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Abstract

This study was conducted to compare the volatile flavor compounds of Artemisia annua L. after extraction by
simultaneous steam distillation extraction (SDE) and solid-phase micro extraction (SPME) followed by gas
chromatography-mass spectrometry (GC-MS) analysis. Via SDE and SPME processes, 79 (1,254.00 mg/kg) and
39 (488.74 mg/kg) compounds were identified respectively. The compounds extracted by SDE included 27 alcohols,
13 aldehydes, 22 hydrocarbons, 3 esters, 12 ketones, 1 oxide and 1 N-containing compound, on the other hand,
using the SPME method, 7 alcohols, 5 aldehydes, 1 ester, 18 hydrocarbons, 7 ketones, and 1 oxide were extracted.
The major volatile flavor compounds of Artemisia annua L. isolated by the two methods were caryophyllene oxide,
B-caryophyllene, camphor, 3-selinene, y-muurolene, 1,8-cineol, (E)-pinocarveol and pinocarvone. The sesquiterpene
named caryophyllene oxide was the most abundant volatile flavor compound with relative contents of 234.16 mg/kg
and 195.44 mg/kg obtained by the SDE and SPME methods, respectively. Among the identified volatiles, sabinene,
B-pinene, a-terpinene, y-terpinene, yomogi alcohol, myrtenol, (Z)-nerolidol, p-cymen-8-ol and eugenol were detected
by the SDE method only while (E)-anethole and a-cubebene were detected by the SPME method only. This study
confirmed that the composition and contents of the volatile flavor compounds vary between different extraction
methods. More volatile flavor compounds were identified using the SDE method than the SPME method.
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& (Artemisia annua L) 2018'A 28 FF39A &
T AGE] 93 AN A AZE AR 2 ke
T3t th AlEE blender(MMR 350CA, Braun, Spain) &
FAFAA 70T ARHA A gz Agsieh

AI oF

ATtof| A AFE-H A]2FQl npentane F diethyl ether(Fisher

Scientific, Waltham, MA, USA)= HPLC gradeE T3l
wire spiral packed double distilling apparatus(Nomschliff
Geratebau, Wertheim Gemany).S- E A=F3 T I d8
FZo ARSSET. B2 &FASF AR Millipore
Corporation, Bedford, MA, USA)OHH AL o] w3 (ultra
pure water) & A8l o, F=2}EE(DC Chemical
Co., Ltd., Seoul, Korea)< 650C2] Z71oA 3]3}2])71 &
desiccatoroll A Wsto] 7] &l Epol] ARE-SHA
DEE o|8¢ 3UM EI|ME FE&

A3 A7 AEE A8 30 g2 Milli Q water 1 L}
Z338lal 5 N NaOH® 5 N HClS ©]83le pH
meter(PSM11R-090, Thermo, Waltham, MA, USA)= pH 7.0
o Bn% 239 T AW PIE F2E AR AE
Sttt A P71+ 552 Schultz (14)°1 2J3l 7H
FHE A&EFF75FFE78X] (simultaneous steam distillation
and extraction apparatus, SDE, Normschliff Werdatebau,
Germany)E ©]-&33 1 A FEA S A WHEEELAR
100 ppm n-butylbenzene 5 mLE F& Al &0l M7}t
FZ81= FAAZ] n-pentane:diethyl ether(1:1, v/v)E 100
mLE Az & Fdstel A 3/ Bt =T 5
g FEE FrERS HUtste SRS AAN T
Remw, f7]&u] FZES vigreux column(250 mL,
Normschliff geratebau, Wertheim, Germany)< A}-8-3}0] &
2470 F, No% o1 831 05 mL7A) A 55417 GCMSE
A A THS).

