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The Volatile Flavor Components of Fresh Codonopsis lanceolata cultivated on a wild hill
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Abstract

Flavor components in fresh Codonopsis lanceolata cultivated on a wild hill were detected by headspace sampling
(HSS) method and GC-MS equipped with a VB-5(5% phenylmethyl polysiloxane) column. The 167 volatile
compounds that were detected, consisted of 28 terpenes and terpene alcohols, 34 hydrocarbons, 31 alcohols, 13
aldehydes and ketones, 25 esters, 6 acids, 10 ethers and 20 miscellaneous components. The ten major volatile flavor
components, comprising about 58% of the total, were dl-limonene (10.2%), a-guaiene (9.0%), 2,2,6-trimethyl-octane
(8.6%), hexadecane (8.0%), isolongifolan-8-0ol (4.2%), 2,4,4-trimethyl-1,3-pentanediol diisobutyrate (4.1%), B
-selinene (3.9%), 2,2,3-trimethylnonane (3.6%), 3-methyl-5-propyl-nonane (3.1%), and ledene (3.1%). The unique
aroma of fresh Codonopsis lanceolata described by sensory evaluation was green, earthy, camphoraceous and
aldehydic. The components attributed to green or camphoraceous flavor such as I-hexanol, 2-methylhexan-3-ol,
3-hexen-1-ol, cis-3-hexenyl butyrate, ethylhexanol, hexyl acetate, trans-2-hexen-1-ol, camphor, longiborneol and
menthol were not included in the ten or twenty major volatile components which had the largest peak area in
descending order. We concluded that the intensity of green and camphoraceous flavor might be used as an indicator
of the freshness of Codonopsis lanceolata.
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Table 1. Operation conditions of GC-MS for detection of
flavor components of Codonopsis lanceolata
GL Line

Injection temp. 250C
Injection mode splitless
Injection hold time 1.00min
column flow 1.23ml/min
Pressure 156.7kPa

Ist stage - maintain 75°C for 5 min
2nd stage - increase 1.5°C/min to 120°C
3rd stage - increase 2.0°C/min to 250°C

Oven temperature

GC/MS Line
Interface temp. 230C
MS Line
Ionization mode EI
Detector 0.9kV

Tonization voltage 70V
Tonsource temp. 200C
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Table 2. Volatile flavor components of fresh Codonopsis lanceolata analyzed by GC/MS

