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Abstract

Volatile flavor components of fresh ginseng (Panax ginseng C.A. Meyer.) were studied.
Steam distillate of fresh ginseng was extracted with ethyl ether and the extract was separated
into four fractions: neutral, phenolic, acidic and basis fractions. The ethyl ether concentrates
and neutral fraction were analyzed by a combination of SE-54 fused silica capillary gas chrom-
atography and mass spectrometry.

Major flavor components of fresh ginseng were predominantly mono(n + 2) and sesquiter-
penes(n + 3) in over two hundred constituents. Of these, 28 were newly identified in volatile
flavor components of fresh ginseng by GC-MS.
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Fig. 1. Apparatus for steam distillation of ginseng flavor.

*NIH (National Institute of Health in U.S.A.}
EPA (Environmental Protection Agency in U.S.A)
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Table 1. Instrument and operating condition for G.L.C.

Instrument : Varian Aerograph Model 3700 equipped with flame ionization detector
Column : Fused silica capillary coated with SE-54 (20m x 0.25mm i.d.)

Column temp. : 34°C for 10 min, programmed 2 °C/min to 190°C

Flow rate : 5 ml/min, N2

Column pressure : 0.5kg/cm?

Detector 1 270°C

Injector : 270°C

Chart speed : 0.5cm/min

(4) GC/MS z3

#4871 71+ Varian Model 3760 GC3} open split & coupling® Vasian MAT 212MS$k Spectro-
system MAT 188¢ data system® o|&3F3lcl. GCEAL Table 1 3+ o) HEZLTE 40T
dl4 5TC/45 & programAl# 100C7+x €2 F 100C A 3C/45% 190C 7= program A} 7|
v Z7ukE delstd Table 29F 22 MS 2402 3o Rustgc),

Table 2. GC/MS conditions for separations of ginseng flavor.

1) GC conditions

Column : Fused silica capillary coated with SE-54 (20m x 0.25mm i.d.)
Flow rate : 1.2 ml/min

Column temp. : 40°C, programmed 5 °C/min to 100°C and 3 °C/min to 200°C
Injection vol. ¢ 1 ul (split ratio = 10:1)

2) MS conditions

Ionization voltage : 70 eV
Emission current : 1 mA
ITon source temp. 1 250°C

Ion source pressure : 1.2 x 10-Storr.
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Table 3. Distilling rate of ginseng flavor compounds at distillation times.

Time (hr) 1 2 3 4 5 Total
Distillate (£) 1.01 1.55 1.15 1.02 0.98 5.71
pH 4.89 5.03 5.13 5.09 5.28 -
ether extract (g) 0.9550 0.9115 0.4837 0.0430 0.0356 2.4288
Yield (w/w) % 1.89x10-2  1.03x10-2 0.50x10-2  0.48x10-3 0.40x 10" 0.028

* distillation is carried out on autoclave at 84 °C, 1 atm.
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Table 4. Yields of flavor compounds in iteam distillates of fresh ginseng roots.

Fraction Yield (mg) Composition (%, w/w)
Total amount ) 2,428.8 100

Neutral 1,478.2 60.9
Phenolic 177.6 11.4

Acidic 167.9 6.9

Basic 218.8 9.0
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Table 5. The organoleptic character of the solvent fraction of ginseng flavor concentrate.

Fraction c(}i::i!:gr Aromatic character

Neutral + fresh, ginseng-like earthy, resinous,
Acidic ) - sharp acidic, irritant butylic-like
Phenolic - very sharp, cresol-like

Basic - sweet, warm

Table 6. Physico-chemical properties of ginseng flavor concentrates.

Sample d 25 n 24 Color
Ether extracts 0.8021-0.8571 1.4671 yellowish brown
Neutral fraction 0.9450 1.4030 yellowish brown
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Table 7. Volatile flavor components of fresh ginseng roots.

