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Abstract

This study aimed to evaluate the antioxidant ability and inhibitory effects of oregano seed ethanol extract (OSEE).
In vitro antioxidant assays including DPPH radical scavenging and ABTS cation radical scavenging were conducted,
and, ORAC, total phenolic content, and FRAP value were determined. In addition, headspace oxygen, conjugated
dienoic acid (CDA) value, and p-anisidine value (p-AV) for exploring oxidative stability were examined in an
oil system with 100 ppm OSEE. The radical scavenging activities of 125 png/mL OSEE using DPPH and ABTS
were 84.6% and 32.2%, respectively. ORAC was significantly higher at a concentration of 100 pg/mL of OSEE
as compared with the control without OSEE (p<0.05). The antioxidant ability of the sample was concentration
dependent manner. Additionally, the total phenolic content and FRAP value of OSEE were 264.64 11g/mL tannic
acid equivalent/g extract and 339.78 pg/mL ascorbic acid equivalent/g extract, respectively. CDA and p-AV were
significantly reduced to 56.3% and 76.5%, respectively, in 7 h of oil oxidation in OSEE, as compared with the
control oil. OSEE exhibited excellent in vifro antioxidant ability and oxidative stability in the oil matrix. Furthermore,
the major volatile compounds of OSEE were limonene, linalool, o-cymene, thymol, a-pinene, and y-terpinene.
Therefore, it is evident that oregano seed can be used as a functional ingredient in the natural antioxidant market.
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I Aksh 2] Al2sglof] oJs) Al A=A R A A< A7
Er el o3l AAFA gL EgLtanFol AU
EABHA oz Aol 4hslA E44E ot
ole} Al AW F oF 90% 7} E/ditae} #do]
sh, 4zl A= F2 o, FHES
AZ7A, 2, 2174, olEnAd 354,
w3t d AR S 23S thdsiA 9=
de A ATHSE-T).

FrEE d2ZHEY g, Ak ], 3ek,
g FezHE FE Ash S o g
Aelzkgol 21om(8-10), HIEH, F7]H o]
9, olk, FAtE Tol o] d g
SO A vk, FAE
alcohol, aldehyde, ester, terpene 2 7]
SollA 71908k, olefg A&
g} & F&o] thE ¥ ol R,
F3 A E Aoz B Hdvk12).

LAl EEH(Lamiaceae)®l &l T EAER =

gk gy} wto g TAgo R AujE W oolet Qo
B2 o] 253 Q) Q=2 RE 323 essential
oil& & P|AE, g S vehd ¥ o} ek
FEES AT Al 2EH A HES dAskE 9
g5 UYERNH(13), I, & E<dvol, ksl 9 A
A 77t o] HwEAtH14). T3 Qe g 5
2 Az Aksk A 2 2k ks A Fo
et Abst A 95 vehdta B E A= (5),
carvacrol, tymol, pinterpinene 2 linalool°] 2.7}zl g
=] glo] e dikslsS 7HIthal Baskal f1Tk1e).
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o7l EA= B2 100 g B 10819] 80% of gk
=2 H7kete] Aol Z1"7](RS-1, JEIO TECH, Daejeon,
Korea)Z ©]-83}o] 274 pm =2 1A 2838 & AE
%©](Whatman No.4, Maidstone, England) 2 ©]¥}3+ 3, o]
AL 60C /ol rotary vacuum evaporator(EYELA,
Tokyo, Japan)= &"& A At 1<t w5 & 52
Azsle] 20T o3tz WE el AlR= ARSIt

2,2-Diphenyl-1-picrylhydrazyl (DPPH) 2iCiZt 2H&A
DPPH #}t|Zt &7 &4 Blois(17)2] Wil what 0.1
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mM2] DPPH(Sigma-Aldrich Co., St. Louis, MO, USA) &<}
0.75 mLel] &S 31.25, 62.50, 125.00 pg/mLe] &%=