31

No Compounds No Compounds No Compounds
1 1-Dodecanol 57 3,5-Bis(l,1-dimethylethyl)-4-methoxy-benzaldehyde | 113 Diphenyl-4-morpholinebutyric acid
2 1-Dodecene 58 3,5-Dimethylpyrazole 114 dl-Limonene
3 1-Hepten-4-ol 59 3,5-Di-tert-butyl-1-methoxybenzene 115 Docosane
4 1-Hexadecene 60 3,7,11,15-Tetramethylhexadeca-1,3,6,10,14-pentacne || 116 (E)-Ethyl-2-heptencate
5 1-Hexanol 61 3,7-Dimethyl-2,6-octadien-ol 117 (EE)7,11,15-Trimethyl-3-methylene-hexadeca-1,6,10, 14-tetraene
6 1-Octen-3-ol 62 3,7-Dimethylnonane 118 Ethoxy-I-dodecancl
7 1-Phenoxypropan-2-ol 63 4-Heptanol 119 Ethoxyethyl acrylate
8 1,1-Dibutoxybutane 64 4-methoxyphenol 120 Ethythexanol
9 1-(2-Methyl-2-cyclopenten-1-yl)cyclohexene 65 4-Methyl-4-nitroso-2,2-dideuteropentanenitrile 121 Ethylhexoic acid
10 1.2-Benzenedicarboxylic acid, bis(2-methoxyethyl)ester 66 4-Nonanal 122 Ethyloxirane
11 1,2,3,6-Tetramethyl-bicyclo[2,2,2]octa-2,5-diene 67 4,4-Dimethyl-adamantan-2-ol 123 exo-7-(2-Propenyl)-bicyclol4,2,0joct-1(2)-ene
12 1,3-Dihydro-1-methyl-2H-benzimidazol-2-one 68 5-(Acetyloxy)dihydro-5-methyl-2(3H)-furanone 124 y-Cadinene
13 1,3-Di(isobutoxycarbonyl)-2,4,4-trimethylpentane 69 5,5,5-Trifluoro-1,2-pentadien-4-one 125 y-Gurjunene
14 14-Butanediol 70 5-Formyl-3 4-dimethyl-pyrrole-2-carbonitrile 126 v-Elemene
15 14-Dibutoxybutane 71 5-Methylbenzimidazolone 127 Hexadecane
16  2-Acetyl-2-methyl-g-butyloactone 72 6,10-Dimethyl-dodeca-1,6-dien-12-ol 128 Hexahydroaplotaxene
17  2-Isopropyl-5,5-dimethyl-1,3-dioxane-2-ethanol 73 6,7-Dimethyl-1,2,3,5,8,8A-hexahydronaphthalene 129 Hexyl acetate
18  2-Isoprpoxyethanol 74 6-Methyl-1,2,3,5,8,8A-hexahydronaphthalene 130 Iso butyraldehyde
19 2-Methyl-1,3-dioxacycloheptane 75 6-Methyl-1-heptanol 131 Iso hexane
20 2-Methyl-2-dodecanol 76 7-Isopropenyl4,4,8 8-tetramethylbicyclof2,2,2Jocta-2,5-diol || 132 Isoburyl isobutyrate
21 2-Methyl-3-(2-methylpropoxy)-2-cyclohexen-1-one 77- 8,11,14-Eicosatrienoic acid 133 Isoledene
22 2-Methyl-5,6,7,8-tetrahydroquinoxaline 78 9-Eicosene 134 Isolongfolan-8-ol
23 2-Methyl-5,7-dimethylene- [, 7-nonadiene 79 Acetophenone 135 Ledene
24 2-Methylhexan-3-ol 80 Acetylphenylalanine 136 Longiborneol
25  2-Methyltetrahydrofuran 81 Acetylpyrrole 137 Longicyclene
26 2-(2-Methoxy-propoxy)-1-propanol 82 Allyl butyrate 138 Malonamic acid
27 2-(N-Methyl)imino-3-pentanone 83 a-Cedrene 139 Menthol
28  2-Propenoic acid, 3-(4-methoxyphenyl)-2-ethylhexyl ester || 84 a-Guaiene 140 Methyl palmitate
29 2,2, 3-Trimethylnonane 85 a-Humulene 141 Methyl-2,5-di(t-butyl)-dithobenzoate
30 2,2,4-Trimethyl-3-hydroxypentyl isobutyrate 86 Ammonium carbamate 142 Methyl-2-butynoate
31 2,2,5-Trimethyldecane 87 Amyl butyrate 143 Methyl-3-hydroxyhexanoate
32 2,2,6-Trimethyldecan 88 Benzoic acid 144 N,N-Dimethyl -1-tetradecanamine
33 2,2,6-Tirmethyloctane 89 B-Elemene 145 N,N-Dimethyl-heneicosanylamine
34 2,2-Dimethylbutane 90 B-Guaiene 146 N-Hexoxy-1-butanol
35  2,2-Dimethyl-3-heptanone 91 B-Humulen 147 N-Octadecane
36 22-Dimethyl-1-2hydroxy-1-methylethyl) propyl isobutyrate | 92 -Selinene 148 Nonadecane
37 2,4-Dimethyl undecane 93 Bicyclogermacrene 149 Nonanal
38 24-Dimethyl-6,7-dihydro-SH-cyclopenta{d}pyrimidine 94 Buthoxybutanol 150 n-Tricosane
39 2,4,4-Trimethyl-1,3-pentanediol diisobutyrate 95 Butyl stearate 151 Pentalenene
40 2,4,5,7-Tetramethyl-2,6-octadiene 96 Butyraldehyde dibutyl acetal 152 Octanoic acid
41 2,4,6-Tripropyl-1,3,5-trioxane 97 Butyrolactone 153 Pentadecane
42 2,6-Dimethyl-2-heptanol 98 Camphor 154 sec-Butyl glycolate
43 2,6-Dimethyl-2-octanol 99 Carbitol acetate 155 Squalene
44  2,6-Dimethyl-7-octen-3-one 100 cis-3-Hexenyl butyrate 156 Tetracosane
45 2,6-Di-tert-butyl-4-isopropyl phenol 101 Cyclododecane 157 Tetradecanal
46  2,8-Dimethyl-undecane 102 Cyclohexanecarboxylic acid, cyclohexyl ester 158 Tetradecane
47 3-Ethyl-4-methylpentanol 103 Decanal 159 Tetradecanol
48  3-Hexen-1-ol 104 Decanoic acid, decyl ester 160 Tetrahydrofuran
49 3-Hydroxy-2,2,4-trimethylpentyl ester of isobutanoic acid || 105 8-Cadinene 161 Toluylene-2,4-diisocyanate
50 3-Methyl pentane 106 8-Guaiene 162 trans-2-(Chloromethyl)-2,5-dimethyltetrahydrofuran
51  3-Methyl-5-propylnonane 107 Dihydro-f-agarofuran 163 trans-2-Butene-1,4-diol
52 3-Octadecene 108 Diisopropyl adipate 164 trans-2-Hexen-1-ol
53 3,34,4-Tetramethyl-cyclopentanone 109 Diisopropyl carbinol 165 Tricyclo[4.4.0.0(3,9)]decane
54 3,3-Dimethyl heptane 110 Dimethyl carbitol 166 Valencene
55 3,4-Dihydro-2,2-dimethylfuran-2,5-dione 111 Dimethyl N-tetradecylamine 167 Widdrene
56 34-Dimethyl decane 112 Diphenyl methanol
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Table 3. Volatile compounds of Codonopsis lanceolata classified by functional groups