TAstE NEES F 2 g A TF3lo] headspace glass vial
of Y& T YHEFEZAZ X% 3 150 ppm n-butylbenzene
= 50 L FY3sh AlE7F 91 headspace vial & 75C
= 30 &1 HIH oﬂ TYAIZl & 5387t SPME fiber
(DVB/CAR/PDMS) & =Z4|7 HHL’& P E= St
o] F=31911, 250 C GC-MS injectoroll 4] 5 #-3F G2A|A
A IS A8
Uy 188 24

FE5AZ FEHL GC-MS(gas chromatography-mass
spectrometry) & ©]-&-3to] A8} th. GC-MS+ GCMS-
QP2010Plus(Shimadzu, Kyoto, Japan) 7]7]|5 A}&-3}3it}
Column< DB-5(60 mmx0.25 mm id., 0.25 pm film
thickness, J&W, CA, USA)E ©]&3}3tl. Temperature
program> 40CoA] 583 HEE H, 2C/min] £%
280 C7HA] 5171 & 1027t A1 3FA T Injector &
250 T2 %33t} Carrier gast= Hes AH8-3151 L

< 1.0 mL/min©. & 3}9] 21, injection volume< 1
spht ratio 12202 %3} th(Table 1). n-Alkane ¥5%
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CsH-E Cx7tAE o] &3] retention indexE +5Fo] 3|44
IR ES T sATHS).

Table 1. GC-MS conditions for identification of volatile flavor
compounds

GC-MS GCMS-QP2010Plus (Shimadzu, Kyoto, Japan)
Column DB-5(60 mmx0.25 mm i.d., 0.25 pm film thickness)
Carrier gas He (Flow rate: 1.0 mL/min)

Oven temp program 40°C (5 min)-2C/min-280C (10 min)

Injector temp 250°C
Dectector temp 300C
Ionization voltage 70 eV
Injector volume 1 uL
Split ratio 1:20

GC-MSof| oJst 3UNET| 42 53

GC-MS(GC-2010, Shimadzu, Kyoto, Japan)E ©]-&-3ll
ionization voltageE 70 eVZ A% 3|53 t}. Total ionization
chromatogram(TIC)ol] ¢ 3+ peake] AJEEAS mass
spectrum library(FENSC2, NIST14, WILEY7)9} %31 4+¢]
retention index 2 GC/MS 2]l 2|3} retention index<}
dx], ETEZ B4 datas vluLste] &2l TH1S).
EHE A IR FES WFEEEAE
n-butyl benzene®@} &Q1H 3]k k7|4 E2] peak areas
H|wste] 7 sl

NEEe A )%
sto] F=E3 F GC/MS 29
chromatogram-= Fig. 17} 2t} s € 3¢ sleh=9
greFnt Jla XS Table 20 YERARITH
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SDE H'HE o|88 /EXe 3ud SI[ME
SDE WH o2 &3 & geld /NEsRe g 3]
= 1,254.00 mg/kg & & 2%}
ok 7Nl A ERlE 3 3r1/d -2 hydrocarbon &
7} 22%(27.85%) -2 71 =2 peak area® Bl o, 11
290 2 alcoholF 27%(26.81%), oxide T+ 15(18.67%),
ketoneF 12(18.62%), ester+ 3%5(2.09%), aldehyde ¥ 13
Z(2.06%) 2 N-containing compound 1(0.62%)°] 215
ATKTable 3). 71E42] F8 A 37]43 8-S caryophyllene
oxide(18.67%) = SFE-2 234.16 mg/kg o= 713 & ol
o, th32 2 camphor(10.58%), 3-caryophyllene(7.74%),
(E)-pinocarveol(5.23%), [B-selinene(4.16%), borneol(4.11%),
y-muurolene(3.76%), pinocarvone(3.28%) % 1,8-cineole

N

(254%) & =22 ZA=ATL Caryophyllene oxide=
sesquiterpene ©-Z. sweet, fruity, sawdust 2 herbal 535
7EAM, AEH s R kR HEAR o] &E 1 jle
o g E 7 A vk BHaE bf 9lok(16,17). gk
Sencsh 5(17)& ZF ¥ ZF =2 38420 9=
ol LRSS TE Camphore %9 F8 | EO=R
dry, green % leafy3t 54 02 TESI H| =3 Y 7S
721, 1,8-cineolZt ] - AFe] EARC] A 285
YEPATH(1S). 1,8-Cineol> FZAHF29] o418 2de] 5
2 AEOZE °F90% = 75 o] 2™, monoterpene
alcohol 2 eucalyptol = &2] 3L 9)TH19). Caryophyllene 5
2 A% U, As 2 ey Tl o SR AR
musty, green, spicy, woody, fruity 2 sweetdt &F & 7},
g LIlEt ASAAE T o] A 5 2 4] Alx
T @5 Aol e o]&¥a UTH?20,21).

