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Abstract

Volatiles in Artemisia princeps Pampan. cv. sajabal (sajabalssuk) and 4. princeps Pampan. (ssuk) treated with

different processing were analyzed using headspace-solid phase microextraction (HS-SPME)/gas chromatography- a mass
selective detector (GC-MS). Sajabalssuk and ssuk were treated with steam distillation (SD) and freeze-dried/steam
distillation (FD/SD) while controls were raw sajabalssuk and raw ssuk. Sajabalssuk had significantly more total volatiles
than ssuk in control and FD/SD treated samples (p<0.05). Major volatiles in raw sajabalssuk were 2-hexenal, 1,8-cineol,
trans-caryophyllene, and hexanal while those in raw ssuk were 1-hexanol, B-myrcene, limonene, and 2-hexenal, which
implies that substantial lipid oxidation occurred in raw samples. Sajabalssuk with SD and FD/SD treatment had higher
peak areas of 1,8-cineole, 4-terpineol, 1-octen-3-ol, and a-terpineol while ssuk with SD and FD/SD treatment possessed
1,8-cineol, camphor, borneol, artemisia ketone, a-thujone, and 1-octen-3-ol, which showed that steam distillation produced
more volatiles from terpenoids than raw samples. Based on the results of HS-SPME/GC-MS, relative amounts of volatiles
from lipid oxidation including 2-hexenal, hexanal, and 1-hexanol were reduced in sajabalssuk and ssuk with freeze-drying

and/or steam distillation treatment.

Keywords: sajabalssuk, ssuk, steam distillation, freeze-drying, solid phase microextraction

M B

&= (Artemisia speciesyS =8} (Compositae)2] ThAA] ZEOZ
S-S HESE T, 4B 5 oRrlol A9 fRIAY FollA A
Ash= Aoz dHA Avk(1). Ast=olA AujE= AR
(Artemisia princeps Pampan. cv. sajabal) I I FEFE- JA2HE-
@), TETEE), SEsE3), FHAEE), FAIsHAEs5), B
8(6) T2 theFe ARBAE S e 2R HAEL Yt B
o] oYL 2 gom ARBHET Y YHA UTKT). &
538t flavors AYIL oW 28 e AFHVE, AAML
o] &A] §E2 AREEO SITH®).

25 X3SE Artemisiasol S A 2 3
A=

=
=

=
o

-

g Edo) gl

geksiA BuEa 9t} Jang () FEE 57 =
F % ether® FZ% “J-fr(essential oil) JE-S gas chromatogra-
phy-mass spectrometry(GC-MS)Z &7 3}t Cho$} Chiang(9)

*Corresponding author: JaeHwan Lee, Department of Food Science
and Technology, Seoul National University of Technology, Seoul
139-743, Korea

Tel: 82-2-970-6739

Fax: 82-2-976-6460

E-mail: jhlee@snut.ac.kr

Received April 30, 2009; revised July 22, 2009;

accepted July 22, 2009

587

e =

gfs A=z = 4

QRIE, gefer, AR S F57] SRE
dES AF GC-MS 248ksith E3h, Cho 5(10)> AbAbE:
&, AFolE|s, 1SS £57] SR 42 BRE GC-MS
2 EAsle] RIS Deng S(11)2 Artemisia selengensis
Turcz®] Bf 3 S 418k] BAslA, Deng 5(12)
S Artemisia capillaris Thunb®] 3]&AdES
tion-simultaneous headspace single-drop microextractions- ©|-& 3}
o] AT

Solid phase microextraction(SPME)S #7]-80]& ARE-SIA] QoL
solid fibere} 3 gE7ke] F2H S o] 8-5l¢] 2 headspace(HS)
o] IS HE3= HAPHCITH(13). HS-SPME® #HYF2
(14), FEAR1S), TAF 2 S5, T, 288, suelfo
2 AEA fA9 FagE A o]8=Ho fhth(16,17). S
oA Ash= & 2 & FEEC st A A= I
Z7¥skal ot ApAbEe: W gut o] g 2o wE Y
AE AT e 58] olof g drt Haslt

