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Antioxidant properties and oxidative stability of celery seeds ethanol extract
using in vitro assays and oil-in-water emulsion

Min-Ah Kim, Chang Hee Han, Jae-Cheol Lee, and Mi-Ja Kim*
Department of Food and Nutrition, College of Health Science, Kangwon National University

Abstract This study was conducted to examine the antioxidant activity of 80% ethanol extract of celery seeds and to
verify the effectiveness of extracts as a natural antioxidant to improve the stability of oil-in-water emulsions. The radical
scavenging activity of 80% ethanol extract of celery seeds was significantly increased at 0.125, 0.25, and 0.5 mg/mL
(»<0.05). Additionally, the total phenolic content and FRAP value were equal to 8.2+2.3 mol tannic acid equivalent/g
extract and 195.0+12.6 mol ascorbic acid equivalent/g extract, respectively. The headspace oxygen content was significantly
higher in the group treated with 80% ethanol extract of celery seeds than in the control group (»p<0.05). The amounts of
lipid hydroperoxide and conjugated diene were significantly reduced compared to the control group (p<0.05). The results
showed that the extract of celery seeds had excellent antioxidant ability and it could be used as a natural antioxidant owing
to the increased oxidative stability of the emulsified product.
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E2}R 0| = (flavonoids)”t F5-31H, = =3}5HE (phenolic com-
pounds)?] EZ 242 k(chlorogenic acid)z} 719 Q) 2k (caffeic acid)©]
EABI YA Ro|= Fo] FTEE Ao AdHAHTHA). oleldt A
B FollA A $A 2499 V)= ZgEto|=(phthalide), 3-
n-butylphthalide®} sedanenolide¥ B} = EA) 3t} o2 gt 7=
o] A4S =3 AP ENA glutathione S-transferaseS 45
AA HAHS A ST FLEHAE Btk AFRITL
UTh@). R opz}, deje] BEFEE A3l o3 aAET §
& ndoX FZY2EHE, LDL-ZY2H S0] fodozm i
stk ATFEI7E ATHG). A 4 FEE AT F st
¥ LDL-Z2EZHIER ¥ thMEZolM tiEAR] EF cytokine
ol TNF-a9} IL-65 77} 12-27%¢9) 5-15% FHAAA 5 &
5ol LA ATHe). £ TFANREANE T2 VA e
WA f2lo = AE 5 3-n-butylphthalide®} sedanenolide”}
TS, eL=ol=d T F9&o AE(NE Eole
Aog AFETH Ay 2 oY Histoplasma capsulatum
9} Candida albicans 73S F3old2 A A= 5ol Qo] &
#2-go] e 2o g UERTHE). Wk ofue} ATl
A A F2E 75mg (85% 3-n-butylphthalide)S F<ol] ¥
oM 677F FEIAEY e dstol #57] 9k 82 mmHg
72, 0197] "¢ 8.5mmHg #4sle] el dg ) &
IE HolZ|x SATHY). oleldt oz AEe/do] gt A
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S AN ZH 2ES BES] f18] AR-EE dA) 48
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B ksl a3t e E4S EEste] ol gslEe Al #
g A7F Ers] FEIT hTk(10,11). e 2 At A
Aol ¢t Ay T2 g FEES WRistse A5t
o MRS FAISkE 21F AAisRHIAIZA A7Fs
FAE B AL it olol] ditslsS HEs] fEiA 2.2-
diphenyl-1-picrylhydrazyl (DPPH) 2}t1Z &75, 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) %o]& £71%, & |
& S, ferric reducing antioxidant power (FRAP) 3138 =73
AL, AFe] AsRIFEAEE AFs] fs FERAd 5
S AFdt =202 AbA(headspace oxygen) =7, conju-
gated dienoic acid (CDA)Y’}, A2 slo]=2 34kl (lipid hydro-
peroxides) ¥=& A3t

HE ¥ wy

AENE ¥ FEEN=E

A FAE ke 2 QE7|(Anyang, Korea)olld At
Ak AEE] 2 100gF oM F] 80% oIEEE ' 7I(RS-L,
JEIO TECH, Daejeon, Korea)ll 274 rpm =2 1A]7F A= &
SRt FE29S AEF](Whatman No. 4, Maidstone, England)
2 s AL 60°C 4-87dolA] rotary vacuum evaporator
(EYELA, Tokyo, Japan)= & A|AtL 7, 553 & 54
7Azste 4°C olstE W HastAA Ajdll ARt