Fabien T(22)& /NEES] A4 4o HEe=
1,8-cineole, p-cymene, linalool, camphor, thujone 52 X1l
st o, B Ao A& linalool 2 thujoneS 7 Z5 A
By ie=4

Herman 5(23)8] Aol %9 F8 Ir|dio=z
artemisia ketone(63.9%), artemisia alcohol(7.5%), myrcene
(5.1%), a-guaiene(4.7%) 2 camphor(3.3%) 5°| EiLE AU
O}, £ A& o= artemisia ketone, myrcene 3! a-guaiene
< golgx] ko™, camphor & artemisia alcohol©] Z}Z}
10.58% 2 030% = &7 ¥ Atk Khangholi 5(24)2 7N&%
o] Al de] FAEC| X 2= F= 1 o3l
ztol7h Stk Baustg =, A 2 45T A Az Al
attemisia ketone 2! 1,8-cineole] FAEC. 2 Q1L o,
55Col|A] attemisia ketone, 1,8-cineol 2 camphor, 65 Col|A]
[B-caryophyllene & germacrene D7} 8 &S &<ls}
Atk 21e] AFAazbel o] & AFA % Bcaryophyllene
7} germacrene D9 area%”7} 247+ 7.74% B 2.13% % T4 =

<], ol& A xd N ESRS A 60CE Azt
o A2 AMESISL7] wiZolgta FTHETh Artemisia
ketone-& 2 F, A|2H]o}, B 1o}, o]gh w]= gl Zgk
22 A|Fel|A] A sE= NS A8 LdedA s
vl gl o (25), FllolM = A& g diEatelA] 34
=3t} 2o &Sl TR A JELE E9lE vt
Ath26). &= thE AFolX Hwang 5Q27)& g=roll A 244
st MEEY] Fo dAdd 2d AES=E camphor,
1,8-cineol, sabinene, a-pinene, [3-farnesene, caryophyllene,
germacrene D 2 Bselinene 5°] T4 € v} =], & A+
AN E o] sgFEEe] BF ERl= ATt
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Table 2. Volatile flavor compounds identified in Artemisia annua L. by simultaneous steam distillation extraction (SDE) and solid phase
microextraction (SPME)