ZFdl A% AR S 7F 025 mLA Yo 10237 £33}
o 3043 HaollA] WEE-A]Z] - UV/VIS spectrophotometer
(Mega- U6000, Scinco, Seoul, Korea)E ©]-83}] 517 nmol|
A B EE S5t DPPH 2tz &7 &2 A5
A7t A3} 9] ztol & ofefj o} o] WE-&= YERY QI

Ac-As

DPPH radical scavenging activity(%)= TXIOO

Ac : fzT] F3=
As : A|B9 TEE

2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS) <to|2 2iojz A7 gd

ABTS <ol gtz &7 &4 Re 5(18)%] Wil
w2} 7 mM2] ABTS(Sigma-Aldrich Co.) 583} 2.45 mM
potassium persulfate(Sigma-Aldrich Co.)E 1:12 &3 3}<]
d& Pl A 12413 WA Eke] ABTS 2|zt ol 2+
43t & 734 nmollA] UV/VIS spectrophotometer(Mega-
U6000, Scinco)E ©]-&-3lo] FF =7} 0.700(x0.050)°] ==
= e 3|4 sto] ARg-siith 3|41 H ABTS €9 1.9
mL¥Y} T FEE AJF 005 mLE 71sle] £ 5
6AE 72 G A FAE £ 734 nmol| A FHEE S5

SF T

M o

. . . Ac-As
ABTS radical scavenging activity(%)= Y %100

Ac : 279 4=
As : A|B9 F4=

Oxygen radical absorbance capacity(ORAC) &3

ORAC & Prior 5(19)2] "Hel oJalf A@slch A5
2 2T M Aleke] A ZE 75 mM phosphate
buffer(pH 7.0)= ©]-8-5FSI T}, 2,2°azo-bis(2-amidino-propane)
dihydrochloride(AAPH)(FUJIFILM Wako Pure Chemical
Corporation, Osaka, Japan) 300 mM3} fluorescein £-<4 0.1
mM, Al§5 7} 25, 5, 10 pg/mL 55=% 75 mM phosphate
bufferel] 3|48kl ATt FEE9 F=4E AE,
fluorescein £}, AAPHE 5:15:5(v/v/v)e] H]& =2 96-well
plate®] 2] fluorescence microplate reader(GeminiXPS,
Moleculardevice, Sanjose, CA, USA)E ©]-&-3}] excitation
493 nm, emission 515 nmojl 4] 407} v =451 o
27 S 2= trolox(Sigma-Aldrich Co.)E A&t 2
= A& A7 T3] 1B TH A (area under curve,
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AUO)S =743t 5 pg/mlL trolox equivalent/g S 2 %713}

o

Ferric reducing antioxidant power(FRAP) &2
FRAP 3122 Benzied} Strain(20)9] W& #13 31o]

10 mM 2,4,6-tripyridyl-S-triazine(TPTZ)- &% 2 20 mM
FeCLE 2H7t 10:1:1(vjviv)©] H &2 E33te] 37C T30
A 10-15%3F BB AIA FRAP Al okS Al Z8th 55
T2A 2HE A8 2 003 mLo FRAP A9F 09 mLE &3
ste]  30w7F WREAIZL = 593 nmollA]  UV/VIS
spectrophotometer(Mega-U6000, Scinco)E ©]-&-3lo] &3
T2 =339t A159] FRAP 3932 ascorbic acid
(Sigma-Aldrich Co.) EF3F4 o =FE ALletsich
&3
}2F(TPC)-2 Folin®} Denis(21)Hl| wel 5%
A& 025 mLe S/ 4 mL, S /759 L1Z2
olin-Denis A] 9f(Sigma-Aldrich Co.) 0.25 mL< 7}
= 3% T & 58 AT 3 &
sodium carbonate(Sigma-Aldrich Co.) 0.5 mLS 7}5}<]
=3 F ARoA 3083 At UV/VIS
spectrophotometer(Mega-U6000, Scinco)S ©|-&3fo] 725
mmoll A FFEE S EFE4  tannic acid
(Sigma-Aldrich Co)E ©]-&ato] 23 BEFA 27 H
Z v dFs Ateach
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E-Z2o] 23} 4 Z7](flame ionization detector, FID)S A
2] & GC(Hewlett-Packard 6890, Agilent Technology, Palo
Alto, CA, USA)E ©]-&-3to] SPME fiber= 324 E42
+2]3l9th. SPME fiber= 65 pm polydimethylsiloxane/
divinylbenzene(PDMS/DVB, Supelco, Bellefonte, PA, USA)
S AMEE o, 1Ak o 25 HP-530 mx0.32 m ID, 025
mm film, Agilent Technology) ZH & AH&3SISITE &% &
A& 2719 40TCoA] 283 WA|eta B 6TH HF
160C= S7HZE FU719] 2= 250C, HE71+= 30
0C= Adstslon, W 7taRe AAE o83l 5
2 1.0 mL/min® & A% 3k

