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Abstract

The objective of this study was to compare the aroma characteristics and antioxidant activity of
Chrysanthemum indicum Linne (CIL), C. morifolium Ramat (CMR) and C. zawadskii var Latilobum (CZL).
The volatile compounds were extracted by simultaneous steam distillation extraction and identified with gas
chromatography/mass spectrometer. The major volatile compounds of Chrysanthemum sp. were camphene,
1,8-cineole, benzene, pinocarvone, bicyclo-2,2,1-heptan-2-ol, B-caryophyllene, 3-cyclohexen-1-o0l, 7 —curcu-
mene, zingiberene and B-bisabolene. The DPPH radical scavenging activity (EDA, %) of volatile compounds
in CIL, CMR and CZL were 30.57, 46.36, and 51.72%/g sample, respectively. The ascorbic acid equivalent anti—
oxidant capacity (AEAC) of volatile compounds were 34.99, 35.31, and 38.48 mg AEAC/g, respectively.

Key words: Chrysanthemum indicum Linne, Chrysanthemum morifolium Ramat, Chrysanthemum zawadskii var
Latilobum, volatile compounds, antioxidative activity
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FZ9 F7)|HE L gas chromatography/mass spectro-
scopy (HP 6890N/5973N MSD, Agilent Technologies, Wil-
mington, DE, USA)Z #43l¥ o, AHL HP-FFAP30
m x0.32 mm x0.25 um, Agilent Technologies, Wilmington,
DE, USA)E A8t ar, S B2 5% 50°Col A 587 4
& F 29 3CE 220°C7HA Fe Az em, 220°Coll A 208
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713 &9] T4 GC/MSE ©]-&3t &2 mass spectrum
S Wiley 275L data base®Z A st TASGom yiE
FEA 2 4-methyl-2-pentanol(Sigma-Aldrich, St. Louis,
MO, USA)E o]-&3to A &atdtt.
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(13)ell oJsle] =A3stYEt. 2,2'-Azino-bis-3-ethylben—
zothiazoline-6-sulfonic acid(ABTS, Sigma-Aldrich, St.
Louis, MO, USA) 7.4 mM3¥} potassium persulfate 2.6 mM
315 9ok Aol WA Sl ABTS « © o] 28 dAAI71
o] 848 735 nmolA FFE #el 1.4~157 H=S
FFAF(=36%x10"' M 'em HE o] &3] vjgte = 3
A TH14). 3|4 H ABTSE 1 mLol 5 50 L
7vete] FFEo WEE HF3] 607 Fo SHFRoH,
X FEZEA] L-ascorbic acid(Sigma-Aldrich, St. Louis,
MO, USAE % H71etda, & ditsige o 2oz
A4kl AEAC(L-ascorbic acid equivalent antioxidant
capacity) 2 X 33}.2H, diethyl etherol] ABTS radical®]
QIS S48 2 AdF ol sle AS=Z YEREIL diethyl

ether?& H71ste] FRFEE BHAZ & AtsdH3).
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A7M, 1A FEES U
)}

Aaat ascorbic aci

Z(mg/mL), V= FEE2 AL&EI(mL), W=
H A8 THE(g)olth

2=, 28t o Pzl ISy

2w, %8 2 PAx 5 350 T80 4% U 95
XS SDEH O 2 FE3e] GC/MSE #4113 A3 Table 1
I} o] yetstth 339 =3t A &AM FEHOE cam-
phene, 1,8-cineole, benzene, pinocarvone, bicyclo—2,2,1-
heptan-2-ol, trans—caryophyllene, 3-cyclohexen—1-ol, y -
curcumene, zingiberene, B-bisabolene 5°] AZH AT} o]
FoAA & FH &S Y AEU5eZ €& Z camphene
Z=(0.25 mg/10 g)olvt 73H0.48 mg/10 g)R o} 4 %
2 1.38 mg/10 go. 2 =& &S e} 1,8-Cineole
o g2zugle] Fo AH AR S F Staphylococcus aureus,
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Table 1. The volatile compounds found in the flower of some Chrysanthemum
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(unit: mg/10 g)