No RI” Name MF MW o S
(mgkg) (Area %) (mgkg) (Area %)
1 706 3-Methylbutanal CsH;00 87 0.68 0.05 - -
2 719 1-Pentene-3-ol CsH;00 86 0.59 0.05 - -
3 721 Pentanal CsH;00 86 0.62 0.05 - -
4 729 2-Ethylfuran CeHsO 9 1.07 0.09 - -
5 751 3-Methyl-1-butanol CsH;,0 88 0.42 0.03 - -
6 754 2-Methyl-1-butanol CsH;,0 88 0.40 0.03 - -
7 767 (E)-2-Pentenal CsHsO 84 0.25 0.02 - -
8 715 1-Pentanol GCsH;,0 88 1.00 0.08 - -
9 779 2-Penten-1-ol CsH;00 86 0.35 0.03 - -
10 790 3-Hexanone CeHiO 100 021 0.02 - -
11 794 2-Hexanone CeH;,0 100 0.71 0.06 - -
12 798 3-Hexanol CeH,,0 102 041 0.03 - -
13 802 Hexanal CeH,;,0 100 6.52 0.52 1.40 029
14 836 Furfural CsH0, 9% 0.74 0.06 - -
15 855 (E)-2-Hexenal CeH;00 98 3.64 0.29 - -
16 857 (Z)-3-Hexen-1-0l CH;,0 100 557 0.44 - -
17 871 1-Hexanol CeHi,0 102 1.23 0.10 - -
18 880 Heptanal GH.,0 114 0.46 0.04 - -
19 894 2-Heptanone GH,,0 114 0.74 0.06 - -
20 912 2 4-Hexadienal CeH;O 9 0.26 0.02 - -
21 928 a-Thujene CioHis 136 117 0.09 045 0.09
22 938 a-Pinene CyoHis 136 9.44 0.75 3.06 0.63
23 950 Camphene CioHis 136 6.55 0.52 2.82 0.58
24 956 2,4-Thujadiene CyoHis 134 .16 0.09 0.40 0.08
25 960 (E)-2-Heptenal GH;,0 112 1.01 0.08 - -
26 965 Benzaldehyde GHO 106 579 046 173 0.35
27 975 Sabinene CioHis 136 112 0.09 - -
28 979 [3-Pinene CyoHis 136 141 0.11 - -
29 1001 Yomogi alcohol CioHig 154 8.04 0.64 - -
30 1015 (EE)-2,4-Heptadienal GH,;,0 110 1.05 0.08 0.94 0.19
31 1019 a-Terpinene CioHis 136 392 031 - -
32 1027 p-Cymene CioHis 134 4.66 0.37 1.55 0.32
33 1031 Limonene CioHis 136 222 0.18 0.75 0.15
34 1035 1,8-Cineole CyoHisO 154 3191 2.54 14.20 291
35 1040 Benzyl alcohol GHO 108 212 0.17 - -
1s? 1059 Buthyl benzene CyoHy 134 - - - -
36 1062 y-Terpinene CioHys 136 8.08 0.64 - -
37 1071 (Z)-Sabinene hydrate CioH;s0 154 9.23 0.74 - -
38 1074 1-Octanol CsH;s0 130 0.83 0.07 - -
39 1087 Artemisia alcohol CyoHis0 154 373 0.30 - -

40 1092 a-Terpinolene CioHis 154 4.50 0.36 - -
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No  RI Name MP MW o SME
(mgkg) (Area %) (mgkg) (Area %)
41 1103 (E)-Sabinene hydrate CioH;s0 154 14.07 112 0.74 0.15
42 1107 Nonanal CsH;s0 142 223 0.18 0.54 0.11
43 1111 6-Methyl-3,5-hdptadien-2-one CsH,0 124 1.49 0.12 - -
44 1120 Phenethyl alcohol CsHyo0 122 9.25 0.74 - -
45 1132 a-Campholenal CioH,O 152 2.65 021 - -
46 1147 (E)-Pinocarveol CioHi0 152 65.55 523 753 1.54
47 1153 Camphor CioHi0 152 132.61 10.58 68.93 14.10
48 1156 Camphene hydrate CioH;s0 154 291 0.23 - -
49 1169 (Z)-Chrysanthenol CioHi0 152 4.66 0.37 - -
50 1170 Pinocarvone CioHiO 150 41.10 328 127 1.49
51 1173 Bomeol CioHis0 154 5157 4.11 6.46 132
52 1179 Menthol CioHxO 156 1091 0.87 1.33 0.27
53 1185 4-Terpineol CioH;s0 154 29.40 234 233 048
54 1192 p-Cymen-8-ol CioHuO 150 13.94 L1l - -
55 1197 a-Terpineol CioH;s0 154 6.70 0.53 - -
56 1206 Myrtenol CioHi0 152 2521 2.02 - -
57 1219 Vervenone CioHuO 150 13.18 1.05 1.57 0.32
58 1226 (E)-Carveol CioHiO 152 15.01 1.20 0.88 0.18
59 1238 (Z)-Carveol CyoHieO 152 3.14 025 - -
60 1253 Carvone CyHi0 150 3.30 026 0.69 0.14
61 1294 (E)-Anethole CioH0 148 - 7.50 1.53
62 1304 [H-Indole CHN 117 774 0.62 - -
63 1323 2-Methoxy-4-vinylphenol CsHy00, 150 20.06 1.60 - -
64 1357 a-Cubebene CisH 204 - 1.69 0.34
65 1366 Eugenol CyH10, 164 330 0.26 - -
66 1385 a-Copaene CisHas 204 30.60 244 10.52 2.15
67 1392 Modhephene CisHas 204 7.34 0.59 132 027
68 1409 (Z)-Jasmone CyHieO 164 741 0.59 0.99 0.20
69 1433 B3-Caryophyllene CisHas 204 97.04 7.74 3320 6.79
70 1441 3-Copaene CisHy 204 740 0.59 1.29 0.26
71 1455 Coumarin CeHi0, 146 26.88 2.14 15.63 320
72 1458 Neryl acetone Cy3Hx0 194 479 0.38 - -
73 1461 (E)-[3-Famesene CisHyy 204 15.85 1.26 4.74 097
74 1467 a-Humulene CisHas 204 16.31 1.30 358 0.73
75 1488 ¥-Muurolene CisHas 204 47.18 3.76 1872 383
76 1494 Germacrene D CisHas 204 26.66 2.13 246 0.50
77 1500 [3-Selinene CisHy 204 5223 4.16 48.90 10.01
78 1514 y-Cadinene CisHy 204 14.71 1.17 5.61 1.15
79 1518 6-Cadinene CisHy 204 3077 245 9.30 1.90
80 1537 (Z)Nerolidol CisHas 22 20.80 1.66 - -
81 1553 Caryophyllene oxide CisHas 220 234.16 18.67 195.44 39.99
Total 1,254.00 100 488.74 100

