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Abstract Artemisia fukudo Makino belongs to the Asteraceae and is a green-white halophyte with
a unique scent. We analyzed volatile aroma compounds in A. fukudo Makino under different growth
environments and harvest times to explore the value of A. fukudo Makino as a natural fragrance
and to secure functional data in this study. Volatile aroma compounds in A. fikudo Makino were
analyzed by GC-MS using the headspace method. A total of 34 volatile aroma compounds
containing 25 types of monoterpenes, 3 types of sesquiterpenes, 4 types of esters, 1 type of
aldehyde, and 1 type of alcohol, were identified. There was no significant difference in volatile
aroma compounds by different growth environments. Volatile aroma compounds in native and
cultivated A. fukudo Makino increased in the spring, the early stage of growth, decreased in the
hot summer, and tended to increase significantly in the fall, the flowering period. In addition, the
major volatile aroma compounds were eucalyptol, sabinene, camphene, o-cymene, y-terpinene, and
a-terpinene, and accounted for about 90%. As a result, it is recommended to harvest in
September-October, the flowering period, for easy environmental management and harvesting and
a high yield of volatile aroma compounds.

Keywords Artemisia fiukudo Makino, volatile aroma compounds, growth environment, harvest time,
eucalyptol (1,8-cineole)

1. ME

£28~(ArtemisiayS =S} IH Asteraceae)of| £l o ofito] £ st W F=, A& 5 ofF XY
off #3E5o] = AEolthKim} Jang, 1994). %49 Z2|3teH4], o|skehs E4 9l FAtelsdt &
< YA, I 4 dig A7 tdstA A= o] FrH(Choi®t Ha, 2014; Hwang 5,
2014; Jang &, 2005; Park 5, 2009; Park 5, 2011; Song, 2013).

AlE9] RS AEA T SFAAEA ] gt ore gt lttal HaE =T
(Almeida 5, 2001; Almeida 5, 2003; Paula 5, 2006; Silva 5, 2007), I7|AE-S Lo|5k= 1o
= A& 4$%7] S (simultaneous steam distillation extraction, SDE)H, &1}] $=Z(solvent extraction,
SE)H, headspace™, 144} U]A|3Z(solid-phase microextraction, SPME)H 50] Qlth(Berger,
2007). Hong 52018 7N &2 (Artemisia annua LS A2 A& £Z7] Z5(SDE)HI 14
A} O)N|S&(SPME)#& ©]&5}9] caryophyllene oxide, B-caryophyllene, camphor, p-selinene, y-
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muurolene, eucalyptol, (E)-pinocarveol ¥ pinocarvone 5=
IS A F7] 22 g, ¥lasl e, Choi(2015)=
28 o wet 49 H-FAES hydrodistillation extraction
(HDE) WHo=m F&3lo
dehydrocarveol, borneol, a-bisabolene epoxide, thujone 5©|
AT g AR 79 o7t ks AS FHH E
ot A& H3EAE o R ThaAE W wE 714
o iz vl AT AFEATHKim 5, 1994).

SH]&(4Artemisia fukudo Makinoy2 HGXA], 7t A
SOl Aehs A4 =(halophyte)= =HiAlE w3l 1729
F717F s Aol EAoltk(Lee, 2018). Kang 5(2024)°] 2|3
Su&] A5 84 9 A71E F EYu= o, DPPH it
Z A%, 7718 A 22 olgketd 4o tigh A=
2P vF QAN FR|&0] oI 7] ol digt Ak 1l
SR Ao R F2=2 Al upAe Aol &
o 58 dAlolA A Aol gt Hnt 8elA|gE, 5| He} 22 &
=2 78T te f% 715 2A0A o2 W $Ek 7hsst
7] qiZoll A9 & A71E 2 W 459 23t tAMEE
of A= AEH JFol gt x|4lo] B4Ao|th(Figueiredo
5> 2008). wEbA 59 F717F Sl SH14Y] R 714
S 5401, B2 82 Qg 249 48 ST 5 A
715 Eelsto] A27154% ARE gt HAFREH
FRA 7HAE gRlstaia & A5 sk

camphor, B-caryophyllene,

2. Tjg 5! ity

2.1. &8

NS AR L A D 48 AZ] g av
(Artemisia fukudo Makino)2 A5t Agof AREotct. &k
A &L A9 S =Y HEAA SAD LA
A 20248 SYRE 109714 GO, Ao} ZH|EE
Ht ABF2] HIEsL0lA At 6dFE 108714] A
okt 24 SAte] &, £33 22 olES AAT