D . Chrysanthemum Chrysanthemum Chrysanthemum zawadskii
RT." (min) Compounds in(ri)i}cum Linne mori]}”:)lium Ramat i var Latilobum
4.25 Camphene 0.2472 0.4803 1.3815
5.32 2-B-Pinene ND? 0.1913 0.1403
571 Sabinene ND 0.4053 0.2054
6.98 1-Phellandrene ND 0.6965 ND
8.28 1,8-Cineole 0.4788 0.5955 1.5829
9.49 y —Terpinene ND ND 0.0861
10.26 Benzene 0.1404 0.1399 0.1836
17.07 Camphor 2.7304 ND 7.8980
18.37 Pinocarvone 0.1808 0.3565 0.3204
18.69 Bicyclo-2,2,1-heptan-2-ol 0.4190 0.8444 1.4691
18.99 trans—Caryophyllene 0.2742 0.3305 0.2316
19.27 3-Cyclohexen-1-ol 0.1625 0.1505 0.1782
20.82 trans—B-Farnesene 0.1712 0.2284 ND
21.3 7y —~Curcumene 0.1995 0.2554 0.2876
21.68 Germacrene D 0.8470 ND 3.0631
22.01 Zingiberene 0.3693 0.3199 0.4068
23.65 Myrtenol ND ND 2.5219
27.42 B-Caryophyllene ND ND 0.1551
29.56 B-Bisabolene 0.1748 0.2949 0.1519
31.2 Valencene 1 ND ND 0.2325
31.36 B-Guaiene ND 0.1457 ND
31.42 6-Cadinene ND ND 0.1328
31.62 a-Copaene ND ND 0.0596
31.95 Levomenol 0.1452 0.6303 ND
32.21 trans—Cadinol ND 0.7761 ND
33.42 Tricosnae 0.6999 0.9904 ND
34.16 Valencene ND 0.1964 ND
36.72 Heptadecane 0.7677 0.3839 ND
39.78 Tetracosane 0.1535 0.1862 ND
43.28 Hexadecanoic acid 0.2612 0.2743 ND

URetention time. ?Not detected.

Streptococcus pneumoniae, Salmonella Enteritidis, Sal
Typhimurium 5l Fd84S S8 47 A WS

= ol gis] el e Aoz Hi(16)" AEe
2 FAZA 158 mg/10 g2 Z=(0.48 mg/10 g)°olt
53060 mg/10 )Rt H& FFS Yot =3 A
Hol F1HS JAAN I E FH7} JdE Ao E 4HA cam-
phor(17)9] ¢ A XA 790 mg/10 g AEF o #=
(2.73 mg/10 g)olv FeHEHE)EY t7F T e
Ao g Yelytth Camphene, 1,8-cineole @ camphore &
P13 AA HlwA Fadt BES ARt HREOE o]
E IEE2 AWl ES dAATI= &7t U= AL
2 ®3FERem(17), 53] 1,8-—cineole> AZ FZ2FE
A zshe Aog 2o FridiozE EAF FHY Fet
Ao A 388 Xga7r JAAFE AR g#HA vk
(18). T3 sesquiterpene F- =42 LA T AlHEH
2 ALstHA o E AF Aw T AEINE FR4EL
2 43 2(19) germacrene D&} Myrtus communis® £
A AE(20)2] myrtenol 59 JEE FH XA 3.06 E
252 mg/10 go. 2 A& =085 mg/10 ¢ ¥ EHE)0]
U SsHERE)EY O FEo de AeE YERTh
AEg LUF, 2gto] 230 g HALE o] sFFo|u A

g2 A EHE B-caryophyllene(21)& Fd XA 0.16
mg/10 go] =l e RAeZ ettt WA hexa-
decanoic acid®} 22 AW4ite 7Har= =8lol| A ZH7) 0.26
2 027 mg/10 go] HEF ALY FAZNAE HEol HA
ERT). Canarium luzonicum® FL AH Ao 2 AX3
TS W= Aoz &8 7(22) 1-phellandrenes =53} ol A
0.70 mg/10 g¢] A& " ¥ =53 FHZAA= HE
= 2] ¥3kt}. Pinocarvones iso-pinocamphone®} A4 <€
SIER dHA7 o dietal e ASZ Ry
oW (21), 7=, =3 2 FAx 47 018, 0.36 2 0.32
mg/10 g9 &S BATh HAZOZ o)y =3 H
TAz A8 7R AYEHE 7R E e Z Raud I
4 Aol v HEHAUG

u=, 23 Y PR 21y
W, w5 R AR Bl YR FER AP G
J84e 249 23 Fig. 1 2 29 o] ety 7,
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Ho 2 =43 A% Fig. 13 2] 1 g/mLY]
3057, 46.36 € 51.72% =2 YElgo] FHx FEE0] 43t
gAo] 7HE w2 Ao E Yehyth =3 7=, =3 2 73
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Fig. 1. DPPH radical scavenging activity (EDA, %) of vola—

tile compounds in the flower of some Chrysanthemum sp.
(sample concentration: 1 g/mL).

