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Abstract() The isolation of volatile compounds by vacuum-distillation with freeze-drying was tested
with fresh ginseng roots. The roots were frozen at -80 °C: they were dried at -40 °C under vacuum(40 torr)
for 24 hours; and the ice condensed at the surface of condenser in the freeze-dryer was thawed at room
temperature. The ether extract of the resulting aqueous solution was analyzed by gas chromatography
(GC) equipped with a flame ionization detector (FID) or a nitrogen-phosphorus detector{NPD)) and by gas
chromatography/mass spectrometry(GC/MS). More than forty peaks were observed in the GC(FID) pro-
file, and more than ten peaks were observed in the GC(NPD) profile. Among them, thirteen components
including one aldehyde, four hydrocarbons, two esters, four alcohols, and two pyrazines were identified:
six components the molecular ions of which were m/z 204 were estimated to be a series of azulene com-
pounds; and the other components unidentified were estimated to have molecular weights of lower than
254. Therefore, the freeze-drying technique is thought to be useful for the isolation of volatile compounds
of such low molecular weights from vegetables, fruits, and biological fluids as well as fresh ginseng roots

under the tested conditions.
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Introduction

Essential oils are defined as volatile materials
derived by physical processes from the odorous ma-
terial of a single botanical form and/or species with
which it agrees in name and odor". The methods
used for the isolation of the volatiles are generally
categorized into distillation techniques and extrac-
tion techniques: the former include simple distilla-
tion, steam distillation, vacuum dustukkatuibm and
carbon dioxide distillation; and the latter include
solvent extraction, simultaneous distillation-extrac-
tion, carbon dioxide extraction, and supercritical
fluid extraction?. Among them the most popular
technique is the steam distillation under reduced
pressure, which usually produces larger amounts
of from a given quantity of starting material.
However, the technique is not adequate for the
isolation of heat-labile constituents because they

”

may readily undergo rearrangment. The loss of
some of the terpene alcohol esters during distilla-
tion amounted to 30 to Y0%, and a variety of new
products was formed®. Distillation caused the
almost total disappearance of alpha-thujene, neral,
and geranial which occurred in lime itself, with
coincident production of alpha-phellandrene, and
alpha-and beta-terpineols, and it was pointed out
that the low temperature expression was more ade-
quate for the isolation of such volatiles than the
distillation®. Freeze-drying technique, whcih is
well-known method used for the removal of water
from moisture-rich materials such as fruits, vegeta-
bles, and biological fluids, is thought to be also used
for the isolation of volatiles as long as they are
volatile enough to be distilled under a given condi-
tion.

In this study, we observed the occurrence of
more than forty components in the vacuum-dis-
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tillates derived from fresh ginseng roots during
freeze-drying, and some of them were identified by
use of gas chromatography(GC) and gas chromato-
graphy/ mass spectrometry(GC/MS).

Materials and Methods

Materials

Vacuum distillates derived from fresh ginseng
roots (6 year-old) during freeze-drying were used as
samples. Here, the ginseng roots were harvested at
Agronomy Research Center, Korea ginseng and to-
bacco Research Institute in September, 1989. All
solvents used were GR grade; and the instruments
used were freeze-dryer(Dura-Dry, FTS System
Inc.), GC(Hewlett-Packard 5880A and 5890A), and
GC/MS(Varian MAT 212; 70eV, EI Mode).
Methods

Fresh ginseng roots were frozen at -80°C, and
they were dried at -40 °C under vacuum (40torr) for
24 hours by use of freeze-dryer.
The ice condensed at the surface of condenser in
the freeze-dryer was thawed at room temperature,
and the resulting aqueous solution was extracted
with diethyl ether directly. The ether extract was
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analyzed by GC and GC/MS after dehydrating it
with anhydrous sodium sulfate. Here, GC column
used was a SPB-1 fused silica Capillary(0.25mm id
x 30m; Supelco) or a SP-2340 fused silica Capil-
lary(0.25mm id x 30m; Supelco); and the detector
used was a flame ionization detector (FID) or a
nitrogen-phosphorus detector (NPD). Thirteen cf
the volatile components in the ether extract were
identified by co-chromatographying with authentic
compounds (Tokyo Kasei Co.); Six of them were
estimated from their mass fragment ions; and the
molecular weights of the other components uniden-
tified were estimated by comparing them with those
of authentic n-hydrocarbon compounds (Tokyo
Kasei Co.).

Results and Discussion

A GC(FID) profile of ether extract from vacuum-
distillates is shown in Fig. 1, where more than forty
peaks appear. Eleven of them(peak # 1-11) were
identified by co-chromatographying with authentic
compounds, and six of them(peak # 12-17) were
estimated from their mass fragment ions.