3 98 Ojg 4] YEsk -70°C9] W51 (DuoFreez
U300, DAIHAN, Wonju, Korea)o] E#5FHA Ago] AR
Aok
AT},

22 2EH s[EFE 24

PV A2 Kim 5(2022)2] 2 11510 headspace
He ARSI &4 AAo] SRS o] 85to] FHl4S
T2 H 1 g2 AESHA FHal 20 mL2] headspace vial
(Thermo Fisher Scientific Inc., Langerwehe, Germany)ol 4
F Aoz sk 1 & QEMEH(TriPlus RSH auto
sampler, Thermo Fisher Scientific Inc., Waltham, MA, USA)
9] WHIZ|A 70°CE 3087t 71LE5}o] headspace vial®] 5=
HEo) 3 PNAPES ZHSHTE 1 mL headspace
syringe(Thermo Fisher Scientific Inc., Rockwood, TN, USA)
£ o]&35}o] vial?] Ak 7141 mL)E 548 T GCY injector
o Yttt GC-MS £4& HP-5MS(60 m x 0.25 mm,
0.25 pum, Agilent Technologies, Inc., Santa Clara, CA, USA)
£ AZAIZ] GC-MS(TSQ9000, Thermo Fisher Scientific Inc.,
Waltham, MA, USAYE AME3130H, 7]7]184 2L Table 1
¥} g

2.3 22y sIEE &5 2 FEf

Retention index(RI) &9l 93] n-alkane(Qualitative
Retention time index std, RESTEK, Bellefonte, PA, USA)
240] olgsjgon, Ri: the] 4o] alol AkIsict
(Vandendool and Kratz, 1963). AAF20| A nS AAFSIIA} 5
& peakH T} Aof Q= n-alkanel] B4A4, me g peakk
o} Hol 4 Q& n-alkane®] AL, trie= G peak? retention
time(RT), tm< 3T peakZ Tt Uof] L} 2= n-alkane®| RT,
trm S peak Bt F|of Q.= n-alkane®] RTo|t}. £4&
ol EeE 2u&e PR T HHEANA BE HEE

HEES fjAog NIST MS search 2.2 I E3l4o] RI9H

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

Instrument parameters Settings

Inlet 250°C, splitless mode
Carrier gas Helium (1.5 mL/min)
Oven temperature
Injection volume 1 mL
Ionization mode Electron ionization (AEI), 70 eV
Ion source temperature 230°C

Scan mode Full scan (50-500 m/z)

40°C for 5 min, then 2°C/min to 150°C (hold time 5 min) then increased to 250°C at 10°C/min (hold time 5 min)
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GC-MS #4102 gl RIE H|wsto] I P78 &
gotSiet. 71489 AA AT peak areas 7|0 & A
AFolom, & peak areaE ot ZF 7| EE0] Aok
peak area%g ArEsITt.

tri—trn
) e e

RI=100(n) +100(m—n
trm—trn

2.4. SHZ4

= A% A A 53] ol BHE S5t BdgtE U
EFfQlo™ IBM SPSS statistics 20.0 T2 1(IBM Corp.,
Armonk, NY, USA)Z o]&sto] A 25ttt gk A]7]9]
e} AL 71929 F peak area’} £t AfolE Hol=
A AEotaAt LA EAHEA (One-way ANOVA)S AA]
stgoH f-olgt x}o]E HA wji= Duncan’s multiple range
testZ Al 7H9] {o14d2 AEsto] Z2R7kol p<0.052 ol &
AXOE FOjt Ao & 7HEsigith