No. of th M+ Characteristic mass spectral ions Compounds Composition
Peak (min) (rel. intens. %) Area %
17 5.74 102 85(100), 56(52), 67(19), 81(9 ), 53(4 ) Tetrahydro-2-hydroxy-2H-pyran 0.35
20 7.39 106 91(100), 106(30), 65(16). 84(10) Ethyl benzene 0.15
21 8.01 106 91(100), 106(48), 77(21), 65(21), 86(6 ) 1.3-cyclopentadiene, S-isopropylidene 0.97
25 9.39 106 91(100), 106(50), 77(14), 56( 8), 65(6 ) 0O-dimethy! benzene 0.25
27 10.81 114 70(100), 55(92), 57(80), 81(34), 96(5 ) 4-methyl hexanal 0.20
31 1292 136 93(100), 92(25), 91(17), 79(13), 121(18) « -pinene 0.06
36 1596 106 93(100), 106(83), 105(70), 78(46), 51(32) benzaldehyde 0.02
40 1637 136 93(100), 77(25), 7921), 69%21), 121(18) 4(10)Thujene 0.15
55 21.52 136 68(100), 93(72), 7942), 84(32), 121(23) Limonene 0.04
77 27.86 154 93(100), 71(68), 55(44), 80(33), 121(20) Linaloc! 0.10
90 32.39 154 59(100), 93(68), 79(64), 53(52), 67(34) a-terpineol 0.02
91 3299 136 93(100), 121(84), 80(82), 137(48), 55(48) Ocimen (VAN) 0.07
110 38.74 164 149(100), 164(30), 91(121),119(18), 105(8 )  P-isopropyl benzoic acid 0.35
131 4391 204 18%(100), 204(27), 133(24), 105(22), 147(19) triisopropyl benzene 0.51
133 45.24 204 204(100), 133(90), 161(80), 148(72), 105(66) Cycloprop(e) azulene, Octahydro. tetramethyl (.26
138  47.41 204 161(100), 91(62), 105(60), 133(58), 204(42) Cyclopropa(a) Naphthalene " " 4.80
140 4891 204 93(100), 81(98), 68(72), 121(54), 147(42) Cyclohexane, 2,4-diiso propyl- 6.68
141  49.54 204 189(100), 105(99), 161(94), 92(92), 204(92) Cyclopyop(e) azulene decahydro, tetramethyl 0.43
143  50.94 204 105(100), 93(94), 69(86), 147(84), 133(78) Guaia-1{5), 11-diene 0.78
145 51.21 204 161(100), 105(44), 92(40), 133(22), 204(12) isomer of #138 1.73
147 5231 204 161(100), 189%(74), 105(72), 93(56), 175(52) #-Patchoulene 15.40
148 5231 204 94(100), 81(26), 121(26), 107(16), 67(16) Eudesma-4(14), 11-diene
158 5342 204 6%100), 93(93), 79(38), 55(34), 107(12) (E)-8-Famesene 7.07
162 54.24 204 18%(100), 133(66), 204(58), 92(44), 105(43) g-Maaliene 0.67
164 5532 204 121(100), 93(87), 107(62), 79(44), 161(33) O-Menth-8-ene, 4-isopropyl-1-vinyl 7.31
165 55.32 222 82(100), 93(98), 68(76), 107(58), 121{45) (E.E)}-Famesol
170 56.91 204 161(100), 204(60), 135(58), 119(48), 105(46) (O-Menth-2-ene, 4-isopropyl-vinyl 0.40
Table 8. Volatile flavor components of fresh ginseng roots.
No. of Rt Composition Composition Identification
Peak (min) Area %
1.69 2-methyl-1-propanol 0.48 tR
8 3.12 2-pentanol 0.10 "
14 4.56 ethyl buthanoate 0.05 "
16 5.24 buthyl ethanoate 0.04 "
43 17.59 1-Heptanol 0.02 "
57 22.32 P-Cymene 0.02 "
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Table 9. Characteristic mass data of volatile flavor components unidentified from fresh ginseng roots.

No. of Rt M+

) Characteristic mass spectral ions (rel intens %) Composition

Peak  (min) (proposed) area%

48  18.61 57(100), 108(16), 98(30), 70(40), 82(45), 79(55) 0.12

50 19.31 55(100), 152(+), 109(22), 95(15), 84(58), 69(50), 57(70) 0.31

66 2647 93(100), 137(68), 105(40), 86(64), 69(52), 77(48) 55(90) 0.02

73 2740 137(100), 153(37), 124(23), 81(13), 69(23), 55(18) 0.12
105  36.76 91(100), 163(12), 119(14), 105(52), 77(18), 65(10) 0.03
115  39.74 119(100), 162(48), 147(78), 91(42), 77(14), 65(12) 0.03

127 42.44 204  121(100), 205(+) , 189(24), 161(28), 148(70), 133(60), 105(66), 0.96
132 44.64 204  148(100), 204(37), 189(38), 133(55), 119(32), 105(38), 91(42) 1.08
134 45.77 204 189(100), 205(+) , 147(52), 133(54), 119(44), 105(58), 91(44) 0.23
139 47.87 162(100), 147(60), 119(40), 107(70), 91(74), 79(74), 55(79) 1.29
142 50.14 204 189(100), 163(64), 149(66), 133(62), 119(52), 107(80), 91(84) 0.64
163 54.71 204 94(100), 204(35), 161(40), 133(44), 80(94), 67(93), 55(90) 0.48

180 58.97 204  161(100), 123(100), 205(62), 189(56), 107(82), 92(74), 81(74) 0.59
183 59.97 204  161(100), 204(38), 123(70), 107(64), 92(54), 81(54), 55(45) 4.01

185 60.07 204 91(100). 205(49), 159(68), 105(80), 79(72), 69(62) 0.45
193 62.57 222 207(100), 135(25), 123(30), 96(32), 81(48), 67(30) 5.50
195 63.77 92(100), 131(24), 117(36), 105(46), 77(57), 67(74), 55(87) 345

201 64.71 204 93(100), 205(68), 161(82), 105(78), 81(94), 69(78), 55(78) 114

255 85.64 103(100), 131(33), 117(63), 91(68), 77(43), 55(94), 55(94) 9.08

¢ —methyl —propanol, 2 —pentanol, 1 —heptanol 52| alcohol &2} butyl — ethanoate, ethyl -
buthanoate 52| esterf % monoterpene®2| p-cymene2 Table 83 7+¢] authentic sample
°]-§ retention time ¥ co—injectionsl] &84 RS, tetrahydro~ 2 ~hydroxy ~ 2 H -
pyran, ethylbenzene, 13— cyclopentadiene — 5 —isoprpylidene, 0 -dimethylben-ene, Q — pinene,
4 (10) - thujene, O-cimene, p - isopropylbenzoic acid 52 hydrocarbon-2 7 & 102, 106, 106,
154, 154, 1642 4 mass spectrumol] 2|34 4 (]33}

peak #127(TR 40BLL) LAt 4¥EE Area% 2 80% ol 42 MRS Axsts AEBE
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