RI, retention index.
OMF, molecular formula,
IMW, molecular weight.
‘1S, internal standard.
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Table 3. Relative contents of the functional groups in the volatile compound detected in Artemisia annua L. by different extraction method

Functional groups SDE SPME

No. Area% mg/kg No. Area% mg/kg

Alcohol 27 2681 336.18 7 8.23 4023
Aldehyde 13 2.06 25.89 5 116 6.14

Ester 3 209 2622 1 0.15 0.74
Hydrocarbon 22 3112 39030 18 30.76 150.34
Ketone 12 18.62 23351 7 19.61 95.85
Oxide 1 18.67 234.16 1 39.99 195.44

N-containing compound 1 0.62 7.74

Total ] 100.00 1,254.00 39 100 488.74

488.74 mg/kge] SR UTh. NESAA A LA &
71783 & oxide Tt 15°] A=, 39.9%= 7H =
& peak areas YERAITE THE-© & hydrocarbon 7} 18%
o2 3076%= AAITFRSM, ketoneRF 7E(19.61%),
alcohol 7 7%(8.23%), aldehyde & 5%(1.16%) 2! esteri 15
0.15%) =22 21 ATHTable 3).

7V e TR 49 I 1A caryophyllene
oxideZ ¥ 19544 mg/kg®] 2™, camphor(68.93
mg/kg), [B-selinene(48.90 mg/kg), [B-caryophyllene(33.20
mg/kg), y-muurolene(18.72 mg/kg), coumarin(15.63 mg/kg),
1,8-cineole(14.20 mg/kg), a-copaene(10.52 mg/kg) = &
-cadinene(9.30 mg/kg) 5 o= YENGTE Camphore]
4 FEe 14.10% = SDEHC <3 &% peak area H.T}
o =7 =35 ct B-Selinene-& herbaldt EA 0 2 Ag
2] o} HgelA T4 € vh28) 1o, SPMEY 4 10.01%
2 SDEW Et} =7 15Ut y-Muurolene2 oily 2
herbal 3+ 545 714 sesquiterpene ©-2 1712 3 A EO
2 F449 v} 9l oH, coumarine oA AAAS L =
& Ao HA TR BRI ST HME &
gdadrt Jdvkn EuEAth29).  (E)-Pinocarveol,
pinocarvone % borneol-= lEAF TR 71¢] 8 &S
2 FRER=UQe), & ATFddA 4o FFS 753
mg/kg, 7.27 mg/kg 2 6.46 mgkg 2 E 5o} J|EL0
T8 3 | ECE FRIESITE Cadinene green,
sweet 3 herbal ¢ SO a, B, y, 5382) 4744] o317}
At slom, AFHAA = y R 6FEIE A4 115%
% 1.90%% E915 210k CopaeneS woody 2 earthy 57
< 7R, 7N E&ol A a-copaene 2 B-copaene©] F7% E %)
o, A FEE 2.15% 2 026%= SPMER ©| SDEW
Hop WA Sl= T