3. Zit A JIH

3.1. b= 22Y eV/8F

Ay @uss AE 2B S8 AJE GOMS
chromatogram= Fig. 10 £24]5}% 2™, 25%2] monoterpene

5, 359 sesquiterpener, 459 esterf, 159 aldehyde,

15-9] alcoholE 33t F 3452 4 F7]/dE0] 54
AtHFig. 2). B4 SLEY F 80%E AFA|5h= terpenoid=
A7t 57H(Cs)Ql isoprene TR 2t BE7t A= AZE
w0} Q1= FE9l MAEoIH hemiterpene(Cs), monoterpene
(C10), sesquiterpene(C;s), diterpene(Cp) 2.2 E53 4= 9]
tHDewik 5, 2013). 3t AgoA F2 DAE= 22 thARE
EE U U FES, AL I FEEA 59 BYE
e 71 Aog BHaE v Qlth(Fatima 5, 2023).

A AFE Bl ERIE S F1ERY F7] HARE A
& A& Table 20] Uefiglon FH|&oA AEH 84
P71 E2 AAR e, $1F, g 2 AEHA ALY
A, & dA S22 SHEA. (E)-2-Hexenal> A+ &
I (Ma 5, 2022), o-pinene FAS) A=, AAHS a7}t
(Allenspach®} Steuer, 2021), camphene JH|TF G317} Q131
TH(Vallianou®} Peroulis, 2011). Sabinene> FHZ A7/} Q)
1I(Valente 5, 2013), eucalyptolS @ FEQF oJstA 0 & AR
ol FAS, AL o, T 78R S L AIZ AN &
I 5 ot AESE 7o) Sle 2R Hud H gt
(Hoch 5, 2023). y-Terpinene> 452 G1KPassos 5, 2015),
p-cymenene IoF, FHPo]EA A TH(Baginska 5, 2023),
endo-borneol:2 FAFH T} Q& Ao] USH AUrh(Luszezki
5> 2023). Terpinen-4-ol:> Fat, F=7d, FAS, TILESY, &
ot a7} Q19 (Prerna 5, 2024), a-terpineol-> FFALSE I
<t 49, &% (Khaleel 5, 2018), bornyl acetater FHS

a0

el
AN

Relative abundance

A

11— e

I
ZLh/\MUUJ
1F
oE

20 2 2

10 12 14 16 18 26 28 30

x| 36 38 40 42 44 46 48 50 52 54 56 58

Retention time(min)

Fig. 1. GC-MS chromatograms of volatile aroma compounds in native Artemisia fikudo Makino harvested on May 10th, 2024 (A),
Oct. 10th, 2024 (B) and cultivated A. fikudo Makino harvested on Jun. 19th, 2024 (C), Oct. 7th, 2024 (D).

https://www.ekosfop.or.kr

567



Volatile aroma compounds in Artemisia fukudo Makino

o DL O e A

1. (A-2-Hexenal

)~

9. wPhellandrene

O

17_1-p-Menthene

2. o-Thujene 3. a-Pinene 4. Camphene
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Fig. 2. Chemical structure of volatile aroma compounds in Artemisia fikudo Makino.

R

rlr

Aoz ByE vl QtkZhao 5, 2023).

3.2 Y47 217 2 8 A4 ZH/% FEE SU/EE
peak area Hisf

S8 I ] R 345 49 peak areaE A4t}
o] Table 3°] UERHRATE 3459 A 7142 A 2
H|&at Al F8|&ol|A 25 FEo] Hlon s o) o
gt Eojdog HaH P2 stk

Ay F8l&at Aul ZH[&olA  eucalyptoldt sabinene,
camphene, o-cymene, o-terpineneS &-0]E7HA]= HX} Z7}
sttt 8o 2A HAastglon 7kl 7 deE S76t
of 99 Y IEEES 7 2715, 690 H5|
1.63-8.11HJ7}4] Z715t A& EQI5kTE TSt linalool®] 7%
Ay Zalgat Al 2% BE 58t 27]ol= HEEA GUA
T, 10€0]= A8 FH|Go A= IA S7F5H 2™ (5.64E+08),
Al FH|&oA = &Z F7FSHATH2.68E+07). P4 AFEt
RS2 8 Al7]o mE peak area M3} FFo] AR
HFA y-terpinene> AHY FH|&ol A 8 Z7]0f H]s] 1.834]
S7VoFAaL, Aul FH|%o A= =g 2719 Hlsf 0.86H] A
sto] A& o] WE Aol7t Qe AR AU p-
Phellandrene2 A FH|&0|A] 1090l 714 =9k=Tll(1.05E+
09), Ajull ZH|&oA = 8¢ o] HE HAs|A 9¥ o] HE