A

UM 45 =Y

GC-mass spectrometry(5971A, Agilent Technology) & A}
gato] A 22& el en, & =42 GC-HFD
o} FLT 20w ARESISIH ol FeRE AETIAE
AHE3le] 1.0 mLymine] 5o 2 Ze Sk MSe| ¥4
Z71€& 70 ev, 220 ion source =5 Al-8-5}1% ™, NIST
AF~HAED glo] 22| (mass spectra library) 9} o Z=-2]

W F& AlZH(retention time)< ©]-8-5to] 3]

itk

tlo

£33

27t X oS FE= 7t ®X M=

A AlEe LHll7be T4 deE 259 1E
S 9@l dimethyl sulfoxide(DMSO)ol| o] SF47]1E
(Ottogi, Anyang, Korea)?} Z3}3lo] AFH8-319] 2, DMSO
7} Ake} g /gl aks mlE 4= 9lof Tt T3 DMSO
£ Frtete] AAsth AlxE Alge 749 AbskE W
Al8k7] fl@l -20ColA Eaksin A@siith

M
tor

Headspace oxygen &k

Headspace oxygen &< Kim 5(22) WHol| wzt
GC-TCD(Agilent Technology Inc., Santa Clara, CA, USA)&
AHRESISITE A8t 3 4] 1 g= gas-tight vialoll #}
o] 100C 2 E(GISICO, Seoul, Korea)ol| A 6A]%F, 124]%F,
18R]3t 4F8}A] A AFE-8FA T} Air-tight syringe 2 20 pLo]
headspace gasE 60/80 packed column(3.0 mx2 mm ID;
Restek Ltd., Bellefonte, PA, USA)¥} thermal conductivity
detector(TCD)7} “&2t=| o] 9l= Hewlett-Packard 7890 gas
chromatograph(Agilent Technology)ol] F 3ttt ©] &%
o] dF 7}~E 20 mLmin®] £E52 FYEHAIL, GCY
B, FYF, HEVY 2= 717} 60, 180, 180T A%
sto] sba g %= JER AT

Conjugated dienoic acid(CDA) 7}

FEES 4 T HE Ziste] szl §A4] AlR
100 mgS 25 mL isooctane(Sigma-Aldrich Co.) o2 At
2 A% FEZ 3|4 T UV/VIS spectrophotometer(Mega-
U6000, Scinco)E ©|-8-3le] AOCS H(23)°l 23l 233 nmol|
AN FBEE S5

CDA value(%)= .

Ko : acide] FBE A(003)
Assz @ 233 nmol|A 9] &3 =
b : cell®] Zo|(cm)

c: LY ARl ()

p-Anisidine value(p-AV)

p-AVE AOCS H(@24)oll 28l AAI8I T A|EE 4,000
ppme] FE== isooctane(Sigma-Aldrich Co.)oll 4171 Al
& 1 mL9} 0.25% p-anisidine(Sigma-Aldrich Co.) £ 0.2
mLE ¥ £3ste] 1587 el vE&AIZ1 3 UV/VIS
spectrophotometer (Mega-U6000, Scinco)E ©|-8-3le] 350
o)A FFES St p-AVE FHteke]
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33] wHE Agsle] d-2 AP SPSS program(SPSS Inc.,
Chicago, IL, USA)< ©]|-&5to] Fa+EF=AA2 YEPlRL
o} frelAd A2 t-test 2 one-way ANOVAZ 24 5hoq
p<0.05 =54 Duncan’s multiple range test® A} 735
Sl o, ZSATAIR = Flol A AT (Pearson correlation
coefficient) S ©]-&38F] oA AAL AA AT

