Opuntia humifiisa) compound.
] [} .‘1 Q) ALS AR} Zn 2k
tiste] CCO BErl 15x10° MY 45 Ao] dukrte] Benzmc acid.
AAFHRQoH 20x10° ML A Ago] hRE A H A ”No inhibitory zone was formed.
05 05
Bacillus subtilis Staphylococcus aureus
04 04
03 03
(=]
S S
02 02 |
NIl BN BN R B NIl Nl Nl = D rl
0 5 10 15 20 0 5 10 15 20
Malarity (107 Malarity (107
05 05
Escherichia coli Salmonella Typhimurium
04 | 04
03 03 I
a o
o o
02 02
01 | 01 | ’_I
0 L L L L 0 L L L L
0 5 10 15 20 0 5 10 15 20
Malarity (<107 Malarity (#1074
05 25
Pseudomonas aeruginosa Candida abican
04 | 2+
03 15 |
a a)
o o
02 4 b
01 | 05 |
0 . . . . 0 ) ) ) L
0 5 10 15 20 0 5 10 15 20
Molarity (*10°%) Molarity (10

Fig. 3. Comparison of antimicrobial activities between the purified compound from Cheonnyuncho (Opuntia humifusa) and
benzoic acid at various concentrations against various microorganisms. [ ] C.C (Cheonnyuncho (Opuntia humifiisa) compound,
W benzoic acid.



1136 o174 -

t}. C. abicans® 73-% paper disk diffusiono| 4] HolE 23}
9} PiZFAZ Aol vlE] &A= 22X &tk C.C9
2] S39] benzoic acide B5A 8 A o2 ¢l 2}

o7} Qo Wdx F2Ee] Pt AAE AYF Lee 56)

TS Adx FFE 0] gram positive, gram negativedl] I
7} g EaEste] & drAdel dAgE & A
on B A Eo] dxe] guane 9IS F= T
=29s A9 F A

3 Aol A Agehe el oz o AR
w7k A kAR ALEH o A gtk APEEE 70% o ere 2
=

FET T o5 It FETEIE JHolAE ol E, REHE,
E 302 ¢£a B3t aibsl &Ado] 55 " opAE
o|E &5 A3t dldotAlHolE &&S 7HAa TLCE
AABE 10709 fraction®. 2 2SR o] F 43} A

o] 7} 34 Y42 3H A fractionS FH3E F silica gel
chromatography & AH8-3te] FAstAth & 10709 85
AF & ksl o] % 4WA EES A FH S
HPLCE AH&-3te] A Ah BAEL EI-MSE AH&-3}
=439 "H-NMR# “C-NMR spectrum<-

3 A3} taxifolin® 2 1= dth o] S 71A
3} A4S AZ3 27 a-tocopherol, BHAS} B &}
A e afE BAFYT I A4S Hdess 2
ZE o 2% benzoic acidEth $%

2 AFe 200609 % s &=

SEEXNEEE
oJste] FaEgdon oo A=Y}
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