T o=

568

HA] LAUTHND). 2-Methylbutyl-2-methylbutyrate:= A4 &
Hj&o A= L7175 AR} asto] 94 oo HEEA|
LA H(ND), AHf SH|H A= BFE E7HA= STt
e} s7gel Zashan ol S7kelel 4% Ul ARSI
Barroso 5(1992)9] Aol W2 Crithmum maritimumol| A
sabinene SEHFE 1097H] HAt F7Fsto] 7)8k7]| 7t £-A4
St Eollom AFAQ S T AoE HiuEth &
AFANME BS 271 B5E 743t 7] 7R 7Re7t
A Z7tsto] Barrosol] AFATRL FARE FE-3 ERRlskqint

SAE I P A& 3459 F peak areaE A4toto]
Fig. 30 Uetiglict. 2 2u]49] A 71482 B0
G)FE 2oF(6D)7HA STt At daste] 8o 7t
& 2etom Jist A7)0l 7 A AR S71ehH 1049
7P 2 AS Rlsltt. Al SH%49] B9 2ol (6E)F
B 79717 g7|/g8o] F7slthrt 8o 7MY Wokom thA|
AZF F7Fsto] 1099 7MY =2 A& ERlsklH

A 9 A FH%0] F A RS s 271
-5z 767 FE& | 89 AA Hash=
B Bt o] et FE2 A o] AlAE= 3¥
H] 5l AY2]AQl FHo] AlZE= 8ol A W terpenoidF
9] gFFo] A At H11H Song(1994)9] AT Axke}
AF5FT}. Royal Botanic Gardens Kew(1909)of w2H =
H[&2 5 2719 7= £7] 949 FH=E Ao A3 #2
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Table 2. Volatile aroma compounds in Artemisia fikudo Makino identified by GC-MS

No. Compound RIY  Structure Odor description Reference
1 (E)-2-Hexenal 859  Aldehyde Green, Artemisia princeps (Park et al., 2009)
banana-like”

2 a-Thujene 929  Hydrocarbons - Pimpinella brachycarpa N. (Chang et al., 2007)
(monoterpene)

3 a-Pinene 934  Hydrocarbons Pine-like, resinous”  Artemisia annua L. (Hong et al., 2021)
(monoterpene)

4 Camphene 949  Hydrocarbons Artemisia iwayomogi itamura (Hong, 2004)
(monoterpene)

5 Isobutyl butyrate 958  Ester - Mosla chinensis (Cao et al., 2011)

6 Sabinene 976  Hydrocarbons Warm, oily, Artemisia annua L. (Hong et al., 2018)
(monoterpene) peppery, green’

7 1-Octen-3-ol 993 Alcohol - Artemisia princeps (Park et al., 2009)

8 B-Myrcene 997  Hydrocarbons Musty, wet soil” Artemisia princeps (Park et al., 2009)
(monoterpene)

9 a-Phellandrene 1008 Hydrocarbons - Ligularis fischeri var. spiciformis (Yeon et al., 2012)
(monoterpene)

10  o-Terpinene 1020 Hydrocarbons Lemony, citrusy?” Aster scaber (Lee et al., 2012)
(monoterpene)

11 0-Cymene 1030 Hydrocarbons - Chamaecyparis obtusa, Pinus densiflora,
(monoterpene) Pinus koraiensis (Yang et al., 2019)

12 B-Phellandrene 1033  Hydrocarbons - Ligularia fischeri, Ligularis fischeri var. spiciformis
(monoterpene) (Yeon et al., 2012)

13 Eucalyptol 1037 Hydrocarbons Eucalyptus smithii, globulus, maideni, bicostata,
(monoterpene) sideroxylon, cineria, leucoxylon (Chandorkar et al., 2021)

14 (E)-p-Ocimene 1055 Hydrocarbons Herbaceous, sweet, Fresh mandarin fruit (Tietel et al., 2011)
(monoterpene) tropical, warm®