E< il -t b
27l ofEtg FEE2| DPPH 20zt U ABTS 0|2
2oy &H gd

QH7he T4} dleke FEE9] glud 24 E4L Fg
13} 2t} 3125, 62.50, 125 pg/mLe] FE=& A Z3te] A3
gt 23} DPPH &% 2A S 7} 233, 46.9, 84.6% =
SN, ABTS ol &)z 2A &9 75 247
84, 16.1, 322%2] 7 275 S Yehfo] F= oJ&F
o7 Z713 S H A tHp<0.05).

Rhim®} Choi(25)2] Aol A L#|7he olghe FE50]
125 pgmL sxoA] 82.7%°] &4 AA S Hastd
ATt AR 3 UERNSITE Cha 5(26)2] A7l
w2H o7t =% &vfjo] ©E DPPH 2tz &4
2797} ABTS 2z &A%< Hlagh 247 DPPH 22
2ATE B FE0] 3oy ABTS gz &4 g4
FrolA Aol7t YA @ oz Huslgjon glg
o] dF9 thymee] 4= FEE0] &AL FEEHY 4tg)
WAlso] & Zlo® BHi27) st HlEnid 5 24

a | mbpvd
g b BABTS

a

3128 623 123
Concentration of sample (pg/mL}

Fig. 1. Radical scavenging activities of oregano seed ethanol extract.

Different letters are significantly different at p<0.05 among different treatment concentration
in each group.
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AAE 12.5 mgmLe] =4 31.25-81.93%(28), ZHH
= 1 mgmLe] E%olA 24.62%9] Stz 275 7HRIch
I H3129) st A 8AEEC] e gl oA S S
Hol Aoz AlmHd),
287k oetg F&529 ORAC 7tof olX= I&
ORACH -2 peroxy radical®l] |3} fluorescence #HA%
gste] Akst WA 5g Hrlske WHolth Fig. 2A+= ©
b AL oleE FEES 25,5 10 pgml =2 S|4
of ekl 2o Fk &4l k= B3tk Fg. 2B
tjzte] B3] trolox 6.26 pg/mL x| 2] wollA] 2.1ul, 2.7}k
= A ofhE FE= 10 pgml FE=oA] x| vls)
oF 198 =A YEh Kp<0.05) A FitsiA|mA 94 3t
A A 4= S Aoz AyZdEr) Kratchanova &
(30)= 25714 BVl ote] k8AES AR T8 S4S

IO

(A)

(0] @ Control

g I OSEE 2.5 ng/ml
8 A OSEE 5 pg/ml
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Fig. 2. Effect of oregano seed ethanol extract on fluorescein
elimination induced by AAPH.

A, Time course of the reaction of fluorescein with AAPH in the absence and in the
presence of oregano ethanol extract at different; B, Values represent the mean+SD (n=3).
Different letters above a bar are significantly different at p<0.03.

OSEE, oregano seed ethanol extract.
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71 g9 B3} oA EC R FE3ko] ORAC 715 M=
Hwgk 23} ofA| & FEE0] & 55 o Aks) 37
go] 3, oME FEE FolA = peppermint
7} 2,917 pmol trolox equivalent/g dry weight= YER} 7174
FootRer F s R M % Ao YE
1, & FEE o= thyme©] 1,434 ymol trolox equivalent
/g dry weight= VER 2 -9} o] gRrlmEol] 5%
ORAC 7}& Hol& Zo = YERT

g7t X oElE FEE2 £ = g2z ¥ FRAP
el

L7 A} oeHe 259 F HlE 33 2 FRAP
gk9lgl o] A= Table 13 2t} % s T3FL 264.64

ug/mL tannic acid equivalent/g extract@ E} O™, FRAP
3kl =2 339.78 pg/mL ascorbic acid equivalent/g extract=
UERth Su 5@l 28k @7k 9 50% oMAlE
FEES ETEF gallic acidZ e F s I
548 mg/g & H1st9 o, An32)2 LUVl do &
Grfel] W F v e vud A Mg FEEol
11,471 mg%, °& olAlHo|E FZE<] 13,893 mg%,
FEES 1,483 mg%h = UERY o2 oMAH o] E
o 1 Thel % ol RS
B vt gk