DPPH ZIC|Z AHs

v €F-&-(Methanol, Daejung, Siheung, Korea) 100%°] 0.1 mM
DPPH (Sigma, St. Louis, MO, USA) &8 #|=%3}e] 0.75 mLol
Zkz}F 0.125, 025, 0.5 mg/mLe] F& A8&9 025mLg 4°] 10
Z7F Z38le] 307F GaellA] WA T 308 Foll UV-VIS
333 Al(Jenesis 10UV, Thermo, Waltham, MA, USA)E ©]&
3le] 517 nmelA 2AEATH12). HERZES & A28d9 &
Fol wehe S8 AYste Alget e AL APSITh
DPPH ]z &AL ofgfe] 2ol oJs) AlLbsiict.

Inhibition rate (%) — y £ %100

2.3 ABTS 0|2 Zic|d a7s

7mM ABTS (Sigma) 583} 245 mM 342 EH(Potas-
sium persulfate, Sigma)e 2 41014 A2 GaelA 12417 W]
3le] ABTS 4ol uZe 4% ¥, ABTS Yol oz
UV-VIS #33=A] 734 nmellA] §845=5 34 3ke] 0.700£0.050
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o] HEE Uors fFgdo=m 3A3le] g0zl ABTS &
O 19mL3 Z+ZE 0.125, 025, 05mgmLe] F&F A58
0.1mLE &EFste] 67F GAoAl WA A TH13). W &
734 nmoll A FEEE SHAL. 2t FF AESdY §

ANge % ' IS Folin-Denis B2 (1402 A3l
& AR 89 025mlT F/HF 4mLe 4o FHTY LR
3]29 38l Folin-Ciocalteau’s A1 2F(Sigma) 025 mL 7}sked 30%7k
2% ¥ 587 vh3A)71aL 23kE sodium carbonate (Sigma) 0.5
mLE F7bste] Ag2ollA 3027F AA AT AF5AE UV-VIS
W FEA(Thermo)E ©18-3te] 725 mmellA] SHEE S
ol EldAkSigmays o]83ted XEFAS S T P e
2RE AR Fo T dAs TS etk

FRAP &hal¥
FRAP 3918 #4L& 03M N EALFASEN(pH 3.6)
(Sigma)2} 40mM HCI (Dagjung)Z §31A1Z] 10mM 2.4,6-tripy-
ridyl-S-triazine (TPTZ) solution (Sigma), 20 mM FeCl; solution
(Sigma)y& AR&-ste], zbzbe]l Aok 10:1:19] Hl&E E9ato]
37°CoIA] 10-15%7F BHEAIA FRAP AloFS AUTh FRAPAIoF
L5mLe & A& 0.05mLel E3ate] Ad2oA 30&7F vhe
T UV-VIS #3433 =7 (Thermo) 593 nmollA FF=5 =74
stk EEEFZE of~THAKSigma)E ARSI TH(S).

TFERYE FstY M=

T893 f3k (oil-in-water emulsion)2 Yi 5(16)2] A+E
HPsle] AZEAT 58NS 025% (Wiw) Tween 20 (Sigma),
2.5% (Wiw) 555, 97.25% (wiw) deionized waters £33}
S HB501 (Tepal, Rumilly, Haute-Savoie, France)S A&-3}
37k w43} et &Sk f8le> NLM 100 NanoDisperser
(Young Jin Co., Gunpo, Korea)s AFE-3l] 5000 psiz Al 2=
Ao F7HR] #dst A4S ARk FERAE fshdol
AzE F fsldd quidEs B8 2HE FE5 AEE 10
mgmL TEE TEojA fsido] & #iE + =S AEE
oj3stel Wil E9tatlen 10-mL vialoll AlE7F X3k £t
AS 2 mLA EF3sle] 1333 lux light intensity?] 71A]3Alo}e] o)
A 24, 39, 49 AElke fEssith e 5% ARV
A7 HA 22 AER, §Y WHOE ARHUCL

