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Abstract

This study was performed to analyze the volatile flavor compounds of Eucommia ulmoides leaves as influenced by
harvesting time and drying method. Essential oils of fresh, air-dried and freeze-dried leaves of Eucommia ulmoides
were extracted by SDE(simultaneous steam distillation and extraction) method using pentane and diethyl ether(1:1),
and their volatile flavor compounds were analyzed by GC and GC-MS. Total 51 components, including 10
hydrocarbons, 15 alcohols, 12 aldehydes, 4 ketones, 4 esters and 6 acids were identified in fresh Eucommia
ulmoides harvested in July. In fresh samples harvested in September, 15 hydrocarbons, 10 alcohols; 5 aldehydes, 4
ketones, 4 esters and 3 acids were identified. In fresh Eucommia ulmoides, aldehydes(8.25ppm) were the most
abundant compounds in July samples and alcohols(18.87ppm) in September ones. Seventy one components, including
21 hydrocarbons, 12 alcohols, 12 aldehydes, 9 ketones, 5 esters, 8 acids and 4 miscellaneous ones were identified in
air-dried samples harvested in July. In air-dried samples harvested in September, 10 hydrocarbons, 9 alcohols, 3
aldehydes, 3 ketones, 4 esters, 4 acids and 1 miscellancous one were identified, and the most abundant compounds
in July and September samples were hydrocarbons at 5.06ppm and 15.11ppm, respectively. A total of 41
components, including 13 hydrocarbons, 9 alcohols, 5 aldehydes, 3 ketones, 6 esters and 5 acids were identified in
freeze-dried samples harvested in July. Freeze-dried samples harvested in August also contained 41 components but
with different types, and the ones of September 26 compounds. In freeze-dried ones, hydrocarbons were the most
abundant compounds in July sample and esters in August and September samples.
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Table 1. Conditions of GC and GC/MS for volatile
flavor compounds
GC condition

GC : HP 5890 Series 11

Column : INNOWax

(polyethylene glycol 60m X 0.32mm X 0.5.m)
3°C/min 3°C fmin
- 170°C 220°C

Oven temp. : 50C
Injector temp. : 250°C
Detector temp. : 280°C
Carrier gas : He

GC/MS condition
GC/MS : Agilent 6890GC  5973MSD
Column : INNOWax
(Polyethylene glycol 60m X 0.32mm X 0.5.m)
Injector temp. : 250°C
Interface temp. : 300°C
ITonization voltage : 70eV
Carrier gas : He(Flow rate : 0.8 ml/min)
Split : split ratio(10:1)

2 GOMS 2A AL Table 13 Zth F/A4
0.1u1 8 GCo| F9]3tod gas chromatograme Y9
W 7 peakE &QIsl7] st GCMSE A 314
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_Area of each component X Amount of internal standard