2 A3 582 757 S/ MY 2 $40x F F3571
S A2l ® At dnb So] RS HS-SPME/GC-
MSE EA&h= Zlo|t}

¥ o flo

microwave distilla-

=R =
=
AVAV 2 (Artemisia princeps Pampan. cv. sajabal)3} duWk &



588 =22 E 785 A] A 41 WA 5 5 (2009)

(Artemisia princeps Pampan.}> 2008 7F3l=ol|lA] Auje &g

ATt 2 Al AR o] s wed|dtw Ay}

gk AZlEnel o8l SHEACH, ARPEERT Ak e 7t

7} sajabalssuk3} ssuk o Z 3} TE SPME manual holder,

75im carboxen/polydimethyl siloxane(CAR/PDMS) SPME fiber,
h=1]

teflon-coated rubber septa, glass liner 3 n-paraffin(C5, 6, 7, 8,
10, 12, 14, 16)2 Supelco(Bellefonte, PA, USA)A LAt}

Al M=

A A8 2kgS FA7Z(shin Lab, Gyeonggi-do, Korea)d}
Ak 7 A A% AR 50 SANEE AR 2088 77 2
AIZE B9t 7571 SR FAE AER), 7571 TF A
F(SD), §471x ¥ +57] S/ AE(FD/SD) 0.5gS 727} 20
mL A FEHl Fste] DEsint FA7 A% Alge dxT
2 AMEEHAoH 9] A 3WHESHAT

#o| ud 23 F&

Azl 3 BAE Lee 5(18)2 1S o]43lo] SPMEW
o2 FESIATE B5E AEHE 0587 &t WAAIA head-
spacet 32 =49 HIE =T F 30°C F2FZRW-
0525G, Lab Camp, Gyeonggi-do, Korea)?l~] SPME fiberS ©]-&-
sld AlE9 Y EFS 3027 2SN

3y 22 22 ¥ S8 =d

N 7o AR HS-SPME/GC-MSE ¥4 2 FAHEU).
CAR/PDMS SPME fiberdl &5¥ 3d4d E2-> GC(Agilent
6890, Agilent Technology, Palo alto, CA, USA)-MS(Agilent
5973, Agilent technology)oll ¢lall 2] 2 AU T4
2E HP-5(30mx0.32 mm ID, 025 um film) 2HE, o] s
FS AREeH, 458 0.6 mLARCIATE GCE-S 094 2
Bl 40°CE §ANZ] B, 6°C/E-2) £E 160°C7HA] Z71A]
713 160°ColA 220°C7HA] 10°C/A-2] 522 S/ ZtE MS #
A Z71E 70eVe} 150 quadrupole, 230 ion source &%=5 AR
3993, FYT(injector)2] £EE 250°C|tl. SPME fibers
JolA 287 =E3AAHY. 7 A EZ-2 NIST Mass spectra
library, n-paraffin?} Kovat indexE ©]-83%} retention indices(RI)%k
& HlaLste] sk

SHXE|

A9 A B4 A= HA@+ETAAE FAESA
SPSS program(SPSS Inc., Chicago, IL, USAYS ©]-&3}o] FAME
A T foxrt W= Aol tEHaE el Duncan’s multiple
range tests ©]8-3ld 0=0.05 §-2FTolA BlwsA T

FEE g S

1]

2| =0 ME AXIEE 4o & FUME B

Az ogk Appes o] F AR Ferol wWshe
Fig. 13} 722t} Fx]8] AR (sajabalssuk R)3} F-32] Lt &
(ssuk R)e] & AL 747} 4.78+0.14, 3.96£0.29 (x10° ion
counts)°| oM, TAAZX & FF7] FTFH ARPIEE(sajabalssuk
FD/SD)z} dut Zx(ssuk FD/SD)2| & 3ehdi-S 7k7} 3.19+0.21,
2.8240.01(x10° ion counts)*]AT}. =, UWE L1} ARRPIES] F
FIARE Feke] frejHod EQUTh(p<0.05). WHAY FE A% A
2] §lo] 7571 S/ AR (sajabalssuk SD) URF < (ssuk

i

6.0

5.0

4.0

9

Total of volatiles (x10” ion counts)