sl=EAmo|A M B

Air-tight A 59] sl=aso]x AiE KimE(17)2] Wiel ¢
g EAEAT. =zmeolx s S35 9@ GC-TCD
(Agilent Technologies Inc., Santa Clara, CA, USA)7} AFE-E 3T}
A EZHE airtight syringeZ 20 pLe] s =2do]X 7125 60/
80 packed column (3.0mx2mm ID; Restek Ltd., Bellefonte,
PA, USA)Z} a thermal conductivity detector (TCD)7} “&2}=] o]
%)= Hewlett-Packard 7890 gas chromatographoll FY3IAtt. ©]
549 dF 7t2E 20 mL/ming] $E2 FYEAL, GC £
B, 4, AE719 25 77} 60, 180, 180°COISiTt.
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CDA 7}

CDA 7F= Mei 5(18)2] "ol &Jal Akt A8 120 ul
2} methanol/1-butanol (2:1, viv) &3 2.7mLe} 10% &< 39
& AojA UV/VISHE335A 233 nmolld F3EE 43Ik

XWE slo|=2htEE 55

FEHA% FIl A sol=2RueE FEE Kim
S(19)°] Aol wet el Foix=r, A& 02mL} isooctane/2-
propanol (3:2, viv)Z 410} 2,000xg= AR EIATE A 0.2
mL& #3}e] 2.8mL methanol/l-butanol (2:1, v:iv)zh & 41
30 L thiocyanate/Fe** solution?} &§3lo] Aol 3027+ Wt
AZTE vHg &, UV/VIS-E33 %7 (Thermo) 510 nmell A 53
=5 S8t #EedRe T sho] =2 A¥SkE (cumene
hydroperoxide) (Sigma)E AH-3F3]
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phase microextraction (SPME)H-& ©]8-3}] FE3}5T) 3=
Aol o] 3 B WIS 7] S8 AEHE 1A
P e gae WAAHTE AEHS 30°C x|
SPME fiber manual holderE A% & % fiberE EF AlA 30%
ZF WAg & B3o]23} AZ7](flame ionization detector) (FID)
7F AX" GC (Hewlett-Packard 6890)2 ©]-&3te] SPME fiber®
T 3Ed 2248 2

3 4] B 212 Yang 5200 AFolA AMEE =
Ag B Ao AgetA A5t ARS-SHATE. SPME fibere=
S um  polydimethylsiloxane/divinylbenzene (PDMS/DVB)E  A}-§-
o} ZA248 HP-5 30 mx0.32m ID, 0.25mm film) column
AHEEATE GC Q29 £ 27 7)o 40°ColA 2%
U] & 6°C/min®] £E2 160°C7HA] =71 AZ 3L 10°C/min
&2 160°CollA 2200C7HA] Z7M AT FU 7] (injector) 2k
Z7](detector)?] 2%+ ZFZF 2503 300°CO|UL SHE7 R~ (carrier
gas)= FAZEA flow rate= 1.0 mL/min®] T}, Splitless modeS
o]t SPME fiber= 971 WellA] 287F W85t
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3k A0 B4 GC-MS (Agilent technology 5973, Palo
alto, CA, USA)E AM3sIa, F&242 GCFID 2713 5
&}, SPME fiber, column ¥ 9 &% W3 27 Fdk FUs)
Al AHEsIIEH21). ol 8e AFE7IAN e flow rates 1.0 mL/
min®] Ytk MS 4 ZAS=Z 70 eVe}l 220°C jon source =5
ARSI Z2ke] AR NIST FF2dE" Flo|H g
(Mass spectra library)®} EFEZE2] #FEA7Hretention time)
< o] g3t FAIA
SHXE|

EE AFE 33 o] wHE Ao dojxl A= SPSS
(SPSS Inc., Chicago, IL, USAYSAIZ2 1S o] &3le] HFg+H
THAE, AEZF] o) AHL p0.05FTONA ttest =
ANOVAZ ¥433}4] Duncan’s multiple range tests ©|-&3fe] A}

4% sk,

Table 1. In vitro antioxidant properties of celery seeds extract
(Unit: %Inhibition)

Concentration of CSEE" (mg/mL)

Methods
0.125 0.25 0.5
DPPH 14.1+2.1? 29.1+1.4° 63.4+0.7°
ABTS 6.0£1.9° 10.940.4° 23.2+5.4%

DCSEE: Celery seeds 80% ethanol extract
IDifferent letters are significantly different at p<0.05 among different
concentration of celery seeds 80% ethanol extract.

