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Abstract

A effect of extraction methods, including stirrer extraction method (SE), ultrasonification extraction method (USE),
reflux extraction method (RE), autoclave extraction (AE) and low temperature high pressure extraction (LE) method
on the antioxidative and antimicrobial activities of ethanol extracts of Oenothera biennis was investigated. The
extraction yield (46.33%), total polyphenol (463.05 mg GAE/g) and flavonoid (71.71 mg RHE/g) content of Oenothera
biennis extract obtained by RE were higher than those from other extraction methods. The antimicrobial activity
of Oenothera biennis extract was only observed against Bacillus cereus among other tested organisms (Bacillus
cereus, Staphylococcus aureus, Escherichia coli and Salmonella Typhimurium). Oenothera biennis obtained by RE
showed the best DPPH radical scavenging ability (74.40%), ABTS radical scavenging ability (65.29%), reducing
power (1.370 (ODq)) and ferrous ion chelating ability (90.14%) compared with other tested extraction methods
tested. The RE method was the most efficient method for extracting crude antioxidant and antimicrobial substances
from Oenothera biennis. These results suggested that Oenothera biennis obtained by RE could be used as a bioactive

and functional material in the food industry.

Key words : Oenothera biennis, extraction method, antioxidant activity, antimicrobial activity

MOE
AW 233k A S50t AA SE AR A
245 FAst B4 AEE A7, 9l es), T
738l AL, A7 &34 A i, 9 5 Tt
Aol e 3uksiAlo thet ol ’“zfﬂi At
). WA 2ksbA E4E 29 F e s A3k
IWH free radical} #|2 TJr’L‘ =9 %‘ﬂi Al LA ==

gt $8HE ¥ 9l :LEH

*Corresponding author. E-mail : leesh@cu.ac kr

Phone : 82-53-850-3217, Fax : 82-53-850-3217

Received 13 August 2015; Revised 20 October 2015; Accepted
3 February 2016.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

Adagzry de Fin

dulo] 220 nis 77J,].o]] &5l= 2 A RE O i/ﬂ Jol}

=2 XN N
w27} fite] A E F stz A= At S de
M sta glow, Fdulol Huulo]3 ofyjdutol &
T 4%°] A UATHd). D‘”‘O 12 A de 228 49
=83 9= o= ﬂu}ﬂieﬂ*&(y-hnolemc acid)= H| %
st XAk sterol 77}, QollE Z3H 0] =9} oenothin
5ol i don, A EAde antiarthritic antitumor,
antithrombin’g F(5)¢], Beld= A Eo| df=o 3
tha BaE 3 JIThe). 25l 5&%‘01]*1 el iz} of
o] oﬂog 9 AGA R AFESE AL, FIZt e o R s IRlE
2 dFdoy 3R] S5-E AHste 2o =E HajA|
o, ejet H2E A, i, 54, A, 28 T

ALE3E Bk ITkT).
Tk e B2 A g

- 233 -



AME Y M2

2uto| Z(Oenothra biennis)S T74~89 5 F+2 o] Ak
3} Soll A AH sl A BE ARSI D, Do) 2 S B
= B2 AFsd EeES AAS H sEA

L
2
=
s

Al2E E47]IKA® All basic, IKA® Werke GmbH &
Co., KG, Staufen, Germany)ZE ©|-8-3}°] 40 mesh ©|3}Z
B3 & -70TCNU-6518G, NuAire, Plymouth, MN, USA)
oA BHASHHA FEFE Axo AFESITH

=

gulo] 352 AR 100 goll 10819] 70% &<
3l & A}-2 wHkS=Z(SE, stirrer extraction)< 25+2°C2] 4
ol n W] (Hanbak Scientific Co., Bucheon, Korea)Z
& 150 ;pm o2 24417t 33] WHE &390 5, SR
Z(RE, reflux extraction) ¥ 2t#-2 F235k0] 60T &
SzoA 3417t 33] Bbs FE510Hh 2595S(USE,
ultrasonification extraction) A|85 Y2 FE|Ho] 250
FZ(NXPC-4020P, KODO, Hwaseong, Korea) H} ol 4]
S5 5] 40 KHz= 2417t 33] vbs F&319ith 1187}
Z+(AF, autoclave extraction)= autoclave(JSAC-100, JS
Research Inc., Gongju, Korea)S ©]-& 121C, 15% 59 33]
WS 253819tk A2 115FZ(LE, low temperature high
pressure extraction)= A -&311+5F=7](FT110, benchtop
rapid extractor, ARMFIELD, Ringwood, Hampshire, England)
£ o] & A20lA 8.0 bare] & 3tollA 2417t 33] REE
FEoLh 74t FEELS oYX (Whatman No. 2,
Maidstone, England)Z o] 32}5le] 5<7](WB2000, Heidolph,
e &, gA7z3lo] ALEEI

i
N
ol
N
i
il

},
flo
ot
ih)
o
BN

mLe] 0.2 N Folin-ciocalteu’s phenol reagent(Sigma-Aldrich
Co., St. Louis, MO, USA) 1 mLE 7}3Fe] 2 2ol A 383t
HHS-A171 3, 7.5% NayCOs 1 mLS 718le] el 4] 1413

B A F 765 moll A FREE S F Ze
HE &2 gllic acdE TTEL R 3 240 o3t
=

7Vetal wwHkeE & 510 nmolA SR EE ZFeiglon,
rutin hydrate(Sigma-Aldrich Co.)2] 7 &4l olslo] S
A&t