ppm = Area of internal standard x Amount of sample/10°
m, Zap o pa
1. AM3 S50 BRAES 24
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Ql AXF FEFANAME F SI7HAY ALY I
gl g, 10&F<9] hydrocarbonf 3.69
ppm, 15%¢] alcoholf 5.21ppm, 125 2] aldehydef
8.25ppm, 4%9] ketoneTF 029ppm, 49 esterFH
1.80ppm T 6% 9] acidfF 1.73ppme] Q. %3 9¢
o AFHF A B A= hydrocarbonF 15 7.30ppm,
alcohol# 105 18.87ppm, aldehyde® 5% 7.88ppm,
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Table 2. Comparison of volatile flavor compounds from (continued Table 2)
fresh Eucommia ulmoides by harvesting time Bcyclocitml 010 N
Chemical Quantlﬁ cati On(ppm) 1) benzeneacelaldehyde 027 -
class Compounds July  September phenylacetaldehyde 0.05 0.05
Hydrocarbons  n-pentane 0.15 4 24-octadienal 007 -
3-methyl-1-pentenc 1.40 R 4-ethylbenzaldehyde 0.06 -
ethane 1.01 ) cinnamic aldehyde 0.44 -
4-cis-3-heptene 0.04 R Ketones |-penten-3-one 0.12 -
2-heptene 0.07 ) B-damascenone 0.11 1.05
1-propene 0.08 R 3-buten-1-one - 0.22
3-cthyl-1,5-octadiene 0.31 - Fionone - 018
4,8-dimethylonan-1.7-diene  0.08 . bicyelof5,1,Ol-octan-2-one 003 -
benzofuran 0.19 B 7-phenyl-2-azafluoren-9-one - 1.46
octacosane 033 - e-ionone 006 -
cyclohexane _ 0.14 Esters ethyl formate 0.11 0.65
7-oxabicyclo[4,1,0]heptane - 1.32 ethyl acetate 0.68 5.00
n-dodecane - 0.17 methyl formate 037 -
heneicosane - 0.19 ethyl E-3 hexencate - 141
heptacosane ° 0'22 3furylmethyl acetate 0.64 261
:lec’izseane ; g'g’ 2 Acids octanoic acid 006 .
heptadecane B 0:19 butanoic acid 0.03 -
docodane - 0.42 3-hexenoic acid 0.04 -
tricosane - 0.65 hexadecanoic acid 0.16 4.06
tetracosane - 117 hexanediole acid 128 361
pentacosane i 0.75 octadecanoic acid - L19
l-octadecene - 0.37 9,12,15-octadecarienoic acid 016 -
nonacosane - 1.55 Aren of cach 1 % Am o N Tard
Alcohols  3-hexanol 011 ) T— ed O CZ.1C compoun ount of internal stan d
1-penten-3-ol 1.01 1.09 Area of internal standard X Amount of sample / 10
)
p-methyl-benzyl alcohol ~ 0.08 - not detected
2-penten-1-ol - 1.53
yclopenarol o AHE TN #UAE JrBFe 79 B
cis-3-hexenol 126 5.99 7} 55.52ppme.2 99 2] 2097ppm Kt} Bokt) 74
cyclohexenol - 0.64 Al&EE  man-2-hexenal, 2-hexen-1-ol 2 3-methyl-1-
2-hexen-1-ol 149 - penteneo] F 8 AJEo| 2w aldehydeF7} FLA
I-linalool 023 0.67 - Yo = .
7| S 39.34% =S AASFETHFEE. 1). 99 A&
furan-3-methanol 020 045 27192 bS AAstnFe 1. 9€ A
a-terpineol 0.05 0.13
trans-geraniol 0.05 0.16
p-cymen-0-ol 0.04 - e
benzenemethanol 0.21 - ES
benzyl alcohol - 7.39 KT B )
benzothioazole - 0.82 ;iﬁp
borneol 0.09 - AD ’
phytol 0.27 - AL
Aldehydes n-hexanal 0.35 022 e
3-hexanal 1.01 -
2-pentenal - 1.05 0 10 20 30 40 50
trans-2-hexenal 530 - (8
nonanal 0.08 -
2-hexenal dicthyl acetl R 053 Fig. 1. Relative concentrations by functional groups in
rans-2.4-hexadienal 038 '_ fresh Eucommia ulmoides as influenced by harvesting
) 4—hep’tadienal Oll s 029 time(AC: acids, AD: aldehydes, AL: alcohols, ES: esters,

KT: ketones, MC: miscellaneous).
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+ benzyl alcohol, cis-3-hexenol ¥ ethyl acetate’} 5
JBo)1g o alcoholFrt A 7| ES 33.99%
o]t o] 7124l benzyl alcohol2 Ao B WFH
Zo] F8¥ HARo2 HuHoe gupt Y Mg
F & BAste] leaf alcohol® EBEE:  cis-3-
hexenol2 7€ AJEel 1.26ppm, 9€ A] & 5.99ppm
FHEQLed linaloolS 79 Al &9 0.23ppm, 99 A
Fo 0.67ppm, a-terpineol> 7¥€ X1 &o| 0.05ppm, 9
4 AlZEd 013ppm F trans-geraniol 7Y Al &9
0.05ppm, 99 A)lEe] 0.16ppm EFE] YTk
Aldehyde#<1 2,4-heptadienal- 2 7¢¥€ Al&] 0.14ppm,
99 Al&o] 0.29ppm, B-damascenoneS 7€ Al RO
0.11ppm, 94 A}z 1.05ppm FH-Hol YA F,
78 4 9¢€ AlROA FAlY #d Iy F)A
22 A 52 99 AlEe O3 §Fe] o ¥
A vebtch ojgjst AES ethyl formate, ethyl
acetate, 3-furylmethyl acetate, hexadecanoic acid 2
hexanedioic acidol| Al = &<15 %1t} B-Damascenone-2
ae A% gol U 222 FA% 4% 9 A
=AAAE S8 FEolt”. Phytole] 7EA &
027ppm gFHo AeH o EH2 HEY =4
A 22Q1 chlorophylle] E-sjAE2 FelA ivk?.