3.0

2.0

Fig. 1. Changes of total volatiles in raw (R), steam distilled (SD),
and freeze-dried/steam distilled (FD/SD) Artemisia princeps
Pampan. cv. sajabal (sajabalssuk) and A. princeps Pampan.
(ssuk) by HS-SPME/GC-MS. Different letters on the bar are
significantly different (p<0.05).

SD)2| & I AR SRS 2,01+0.06, 1.89+0.45(x10° ion counts)
2 FoAL &7t fATHp<0.05).
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Table 1. Major volatiles from raw, steam distilled, and freeze-dried/steam distilled Artemisia princeps Pampan. cv. sajabal (sajabalssuk)
and A. princeps Pampan. (ssuk)

Peak area (x10® ion counts)

RV Volatile Aroma —— - 1)
compound  descriptions”  Gaigbalssuk R?  SsukR  Saabalssuk g opy Sajabalssuk o4 pn o
SD FD/SD
. 0.27+0.14” 2.01+0.34 0.41£0.08 2.59+0.06 0.55+0.16 1.36+0.77
601 n-Hexane  kerosene-like (0.57) (0.60)° (2.14) (15.90) (1.96) Gony ~ MSRI
green, grassy, 3.06+1.76 0.33+0.20 0.27+0.00 7
804 Hexanal herbal, leafy (6.44) 0.98) (1.41) ND ND ND - MSRI
. 20.77+4.42  3.07£2.07 2.23+0.17 0.09+0.12 0.08+0.11 0.18+0.01
865 2-Hexenal leaf, fat rancid ™ 43 4 9.16) (11.62) 0.55) (0.29) (080 MR
880 3-Hexen-1-ol green ND 0.4(110ﬂi(;.)04 ND ND ND ND MS/RI
. 1.94+1.34 9.79+0.94
896 1-Hexanol resin, flower, green (4.08) (2921 ND ND ND ND MS/RI
. 0.38+0.09 0.04+0.06 0.31£0.02
924 a-Thujene woody, herbal (0.80) ND 021) ND (1.10) ND MS/RI
. fruity, sweet, 0.48+0.04 2.01+0.79 0.05+0.07 0.06+0.09 0.03+0.04
B3 ocPinene L Citrus, lime (1.01) (6.00) (0.26) (0.37) ND 013  MSRI
. fresh, spicy, sweet,  0.77+0.09 0.10+0.01 0.26+0.00
976 Sabinene woody (1.62) ND (0.52) ND (0.93) ND MS/RI
979 B-Pinene  musty, green, sweet, ND L?ZT)%;O ND ND ND ND MS/RI
metallic, musty, 0.51+0.33 5.36+1.14 0.18+0.26 0.13+0.18
95 B-Myreene = oy lemon (1.07) (15.99) ND (1.11) ND 053 ~ MSRI
mushroom, soap, 1.07£0.45 2.49+0.10 0.92+0.09 4.51£0.57 1.83+0.43
1007 1-Octen-3-ol plastic (2.25) ND (12.98) (5.65) (16.05) 809 ~ MSKI
e gasoline-like, 0.48+0.26 0.40+0.01 1.01£0.03
1024  o-Terpinene fruity, lemon (1.01) ND (2.08) ND (3.60) ND MS/RI
1039  Limonene licorice, green, fruity ND 4(71 Zﬂ:ol 5;2 ND ND ND ND MS/RI
. . 13.00+1.03 7.78+0.75 1.28+0.60 10.61+0.93 1.52+0.18
1043  1,8-Cineole mint, sweet (2735) ND (40.54) (7.86) (37.76) 6.72) MS/RI
Artemisia 0.50+0.30 0.90+0.19 3.36+0.03
1070 ketone green, herbal ND (1.49) ND (5.53) ND (14.85) MS/RI
. citrus-like, terpeny,  0.67+0.20 0.21+0.03 0.99+0.13
1070  y-Terpinene fruity (1.41) ND (1.09) ND (3.52) ND MS/RI
trans-Sab- warm, balsamic- 0.92+0.13 0.88+0.21 1.51+0.75
1095 i ene hydrate  woody, mild (1.94) ND (4.59) ND (5.37) ND MS/RI
. 4.78+0.07 6.67+0.72
1127 B-Thujone - ND ND ND (29.34) ND (29.49) MS
. 4.78+0.07 6.67+0.72
1127 B-Thujone - ND ND ND (29.34) ND (29.49) MS
. 0.12+0.13 1.21+£0.16 2.03+0.31
1137  a-Thujone - ND (0.36) ND (7.43) ND (8.97) MS/RI
0.37+0.47 1.58+0.29 1.45+0.43
1168  Camphor camphor, green, leaf ND (1.10) ND 9.70) ND (6.41) MS/RI
. 0.34+0.12 0.30+0.04
1185 Pinocarvone - ND ND ND (2.09) ND (1.33) MS/RI
camphoraceous, 1.22+0.56 1.45+0.03
1205 Borneol musty ND ND ND (7.49) ND (641) MS/RI
s pungent, woody, 0.80+0.20 0.11£0.19 2.85+0.14 0.50+0.09 4.13£1.43
1210 4-Terpineol carthy (1.68) (0.328) (14.85) (3.07) (14.70) ND MS/RI
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Table 1. Continued