Zo g nE
Mzj2| Xl 80% O|EtE F=&EZ2| DPPH ZiC|Z ¥ ABTS
o2 ZiC/g A Ed

A™ F2} 80% oletE FEES FHZ LA B 2
IH= Table 13 2t} DPPH itz &AEA 9 45 Mg &
2} 80% oErS: FEE0] 0.125mgmL FEAAE 14.1£2.1%=,
025 mg/mL FEAME 29114, 0.5 mgmL TENHE 634+
0.7% 7 &S Helfold s5 oJEH R {93 2t
Zt AAGS Hole AOE YERHTHp<0.05). 3+ ABTS &
ol #it)Z AADY AS AEE FA 80% dEE FEE
o] 0215mg/mL FEAME 6.0£1.9%Z, 025 mgmL F=AHE
10.9+0.4%, 0.5 mg/mL E=olXE 232+54% 2 A&eS
oA = oEdom fofdt Bt LAGHE Hole A
° 2 YERITHp<0.05). ©]8g g g A Hg
ATE Kim 5(22) A7 E 5, AR, 5ol A, 4
59 559 FIEE ek FE3o] DPPH Btz &AL
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2 322 B 2wl SR WFR, 0P, AA
U 2ABYS vE A% g2stol, WER,
The, e 95FE 2NN, $ETE dBe &
A FEE ST 2ABHE RET, ABTS Fol
ARAE avtolnsh Qelvke B5FEN RS FE
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~
<
T
K

& o= g2 ¥ FRAP

5] U A T4 80% dEE FE= F T
Stekal FRAP SHES Table 20 Uehd Hle} 7bo] & Hi
& 28242.3 mol EFIA G (tannic acid equivalent)/g extract®]
3, FRAP 4L 195.0+12.6 mol oFA=TAEZH A e (ascorbic
acid equivalent)/g extract® WEFZTH Jung 5(24)2 Azg] oS
oAy FEE&ME GElste] FET §F FE8uo e PHilsks
< Al & e Aee veE &0 51.09mg
ZAbd 2 (gallic acid equivalents)/g extract, ©5+%°] 4640 mg 2
/g extract, ethyl acetate FZ°] 22.70mg ZAt3 /g
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Table 2. Total polyphenol contents and FRAP value of celery seeds extract

TPC" (mol Tannic acid equivalent/g extract)

FRAP? (mol Ascorbic acid equivalent/g extract)

CSEE” 28.2+2.3

195.0+12.6

UTPC: Total polyphenol contents, ?FRAP: Ferric reducing antioxidant power, *CSEE: Celery seeds 80% ethanol extract
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Fig. 1. Change of headspace oxygen content in oil-in-water
emulsions with celery seeds extract under light for 2, 3, and 4
days. Different letters are significantly different at p<0.05 among
different treatment day each group. ** are significantly different at
p<0.01 between control and celery seeds 80% ethanol extract.

extract, butanol F&°] 19.43 mg 243 /g extract® YERY =
gy T HlE Tge] =2 e 1,}15}1437_ FRAP 31
g9l Aee 749 &nf FE2E 250g/mL FEoAA HWEE F
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URL(P<0.05), o1AT Tae 29AFE A
o & Ak t&lﬂdoﬂ Azl 2} 80% oEHe F=E
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37} 34, 494 el we} vz Ak FEE Hoh 4
2] F4 80% NerE FEE Xz 2k #HEEO] 94
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Fig. 2. Change of conjugated dienes in oil-in-water emulsions
with celery seeds extract under light for 0, 2, 3, and 4 days.
Different letters are significantly different at p<0.05 among different
treatment day each group. ** are significantly different at p<0.01
between control and celery seeds 80% ethanol extract.
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A= °9V“°] 2ol AUk g iz AelE] F2F 80%
S FEE AwS Washy, 2%, 39, 494 it
Yol )} djzwro] vl3l] A== conjugated dienese] WOl
frojxog 7HAashs #EAT 5 UAThp<0.05). ol#g A=
Aelz] 2 80% e FE& Aol oa 7IEd At

e

Lo

3

)

T



484 =2 F35k8] %] A 49 WA 5 E (2017)