1)Any means in the same column followed by the same letter are
not significantly (p<0.05) different by Duncan’s multiple range
test.

40 f 2
bY b
3
g 30 r
<<
<<
[=2]
E 2t
Q
<
w
<
10
0 ! !
Chrysanthemum Chrysanthemum Chrysanthemum
indicum morifolium zawadskKii

Fig. 2. ABTS cation radical scavenging activity (ascorbic
acid equivalent antioxidant capacity; AEAC) of volatile

compounds in the flower of some Chrysanthemum sp.
YAny means in the same column followed by the same letter are
not significantly (p<0.05) different by Duncan’s multiple range
test.

el E S ABTSHO 2 =4
7}7} 3499, 3531 ¥ 3848 mg AEAC/g
o2 Yeo] AxF A5 nA R FAE 7 kst
Za—/ﬂ o] 7]-1]— =° 7}—1_Q_i ﬂ";&‘-t}' O] 7(% H 6]-/\]—3‘4.:@1—%’1
Zmoly FelRt FExE =2 AL 5&‘3%"" °]
Aoz 4HA A+ 1,8-cineole(16)3 =AW F&S
AA = a7F Je A2 BuF camphene, 1,8-cineole
2 camphor 5(17), sesquiterpene F+=4 9] AFAHH =
AFEAZ 28-5l= AE2] germacrene D 59 §H&Fo] 7
Tolu R Az v FHrEo] flo] X 3
] AR FEE0] dstgAdo] =4 Jed Aoz Azt
Hh Woo 5(9)F Jeong 51008 Aol &3tH whso)
X3Eo J= A AEQ diallyl disulfide, methyl-
2-propenyl trisulfide ¥ di-2-propenyl trisulfide 5ol 23l
u} 4 _‘431-/\4 /HHO] al/\]-g_:o:l—/ﬂ 1/].1:/].14]‘: 7-] oz Ry

AE
of
ot
>

:aﬁ @

2~
T

Ho nit
12 rsh_

=

I~

o

RS R

AF

2

3ttt wrEbA camphene, 1,8-cineole, camphor, germa-
crene D, myrtenol 59 3 Aol gt FatsgdAdd
gt F/rAF7F 288 Aoz A

o 13
i -

B

=, 738 @ FHx 5 3% T3z 7173
P TR M P
2t 3% =3t A&l et FU|5AHE SDEHLR 5
gl GC/MSZE #4338 Z3} camphene, 1,8-cineole, ben-
zene, pinocarvone, bicyclo—2,2,1-heptan—2-ol, trans—car—

[N}

ofN

o

o
L
1

E]
&

°c o

vy 001‘

v

0O

rSL'

yophyllene, 3-cyclohexen-1-ol, 7 —curcumene, zingiber—
ene, B-bisabolene 5°] AZFH o FQ FIAHEIS &9l
& & AT =3 A=, I35 5 FRRY Fr|FE=
g A 5S DPPHYE 2 43 25 1 g/mLy &
Lol A Zh2t 3057, 4636 2 51.72% %2 YERS] FHEZ &
Eo] gatstdAdol /Mg & o2 Yeyth g 34
stES ABTSH O R S48 A3 27 3499, 3531 % 3848

AEAC/go 2 Uetlo] MAg o3t viz7tA =2 74
Z7} GaslgAd o] 71 w2 Ao et o]#d o]
= T7& %7} camphene, 1,8-cineole, camphor, germacrene

D, myrtenol 59 Aol H=olut w3t rth thak & o

o] FirstdAo] =4 vehd Ao AztdE
LAtel 2
B ATE €Y sevlsdAH sEv1egAT
A (FAH 2 106085-03)2] ARl Aol eJsto] A=A

o, ofd =YY

5l

MO

1. Yoon OH, Cho JS. 2007. Optimization of extraction con—
ditions for hot water extracts from Chrysanthemum in-
dicum L. by response surface methodology. Korean J Food
Cookery Sci 23: 1-8.

2. Ryu SY, Choi SU, Lee SH, Ahn JW, Zee OP. 1994.
Antitumor activity of some phenolic components in plants.
Arch Pham Res 17: 42-44.

3. Park NY, Kwon JH, Kim HK. 1998. Optimization of ex-—
traction conditions for ethanol extracts from Chrysanthemum
morifolium by response surface methodology. Korean J
Food Sci Technol 31: 1189-1196.

4. Nam SH, Yang MS. 1995. Antibacterial activities of ex—
tracts from Chrysanthemum boreale M. | Agric Food
Chem 38: 269-272.