Functional groups

Volatile compounds

Terpene and
terpene alcohols
(28 compounds)

(E,E)-7,11,15-Trimethyl-3-methylene-hexadeca-1,6,10,14-tetraene 1,2,3,6-Tetramethyl-bicyclo[2,2,2]octa-2,5-diene
3,7,11,15-Tetramethylhexadeca-1,3,6,10,14-pentaene ~ Widdrene ~a-Cedrene a-Guaiene  a-Humulene
B-Elemene B-Guaiene B-Humulen B-Selinene  Bicyclogermacrene  Camphor  8-Cadinene 8-Guaiene
dl-Limonene  exo-7-(2-Propenyl)-bicyclof4,2,0]oct-1(2)-ene  v-Cadinene v-Gurjunene  v-Elemene Isoledene
Isolongifolan-8-0l Ledene  Longiborneol, Longicyclene Menthol  Squalene  Valencene

Hydrocarbons
(34 compounds)

1-(2-Methyl-2-cyclopenten-1-yl)-cyclohexene ~ 1-Dodecene  1-Hexadecene  2,2,3-Trimethylnonane
2,2,5-Trimethyldecane  2,2,6-Trimethyloctane 2,2,6-Trimethyldecane  2,2-Dimethylbutane
2,4.5,7-Tetramethyl-2,6-octadiene ~ 2,4-Dimethylundecane  2,8-Dimethyl-undecane
2-Methyl-5,7-dimethylene-1,7-nonadiene ~ 3,3-Dimethylheptane  3,4-Dimethyldecan 3,7-Dimethylnonane
3-Methylpentane  3-Methyl-5-propyl-nonane  3-Octadecene 6,7-Dimethyl-1,2,3,5,8,8 A-hexahydronaphthalene
6-Methyl-1,2,3,5,8,8A-hexahydronaphthalene  9-Eicosene Cyclododecane  Docosane  Hexadecane
Hexahydroaplotaxene ~ Isohexane ~ N-Octadecane ~ Nonadecane  N-Tricosane  Pentadecane Pentalenene
Tetracosane  Tetradecane  Tricyclo[4.4.0.0(3,9)]decane

Alcohols
(31 compounds)

1,4-Butanediol  1-Dodecanol  1-Hepten-4-ol  1-Hexanol  1-Octen-3-ol 1-Phenoxypropan-2-ol
2-(2-Methoxy-propoxy)-1-propanol ~ 4-Heptanol  2,6-Dimethyl-2-heptanol 2,6-Dimethyl-2-octanol
2,6-Di-tert-butyl-4-isopropyl phenol  2-Isoprpxyethanol  2-Methyl-2-dodecanol 2-Methylhexan-3-ol
3,7-Dimethyl-2,6-octadien-ol  3-Ethyl-4-methylpentanol  3-Hexen-1-ol 4,4-Dimethyl-adamantan-2-ol
6,10-Dimethyl-dodeca-1,6-dien-12-0l ~ 6-Methyl-1-heptanol  trans-2-Butene-1 4-diol  trans-2-Hexen-1-ol
7-Isopropenyl-4,4,8,8-tetramethylbicyclof2,2,2]octa-2,5-diol  Buthoxybutanol Diisopropyl carbinol ~ Diphenyl
methanol  Ethoxy-1-dodecanol  Ethylhexanol  4-methoxyphenol  N-Hexoxy-1-butanol Tetradecanol

Aldehydes 3,5-Bis(1, 1-dimethylethyl)-4-methoxy-benzaldehyde ~ 4-Nonanal =~ Decanal  Isobutyraldehyde Nonanal
(6 compounds) Tetradecanal
Ketones 2,2-Dimethyl-3-heptanone ~ 2-Methyl-1,3-dioxacycloheptane  Acetophenone 2,6-Dimethyl-7-octen-3-one
(7 compounds) 3,4-Dihydro-2,2-dimethylfuran-2,5-dione 2-Methyl-3-(2-methylpropoxy)-2-cyclohexen-1-one
3 3,4,4-Tetramethyl-cyclopentanone
(E)-Ethyl-2-heptencate  1,2-Benzenedicarboxylic acid  cis(2-methoxyethylester
2-Acetyl-2-methyl-g-butyloactone ~ 2,2,4-Trimethyl-3-hydroxypentyl isobutyrate
1,3-Di(isobutoxycarbonyl)-2,4,4-trimethylpentane Amylbutyrate Butylstearate  2-Propenoic acid
3-(4-methoxyphenyl)-2-ethylhexyl ester Butyrolactone
Esters 3-Hydroxy-2,2,4-trimethylpentyl ester of isobutanoic acid ~ Allyl butyrate  cis-3-Hexenyl butyrate

