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Volatile Compounds of Elsholtzia splendens
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Volatile compounds, isolated from Elsholtzia splendens using simultaneous steam distillation extraction (SDE) and
headspace solid phase microextraction (HS-SPME), were analyzed by gas chromatography/mass spectrometry
(GC-MS). Twenty-nine compounds, comprising 3 aldehydes, 7 alcohols, 11 hydrocarbons, 5 ketones, and 3
miscellaneous ones, were tentatively identified from volatile compounds of Elsholtzia splendens flowers. From
leaves, 30 compounds, comprising 3 aldehydes, 6 alcohols, 11 hydrocarbons, 6 ketones, and 11 miscellaneous
ones, were tentatively identified. Volatile compounds extracted by HS-SPME in E. splendens flowers were 3
alcohols, 18 hydrocarbons, 3 ketones, and 2 miscellaneous ones. In leaves, 31 compounds, comprising 7 alcohols,
15 hydrocarbons, 7 ketones, and 2 miscellaneous ones, were tentatively identified. Major volatile compounds
identified by SDE and HS-SPME were naginataketone and elsholtziaketone, which were identified as aroma-
active compounds, representing characteristic aroma of E. splendens.
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Table 1. Volatile flavor compounds in freeze-dried Elsholtzia splendens extracted by SDE and SPME
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2) 2)
No. R.ILD SDE SDE (ppm) SPME (ppm) 13
Flowers Leaves Flowers Leaves
Aldehydes
1 809 n-hexanal - 0.02 - - MS, RI
2 841 2,4-hexadienal 0.03 - - - MS, RI
3 852 trans-2-hexenal - 0.01 - - MS, RI
4 962 benzaldehyde 0.45 - - - MS, RI
5 1051 phenylacetaldehyde 0.03 0.91 - - MS, RI
Alcohols
6 864 cis-3-hexenol 0.47 0.65 - 0.09 MS, RI
7 980 1-octen-3-ol 1.44 0.73 0.32 0.15 MS, RI
8 1110 |-linalool - 2.59 0.31 0.35 MS, RI
9 1204 cis-carveol - - - 0.07 MS, RI
10 1174 isoborneol 1.03 0.54 - - MS, RI
11 1214 trans-carveol 0.08 - - - MS, RI
12 1367 eugenol 0.08 0.59 0.05 0.08 MS, RI
13 - trans-3-caren-2-ol - - - 0.02 MS
1475 1-dodecanol 1.8.9 LS. LS. LS. MS, RI
14 - sphathulenol 0.22 0.69 - 4.46 MS
15 - trans-muurolol 0.86 - - - MS
Hydroecarbons
16 936 o-pinene 0.86 0.55 0.11 0.14 MS, RI
17 948 camphene 1.00 1.14 0.36 0.55 MS, R1
18 975 sabinene 0.17 0.26 0.01 0.05 MS, RI
19 984 B-pinene 0.44 - 0.13 0.09 MS, RI
20 1029 a-phellandrene - - 0.11 0.08 MS, RI
21 1034 B-sesquiphellandrene - - 0.27 - MS, Rl
22 1035 l-limonene 39.97 3825 0.05 0.16 MS, R
23 1059 -phellandrene - - 0.12 0.42 MS, RI
24 1188 naphthalene 0.11 - - 0.12 MS, RI
25 1381 B-bourbonene - - 0.09 0.05 MS, RI
26 1392 a-copaene 0.14 - 0.09 0.05 MS, RI
27 1408 B-elemene 0.21 - 0.01 0.13 MS, RI
28 1439 B-caryophyllene - 1.23 832 5.54 MS, RI
29 1452 o-bergamotene - - 0.23 - MS, RI
30 1472 o-humulene - 221 0.75 1.2 MS, RI
31 1478 o-gurjunene - - 0.11 - MS, RI
32 1483 aromadendrene - 0.15 1.09 225 MS, RI
33 1498 o-farmnesene - 1.45 0.08 1.66 MS,RI
34 1500 d-germacrene 8.08 2.67 2.11 - MS,RI
35 1537 §-cadinene - 1.37 - - MS,RI
36 1540 calacorene 0.41 - - - MS,RI
37 1868 neophytadiene 0.26 7.45 - - MS,RI
Ketones
38 991 3-octanone - 1.22 - - MS, RI
39 1149 camphor 0.33 - 0.33 022 MS, RI
40 1515 bicyclogermacrene - - - 1.98 MS, Rl
41 1215 elsholtziaketone 3.91 6.23 6.59 4.88 MS, RI
42 1340 naginataketone 63.70 64.24 56.11 58.71 MS, RI
43 1342 S-ethyl-3(H)-furan-2-one 0.01 0.02 - - MS, RI
44 - isopulegone 4.87 1.38 - 0.40 MS
45 1424 o-ionone - - - 0.24 MS, RI
46 1482 [B-ionone - 0.09 - 0.95 MS, RI
Miscellaneous ones
47 1138 cis-limonene oxide - 0.28 0.11 0.14 MS, RI
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Table 1. Continued

