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Analysis and Antioxidant Activity of Volatile Extracts from
Plants Commonly Used in Korean Foods

Hae-Won Jang, Hwa Jung Lee, and Kwang-Geun Lee*
Department of Food Science and Technology, Dongguk University

Volatile compounds of dropwort (Oenanthe javanica DC), crown daisy (Chrysanthemum coronarium L. var.
spatiosum), and sesame (Sesamum indicum L.) were isolated by steam distillation under reduced pressure (DRP)
and liquid-liquid continuous extraction (LLE). Aroma extracts of the plants were identified by gas chromatography
(GC) and gas chromatography/mass spectrometry (GC/MS) and their antioxidant activities were evaluated in two
different assays. The aroma extracts isolated from dropwort, crown daisy, and sesame inhibited the oxidation of
hexanal by 25%, 95%, and 99%, respectively, for one month at the 500 ug/mL level. They inhibited
malonaldehyde formation from cod liver oil by 48%, 54%, and 29%, respectively, at the 500 pg/mL level. Their
antioxidant activities were comparable to those of the natural antioxidant, c-tocopherol.
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v ATH10). M (Sesamum indicum Lys F7|zhol] Laphm
opHlzl7} fike g ey} ZhA el oA AuiEe 1dxz
M7y FAHNE FAME 53] it glsgite] vy &
ollo] FFeH o2y fFA9] AT HlgA ST B
AL ESATh 283 sesamine FolA FE|AHE F59F 94
AA|BFAL, sesamolT} sesaminolS- 7129 FHAH L Z7}A)
oz B ESIrk11-14).

w AoM e folld Awe Al 7R S AEAIR &
W e A% A4 EHe o 31889 it
ge 490 F, v, &2t AE Adste ) F
¢} dichloromethanes £ 23F A NA) AL 222 Fo
7] 4¥-S gas chromatography/mass spectrometry(GC/MS)
gas chromatography-flame ionization detector(GC-FID)E- ©]
ot A4 2 A B, IR steEe
Aldehyde/Carboxlic acid assay2} Lipid MA(malonaldehyde) assay
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2 Al AME rUEl(Oenanthe javanica DC), 25 Chr-
Visanthemum coronarium L. var. spatiosum), 7 (Sesamum
indicum L)y= SHFAH200432HE Fulataly, A& B2
oL gl et A7zle] meo @ o]Fojpint. &)
e F£8 8¢ dichloromethane® & 7Z& sodium
sulfates= Junsei*H(Tokyo, Japan) A& A3t} ksl &
A Algel]l AFE-3l hexanal® N-methylhydrazin(NMH), 2-meth-
ylpyrazin, a-tocopherol> SigmaAh(St. Louis, MO, USA)el A
T3 undecanes Aldrich*HMillwaukee, WI, USA) A ¥&-&
ARS-sHaAT
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7] % F(DRP: steam distillation under reduced pressure)S}
dichloromethanes: &vi=3t M- AL FZ(LLE: liquid-
liquid continuous extraction) W& AME-3ATH ZAgtste] 7]
57 A ZF AR 100g% 555 1LE 3L round bottom
flaskell W2 ZFH(55°C and 95 mmHg)dtell A 4A17F FoF 27)
S AT SRS AA-AA] A& FE7)E ARSSH 100
mL dichloromethane® 2 6A7+e%t 23190} FE592 sodium
sulfate 25 g 71stod WEALOIA 124)7F B9t WA Ele] "
3 FE2AE AFAWEE7I(R110, BUCHI, Switzerland)E A}
£33l oF ImLE 582, 04mL7t € w7hx] AAN)E
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GC/Msof| 2|8+ 87| MES| Y

ok AEACIA Helg A o) AR FHES GC(5890,
Hewlett-Packard Co., Palo Alto, USA)9l mass selective detector
(MSD, 5972, Hewlett-Packard Co., Palo Alto, USAYS H-&-3t
GC-MSD system& AM-3}T) 3F7] A8 g3 H-S
GCo| X4 zAeZ #AHL DB-WAX bonded-phase fused-silica
capillary column(0.32mm 1D.X60m, 025um film thickness,
I & W Scientific, CA, USA)2 A3} 7, injector 2%+
200°C, oven &= S50°COlA] 287F §A3 thg B9 3CE
200°C7HA 29§ 200°CeA 3087 FrABkES shdch. 24t

A AEE AN, Bt HE5S MomsecE T
o1 splitless mode® 1 pul F+Y &)