3T
ar

=

Table 1. Total phenolics and FRAP value of oregano seed ethanol
extract

TPC” FRAP?
(pg/mL tannic acid equivalent/g (ug/mL ascorbic acid equivalent/g
extract) extract)
OSEE” 264.64£15.23 339.78+12.81
UTPC, total phenolic contents.
FRAP, ferric reducing antioxidant power.
JOSEE, oregano seed ethanol extract.
287t X oEtg FE=29 F HlE Eakn ME g
X 2A{Holol AZHEA
LH7e T dEE FEEY 4t A SR F

169

vE dEre] e

F2 AL Table 29+ 2t} TPCS}
DPPH =tz 242 1=1.000(p<0.01), ABTS 9Fo]&
gz & 1=0.994(p<0.01), FRAP 3¢ &
r=0.995(p<0.01), ORAC assay= r=0.972(p<0.01)Z =+
o)A FAIAE Yo F = digo] TS 4ke)
Wzlo] 371 Qe Ao ® UEbT) Surveswaran 5(33)

A
RS ES

g

27

AT
o] Aol 2R QIEAk k&AE 11352 Abks) W] &4
% F dE dFde] 4ABAE v wst S w, DPPH
Abzh W] Al ahe] AFEA] S r=0.9378(p<0.001), ABTS %
ol & g7 27 AL r=0.9690(p<0.001), FRAP 3+
< r=0.8941(p<0.001)Z <] FAAAE YeERALL
ZhengZ} Wang(34)2] Aol wt2H |7l s Xl
thyme, dill, peppermint, sage, basil, fennel's 39%2] 41413k
B} zejeh s Ho] 4kst WA Ze| gt AFE F
A= gk ORAC 719] ZTaA = r=0984 = 3] E2] ¥
L 3}31E0] Ak} WA Fbel] £ 7|92 ok Haskg]
ot mebA & AT E F e P DPPH goZ
27 &4, ABTS ol o]z &7 &4, FRAP $Hl
2 ORAC ol o] J#BAE Uehfo] edrte $2b
oehE FEEC| A3} Wx] 4L F s T Sl

olg Aoz AYztE)
7|2
7l FA} e FEE 3 E2H LS Table

2z 0

33} o] 78 3By 2H2

thymol, a-pinene, y-terpinene 5°| 7<% It} Lopez
(35 AH-FAENA carvacrol, p-cimeme, linalool, ¥
-terpinene 5°] HAEHATHL H3ste] FARGE 4TS HA
o} Qe 2 oS 225
O-cymene, thymol, thymol, a-pinene, Y-terpinene-
(21.56+2.82, 16.5+0.14, 12.56+1.62, 7.81+0.04, 4.47+0.21,
424+0.52)x10° peak areaS H.] 01 7}7}0] peak:E 24.9%,
19.1%, 14.5%, 9.0%, 52%, 49%2] TS 2ta e H e
UERsk T

Baratta 5(36)2 2d7} 9 559 2 US Acinetobacter
calcoaceticus €] 24 &2 ¥re|g|ole} FFo]E o] &5}

limonene, linalool, o-cymene,

=

[€)

ol A limonene, linalool,

Table 2. Correlation of oregano seed ethanol extract among total phenolic content and antioxidant activity

DPPH radical scavenging

ABTS cation radical scavenging

activity activity FRAP ORAC Total phenolic content
DPPH radical scavenging activity 1
ABTS cation radical scavenging 09947 1
activity
FRAP 0998 0991” 1
ORAC 0975" 0959 0.981" 1
Total phenolic content 1.000” 0944” 0997" 0972" 1

D" p<0.01.
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Table 3. The volatile compounds of oregano seed ethanol extract
analyzed by GC-MS

Peak area (XIOG)
(%)"

21.56+2.82 (24.9)
16.5+0.14 (19.1)
12.56+1.62 (14.5)
7.81:0.04 (9.0)
4474021 (52)
4244052 (49)
375+0.19 (43)
3.66:024 (4.2)
357+0.11 (4.1)
332043 (38)
1.75+0.09 (2.0)
1.58+0.09 (1.8)
Decane 092001 (1.0)
081003 (09)
86.48+5.43 (100)

"The number in parenthesis was the percentage of each volatile divided by the total
volatiles.