15 y-Terpinene 1064 Hydrocarbons Lemony, lime-like?  Artemisia annua L. (Hong et al., 2018)
(monoterpene)

16  trans-4-Thujanol 1073  Hydrocarbons - Thymus quinquecostatus Celak (Baik et al., 2009)
(monoterpene)

17 1-p-Menthene 1094 Hydrocarbons - Notopterygium (Wang and Huang, 2015)
(monoterpene)

18  p-Cymenene 1098  Hydrocarbons - Lavandula pubescens (Park et al., 2019)
(monoterpene)

19  Linalool 1110  Hydrocarbons Floral, green, citrus® Artemisia annua L. (Hong et al., 2018)
(monoterpene)

20  2-Methylbutyl 1112 Ester - Hippophae rhamnoides L. ssp. Carpatica

2-methylbutyrate (Socaci et al., 2013)

21  Chrysanthenone 1114 Hydrocarbons - Artemisia maritim (Jaitak et al., 2008)
(monoterpene)

22 2-Methylbutyl 1117  Ester - Hypericum Taxa (Maggi et al., 2010)

isovalerate

23 cis-2-p-Menthen-1-ol 1131 Hydrocarbons - Achillea santolina L. (Dakah and Maarrouf, 2019)
(monoterpene)

24 Pinocarvone 1173 Hydrocarbons - Eucalyptus globulus (Schmidt, 1947)
(monoterpene)

https://www.ekosfop.or.kr
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(continued)

No. Compound RIY  Structure Odor description Reference

25  endo-Borneol 1176  Hydrocarbons Woody, burning, Chrysanthemum zawadskii (Park and Kim, 2017)
(monoterpene) camphoraceous”

26  Terpinen-4-ol 1186 Hydrocarbons Woody, earthy?” Acorus calamus L. (Venskutonis and Dagilyte, 2003)
(monoterpene)

27  o-Thujenal 1196  Hydrocarbons - Rosmarinus officinalis L. (Mena et al., 2016)
(monoterpene)

28  a-Terpineol 1202 Hydrocarbons Floral, lilac-like” Zingiber officinale Roscoe (Seo et al., 2006)
(monoterpene)

29 cis-3-Hexenyl 1246  Ester - Ligularis fischeri var. spiciformis (Yeon et al., 2012)

isovalerate

30 Bornyl acetate 1296 Hydrocarbons - Schizandra Chinensis Bullion (Kim and Jang, 1994)
(monoterpene)

31  o-Terpinyl acetate 1361 Hydrocarbons - Eucalyptus camaldulensis Dehn. (Sabo and Knezevic, 2019)
(monoterpene)

32 Copaene 1383  Hydrocarbons - Foeniculum vulgare Mill. (Hong et al., 2021)
(sesquiterpene)

33 Caryophyllene 1428 Hydrocarbons Woody, spicy” Ligularia fischeri, Ligularis fischeri var. spiciformis
(sesquiterpene) (Yeon et al., 2012)

34  Germacrene D 1491 Hydrocarbons - Rosa hydrid (Lee et al., 2008)
(sesquiterpene)

DRI, retention index.

Yref: Taste and aroma of fresh and stored mandarins (Tietel et al., 2011).

Iref: Volatile flavor compounds from raw mugwort leaves and parched mugwort tea (Kim et al., 1994).

Z717F 719 744 2525 E Fo] At EiH B Q=
o] 2 Aol Qe 2 HISE £7] ol 7HA o] 471
sk A7l PSR T 2718 et ] 2agol
o 7 A7)= AL DRIt ATH(Fig. 4). Achillea ptarmica®)
A £7]9F BejoA &3 2 U= monoterpene©] 79
EAekA] Lk £ FEolA v EXstoittal EarE HE 9l
TH(Kuropka &, 1991). £ 37]19] dj5E-2 monoterpene®] 7]
QUsks] Afst Mo Mg FEE Sofgli monoterpenc
Mol & W B4R REo] Pt et BA
(Woo, 2014)1} H| Wl of 2 AFolx SH|&Y i
F71/dE2 diF= monoterpene 2 = 21 T3t A]7]Q1
7ol 7HIESE Ao R wig A7t fE o] F17t
U oz Az