Peak area (x10% ion counts)

" Volatile Aroma - 1)
compound  descriptions”  Gajabalssuk R Ssuk R Sajabalssuk SD  Ssuk SD Sa%anfés];“k Ssuk FD/SD
. . . . 0.42+0.09 1.32+0.02 2.31+0.58
1233 a-Terpineol oil, anise, mint (0.88) ND (6.88) ND (8.22) ND MS
camphoraceous, 0.21+0.21 0.11£0.18 0.07+0.00 0.27+0.20 0.51£0.25 0.50+0.05
1303 Bornyl acetatey i balsamic (0.4 (0.328) (0.37) (1.66) (1.82) @21y  MSRI
1413 P-Elemene X herba- ND ND ND ND ND 0.29£040 4o /gy
ceous (1.28)
1450 trans-Caryo- woody, terpene  1.79+0.53 2.60+1.00 0.05+0.07 0.06+0.08 0.27+0.11 0.52+0.22 MS/RI
phyllene fruity, sweet (3.77) (7.757) (0.26) (0.37) (0.96) (2.30)
1513 trans-Farne- 01ly,' fruity, cit- ND ND ND ND 0.32+0.02 ND MS/RI
sene rus-like, woody (1.14)
. 0.41+0.37 0.04+0.06 0.73+0.05 0.26+0.00
1526  B-Selinene  herbaceous ND (1.22) 021) ND (2.60) (1.15) MS/RI
. 0.25+0.06 0.19+0.04 0.13£0.19
1552 5-Cadinene  herbaceous ND (0.746) ND (1.17) ND (0.58) MS/RI
Caryophyl-  sweet, fruity, 0.12+0.07 0.61+0.41
lene oxide  herbaceous ND ND ND (0.74) ND (2.70) MS

YRetention indices(RI) were determined using n-paraffin (C 5, 6, 7, 8, 10, 12, 14, and 16) as external references.

?Aroma description adapted from references (22,23).

9Samples with R, SD, and FD/SD are raw, steam distilled, and freeze-dried/steam distilled processing, respectively.
Volatile identification was performed through a combination of NIST Mass spectra library (MS) and retention index (RI) compared to reference

(22.23).