SDE (ppm)* SPME (ppm)”
No. R.ILY SDE (ppm) (ppm) IDY
Flowers Leaves Flowers Leaves
48 1281 trans-anethole 0.68 1.13 - - MS, RI
49 1579 geranyl acetate 0.04 0.03 - - MS, Rl
50 1611 caryophyllene oxide 0.32 1.15 0.38 0.21 MS, Rl

"Retention indices were determined using n-alkanes (C4-C,,) as external references.

JAverage of the ppm (n=2).
( m = Area of each compound x Amount of internal standard)
PP Area of internal standard x Amount of sample/10°

PTentative identification was performed as follows: MS, mass spectrum was identical with that of Wiley mass spectral database(2001, Hewlett
Packard Co., Palo Alto, USA); RI, retention index was consistent with that of the literatures (11).

“nternal standard.

Naginataketone Elsholtziaketone

Fig. 1. Structures of naginataketone and elsholtziaketone.

F cllen, 2 712d naginataketone(3-methyl-1-(3-methyl-2-
furanyl)-2-buten-1-one 3= dehydroelsholtzione)o] 23 YofA]
74z} 63.70 ppm(48.92%) = 64.24 ppm(47.16%) FAE ATt
2]3 elsholtziaketone(3-methyl-1-(3-methyl-2-furanyl)-butanone =
+ 2-isobutyryl-3-methylfuran)> naginataketone 2T} %2 o]
gAHN T, £(3.91 ppm) Bt (623 ppm)ol A o] Ho| &
QJEAT 2 AT A} iR & AFAEL 39
7V 7 ketoneF o} o] 7P BUTL Bkt
(5,16). Elsholtziaketone sharp minty, herbaceous ¥ £3¥(rue-
likeye: e SZolm(14), 2 EA 53], E7 AolA elsholtzia-
ketone®] 8%Hd 242 mevalonic acidZFE] geranyl pyrophos-
phate”t BAH L, o] F&o] (Z)<citral® A= naginataketone©]
3 T}A] elsholiziaketone 2.2 AJ3HA "otz A ot
(17,18). Fig. 19 naginataketone®} elsholtziaketone®| T+%&
ERAITE &ro) 78R AvdMe F AR shaaol uet
rosefuran type, limonene type 3 citral typeS2 FEIA =T
(19), ¥ A9 A3l oJstd ZFol limonene Fo] FHE o
7= 3, elsholtziaketone 3 naginataketone®] ol 60%
oo yEldtt mEbA EiFel &2, g F AR ¢
fro] 2 ERudogs 78 2 4 glon, elsholtziaketone
9 naginataketone©] £ F9 F7|GEALS & 4 AUk
PDMS fiberdll 8715 &F2AAH B43 23, F44x" &
el 2ollM F 2689 A WIHE-S EelEinh. SDE
widel o8 FEgfolr A aldehydeFe 5EoIdout
PDMS fiberE |83 SPMEEA{olX = aldehydeT 7t 1=
Sk olg# olfi= HIS4<0 PDMS fiberol A aldehyde<t
e H2F I AR EAo] Z o]FoX|=] gty w)
ToE AAZG. & At v g2 71&e] BiE CAR/
PDMS fiberet PDMS fiberS ARg-3to] Al 2R ¢ 2
$1E€ HS-SPME® oJall #48k A-tellx], PDMS fiberdl|H &
aldehyde7} HAEEHRA 943ko™ CARPDMS fibero A7 12¢]
aldehyde7} 1S ATH7). HS-SPMER 28] &2l¥ alcohol