Hong(2015)2] A&37e] w2 22ute] ofAld @Yo o
T H F9 YR Bt AFoA= A Aol e
oAdld o] Ald AulETt FAAHEY peak area’t WA L
ERAThIL H IR B QLA Jang} Back(2022)9] AFoflAE e
A A ek A8 A o] Hls) ARl 8 w7
Hoo F 4 gl o S FE AN 2
v} Stk BHE 7 Ao} ] At A9 E wpe] 9] 4
29 HET ATAINE B 258 Aol URAT, B

570

342 80% ool FARHAY Te4E THeH FHE 2
B UolAe fARE 218 gelstgith(Yeon, 2022). & A
oA e} Al719] g F714ES vlastiS w A 2]
L3} A 2ol FHE F714d29] 493 F peak area
7h FrARE 2 Hop 28|49 I YIRS A5
T2 7ot Aol7t QI7] Wzl AEe] S0l 71, Al
A Y SoE Qe AFEHe Aot Sl Aew

4]
Bk Weba] geHel Fdo] ARHE 89 F40lt

g P71 #E aEcl 7P Wil 2v%2] Jisk A7
9-10¥] F=& "E&0| 7 ¥ A= AZ4E, do] B2
SR0NA Ak A SH|% Auk EFA Ak A 2H)%
Ze] 2 7ol 2 Aol7t flof 2% diF Auiet
O AAFREA o]] 7FsAol word Aoz AgdEd

3.3. 47 23 L 3 AV[E 22 /829 X4
Higf

AR ST e %0 8 A7 A AR
% peak area%= 7|0 1%7} gol7ke AHEE FH]&49
T8 3WY PR R Wadolal Fig 5] Uehfoich A48
SH%9 I RS

eucalyptol > sabinene >
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Table 3. Changes in peak area of volatile aroma compounds in Artemisia fikudo Makino under different growth environments and harvest