250

i

—4— Control / \\_“

< | ™,
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Fig. 3. Change of lipid hydroperoxide concentration in oil-in-
water emulsions with celery seeds extract under light for 0, 2, 3,
and 4 days. Different letters are significantly different at p<0.05
among different treatment day each group. ** are significantly
different at p<0.01 between control and celery seeds 80% ethanol
extract.

olal] AAE A3HAEQ conjugated dieneso] FFFoZ o
Fol AHES & T AN, BT Rl w2} conjugated
dienes A4 S7F Fo] B2 2dA9} 3UAE vlwE] 2H gz
2 2%Aol wEl 3dAol oF 228 F7FEFAAL 31\11 2
80% olehe FEE M o L8v TS & F AN
ot AAsAkske] E thE 1xRkskER] A o}ol‘:iﬂr*@r
Eo] %S =43 A3E Fig 30 Jebd vie} 2o Ay =
b 80% AEHE FE5 Aol AEE HUIsHA] &2t
of vlal FAitslel] sl WA= AP slo|l=2elEe] o
°l Fod oz ashs #&d § AAJth dlx2] 49 0,
3°‘ °‘7J94 %‘*Ji‘ﬂ} 1] wat A= A st

o] Z}7} 295, 1232, 2324, 159.6 g/kg oil&
1S {réﬁ‘ T AR, 39A 7S AEE A
W o}owiw a2 ool folHOR Walkth olHd AL
A T2 80% A FE= A Aol YEhdon,
0¥, 29, 39, 447} Z_%‘El F2kslel| o) AAdEE A
stel=maishae] e 27t 256, 515, 808, 3.7 gk oil2 3
AR fFoldo=m ﬁ7}‘o’ LGJ iz A T2 80%

Table 3. Major volatile compounds of celery seeds extract

2 HlatshH 29, 3, 444 FAtst
| wet izt Hla AAEE A sl =2 3itEkE
9] o] feHoR TATS AFAT & AU flek Pl £
PNEE 37181 rancimat
st A7} A= rosemary
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Hee = 109217+ S715ked
7 025 ABlobg e B 1:}37_ B3k ub 9lek23). ol 4
Iz B E2 80% NEHE FEE Ao & 7120 Y

9ei2)
£ B8 59 @Hw sEs] ag 9o 4 9)
HF Az A kAl o8l AYE 5 e AsE 7

(s}
A
93l HA7EAR AR 7)5e Aow Algdh

22| B} 80% OEtE FEEQ I|ME 4

Azl T2 80% NeE FE2E9 T2 I S22 Table
37 2t} 8 FAEYZE o-cymene, a-thujene, o-terpinene, y-
terpinene, decane, sabinene, hexane, a-phellandrene, 2,4-dimethyl-
heptane, a-terpinolene 5°] AZEHACE el F2} 80% EHE:
FEENA 3.46x10° pick areas At 7HF W2 F HEE
G714 ELS ocymene AEL l-isopropyl-2-methylbenzene A
monoterpene?} FHA = alkylbenzeneZ FFEH F2 FAFQ
cumin®]Y thyme®] 2] 7oz dax Ak2s). T3t
F HAZ AEF othujene AEE] 5-isopropyl-2-methylbicy-
clo[3.1.0]hex-2-ene> MoK e]e] gr|dEor FgNFEZ Al
8(26)5™ sabinene ¥5-° F71/3Z(27)°13L o-phellandrene=
eucalyptus A5/ 2H olZrle|gla]o] AME3PH Iscan 5(28)
2 HAES o]&sle AE HFste] U2 o-phellandrene®] =
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Volatile compounds Pick area (x10%) (%)"
1-Isopropyl-2-methylbenzene (0-Cymene) 3.46+0.71 (36.8)
S-Isopropyl-2-methylbicyclo[3.1.0]Thex-2-ene (a-Thujene) 0.98+0.06 (10.4)

1-Methyl-4-(1-methylethyl)-1,3-cycohexadiene (a-Terpinene)
1-Methyl-4-(1-methylethyl)-1,4-cyclohexadiene (y-Terpinene)

Decane

4-Methylene-1-(1-methylethyl)-bicyclo[3.1.0] hexane (Sabinene)

Hexane

2-Methyl-5-(1-methylethyl)-1,3-cyclohexadiene (o-Phellandrene)

