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Abstract

A effect of extraction methods, including stimrer 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 (OD7)) 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.
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KCCM 11341, Staphylococcus aureus subsp. aureus ATCC
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DPPH radical scavenging ability

DPPH radical 227152 &% -2 Blois?] WH(13)< ¥ ¥
3t Al 04 mLe| 04 mM DPPH(o,a-diphenyl-£3
-picrylhydrazyl, Sigma-Aldrich Co.) ol &2 €9 0.8 mL<
A& E3etar, 1083 B3] § S333=A S ARt 525
melA  FIFEE FA3st] A4, DPPH radical
scavenging ability(%)=100-[(OD of sample/OD of control)
x100]°] ©]ste] & ArESITh

ABTS radical scavenging ability

ABTS radical 5275 ABTS radical cation decolorization
assay(14)E °|-&ste] SAth. 74 mMe| ABTS
[2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt, Sigma- Aldrich Co.]2} 2.6 mM potassium persulfate S
Z3sto] A2 - baolA] 24413 B2t WA 5 radical S
PN T A Aol ABTS §-95 732 nmol| A &3
=7} 0.700+0.030(mean+SD)©| ¥ == phosphate-buffered
saline(pH 7.4) 2. & 3]A}5to] A}g-alGit) 55 0.05 mLo
ABTS 49 095 mLE #7138l ¢haelA] 10%-3F vE-AI7]
% 732 nmoll A FF=ZE =3 8lo] A4 ABTS radical
scavenging ability(%)=100-[(OD of sample/OD of control)
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Reducing power
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sodium phosphate buffer(pH 6.6) 2.5 mL%} 1% potassium
ferricyanide[KsFe(CN)g] 2.5 mLE 242t £33l £3&<
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Ferrous ion chelating ability

Yen 5(16)9] Wil wel A8 1 mL, 80% ° €+ 0.8
mL, 2 mM FeCl,-4H,Oliron(Il) chloride tetrahydrate; Sigma-
Aldrich Co.] €< 0.1 mL, 5 mM ferrozine[3-(2-pyridyl)-
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Table 1. Comparison of yield and total polyphenol and flavonoid
contents of Oenothera biennis obtained by different extraction
methods

spls” - Yield () g GAEl) g RE
SE 4023+025" 422.3249.79° 65.17+2.89"
USE 44.7540.33° 447.58:0.79™ 68.98+1.83"
RE 46.33+057° 463.051.94° 71.71£0.71°
AE 45.56:045° 455.65+1.94 65.5243.75°
LE 34.06£0.29" 440.63+3.50° 63.98+3.32°

USE, 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).

whE Aol veh b @Sttt B corusts A0 el
B3¥3= I FAATFOE enterotoxin? TEEAS A4
st AAME, FEY AF5S FLeth23). ok, I/
o 2= a7k AE Sl A2 9 B cereus’t

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” gy Staphylococcus  Escherichia Salmonella

cereus aureus coli byphinurium
SE ++
USE +
RE ++
AE +
LE ++

1)SE stirrer extraction; USE, ultrasonification extraction; RE, reflex extraction; AE,
autoclave extraction; LE, low temperature high pressure extraction.
P+ 8~10 mm; ++, 10~12 mm; +++, above 12 mm; -, negative.
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DPPH % ABTS radical &2Hs

DPPH®} ABTS radical /\711: =3 7’]3’4-3— Table 33}
Zt}. DPPH radical 2452 BT AlBoA 5= &5 o
2 Ao F7tskl o, REME S o] &3 5501 =2
242 JERI T 100 pg/mLe] F%o|A RE(74.40%),
USE(72.52%), AE(71.14%), LE(71.09%), SE(66.73%) <=2
2 JePgth 32550 pg/mL)2] ABTS radical 275 %
RE, USE, AE, LE, SE <=0|{t}. o] Z3}= Kang 5(17)°]
B33k ookt 53U $ REHORE 353 & 3359
ksl ol 7Y Erhe 7349} dA skt ol g A
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A = dEH R FUIEHSon, 250 ng/mL &=l A]
RF 1.000(0Dq0) ©173e] E& #98S Yehliglen,
RE(1.370), USE(1.262), AE(1.260), SE(1.184), LE(1.158) %
o7 =9l ol EAgdl 28] bound¥d polyphenol©]
freed polyphenol 2] 71 t=| 11 #1382} polyphenol®] <7}
3t 7] Wl AR e (22), Euto]d FEE9)
AL F x2T= AHE-S BHA(1.537)9} Hl a6t =
] A T o] opghe HellA et g
7= AL E AdET
FEUH S geld gutelx 3559 ferrous ion
chelating & ZHFig. 2)+= 500 pg/mL &%=l A RE(90.14%),
USE(86.34%), AE(83.40%), LE(71.02%), SE(64.69%) 2=2.
ETh AR A F girEol de FeU o 5
hydroxy radical(-OH)Z} superoxide radical(0,) 2] A2
Z21ste] 2Fe] AHASLE 715 AT BR o] 3t 34
of et 52l Ee= 55 FAIZ Q13 free radical

ESE EUSE BRE ®NAE ELE [OBHA

Reducing power (OD at 700 nm)

Concentration (pg/mL)

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 12.870.09” 66.73£1.01° 94441032 19.050.32" 56.38£2.00° 98.39+0.62"
USE 13.01£0.14° 72.52£0.37° 93.80+0.23" 18.64+0.78" 62.53+1.99¢ 98.81+0.97"
RE 13.19:051° 74.400.60° 94.07£0.05" 19.70£0.84° 65.29£2.19° 99.630.08"
AE 13.14£055° 71.14£037° 93.1520.69" 18.320.69" 61.34£1.87" 99.170.7*
LE 9.70:0.32" 71.0920.14° 94.99:097" 17.36:0.48' 58.03£0.76" 97.98+1.95"
BHA 9.56:0.46" 58.36:1.65" 96.000.60" 48.50£037° 77212051" 99.88+0.05"
BHT 5.1940.87" 13.74£1.88" 60.43£1.70" 42.68:041° 7331433(0° 98.99+0.84"
Vit C 9.83:049° 94,6240.23" 96.46£0.23° 51.81£1.75° 80.212.16° 99.69+0.14"

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

BHT, butylated hydroxytoluene.
%2Means with different superscripts within a column indicate significant differences (p<0.03).
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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.

%539 FZ(USE, ultrasonification
extraction), $H+ 32 (RE, reflux extraction), Z-27}5F%
(AE, autoclave extraction), #-=1$}5FZ(LE, low temperature
high pressure extraction) = A8-3+ A3} REHO| 578
(46.33%), % ]9 5(463.05 mg GAE/g)¥} Ze}H o=
(71.71 mg RHEfg) &do] ©E F2 B} =9l Igt
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