(25 compounds)

Cyclohexanecarboxylic acid cyclohexyl ester ~ Decanoic acid decyl ester  Diisopropyl adipate
Ethoxyethyl acrylate Hexyl acctate  Isobutyl isobutyrate, Methyl-2,5-di(t-butyl)-dithobenzoate
Methyl palmitate  Methyl-2-butynoate ~ Methyl-3-hydroxyhexanoate
2,4.4-Trimethyl-1,3-pentanediol diisobutyrate  sec-Butyl glycolate
2,2-Dimethyl-1-(2-hydroxy-1-methylethyl) propyl isobutyrate

Acids
(6 compounds)

8,11,14-Eicosatrienoic acid  Benzoic acid  Octanoic acid Diphenyl-4-morpholinebutyric acid
Ethylhexoic acid Malonamic acid

Ethers
(10 compounds)

1,1-Dibutoxybutane  1,4-Dibutoxybutane  3,5-Di-tert-butyl-1-methoxybenzene 2,4,6-Tripropyl-1,3,5-trioxane
Butyraldehyde dibutyl acetal —Dimethyl carbitol 2-Isopropyl-5,5-dimethyl-1,3-dioxane-2-ethanol
2-Methyltetrahydrofuran ~ Tetrahydrofuran trans-2-(Chloromethyl)-2,5-dimethyltetrahydrofuran

The others
(20 compounds)

1,3,-Dihydro-1-methyl-2H-benzimidazol-2-one 2-(N-Methyl)imino-3-pentanone
5,5,5-Trifluoro-1,2-pentadien-4-one  2-Methyl-5,6,7,8-tetrahydroquinoxaline
2,4-Dimethyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine  3,5-Dimethylpyrazole
4-Methyl-4-nitroso-2,2-dideuteropentanenitrile  5-Methylbenzimidazolone
5-(Acetyloxy)dihydro-5-methyl-2(3H)-furanone  Acetylphenylalanine
5-Formyl-3,4-dimethyl-pyrrole-2-carbonitrile ~ Acetylpyrrole ~ Ammonium carbamate  Carbitol acetate
Dihydro-p-agarofuran ~ Dimethyl N-tetradecylamine — N,N-Dimethyl -1-tetradecanamine
N,N-Dimethyl-heneicosanylamine _ Toluylene-2,4-diisocyanate Ethyloxirane
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Fig. 1. Gas Chromatogram of the volatile flavor components from Codonopsis lanceolata
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Table 4. Major 20 volatile components of fresh Codonopsis lanceolata and their attributes

Peak Ret‘ention Attributes Peak area
1 Compound time

No. (min)  Aroma characteristic functional group (%)
1 2,2,6-Trimethyloctane 11.8  Aldehydic Hydrocarbons 8.6
2 2,2,3-Trimethylnonane 125  Aldehydic & bitter Hydrocarbons 3.6
3 3-Methyl-5-propylnonane 13.8  Aldehydic & bitter Hydrocarbons 31
4 2,2,5-Trimethyldecane 15.7 - Hydrocarbons 29
5 dl-Limonene 16.2  Fresh Terpene & terpene alcohols 102
6 Hexadecane 16.5  Aldehydic Hydrocarbons 8.0
7 2,2,6-Trimethyldecane 17.9 - Hydrocarbons 1.3
8 Tricyclo[4.4.0.0(3,9)]decane 43.6 - Hydrocarbons 1.4
9 Isoledene 44.5  Bitter Terpene & terpene alcohols 1.5
10 1,2,3,6-Tetramethyl-bicyclo[2.2.2]octa-2,5-diene 454 - Terpene & terpene Alcohols 1.9
11 2-Methyl-2-dodecanol 48.4 - Alcohols 2.1
12 a-Humulene 505  Woody Terpene & terpene Alcohols 27
13 Longicyclene 51.6 - Terpene & terpene Alcohols 1.1
14 Dihydro-B-agarofuran 526  Woody The others 1.2
15 B-Selinene 52.8  Bitter Terpene & terpene alcohols 39
16 Ledene 53.5  Bitter Terpene & terpene alcohols 3.1
17 a-Guaiene 53.6  Earthy Terpene & terpene alcohols 9.0
18  Isolongifolan-8-ol 54.3  Earthy Terpene & terpene alcohols 42
19  §-Cadinene 55.3  Bitter Terpene & terpene alcohols 1.6
20  2,4,4-Trimethyl-1,3-pentanediol diisobutyrate 60.1 Fruity Ester 4.1
Total 75.5

1) peak No. refer to Fig. 1.
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