Fe E5oh o BddlA cis3-hexenol, trans-3-caren-2-ol, cis-
carveol ¥ sphathulenol®] o] o HEgith. HS-SPMEWH A
RIF £ F919] HE2 l-octen-3-ol, linalool ¥ eugenol®] 3
T2 SDERCIM #lE AFE 73RT 42 FF 4Rol
R} o -9l SDEY Rtk HS-SPMERHoIA &
¢t alcoholF7F B tdt,

HS-SPMEX o3 EdFol4 E21%E hydrocarbonfie %
AM = 18F(13.95ppm, 17.85%), Al 15%(14.89 ppm,
17.34%)°] 1=t} SDEY oJsiAe= €34 Qo zHzt 11
Z(51.65 ppm, 39.67%) E 11%(55.73 ppm, 40.91%)°] VFE}STE,
53], Ilimonene®| 739 F 74 WY EFo|A] Selx] o)
PDMS fiberE AM8-5t SPMEHo] H]3le] ##3] @e o] SDE
WA ERIE Ak webA B]FAQ hydrocarbon® 3714 %
9] oiekst £F71 viS42l PDMS fibero] &350}, SDEH
A Hrh @& hydrocarbon®7F PDMSE ©]-£3 HS-SPME#H
oA ERIHA}. 28{u} SDEHIA o B& 4] hydrocarbon
o] FRIFA=H], ol Udoz dAF ¢ &= olo} iy o
Az},

2T 7R F ketoneFE SDE ZAs}olr e}l nfi7iz)
E HS-SPMEIM= B2 #3Fo] #sct. Elsholtziaketone
< 3} YoM Z+z}t 659ppm 2 488 ppm QA o,
naginataketone -9~ @& 1 56.11 ppm3} 58.71 ppme] zt
zt &3 oA AU ol9} e T 7R ketoneFo] ¥
¥ SDE Whiollx ERle gafuct offh hAg Golth 2
g &1 AR 712 ketoneT7 7HY B %S A% A
< 08 d7Ake Baeh YA3a kS, 7,16). waEb 23
ol 78 7] B2 elsholtziaketone™ naginataketoneo] &
A=At

olel AAE nFo|, ¥¥F 37/1E SDE ¥ SPMEWHL
2 Z239¢ 1, aldehydess PDMS fiberS ©]43F SPMEY
oA Eelsiz] gkgkorn, SPME HHolA 8L £59] hydro-
carbon 7} BRI 0w, F448-2l elsholtziaketone?} naginata-
ketonef= F 7HA] WY RS0l EEHOE FEES I

& = Ao

¥&57e| aroma-active compounds

2843 7] HS-SPME WY o® 23} aroma-active
compoundsE 13l THTable 2). 23Fo 2 oM 1870
©] aroma-active compounds’} 1EHUR, ¥ F 23749
aroma-active compounds?} EI=ch €3 o BFoA gl
¥ AF-2 o-pinene, camphene, l-limonene, elsholtziaketone %

naginataketone 5 H| £t 17F0]th LA golg A
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Table 2. Aroma-active compounds perceived in freeze-dried Elsholtzia splendens by GC-O