Volatile compounds

1-Methyl-4-(1-methylethenyl) cyclohexene (limonene)
3,7-Dimethylocta-1,6-dien-3-ol (linalool)
1-Methyl-2-Isopropylbenzene (0-cymene)
2-Isopropyl-5-methyl-phenol (thymol)

2,6, 6-Trimetylbicyclo[3.1.1]-2-hept-2-ene (a-pinene)
1-Isopropyl-4-methyl-1,4-cyclohexadiene (y-terpinene)
Trans-2-methyl-2-butenal (tiglaldehyde)

Hexanal

1-Isopropyl-4-methylenbicyclo[3.1.0]hexane ((+)-sabinene)
5-Isopropyl-2-methlbicyclo[3.1.0]hex-2-ene((-)-a-thujene)
1-Phenylethanone (acetophenone)
7-Methyl-3-methylene-octa-1,6-diene (seocalcitol)

1-Isopropyl-4-methyl-1,3-cyclohexadiene (a-terpinene)

Total volatiles

9 g B 2 vt & 7
. 3} Shin 5(37)2] Eo] w=w
al e 2t 2R dEA Slo] "2
el ofal Absl WA o] BE Hole o=
A}l Farag 5(14)2] Aol w2W o-cymene %
thymolZ} 22 H=4 }gtEo] grAaF AL A3k
oa sl o, L9t Liu38)e] o1+ y-terpinene™}
a-pinene, limonene 5] % -7-2] terpene] A o] =2 it
3} 245 Btk Budk vl glo] vk FAt '?%%
o] g4tsl &2 phenol 313t
2 H 23R/

4 Al

ZE L Ho ot
g 3
U
- =
g
i E
z
2y
z o
o S

oo |

259 phytochemical &2
EAo|A 79l Aoz Alg Tk

287t X o|EtE FE=2 headspace oxygen
S

H7he T4 odlehs —5?—%%91 A lﬂ Jﬂ 0}73“9*
ol 7] 9]3) headspace oxygen
3] Yepiltt. 7k $4k Oﬂ
% el Hlal] AREE /‘V\«] H]&0] %«qui
2t (p<0.001) 7t TA; e FEE] FA|Lt
shof] G mA= A2 Vet 6, 12, 18A7Fe] HAt
3}2 t)Z79] headspace oxygen SHaF2 18.5, 15.1, 12.4
%% Ve oA oz 2 Abhako] 7HAa(p<0.05) S
o] vlg)] e/ EAF olehE 555 0.1 mgmL FEA
6, 12, 18A17F & 4ks} Al 242} 197, 174, 14.9%, 0.5 mg/mL
FoA 47 18.6, 16.6, 13.8%, 1 mg/mL Fx=ol| A Z4z}

?4 7]—6‘ x]
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Fig. 3. Change of headspace oxygen content in corn oil added with
oregano seed ethanol extract.

OSEE, oregano seed ethanol extract.
Different letters are significantly different at p<0.001 among different treatment
concentration each group.
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Fig. 4. Change of conjugated dienoic acid value in 100C corn oil
added with oregano seed ethanol extract.

OSEE, oregano seed ethanol extract.

Different letters are significantly different at p<0.05 among different treatment time
each group. * are significantly different at p<0.05 between control and oregano seed
ethanol extract.
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Fig. 5. Change of p-anisidine value in 100C corn oil added with
oregano seed ethanol extract.

OSEE, oregano seed ethanol extract.

Different letters are significantly different at p<0.05 among different treatment time
each group. ** are significantly different at p<0.01 between control and oregano seed
ethanol extract.
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