YMean+SD (n=3)
9Relative percentage (%)
Not detected

(sajabalssuk R)&] 43.70%14 11.62%= 72810tk %7 $7
ARk S(ssuk SD)o| F& WAL 177HI7F S EHNeH, F
2] Ayt S(ssuk R)ONA HEEA AT terpenoidF2] B-
thujone, camphor, 1,8-cineol, borneol®] Jth& o= Zkzt 2934,
8.60, 7.86, 749%\HE F7FetATE WA, T2 AR (saja-
balssuk R)7-$- limonene, 1-hexanol ¥d2 57| S/ Azl
ol 7rAst] HEER] %L, 2-hexenal®] A SRS 9.16%
A 0.55%= skt ols £57] SR e A ¢
s 3ol 743k 2-hexenal o] A4 FE TAEI AUFo
2 doll s FHAEe] TS 9v]gtk(Table 1).

FAAZR § £33V TF AR (sajabalssuk FD/SD)S] 8
SR 157HA17F 4 EHYAL, ©]F 1,8-cineole, 1-octen-3-ol,
4-terpineol, a-terpineol®] “FA S ZH2t 37.76, 16.05, 14.70,
822% AZHJUH. 4% ¥ 571 S/ Al LHb SH(ssuk
FD/SD)®] 8 W2 187F7F A=A, o5 B-thujone,
artemisia ketone, o-thujone, 1-octen-3-ol®] Z}Z} 29.49, 14.85,
8.97, 8.09% ZAZEEAT}. 2 o= 1,8-cineol, camphor, borneol
59 A AEER A9H AEEdY. 41k & 73 5
F AP AlEe AP gl & 2% hexanal?} 1-hexanol
JEol AEHA &¥goH, o= Ax A4 o) AeHo=
E2 % C, fell aldehydes 3 alcohol AlE2] F/dEo] F7}H4
o2 o ZAHISS rlgitt

Z AEAE RS T ARl dnl SR AT, At
& ABOAM O thFst TR IddiEe]l S B AT
ZA3}+= Cho}t Chiang(9)0] RALsh ARPEEe] AR 655 &
cineol, 4-terpineol, o-terpinen, tricyclene 53 €3}l Cho 5
10y ARPREo] 2459 2 cineole, terpineol X eugenol & X

Ao B AFoA eugenol TR k), gk Utk
2ol FQ JUAEOFT FAS thujone, 1,8-cineol, camphor,
borneol 52 AFAAEL Jang 5(7)°] HLd =] camphor,
1,8-cineol, borneol, caryophyllene, caryophyllene oxideS} < %] 3%t
YA humulene, 1-naphthalenol, decahydro-4-a-methyl-8-methylene-
2-(1-methylethyl) S3= Y54 94Tt

HS-SPMEW2> #7185 AHE-8lAl 943l #1LAE-S SPME
fiberoll %3sled E2|sl= FEHOE SPME fiber®] coating &
A FF wet FEEe PR FE7t dold &
(13,18). HS-SPMER2 headspacet 9] 3@ ETS 5=317] o
2ol Aol QA= AR B9 FoF] AT e A
o= AgEH, 2 SPMEFTERF deR7Ieke] dAE @}l
st AErE Es] = Th20,21).

71E8] & PR AFe 7571 SF o8 FEE P
AES AY BAee el FE AREEHATKTI,10). B AT
M= AR dut &8 FAAX W 57 SR A
o <3 FTAE W3S SPMEY SR AESIL FA2 &S
TAAZ 2 57 S5 Aol 2J3l 2-hexenal, hexanal3} 1-
hexanol 59| o]HAEEE AAXNZE F USS AT F YAk

o (o] 3
el =

FAZR), 557 EFAY(SD), F41% T £57] 27 A
2|(FD/SD)3F ARAbdest b &ro] A

£ 3% 3 GCMSE FH3IAT. T ApRpie: 2
3 27 25 X s ARPEEe] E volatiledt e 747he] o
Hk 2 A ERT §oHoF =9hom (p<0.05), FA T Auk 2o
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92 =AAZ ¥ $£%7] ZFA(FD/SD)E ARz A= 18-
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2 Bol A&

A A

o] AT S &AAMH] ATAYFAME: 108055-02-
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