Elsholtzia splendens
RIY Compounds Aroma descriptions”
Flowers Leaves

864 cis-3-hexenol = +9 green grass

936 o-pinene + + pine/terpeny

948 camphene + + mild/mint

975 o-sabinene + + woody

980 1-octen-3-ol + + chemical/mushroom
984 B-pinene + + resinous

1029 a-phellandrene - + fresh

1034 pB-sesquiphellandrene + - fresh

1035 l-limonene + + citrus-like

1059 B-phellandrene + + mint

1110 |-linalool + + fruity/sweety

1138 cis-limonene oxide + + fruity

1149 camphor + + mild/mint

1188 naphthalene - + chemical/pungent
1215 elsholtziaketone + + sharp minty/herbaceous/rue-like
1340 naginataketone + + spicy/rue-like

1367 eugenol + + floral

1381 B-bourbonene - + mild/mint

1392 o-copaene + + woody

1424 o-ionone - + woody

1439 B-caryophyllene + + woody-spicy

1472 o-humulene + + woody

1482 [-ionone - + earthy

1498 o-farnesene + + mild/sweety

URetention indices were determined using n-alkanes Cy-C,, as external references.

DAroma description at the sniffing port.
Not detected.
“Detected.

2 B-sesquiphellandrene©|® oA T FNE HE-S cis-3-
hexenol, a-phellandrene, naphthalene, B-bourbonene, a-ionone
2 B-ionone®] 6%t B AP M= aroma-active com-
pounds®] AHEQ A E Yolwr] $1% aroma extract dilution
analysis(tAEDAYE 31%] %3} flavor dilution factorE 7314
Zalsith. wEbA E3RoA 7HE S8 Asske 81 A
& A A= o9, sniffing testE 53l naginatake-
tones} elsholtziaketone®] aroma’t A1E & (spicy), +3F(rue-like)
9 718 herbaceous R FRIFGOH, o] T 7K EHo]
Aodeg 7t B e JERE 922 naginataketone
3} elsholtziaketoneo] ¥ oA Fa% e ke A7
olgfal FZHr}

2 %

2 drore 5T 43S Y 44 R FeHE ¥
kg Fuby 71482 SDE ¥ HS-SPMEXH] o8 32
3 ¥, GC-MSDE o]&3le £4 - BAEHeH, GC-00 ¢
3la] 8-72] aroma-active compoundsE 218t}

SDEH| 818 X+ aldehydes 3%, alcohols 7%, hydro-
carbons 115, ketones 5% B 7|E} 359 F 29%0] ERIHS]
3, YoM aldehydes 3%, alcohols 6%, hydrocarbons 115,
ketones 65 % 7IE} 452 F 30%0] 1AL PDMS fiber
€ A& HS-SPMEWH 93] 3 YollM= aldehyde’t A2

HA] 9k0 1 alcohols 3%, hydrocarbons 183, ketones 3%
2 718 2%9] & 26F°] A=A, YollA= aleohols 78,
hydrocarbons 15%, ketones 7% % 71g} 239 ¥ 31F°] ¥l
HAoh 3R F8 Fr3Ee2 dER elsholtziaketones}
naginataketone> SDEW# HS-SPMEY EFol|A =0
3 9 oM AFoR B o] el 23 F
71%4Jo4 SDE ¥ PDMS fiberE ©]-8-3 HS-SPMEWge} F
83 2ol H|FA2 SPME fiberol A ¥l 4 B3¢l
aldehydef#7F 1517 rhe Aotk B¢ GC-0 ¥4& ¥
3} elsholtziaketones?} naginataketoneo] 7483 L&H(rue-like)S
AUy, & 25 X% U8 &L z2te AoE IRIFHUL
webA elsholtziaketone?} naginataketone©] £3F E-F2) & &
ol 71oshe Aow waE
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