A ARAZ
o 1 AIE Table 3
of AAlstAt. & 717k e Fud FrjgEol 7
4o FEE FFAAA HAHILH, 21F9
hydrocarbon® 5.06ppm, 12%9] alcoholH 2.83ppm,
12%:9] aldehyde& 4.98ppm, 9% 9] ketone§ 2.63ppm,
5%9] esterf 1.48ppm, 8% 2] acid® 1.55ppm T 4&
8 71EHd£ol 1.39ppm ETHO U = 94
o] A#H3 Al A= hydrocarbonF 105 15.11ppm,
alcohol&+ 9% 34lppm, aldehyde® 35
ketone+ 3% 1.28ppm, esteri 4% 2.15ppm, acidF 4
Z 1.16ppm 2 7]€} 15 0.13ppme] £ 34Fo} g9l
HAT dFE Fe7EE viasdg EFg 2) 7
49 A)&%& hydrocarboni-7} A FI|A R 2540%
£ AASHIAL 9¥ ABZE hydrocarbonF7} 61.69%
oAt}

AAAZ F2Y F 7€ £33 FEAAdE=
ethane, 2-furanacetaldehyde, pB-iononeo] ko
coffeeo] ®Wo] FHH=Elo] A= furan-3-methanol 3
celery seed oil9] FEQ B-selinene” = &<l A}
9¢9 A}&o &= ethane, nonacosane, ethyl acetate?} T}

1.25ppm,

2z #3834 A17TR A 435(2001)

Table 3. Comparison of volatile flavor compounds
from air dried Eucommia ulmoides by harvesting time
Chemical Quantification(ppm)"
Compounds e
class July  September
Hydrocarbons ~ pentane 0.07 1.30
ethane 1.99 6.07
B-myrcene 0.05 2
sabinene 0.07 0.13
limonene 0.51 0.50
2-pentyl furan 0.04 -
7 -terpinene 0.11 -
p-cymene 0.08 0.09
tridecane 0.04 -
heptacosane - 0.73
trans-2-furan 0.05 -
heneicosane - 0.09
nonacosane - 5.81
n-tetradecane 0.06 -
calarene 0.05 -
B-elemene 0.64 0.28
B-caryophyllene 0.21
trans-f -famesene 0.39 -
benzofuran 0.03 0.18
a-terpinolene 0.06
&-3-carene 0.11
B-selinene 0.14
a-selinene 0.18
a-farnesene 0.09 -
Alcohols 1-penten-3-ol 0.10 0.14
cis-2-pentenol 0.07
1-hexanol 0.07 -
cis-3-hexenol 0.27 0.23
cyclohexanol 0.08
2-ethyl hexanol 0.15 -
[-linalool 043 0.21
furan-3-methanol 0.31 -
geraniol 0.34 0.44
p-cymen-8-ol 0.29 -
3-phenylpro-2-yn-1-0l - 0.77
methyl eugenol 0.59 0.12
nerolidol - 0.18
spathulenol 0.13 0.07
benzyl alcohol - 1.25
Aldehiydes 2-pentenal 0.06
n-heptanal 0.06
2-ethyl hexanal 0.55 -
trans-2-hexenal 0.42 1.08
benzaldehyde - 0.30
2,4-heptadienal - 0.87
nonanal 0.22 -
furfural 0.19
2,4-heptadienal 0.58
B-cyclocitral 0.24
perillaldehyde 0.13
benzaldehyde 0.47
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(continued Table 3)

2-furanacetaldehyde 1.55 -
octadecanal 0.51 -
Ketones cryptone 0.09 -
B-damascone 0.28 -
3,5-octadiene-2-one 0.09 -
geranyl acetone 0.12 -
a-iso-methyl ionone 0.56 Q.25
B-ionone 1.23 -
cis-jasmone 0.10 -
B-damascenone - 0.16
6-methyl-y -ionone - 0.87
farnesyl acetone C 0.07 -
2(4H)-benzofuranone 0.18 -
Esters ethyl acetate 0.59 1.38
3-furylmethyl acetate 0.16 0.24
chrysanthenyl acetate 0.07 -
geranyl acetate 0.35 0.16
ethyl linoleolate 0.31 -
isobutyl salicylate - 0.36
Acids hexanoic acid 0.25 0.26
propanoic acid 0.37 -
trans-2-hexenoic acid 0.09 -
1,?-benzened1carboxyhc 0.30 031
acid
tetradecanoic acid - 0.49
nonanoic acid 0.13 -
hexadecanoic acid 0.14 0.10
hexaenoic acid 0.19 -
dodecanoic acid 0.08 -
Miscellaneous  trans-B-ionon-5,6-epoxide 0.37 -
butylidene phthalide 0.65 0.13
8-isobutylidenphthalide 0.23 -
3-n-butyl phthalide 0.14 -