5. Nam SH, Yang MS. 1995. Isolation of cytotoxic substances
of extracts from Chrysanthemum boreale M. J Agric Food
Chem 38: 273-2717.

6. Jang DS, Park KH, Choi SU, Nam SH, Yang MS. 1997.
Antibacterial substances of the flower of Chrysanthemum
zawadskii Herbich var. Iatilobum Kitamurs. Agric Chem



10.

11.

12.

13.

14.

15.

W, w8 Y PR E 0

Biotechnol 40: 85-88

. Lee CG, Yu CY, Heo K, Jung YS, Cho DH, Yoon BS. 2000.

Study on the photosynthetic characteristics of Chrysanthe-
mum zawadskii H. Inst Agric Sci Kangwon Nat Univ J
Agric Sci 11: 107-112.

. Artacho R, Serrano MF, Lopez MD. 1995. Determination

of organic sulphur compounds in garlic extracts by gas
chromatography and mass spectrometry. Food Chem 53:
91-93.

. Woo KS, Yoon HS, Lee J, Jeong HS. 2007. Characteristics

and antioxidative activity of volatile compounds in heated
garlic (Allium sativum). Food Sci Biotechnol 16: 822-827.
Jeong JY, Woo KS, Hwang IG, Yoon HS, Lee YR, Jeong
HS. 2007. Effects of heat treatment and antioxidant activity
of aroma on garlic harvested in different cultivation areas.
J Korean Soc Food Sci Nutr 36: 1637-1642.

Nikerson GB, Likens ST. 1996. Gas chromatographic evi-
dence for occurrence of hop oil components in Beer. J
Chromatogr 21: 1-5.

Blois MS. 1958. Antioxidant determinations by the use of
a stable free radical. Nature 181: 1199-1203.

Choi Y, Lee SM, Chun ], Lee HB, Lee J. 2006. Influence
of heat treatment on the antioxidant activities and poly-
phenolic compounds of Shiitake (Lentinus edodes) mush-
room. Food Chem 99: 381-387.

Forni LG, Mora-Arellano VO, Packer JE, Willson RL. 1986.
Nitrogen dioxide and related free radicals: electron-transfer
reactions with organic compounds in solutions containing
nitrite or nitrate. J Chem Soc 2: 1-6.

Min YK, Yoon HS, Kim ], Jeong HS. 1999. Aroma charac-
teristics of applemint (Mentha rotundifolia (L.) Huds) with
different extraction methods. Korean J Food Sci Technol

16.

17.

18.

19.

20.

21.

22.

CERR

809

31: 1465-1470.

Shin SW. 2005. In vitro inhibitory activities of essential oils
from Rosmarinus dofficinalis L. against antibiotic—-suscep-
tible and resistant strains of some pathogenic bacteria.
Korean ] Pharmacogn 36: 252-256.

Kim JO, Kim YS, Lee JH, Kim MN, Rhee SH, Moon SH,
Park KY. 1992. Antimutagenic effect of the major volatile
compounds identified from mugwort (Artemisia asictica
nakai) leaves. J Korean Soc Food Nutr 21: 308-313.
Kubo I, Muroi H, Himejima M. 1992. Antimicrobial activity
of green tea flavor components and their combination
effects. J Agric Food Chem 40: 245-248.

Ahn JC, Kim MY, Kim OT, Kim KS, Kim SH, Kim SH,
Hwang B. 2002. Selection of the high yield capacity of
Hwangchil Lacquer and identification of aromatic compo—
nents in essential oil of Dendropanax morbifera Lev.
Korean J Med Crop Sci 10: 126-131.

Gardeli C, Papageorgiou V, Mallouchos A, Theodosis K,
Komaitis M. 2008. Essential oil composition of Pistacia len—
tiscus L. and Myrtus communis L.: Evaluation of anti—
oxidant capacity of methanolic extracts. Food Chem 107:
1120-1130.

Choe SH, Im SI, Jang EY, Jo YS. 2004. Volatile components
of flower and seed of safflower. Korean J Food Sci Technol
36: 196-201.

Cruz-Canizares JD, Doménech-Carb6 MT, Gimeno—
Adelantado JV, Mateo-Castro R, Bosch-Reig F. 2005.
Study of Burseraceae resins used in binding media and
varnishes from artworks by gas chromatography-mass
spectrometry and pyrolysis-gas chromatography-mass
spectrometry. J Chromatogr A 1093: 177-194.

(2008 3€¥ 319 A< 2008 5¢ 159 A=)