S ] AR FS A% MSe B4 xA0Z MS ion-
ization voltagew 70 eV, source <% 200°C, interface temper-
aturet= 280°C, mass spectrum scan range™= S50-550 m/zE. 3131
o 7] A¥-2 Kovats gas chromatographic retention index I
(15)2k AA sgHE HWwgk ¥ 7} A% Mass Spectrometry
(MS) fragmentation, Willy 6th edition MS spectra library2} 4
A AR Blaste] FA A8

7] M M

oFg AEAAM Ffh A F7] AR FEIS GO6890,
Hewlett-Packard Co., Palo Alto, USAYS A3}t Injector
CEE 200°C, oven X 50°COlA 2B7F A8 e B
3°CRE 200°C71A] &3 & 200°ColA] 2087 SR8k E 3%
o 2= AES ARSI, split ratios 20: 1% 1L
FYsE 4 g2 F 9 ukEEHen

FEES B AEE A 998 ST @) A
T2 guje] HA =3 WA WMES(peak area percentage)e =
gat7] 93l GCE AME-3F32M, total ion chromatogram’d-2]
973 HH(peak arear> HFE| WAEH ZZIY(GC Chem-
station, Hewlett-Packard Co., USA)l <Jal Alxtalsdct. &7 A
ol AA A 7t F2E9 A ] AR AA peak
area percentage= ot AXEATH ZF 8] AJE9] e A
AbollAl ek A o] HE APl ZF AR MEgs s}

o A

ZHzhel F714E w(pg/ml)
_ weight of condensed sample X GC peak area % % 10°
weight of fresh sample plantX 100

gttsks 59

Aldehyde/Carboxylic acid assay: 71913812] =7] 27 o

7 FE2E9 ksl &L Aldehyde/carboxylic acid assayS
AHgke] =788k Th. Aldehyde/Carboxylic acid assayy= Ul 3]
Tt Absle] oF sl2BAsko g o] Wald) ek As) gEre
ARS-SE AR W o|TH(16,17).

7] FZ2E10uL, 50 uL, 100 uL, 500 pL)= GC WHx=
=22 undecane(0.2 mg/mL)e] E3E hexanal(3 mg/mL) 2
mL volumetric flaskell 23 dichloromethaneS ARg-3lo] = 2
miE g3t 72t Al 8mL BE AEH do} Els &=
Rsl7] fsh 60°C2 10% B9t $8 AT F 3097 Ay
222 Asidnt 7 28 AlEHE A 10¥7F 37115
mL/s, 2sec)E FUAHA AH8lE 2%} Hexanale] A
104 7+4202 GCE 2439t}

Hexanal®] 78 %412 flame ionization detector(FID)7} -2t
H GC(5890, Hewlett-Packard Co., USA)S AF&-3191T}h Hexa-
nal JFE 918 GCo] BAxHACZ AHL HP-1 capillary
column(0.32mm LD.X30m, 0.25um film thickness, Hewlett-
Packard , USAYS AME-319052, injector®} detectors= 717} 300°C,
280°CE A3 Oven X8 40°ColA 2878 #4138 ot
T BT 5SCEI80°CTHA & F 180°CelA] 1087 FAIGHE
= Stk 2IAlE dES ARSI, £ 1.5 mL/min
2 st split ratiors 20: 12 1 ul FYak5ith
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Lipid MA assay: 7 9% &7|F5E59 dists 34
T 7hre] AkalEEE A EE malonaldehyde(MA)S]

2l 2 AAEAE smL7t HEE ZEFS ZAvpeid. 2El
& 37CAAM 17M17E9 RIS ol8ste] EFAIZIAL 4% BHT
b oRjEte] AksE AAAIZT

tlo flo

At 71BYTE o]FoR lipidMA assay= 38| Fok MA E 50uL 78t 108 B4t 3|

£ weAol UF Ax EQPdstd A ¥, NMH(N-methyl- F, NMHS 30 uL 7Fskar AdollA] 141787t XAz,
hydrazing)9} ¥F3-A17#  1-methylpyrazole(I-MP)O. 2 W A A SPE(solid phase extractyS AME-3td &ulE vlFd], 94
GC-NPD(nitrogen phosphorus detector)2 8=t} o] #E-2 C, 71EZAE S AT HaliA ethylacetate, mathanol,
oln] oje] MAEH sl ESAsed wWol ARSH o ZRe oz Zzt 10mly B3 ZF AlE(NMH ¥H8-R
2tH(18,19). 0.5M2] Trizma buffer(pH 7.4), 1 M9] potassium A AZHE 713k &, FFHF SmLE 3L ethylacetate 10 mL=E
chloride, 1% SDS, &7| F&%&, 0.01M®] ferrous chloride, F2349r). o] FE2IL W2 T YF ZFEAE 2-methyl