Area of each compound X Amount of internal standard

Area of internal standard X Amount of sample / 10°
? not detected

n

ppm=

F FEo] AR

A B AF9 FulgEd FoIsH= monoterpene
#'9¢]  B-myrcene, sabinene, limonene, 7-terpinene,
[linalool '@ geraniol¥} isoprene units®] 37] EojA
950] X sesquiterpene <) B-caryophyllene, trans-8-
farnesene, a-farnesene % nerolidolo] AFAZRF F
ZdalA ATk AHAAVZF T80 AdR=E
=29ld] 048ppm F-FFH fameseneFE  2,6,10-
trimethyl-2,6,9,11-dodecatetraene © 2 acetic anhydride
9} nerolidol& FA st WFAAEH 2F3hA
Boae R0 s A oh'?. Famesened
E A8 A8 FEXNA 43.02%9] peak aread
tARen?, A% FHES peak area 5.61%,
AT FIIE 17.74% 2 FAF 4% FYUE
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Fig. 2. Relative concentrations by functional groups in
air dried Eucommia ulmoides as influenced by
harvesting time(AC: acids, AD: aldehydes, AL: alcohols,
ES: esters, KT: ketones, MC: miscellaneous).
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o]}, o] A A trans-3-hexenolBt} Lyt oz 4
g FAE Aok 2ol FulgRroz 4HA
= trans-2-hexenalo] 7€ Al 042ppm, 9¥ AR
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selinene & HI SFREU o AEL B 499
AAAZ ABAME EAHAT =T A} F532
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Table 4. Comparison of volatile flavor compounds from
freeze dried Eucommia ulmoides by harvesting time

Chemical
class

Compounds

Hydrocarbons ethane

Alcohols

Aldehydes

Ketones

Esters

butane
1-propene
pentane
hexadecane
limonene

7-oxabicyclo[4,1,0]heptane

sabinene
benzene
pentadecane
p-cymene
B-elemene
B-caryophyliene
trans-f-farnesene
B-selinene
allo-aromadendrene
n-docosane
heptacosane
n-octacosane
benzofuran
heneicosane
octadecane
tricosane
7-gurjumene
pentacosane
1-penten-3-ol
benzenemethanol
I-linalool
cis-2-pentenol
5-nonanol
cis-3-hexenol
2-hexen-1-ol
furan-3-methanol

2,5-dimethylcyclohexanol

benzylalcohol
nerolidol
spathulenol
geraniol

n-hexanal
trans-2-hexenal
nonyl aldehyde
2-hexenal
2,4-heptadinal
3-phenyl-2-propenal
B-cyclocitral
B-damascone
a-ionone
methylethylketone
6-methyl-y-ionone
B-ionone

ethyl formate

Quantification(ppm)"
July  August Szptember
0.52 3.34 12.81

4 0.34 3.60

- - 4.65

- - 1.77

- - 1.46
006 090 2.85
0.01 0.43 -
0.02 - -

- 0.19 -

- 0.54 -
0.01 - -
0.04 1.11 -
002 021 -
0.02 - -
0.01 - -

- 0.20 -
0.03 - 2.32

- - 1.81
0.14 - 0.83

- 0.50 -
0.05 - -

- - 1.37

- - 1.15
0.02 - -

- - 1.83
0.03 - -

- 0.54 -

- 0.62 -
0.02 - -
0.14 - -
0.13 1.34 -
0.01 - -

- 0.46 -

- 0.46 -
013 1152 1725
0.01 0.33 1.60
0.01 0.54 1.60
0.01 021 -
0.02 - -
0.42 939 1263
0.02 - -

- 0.62 -
0.06 1.55 -

- - 0.98
002 028 -
0.01 0.30 1.79
0.02 - 1.69

- 0.99 -

- 0.66 -
005 058 0.79
0.49 10.91 7.35

- 364 -
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(continued Table 4)

methyl formate 0.18 494 -
cis-3-hexenyl-2-methyl- ) 052 )
butyrate
ethyl acetate - - 36.83
ethyl E-2-hexenoate - 0.57 -
3-furylmethyl acetate 0.01 1.10 -
geranyl acetate 0.03 057 -
pentan-1,3-dioldiisobutyrate  0.01 - -
isobutyl salicylate 0.03 - -
Acids propanoic acid - 0.87 -
butanoic acid 0.08 - 2.10
benzoic acid 0.01 1.00 -
hexadecanoic acid 001 023 10.79
hexaedienoic acid 0.04 - -
Miscellaneous  trans-anethole - 0.26 -
butylidene phthalide - 197 2.35
3-n-butylphthalide - 0.83 -

Area of each compound X Amount of internal standard
Area of internal standard X Amount of sample / 10°
“ not detected
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Fig. 3. Relative concentrations by functional groups in
freeze dried Eucommia ulmoides as influenced by
harvesting time(AC: acids, AD: aldehydes, AL: alcohols,
ES: esters, KT: ketones, MC: miscellaneous).
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