2,4-Dimethyl-heptane

1-Methyl-4-(1-methylethylidene)-cyclohexene (a-Terpinolene)

0.72+0.10 (7.7)
0.65+0.10 (6.9)
0.38+0.11 (4.0)
0.27+0.02 (2.9)
0.22+0.05 (2.3)
0.2140.01 (2.2)
0.19+0.07 (2.0)
0.19+0.01 (2.0)

Total Volatiles

9.40+1.10 (100)

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



2] T4 ollehe FE=o] AHshiA|
2ATE Tk JEHOE Ao Frkske AR e
th E3 ABTS ol Szt a/fd A sk oJEHow

g A o] FoHR Frtele AR UEith £ H
She 82423 mol EFIAF TDaF/g extract® L}EFSESL, FRAP
195.0£12.6 mol o}X=FEAF /g extract® YERSTE
fretAllA Y] FlEsigolX 2hA et
FHEE B Ay T4 80% e FEE AT kA
$o] FojHo R =4, CDATF= Fakslrt Ay wet
ol vl AakskA] BRI EE conjugated dienese] AYA B
Aoz fastdon, A sfo|l=2aitslEe] F o
2] FAF 80% oehE FEE HElwe] tza Bt fo
asle AoE et oleg Aejg] Fxke] itst
TFErAZAA Y sl Adeje] T4 80% dee F
ZE4 SAlsks P EE o3 e A0E AlsEr) o]
o} & Axz A FA AHE FEES Filsleo] 5
ste] 2ksiRPdAde] FAIEE A1Fd JARISAEA AR
e Row Azwd.

=

> )y o e
5 o E%

o

> 0 o e
mé:(ol'N
T o

PTAE)
Lni‘

#Ale| 2

EEREE

References

—_

. Tapsell LC, Hemphill I, Cobiac L, Patch CS, Sullivan DR,
Fenech M, Roodenrys S, Keogh JB, Clifton PM, Williams PG,
Fazio VA, Inge KE. Health benefits of herbs and spices: The
past, the present, the future. Med. J. Aust. 185: S4-24 (2006)

. Murdok L. A busy cook's guide to spices: How to introduce new
flavors to everyday meals. Bellwether Books, Englewood, CO,
USA. p.14 (2001)

. Sowbhagya HB. Chemistry, technology, and nutraceutical func-
tions of celery (Apium graveolens L.): An overview. Crit. Rev.
Food Sci. Nutr. 54: 389-398 (2014)

. Zheng GQ, Kenney PM, Zhang J, Lam LK. Chemoprevention of
benzo[a]pyrene-induced forestomach cancer in mice by natural
phthalides from celery seed oil. Nutr. Cancer 19: 77-86 (1993)

. Tsi D, Das NP, Tan BK. Effects of aqueous celery (4dpium grave-
olens) extract on lipid parameters of rats fed a high fat diet.
Planta Med. 61: 18-21 (1995)

.Si Y, Guo S, Fang Y, Qin S, Li F, Zhang Y, Jiao P, Zhang C,
Gao L. Celery seed extract blocks peroxide injury in macroph-
ages via Notchl/NF-kB pathway. Am. J. Chin. Med. 43: 443-55
(2015)

. Kulshrestha VK, Singh N, Saxena RC, Kohli RP. A study of cen-
tral pharmacological activity of an alkaloid fraction of Apium
graveolens. Indian J. Med. Res. 58: 99-102 (1970)

.Jain SR, Jain MR. Effects of some common essential oils patho-
genic fungi. Planta Med. 24: 127-132 (1973)

.Madhavi D, Kagan D, Rao V, Murray M. A pilot study to evalu-
ate the antihypertensive effect of a celery extract in mild to mod-
erate hypertensive patients. Nat. Med. J. 4: 1-3 (2013)

.Moure A, Cruz JM, Franco D, Dominguez JM, SineirolJ,
Dominguez H, Nufiez MJ, Parajé JC. Natural antioxidant from
residual sources. Food Chem. 72: 145-171 (2001)

.Kim JG Kang YM, Eum GS, Go YM, Kim TY. Antioxidative

A u

= O

12.