00k

=

e S48 8 a2 FEAHT Bacillus cereus
KCCM 11341, Staphylococcus aureus subsp. aureus ATCC
29373 % 523t Escherichia coli ATCC 11775,
Salmonella typhimurium ATCC 14028% AF&-3}i L, A4
Hj 2] 24 tryptic soy broth(Difco Co., Detroit, MI, USA)E
ALgslit). St E/d-2 paper disc methodE Al-8-3}o]
clear zone 374 55 3753t

DPPH radical scavenging ability
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ABTS radical scavenging ability
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acid(TCA, w/v) 2.5 mLE #7}ete] wh-g-91-8- 3,000 rpmol| A1
10327 Al Ee] & ths 45 25 mLol SF 2.5 mLot
0.1% ferric chloride (FeCls) 0.5 mLE 3 7}3}aL 700 nmol| A
FU=E Sk
Ferrous ion chelating ability

Yen 5(16)9] Wil wat AlE 1 mL, 80% ©EH2 0.8
mL, 2 mM FeCl,-4H,O[iron(Il) chloride tetrahydrate; Sigma-
Aldrich Co.] &% 0.1 mL, 5 mM ferrozine[3-(2-pyridyl)-
5,6-diphenyl-1,2 4-triazine-4’ ,4’*-disulfonic acid; Sigma-Aldrich
Co] €9 0.1 mLE H7Ieh v &8st A-2ellA 10323t
NESAZO, 562 mmel M FHEE FHste] AN
ferrous ion chelating activity(%)=100-[(OD of sample/OD
of control)x100]°l] ¢]sle] AHE3} T}

EAIAz2]

BE 49 33 vBoz gsigon], Bitx el fel
]2 SPSS system(Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA) software package(version 19.0)
£ o] 83} p<0.05 ++2 & Duncan’s multiple range
testol] oJato] A% sk3iTt.
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Table 1. Comparison of yield and total polyphenol and flavonoid
contents of Oenothera biennis obtained by different extraction
methods

samples’  Yield (%) (Iﬁglyé’g%%‘)’/{g) (mFglaVR‘;_‘;E%ﬁ}g)
SE 4023+025" 422.32+9.79" 65.172.89°
USE 475+0.3% 44758+0.79™ 68.98+1.83"
RE 4633057 463.05+1.94° 71.7120.71°
AE 45.56+0.45° 455.65+1.94° 65.5243.75"
LE 34.06+0.29° 440,63+3.50° 63984332

l)SE, stirrer extraction; USE, ultrasonification extraction; RE, reflex extraction; AE,
autoclave extraction; LE, low temperature high pressure extraction.

GAE, Gallic acid equivalents.

RHE, Rutin hydrate equivalents.

*Different superscripts within each column indicate significant differences (p<0.05).
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Table 2. Comparison of antimicrobial activity of Oenothera
biennis obtained by different extraction methods

(Disc size : 8 mm)

Gram’s positive Gram’s negative

Samples” Bacillus ~ Staphylococcus ~ Escherichia Salmonella

cerels aureus coli typhimurium
SE +2
USE +
RE ++
AE ++
LE ++

USE, stirrer extraction; USE, ultrasonification extraction; RE, reflex extraction; AE,
autoclave extraction; LE, low temperature high pressure extraction.

2 .

‘)+, 8~10 mm; ++, 10~12 mm; +++, above 12 mm; -, negative.
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Fig 1. Comparison of reducing power of Oenothera biennis obtained
by different extraction methods.

SE, stirrer extraction; USE, ultrasonification extraction; RE, reflex extraction; AE, autoclave
extraction; LE, low temperature high pressure extraction; BHA, butylated hydroxyanisole.

Table 3. Comparison of DPPH and ABTS radical scavenging ability of Oenothera biennis obtained by different extraction methods

DPPH (ug/mL, %)

ABTS (ug/mL, %)

Samples”
10 100 1000 10 50 100
SE 12.87:0.092 66.73+1.01° 94.44+032 19.05032° 56.38+2.00" 98.39+0.62™
USE 13.010.14° 72.5240.37° 93.89+0.23* 18.64+0.78" 62.53+1.99 98.81+0.97"
RE 13.19:0.51° 7440:0.60° 94,07+0.05™ 19.70+0.84" 65.29+2.1¢° 99.63+0.08™
AE 13.14+0.55 71.14+037° 93.15+0.69° 18.32+0.69° 61.34+1.87" 99.17+0.7°
LE 9.70+0.32° 71.09+0,14° 94.99+0.97 17.36+048" 58.030.76" 97.98+1.95%
BHA 9.56+0.46" 58.36+1.65" 96.000.60" 48.50:0.37° 77.212051" 99.88+0,05"
BHT 5.19+0.87° 13.74+1.88° 60.43:1.70° 4.68+041° 73.31£330° 98.99+0.84°
Vit C 9.83+0.49° 94.62+0.23 96.46+0.23° 51.81+1.75° 8021216} 99.69+0,14™

VSE, stirrer extraction; USE, ultrasonification extraction; RE, reflex extraction; AE, autoclave extraction; LE, low temperature high pressure extraction,
BHT, butylated hydroxytoluene.

P*Means with different superscripts within a column indicate significant differences (p<0.05).

BTA, butylated hydroxyanisole;
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Fig 2. Comparison of ferrous ion chelating ability of Oenothera
biennis obtained by different extraction methods.
SE, stirrer extraction; USE, ultrasonification extraction; RE, reflex extraction; AE, autoclave

extraction; LE, low temperature high pressure extraction; EDTA, Ethylenediamine-
tetraacetic acid.
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