times
No. Compound Native Artemisia fukudo Makino Cultivated Artemisia fukudo Makino
May Jun. Jul. Aug. Sep. Oct. Jun. Jul. Jul. Aug. Sep. Oct.
10th 10th 10th 10th 10th 10th 19th 11th 22nd 22nd 13th Tth
1 (E)-2-Hexenal 433 6.05 6.45 1.03 2.15 1.03 2.95 1.07 3.95 2.23 1.40 1.32
E+08" E+08  E+08  E+09  E+08  E+09 E+08 E+09 E+08 E+08 E+09  E+08
2 a-Thujene 4.09 7.60 2.16 2.96 1.29 1.67 7.07 3.09 9.07 2.00 9.60 1.31
E+08 E+08 E+08 E+08 E+09 E+09 E+08 E+08 E+08 E+08 E+08 E+09
3 a-Pinene 2.60 8.22 4.06 2.60 2.22 3.58 2.63 2.93 7.72 1.19 9.78 1.47
E+08 E+08 E+08 E+08 E+09 E+09 E+08 E+08 E+08 E+08 E+08 E+09
4 Camphene 145 5.82 3.34 2.62 4.48 2.37 1.32 291 5.35 9.38 3.18 4.24
E+09 E+09 E+09 E+09 E+09 E+09 E+09 E+09 E+09 E+08 E+09 E+09
5 Isobutyl butyrate 2.13 1.18 4.81 5.77 1.15 8.15 6.37 9.18 1.33 3.52 3.27 2.56
E+07 E+07 E+06 E+06 E+07 E+07 E+06 E+06 E+07 E+06 E+08 E+07
6 Sabinene 7.13 1.60 4.77 3.83 2.79 3.30 1.25 5.94 1.61 3.57 1.89 2.63
E+09 E+10 E+09 E+09 E+10 E+10 E+10 E+09 E+10 E+09 E+10 E+10
7 1-Octen-3-ol 6.51 8.89 3.98 3.37 1.54 4.17 1.30 6.15 421 1.16 1.24 6.95
E+07 E+07 E+07 E+07 E+08 E+07 E+07 E+07 E+07 E+07 E+08 E+07
8 B-Myrcene 4.19 5.82 3.67 3.23 1.95 1.02 3.01 2.23 6.74 2.42 1.59 7.77
E+08 E+08 E+08 E+08 E+08 E+09 E+08 E+08 E+08 E+08 E+08 E+08
9 a-Phellandrene 1.17 1.89 5.66 1.20 3.66 3.46 2.67 1.17 3.51 9.16 2.22 1.59
E+08 E+08 E+07 E+08 E+08 E+09 E+08 E+08 E+08 E+07 E+08 E+09
10 a-Terpinene 9.16 1.64 3.77 437 1.70 4.41 1.46 6.14 1.47 449 1.23 3.17
E+08 E+09 E+08 E+08 E+09 E+09 E+09 E+08 E+09 E+08 E+09 E+09
11 0-Cymene 6.88 1.21 7.03 1.45 3.73 5.58 7.97 1.03 1.25 3.33 1.94 4.55
E+08 E+09 E+08 E+09 E+09 E+09 E+08 E+09 E+09 E+08 E+09 E+09
12 B-Phellandrene 3.53 6.51 2.39 431 ND? 1.05 7.68 3.39 9.53 2.45 ND ND
E+08 E+08 E+08 E+08 E+09 E+08 E+08 E+08 E+08
13 Eucalyptol 2.40 3.92 2.24 1.45 5.87 5.18 1.58 1.92 3.25 1.46 6.26 6.41
E+10 E+10 E+10 E+10 E+10 E+10 E+10 E+10 E+10 E+10 E+10 E+10
14 (E)-p-Ocimene ND 7.93 ND ND 1.32 3.81 6.87 ND 1.38 1.10 1.31 2.72
E+06 E+07 E+07 E+06 E+07 E+06 E+07 E+07
15 y-Terpinene 1.37 2.32 6.74 6.90 2.28 2.50 2.16 1.06 2.04 6.64 1.73 1.85
E+09 E+09 E+08 E+08 E+09 E+09 E+09 E+09 E+09 E+08 E+09 E+09
16 trans-4-Thujanol 4.38 5.79 1.62 2.76 6.46 6.11 1.07 3.23 5.43 2.52 4.98 6.04
E+08 E+08 E+08 E+08 E+08 E+08 E+09 E+08 E+08 E+08 E+08 E+08
17 1-p-Menthene 2.63 4.51 1.08 1.10 4.71 5.61 5.27 2.08 5.50 1.56 3.32 427
E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08
18 p-Cymenene 7.50 1.27 4.17 5.52 1.68 2.27 1.63 7.97 1.69 5.29 1.02 1.74
E+06 E+07 E+06 E+06 E+07 E+07 E+07 E+06 E+07 E+06 E+07 E+07
19 Linalool ND ND 3.39 ND 1.33 5.64 ND ND ND 2.33 ND 2.68
E+07 E+07 E+08 E+02 E+07
20 2-Methylbutyl 8.73 6.62 1.73 1.68 ND ND 2.69 3.31 6.44 1.39 2.56 422
2-methylbutyrate E+07 E+07 E+07 E+07 E+07 E+07 E+07 E+07 E+07 E+07
21 Chrysanthenone 6.76 1.92 8.91 7.00 4.75 3.31 1.64 1.87 1.18 7.06 4.36 2.58
E+06 E+07 E+06 E+06 E+07 E+07 E+07 E+07 E+07 E+06 E+07 E+07
22 2-Methylbutyl 2.87 2.41 4.19 2.85 1.23 1.18 1.02 9.21 3.17 3.80 6.44 3.55
isovalerate E+07 E+07 E+06 E+06 E+07 E+07 E+07 E+06 E+07 E+06 E+06 E+07
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(continued)
No. Compound Native Artemisia fukudo Makino Cultivated Artemisia fukudo Makino
May Jun. Jul. Aug. Sep. Oct. Jun. Jul. Jul. Aug. Sep. Oct.
10th 10th 10th 10th 10th 10th 19th 11th 22nd 22nd 13th 7th
23 cis-2-p- 1.25 2.20 1.08 1.04 2.42 1.85 1.86 1.24 1.34 8.66 1.64 8.90
Menthen-1-o0l E+07 E+07 E+07 E+08 E+07 E+07 E+07 E+07 E+07 E+06 E+07 E+06
24 Pinocarvone 4.08 1.66 9.64 1.30 4.83 2.08 1.95 3.55 1.86 5.71 3.04 1.35
E+06 E+07 E+06 E+07 E+07 E+07 E+07 E+07 E+07 E+06 E+07 E+07
25 endo-Borneol 2.26 6.70 6.06 2.95 2.60 1.04 2.20 5.42 4.99 1.26 1.63 2.00
E+08  E+08  E+08  E+08  E+08  E+08 E+08  E+08  E+08  E+08  E+08  E+08
26 Terpinen-4-ol 2.87 4.12 1.46 1.79 2.53 1.82 3.21 1.99 1.76 1.03 1.93 1.30
E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08 E+08
27 a-Thujenal 5.20 1.55 5.29 6.65 3.09 9.23 1.43 1.50 1.07 6.49 1.97 9.43
E+06 E+07 E+06 E+06 E+07 E+06 E+07 E+07 E+07 E+06 E+07 E+06
28 a-Terpineol 1.13 2.26 6.75 5.74 3.53 439 1.50 1.41 2.51 7.13 2.44 7.35
E+07 E+07 E+06 E+06 E+07 E+07 E+07 E+07 E+07 E+06 E+07 E+07
29 cis-3-Hexenyl 2.68 5.54 2.57 1.14 2.77 9.53 3.84 3.04 4.87 9.47 8.23 1.25
isovalerate E+06 E+06  E+06  E+06  E+06  E+06 E+06 E+06  E+06  E+05  E+06  E+07
30 Bornyl acetate 2.33 2.98 2.40 6.65 1.01 7.55 2.52 2.81 5.05 1.06 7.88 6.43