0.3%2] hydrogen peroxide, 30 uLe] thF 7HrE Al@&] ¥ pyrazine(Sigma, St. Louis, MO, USA)S 20 uL 7}ata A
u

Table 1. Volatile components identified in the extracts of dropwort (Oenanthe javanica DC)

Peak No. 1Y Conc. (ppm)™? Possiblie compound

1 1088 0.11 o-pinene

2 1106 2.99 [3-pinene

3 1159 0.97 myrcene

4 1198 1.57 (-)-limonene

5 1247 5.89 y-terpinene

6 1270 0.09 cymene-para

7 1283 0.59 terpinolene

8 1324 2.34 tridecanal

12 1493 0.66 o-(+)-copaene

14 1582 0.78 bergamotene, a-trans-(+)

16 1594 34 caryophyllene

18 1631 1.29 y-elemene
21 1687 8.12 germacrene D
22 1694 0.87 bisabolene
23 1727 0.51 bicyclogermacrene
24 1806 1.16 octadecane
26 1827 29 germacrene B
27 1840 1.57 1,7,11-trimrthyl-4-cyclotetradecane
28 1849 2.19 1-octadecene

34 2008 0.34 nerolidol

37 2035 0.93 ledol

38 2038 2.04 3-phenyl-1,4-(E)-dodecadiene
43 2105 1.07 isolongifole(-)
44 2114 0.26 3-phenyl-1,4(E)-dodecadiene
45 2122 148 selinene
48 2154 1.1 valencene
49 2169 0.32 cyclododecanol

50 2180 0.51 o-cadinol

51 2219 0.35 4-methyl-6(2-proepnyl)-1,3-benzodioxol
53 2247 1.39 dihidroxy benzoic acid-2,6

54 2268 1.01 9,12-octadecanoic acid

56 - 2319 09 1,2-bezenedicarboxylic acid
59 2347 0.17 diethyl phtalate

60 2385 0.31 hexadecanol

61 2425 0.83 1-eicosanol

62 2431 04 apiol

64 2474 0.13 2-methylbenzothiazole

65 2482 0.55 dodecanoic acid

66 2576 1.07 phytol

67 2782 0.82 1,2-bezenedicarboxylic acid, bis ester

"I mean Kovats retention index on DB-WAX.
JSolvent peak excluded.
Values are on dried weight of Oenanthe javanica in pg/g.
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& ethylacetate® 10mLE DFATE 1-MPe] Ag BEALS
GC-NPD(6890, Hewlett-Packard Co., USAYS AM&sldth GCol
EozH0s AHL DB-wax column(0.32mm L.D.X30m, 0.25
pum film thickness, Hewlett-Packard, USA)S AM8-8}1 2, injec-
tore} detectorss BF 250°CE A3} oven 22 60°C
A B 4CE 160°C7HA &8 3 160°Co A 287} {-R] 8 e
= S3ith A= ES AHEEA, 452 1.5 mb/min
2 34 0}93\0131 split ratio= 20: 1%, 1 pL FY 33T}
4 o
| M2 24
571 TR AA-AA AL FEE olgsld FET vy,
&7t 28| he] 1R e 247 526, 943 E]

3 4.83meelsiet. wlvele] &) AE-S GC chromatogram®l
A 407l9] 7)Aol ERIENEY vivele Fa ) AHE
3} &2 Table 19 1/}1:/].1,}1011;} A= 7] Jre 1678<]
terpenoids, 1719 carbonyls, 4712] hydrocarbons, 9712] alco-
hols, 5709 acids, 170e] &8rElgtE, 1709 ester, 3702 71E}S)
TEoIUTE FH F7IAHES Bpinene(2.99 ppm), y-terpinene
(5.89 ppm), tridecanal(2.34 ppm), caryophyllene(3.4 ppm), y-elemene
(129 ppm), germacrene D(8.12 ppm), germacrene B(2.9 ppm),
3-phenyl-1,4-(E)-dodecadiene(2.04 ppm), dihidroxy benzoic acid-2,6
(1.39 ppm), =122 phytol(l 07 ppm)°) AT} Song 5(20)2) B.I
off ofahd A%t 571 T/ FEHUES o188l vukeleA &
7IdE A 24 rive] 719 FA4E-L limonene, pule-
gone, germacrene D, B-pinene 2 U#H T}y I =7 &5
Hell o8] F&% A octanal, limonene, sabiene, y-ter-