The components identified were 2-methyl- 1-pro-
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Fig. 1. GC (FID) profile of ether extract of vacuum distillates derived from fresh ginseng roots during freeze-
drying. The column used was a SPB-1 fused silica capillary (0.25 mm id x 30 m; Supelco), and the detector
used was a flame ionization detector (FID). 1, 2-methyl-1-propanol; 2, 2-pentanol; 3, ethyl butanoate; 4, butyl
etanoate; 5, ethyl benenze; 6, o-dimethyl benzene; 7, alpha-pinene; 8, benzaldehyde, 9, 1-heptanol; 10, p-cymene;

11, linalool; 12-17, m/z 204.
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Fig. 2. GC (FID) profile of ether extract of vacuum-
distillates derived from fresh ginseng roots dur-
ing freeze-drying. The column used was a SP-2340
fused silica capillary (0.25 mm id x 30 m; Supel-
co), and the detector used was a nitrogen-
phosphorus detector (NPD). 1, 2,6-dimethyl pyra-
zine; 2, 2,3,5,6-tetramethyl pyrazine.

panol, 2-pentanol, ethyl butanoate, butyl etanoate,
ethyl benzene, o-dimethyl benzene, alpha-pinene,
benzaldehyde, 1-hetanol, p-cymene, and linalool,
the molecular weights of which ranged from 73 to
153. The components estimated to be azulene com-
pounds also occurred in the ether extract. Any of
them was not identified exactly because their mass
fragment ions were very similar each other, but see-
ing that the molecular ion peaks of m/z 204 ap-
peared in all of their mass spectra at least one of
them seemed to be alpha-gurjunene, beta-patchou-
lene, (-)-aromadendrene, beta-elemene, or delta-
cadinene, which had been identified in n-hexane ex-
tract from distillation-concentrate of fresh ginseng
roots”. Seeing that the retention time of the last
peak component in the GC chromatogram (Fig. 1)
was little shorther than that of n-octadecane, the
molecular weights of the other components uniden-
tified were estimated to be lower than 254.

Fig. 2 shows a GC(NPD) profile of ether extract
from vacuum-distillates, where more than ten peaks
appear. Two of them (peak # 1-2) were identified by
co-chromatographying with authentic compounds.

The components identified were 2,6-dimethylpy-
razine and 2,3,5,6-tetramethylpyrazine, the mole-
cular weights of which were 108 and 136, respec-
tively. The other components except the two com-
pounds were thought to be nitrogen- or phosphorus-
containing compounds since they were detected by
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NPD, a nitrogen- and phosphorus-selective detec-
tor. Five methoxypyrazine and eight alkylpyrazine
derivatives had been identified as major flavor com-
ponents in ginseng roots®, but only one (2,3,5,6-te-
tramethyl-pyrazine) of which was identified in the
ether extract of vacuum-distillates in this study.

As mentioned above, a variety of components
occurred in ether extract of vacuum-distillates
derived from fresh ginseng roots during freeze-
drying, and all the components identified or uniden-
tified were thought to have molecular weights of
lower than 254. Conclusively, the freeze-drying
technique may be useful for the isolation of volatile
compounds the molecular weights of which are
lower than 254 from vegetables, fruits, and biologi-
cal fluids as well as fresh ginseng roots under the
tested conditions. The number of volatile com-
pounds may by increased, and they may be fraction-
ed by varying the degree of vacuum.

Literature Cited

1. Shibamoto, T.: In ‘Applications of Glass Capillary
Gas Chromatography’, W. Jennings(ed.), Marcel
Dekker, N. Y. (1981).

2. Sugisawa, H.: In ‘Flavor Research’, R. Teranishi, R.
L. Flath, and Sugisawa(eds.), marcell Dekker, N.
Y. (1981).

3. Pickett, J. A., Coates, J. and Sharpe, F. R.: Chem.
Ind. (London), 13, 571 (1975)
Adolf R.: In ‘Sample Preparation for Gas Chromato-
graphic Analysis’, Chap. 3, Dr. Alfred Huthig
Verlag, N. Y. (1983)

4. Azzouz, M. A,, Reineccius, G. A. and Moshonas, M.
G.: J. Food Sci., 41, 324 (1976).

5. Park, N. J. and Kim, M. W.: J. Korean Agric. Chem.
Soc., 27(4), 259 (1985).

6. Iwabuchi, H., Yoshikura, M., Obata, S. and Kami-
sako, W.: Yakugaku Zasshi, 104(9), 951 (1984).

Jennings, W. G. and

x =

TAAxA EEREe U4 Ede ¥elE
TAE AER 9 Ax3Anh 93 80 F
Kl

AN FAE o5k 405, 15 Tldel A 24412



356 Hoon Park, Hyun Joo Sohn and Byung Goo Cho zay9larehsl A
zA7) & 2AAZ7] W Wztg Bde] §55 o W28 2% o4FLHF 43 ¥ dAH3A #AgE 2F
gl AL AL Zo|n JEZE FE3e] £ O]SdJ_, m/z 20420 67]8] Tlo)=A - azuleneA
o) 281712 7|(FID) =& A7 %ﬂ(NPD) =S sh3tea Zlog A= ew, Yux o)L

B2x)z] 71AZ2etE2R9(GC) R 7|HIR0tE
28 =)/ A A A (GC/MS) & #4819it} GC(FID)
AazvlE 1A o AE 400] o] o] =7} BAE AL
GC(NPD) zzvlEIaadldAE 100] 7ie] o]z}

P259ch o] FolA 1348 HolaNE-g SH3}
gt ol5e SIS 1%, WHELF 4F, o=

nebsteagel dxe A% n-Sehlud qe
Aoz FAHadch weba,

A )

ARdzHE ?*&—3— %% Az, e, AEAY 5
£

¢