13.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

2= 0O

T T

A FrpAol A 2] Akslet g 485
activity and antimicrobial activity of extracts from medicinal
plants (Akebia quinate Decaisn, Scirusflu-viatilis A. Gray, Garde-
nia jasminoides for Grandiflora Makino). J. Agr. Life Sci. 37: 69-
75 (2003)

Blois MS. Antioxidant determinations by the use of a stable free
radical. Nature 181: 1198-1200 (1958)

van den Berg R, Haenen GR, Van den Berg H, Bast A. Applica-
bility of an improved trolox equivalent antioxidant capacity
(TEAC) assay for evaluation of antioxidant capacity measure-
ments of mixtures. Food Chem. 66: 511-517 (1999)

.Folin O, Denis W. On phosphotungasticphospho molybdic com-

pounds as color reagent. J. Biol. Chem. 12: 239-243 (1912)

.Benzie IFF, Strain JJ. The ferric reducing ability of plasma

(FRAP) as a measure of “antioxidant power”: The FRAP assay.
Anal. Biochem. 230: 70-79 (1996)

.Yi BR, Ka HJ, Kim MJ, Lee JH. Effects of curcumin on the oxi-

dative stability of oils depending on type of matrix, photosensi-
tizer, and temperature. J. Am. Oil Chem. Soc. 92: 685-691
(2015)

Kim MIJ, Park MH, Jeong MK, Yeo JD, Cho WI, Chang PS,
Chung JH, Lee JH. Radical scavenging acticity and anti-obesity
effects in 3T3-L1 preadipocyte differentiation of ssuk (Artemisia
princeps Pamp.) extract. Food Sci. Biotechnol. 19: 535-540
(2010)

Mei L, McClements DJ, Wu J, Decker EA. Iron-catalyzed lipid
oxidation in emulsion as affected by surfactant, pH and NaCl
Food Chem. 61: 307-312 (1998)

Kim TS, Decker EA, Lee JH. Effects of chlorophyll photosensiti-
sation on the oxidative stability in oil-in-water emulsions. Food
Chem. 133: 1449-1455 (2012)

Yang SO, Chang PS, Lee JH. Effects of riboflavin-photosensi-
tized oxidation on the formation of volatile compounds in oleic
acid model system. Korean J. Food Sci. Technol. 37: 717-722
(2005)

Lee JH. Photooxidation and photosensitized oxidation in linoleic
acid, milk, and lard. PhD thesis, The Ohio State University,
Columbus, OH, USA (2002)

Kim J, Kim SA, Yun WK, Kim EJ, Woo MK, Lee MS. Antioxi-
dantive effect of ethanol extract for 5 kinds of spice. J. Korean
Soc. Food Sci. Nutr. 33: 1426-1431 (2004)

Ahn CK, Lee YC, Yeom CA. Antioxidant and mixture of curry
spice extracts obtained by solvent extraction. Korean J. Food Sci.
Technol. 32: 491-499 (2000)

Jung WS, Chung IM, Kim SH, Kim MY, Ahmad A, Praveen N.
In vitro antioxidant activity, total phenolics and flavonoids from
celery (Apium graveolens) leaves. J. Med. Plants Res. 5: 7022-
7030 (2011)

Favre HA, Powell WH. Nomenclature of organic chemistry:
IUPAC recommendations and preferred names 2013 (Blue Book).
Chem. Sci. 139-597 (2014)

Joerg G. PDR for Herbal Medicines. 3rd ed. Thomson PDR Inc.,
Montvale, NJ, USA. p. 802 (2004)

. Shulgin AT, Sargent T, Naranjo C. The chemistry and psychop-

harmacology of nutmeg and of several related phenylisopropy-
lamines. Psychopharmacol. Bull. 4: 13 (1967)

Iscan G, Kirimer N, Demirci F, Demirci B, Noma Y, Hiisnii K.
Bager C. Biotransformation of (-)-(R)-o-phellandrene: Antimicro-
bial activity of Its major metabolite. Chem. Biodivers. 9: 1525-
1532 (2012)

Lima DF, Branddo MS, Moura JB, Leitdo JM, Carvalho FA,
Miara LM, Leite JR, Sousa DP, Almeida FR. Antinociceptive
activity of the monoterpene o-phellandrene in rodents: Possible
mechanisms of action. J. Pharm. Pharmacol. 64: 283-292 (2012)