Table 2. Volatile components identified in the extracts of crown daisy (Chrysanthemum coronarium L. var. spatiosum)

Peak No. IR Conc. (ppm)*”? Possoble compound
2 1146 0.08 B-myrcene
3 1326 0.94 (1,3Z,5E)undeca-1,3,5-triene
4 1380 0.08 tetradecane
5 1450 0.05 citronella
6 1494 0.51 pentadecane
8 1578 0.44 bonyl acetate
9 1665 0.31 N-methylaceteamid
10 1719 0.84 1-heptadecene
11 1813 1.06 octadecane
12 1828 0.07 cis-calamenene
13 1857 0.45 1-octadecene
15 1873 0.11 germacrene A
16 1884 0.24 1,7,11-trimethyl-4-cyclotetradecane
17 1888 0.96 nonadecane
18 1954 0.10 nonadecene
19 2008 1.85 eicosane
20 2016 0.18 muurolane-A
21 2018 0.85 2,6-dihydroxybenzoic acid
22 2035 0.64 3-(hydroxy-1-butenyl)-2,4,4,-trimethyl-2-cyclohexenone
24 2063 0.51 3-dodecenyl-2,5-furandione
26 2072 0.20 globulol
28 2079 0.12 1-heneicosene
33 2168 0.13 eugenol
35 2214 0.63 octadecenoic acid
36 2219 0.15 heptadecen carbonic acid
37 2230 0.54 3-eicosene
38 2269 0.32 linoeic acid
39 2295 0.35 cyclopentadecane
40 2321 1.09 diethy! phtalate
42 2337 0.20 (-)isolongifolol
43 2390 0.29 dibenzyl ether
47 2465 0.10 hexadecanoic acid
48 2475 1.11 pentacosane
49 2544 0.16 nootkatone
50 2636 0.61 9,12-octadecadienoic acid
51 2782 1.54 dibutyl phtalate

"I mean Kovats retention index on DB-WAX.
ISolvent peak excluded.

*Values are on dried weight of Chrysanthemum coronarium in pg/g.
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Table 3. Volatile components identified in the extracts of sesame (Sesamum indicum L.)

Peak No. m Concentration” ppm” Possoble compound
1 1081 0.82 hexanal
5 1330 2.16 dimethyl pyrazine-2,5
6 1355 0.84 hexanol
7 1382 0.22 nonanal
8 1391 03 tetradacane
11 1454 043 furfural
14 1556 045 farnesene-(Z,E)-alpha
15 1584 0.48 trans-alpha-bergamotene
17 1639 0.12 hexadecane
18 1653 0.34 N-methyl-acetamide
19 1678 0.27 farnesol
20 1683 0.41 heptadecane
21 1693 0.25 citronellyl propionate
22 1724 0.15 naphtalene
24 1898 0.19 benzy! alcohol
28 2074 7.62 4-ethyl-2-methoxyphenol
29 2081 032 heneicosane
22 2109 201 eugenol
23 2168 051 ethyl phenol
24 2226 043 sesamol
26 2363 0.32 isoeugenol
27 2366 122 heptadecene(8)-carbonic acid-(1)
28 2390 0.84 decanoic acid
30 2586 0.26 4-hydroxy-3-methoxyacetophenone

Yl mean Kovats retention index on DB-WAX.

ISolvent peak excluded.
Values are on dried weight of Sesamum indicum in pg/g.
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Fig. 1. Percent of hexanal remaining in samples containing different amounts of aroma extract of dropwort (Oenanthe javanica DC),
crown daisy (Chrysanthemum coronarium L. var. spatiosum) and sesame (Sesamum indicum L.).

Sesamum indicum %

Chrysanthemum B
coranarion B 560
O 100g/mL
Cenanthe javanica B B 209/MI
B

a-tocepherol
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Antioxidant Effect (%)

Fig. 2. Inhibitory effects (%) of aroma extract of and «-
tocopherol toward malonaldehyde formation from cod liver oil.
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HNEA AFANEL] 7] EL 2Ase] 7] 279 dichlo-
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