FEUYo| mE JELe FUN V|82 Hln
SDE %! SPMEW | we} FZ3ato] Sld 7hE&e] 2
% 712352 SDEH A 79% 22 e 1,254.00 mgkg

o]lom, SPMEY M & 39502 -2 488.74 me/kg
o= 49 3] 7T el vk FoA < Aol 7}
ARG FHE NEFRL] A F2 A2 terpenoid
F2 F& W wE peak areat= SDEH|A] 91.09%,
SPME ©ll 4] 95.50% = WEFkTHTable 4). SDEM| C.=2 5
=3 & 549 terpenoidF Z oxygenated monoterpene 7}
39.63%(497.01 mg/kg) 7Fg =4 gRlE o, o=z
sesquiterpene hydrocarbon¥+ 27.60%(346.08 mg/kg), oxygenated
sesquiterpeneF  20.33%(254.96 mg/kg), monoterpene
hydrocarbonf 3.53%(44.23 mg/kg) o2 Q=
(Table 4). SPME*H A= oxygenated sesquiterpeneiF7}
39.99%(195.44 mg/kg) = 714 E=A Ao, Lo
2 sesquiterpene hydrocarbonn7} 28.91%(141.32 mg/kg),
oxygented monotepene7} 24.75%(120.96 mg/kg) =
monterpene hydrocarboniF7} 1.85%(9.02 mg/kg)= o 2 1}
EPSiTH(Table 4). 71%%2] =8 3] 27]/d12<] terpenoid
-+ Mevalonic acid(MVA) pathway 2 Methylerythritol
phosphate(MEP) pathway2] A3/ A ZE FallA A H
01 X1 TH30).

SDE %! SPMERCA 3802 T4d T8 324 3
] %2 caryophyllene oxide, [B-caryophyllene, camphor, 3
-selinene, y-muurolene, 1,8-cineol, (E)-pinocarveol, pinocarvone,
borneol, coumarin, a-copaene, [3-copaene, germacrene D, y
-cadinene, G6-cadinene, (E)-B-farnesene, a-humulene, (Z)-
jasmone ¥ modhephene &°] &<1F ATk

Germacrene& THFeH 21&ol] $Hreo] e 224 shet
B A B C D, E¥ 5719 oA} sleH, I F53
ol YAE e AEew Hud vl JEHE), # ATl
£ SDE ¥ SPMEWY %50l 4 germacrene D7} 2159t}
Germacrene D2] 33H] 71482 A3th2 5%+ SDEH
A 2.13%, SPMEH A= 05% 2 4= A&F3715
FEEdidA F o 22 d5s 398 + ddh

SDEHA M 589 34 37142 sabinene, [
-pinene, a-terpinene, y-terpinene, yomogi alcohol, myrtenol,
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Table 4. Relative contents of the functional groups in the terpene compound detected in Artemisia annua L. by different extraction method

SDE SPME
Functional groups

No. mg/kg Area% No. mg/kg Area%

monoterpene hydrocarbons 11 4423 353 6 9.02 1.85
oxygenated monoterpene 23 497.01 39.63 13 120.96 24.75
sesquiterpene hydrocarbons 11 346.08 27.60 12 141.32 2891
oxygenated sesquiterpene 2 254.96 2033 1 195.44 39.99
Total 47 1,142.28 91.09 32 466.74 95.50
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Fig 1. GC-MS chromatograms of the volatile flavor compounds in Arfemisia annua L. by (A) simultaneous steam distillation extraction

(SDE) & (B) solid phase microextraction (SPME).

LS, internal standard.
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