E+07 E+07 E+07 E+06 E+07 E+06 E+07 E+07 E+07 E+07 E+06 E+06

31 a-Terpinyl acetate 1.68 2.53 1.68 4.74 2.36 5.68 1.27 6.76 2.14 5.41 1.58 2.43
E+07 E+07 E+07 E+06 E+07 E+07 E+07 E+06 E+07 E+06 E+07 E+07

32 Copaene 2.08 9.27 5.65 4.00 1.18 5.44 5.15 3.63 2.73 1.72 1.53 4.22
E+08  E+07 E+07 E+07 E+08  E+07 E+07  E+07 E+07 E+07 E+07  E+07

33 Caryophyllene 441 5.97 1.18 3.20 1.80 2.07 1.15 9.31 1.54 3.0 1.26 1.13
E+07  E+07 E+08  E+08  E+08  E+08 E+08  E+07  E+08 SE+07 E+08  E+08

34 Germacrene D 2.10 7.45 2.03 4.54 1.08 4.16 238 223 1.53 5.98 1.60 3.60
E+06  E+06  E+07  E+07  E+07  E+06 E+07  E+07  E+07  E+06  E+07  E+06

Total peak arca 3.93 7.25 3.56 2.75 1.05 1.14 3.92 3.48 6.51 224 9.54 1.11
E+10 E+10 E+10 E+10  E+11 E+11 E+10 E+10 E+10 E+10 E+10  E+11

DAIl values are mean (n=5).
IND, not detected.

(A) 140E+11 (B) 140E+11
1.20E+11 b a 1.20E+11 a
1.00E+11 1.00E+11 b
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S 4oz | 8 d.e . E om0 | 9 d
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Harvest time Harvest time

Fig. 3. Changes in total peak area of volatile aroma compounds in native Artemisia fitkudo Makino (A) and cultivated A. fitkudo Makino
(B) by different harvest times. All values are mean=SD (n=5). Different superscript letters (a-¢) on the bars indicate significant
differences (p<0.05) by Duncans’s multiple range test.
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(A)

(B)

Fig. 4. Photographs of native Artemisia fikudo Makino harvested on May 10th, 2024 (A) and the flower of native A. fikudo Makino

harvested on Oct. 10th, 2024 (B).
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Fig. 5. Changes in peak area% of volatile aroma compounds in native Artemisia fikudo Makino (A) and cultivated A. fikudo Makino

(B) at different harvest times. All values are meantSD (n=5).
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