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ABSTRACT: Ginsenosides are regarded as the main active, non-volatile components of Panax ginseng (C. A. Meyer). However,
throughout the long history of ginseng research, there has been virtually no report describing its volatile flavor compounds. A
solvent-free procedure for the determination of volatile flavor compounds generated from fresh, white and red Panax ginseng (C.
A. Meyer) using solvent-free solid injection (SFSI) coupled with gas chromatography-mass spectrometry (GC-MS) detection is
described here. At no point in the SFSI technique were the extraction conditions optimized. Rather, the experimental variables
including various sample preparations (fresh, oven-dried and freeze-dried), injector temperatures (100, 150, 200, 250 and 300°C),
and preheating times (3, 5, 7, 10 and 15 min), were predicated on the experience of the authors. A total of 47 compounds were
identified in various forms of ginseng. Among the compounds identified in the sample, fresh ginseng was characterized by a high
proportion of 3-acetyl-1-(3,4-dimethoxyphenyl)-5-ethyl-4,5-dihydro-7,8-dimethoxy-4-methylene-3H-2,3-benzodiazepine (64.24%)
and 23,24-dinor-3-oxolean-4,12-dien-28-oic acid (21.42%); 2-furanmethanol (20.26%) and 3-hydroxy-2-methyl-4H-pyran-4-one
(17.95%) were detected as the major components in white ginseng while the main components of the red ginseng were found to
be 1,2-benzenedicarboxylic acid dibutyl ester (16.27%) and 2-furanmethanol (13.82%). SFSI is a solvent-free, rapid and simple
sample preparation technique based on direct vaporization. There is no dilution or contamination with solvent or its impurities
and no loss of quickly eluted components was observed in the solvent peak. Copyright © 2008 John Wiley & Sons, Ltd.
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INTRODUCTION

Ginseng, the root of Panax ginseng C.A. Meyer
(Araliaceae), is widely used as a traditional medicine.
This crude drug has been empirically used as a psychic
energizer and a general tonic in traditional medicines
to increase vitality, health and longevity, especially
in older persons (Gillis, 1997). The dried roots and

rhizomes of ginseng (Panax ginseng C. A. Meyer)
contain many physiologically important constituents,
including ginseng saponins, ginseng oils and phytosterol,
carbohydrates and sugars, organic acids, nitrogenous
substances, amino acids and peptides, vitamins and
minerals, and certain enzymes that have been isolated
and characterized (Hou, 1977; Lee, 1992). Among these
compounds, non-volatile saponins (ginsenosides) have
been regarded as the main active components respons-
ible for the pharmacological activities of ginseng. To
date, 40 ginsenosides have been isolated and identified
from the root of Panax ginseng (Cheng et al., 2006).
The pharmacological effects of ginseng have been dem-
onstrated on the central nervous system (CNS) and
in the cardiovascular, endocrine, and immune systems.
In addition, ginseng and its constituents have been
ascribed with anti-neoplastic, anti-stress and antioxidant
activities (Wang and Joseph, 1999; Yun et al., 2001;
Wang et al., 2006).

*Correspondence to: Jae-Ham Shim, Natural Products Chemistry
Laboratory, Institute of Agricultural Science and Technology,
College of Agriculture and Life Science, Chonnam National Univer-
sity, 300 Yong-Bong Dong, Buk-Ku, Gwangju 500-757, Republic of
Korea.
E-mail: jhshim@chonnam.ac.kr
A. M. Abd El-Aty, Department of Veterinary Pharmacology and
Toxicology, College of Veterinary Medicine, Konkuk University, 1
Hwayang-dong, Kwangjin-gu, Seoul, Republic of Korea.
E-mail: abdelaty44@hotmail.com

Abbreviations used: DSI, direct sample injection; RG, red ginseng;
SFSI, solvent-free solid injection; SG, sun ginseng; WG, white ginseng.



Copyright © 2008 John Wiley & Sons, Ltd. Biomed. Chromatogr. 22: 556–562 (2008)
DOI: 10.1002/bmc

Volatile organic compounds generated from fresh, white, and red Panax ginseng 557ORIGINAL RESEARCH

Analysis of plant volatiles is a significant and growing
area of research, as volatile constituents present in
plant materials are increasingly recognized to possess
aromatic, anti-fungal, insecticidal, biological signaling
and therapeutic properties that are of great interest
to the perfume, cosmetic, food and/or pharmaceutical
industries (Franzios et al., 1997; Vercammen et al., 2001;
Kunert et al., 2002). Essential oils represent complex
sample types that contain a wide range of chemical-
compound classes, most of which (90.95%) comprise
hydrocarbons (monoterpenes/sesquiterpenes) and oxy-
genated derivatives (alcohols, aldehydes, ketones, acids,
phenols, oxides, lactones, ethers and esters) (Shaw,
1979). Some of the biological activities of essential oils
have been known for a long time (Janssen et al., 1978;
Sur et al., 1991; Pattnaik et al., 1997; Dang et al., 2001).
Furthermore, the semi-volatile components of ginseng
root have been reported to contain a number of sesqui-
terpenes (Dongyan et al., 1998). Thus far, no publica-
tion has been devoted to the analysis of volatile flavor
compounds in Panax ginseng.

The aroma of a plant is the result of the combination
of the aromas of all of its components. Trace com-
ponents are important, since they contribute to the
characteristic and natural odor of an herbal medicine.
Thus, it is important that the natural proportion of
the components is maintained during extraction from
plants using any procedure (Anitescu et al., 1997). The
extraction methods commonly employed for the isola-
tion/concentration of essential oils are mainly based on
solvent extraction and steam distillation. Major draw-
backs of these conventional methods, including being
labor-intensive and time-consuming, the need to use
large amounts of organic solvents and the loss of target
compounds due to thermal degradation, have led to
an intensive search for alternative extraction method-
ologies (Luque de Castro et al., 1999). Among the
newly developed techniques, a direct sample injection
(DSI) was introduced by Morgan (1990) and Amirav
and Dagan (1997). Shim et al. (2003) originally modi-
fied the solvent-free solid injector (SFSI) using a Keele
injector for gas chromatographic analysis of vinclozolin
in lettuce. Holding time, injector temperature and
preheating and injection times are among the para-
meters that affect the pre-concentration efficiency of SFSI
(Kim et al., 2006). This technique has been successfully
used in our laboratory to determine a wide spectrum of
analytes, and to measure the volatile flavor profiles in
foodstuffs in recent years (Kim et al., 2005, 2006, 2007;
Li et al., 2007). GC-MS analysis of plant essential oils
has been previously used to distinguish between differ-
ent plant chemo-types (Cornwell, 2000), and to obtain
fingerprint chromatograms of herb extracts (Czerwinski
et al., 1996; Gherman et al., 2000). The plant growth
stage at harvesting has been found to influence oil
content and composition in many aromatic plants

(Chalchat et al., 1994; Gupta, 1996; Dhar and Dhar
1997). In the Republic of Korea, fresh ginseng is gener-
ally processed to red ginseng and white ginseng. Red
ginseng (RG) is processed by steaming fresh ginseng
first, and then by drying the steamed ginseng while
white ginseng (WG) is processed only by drying fresh
ginseng. It has been reported that red ginseng (RG) is
more pharmacologically active than white ginseng in
Asian countries, because steaming induces a change in
the chemical constituents and enhances its biological
activities (Kitagawa et al., 1983; Matsuura et al., 1984;
Sonnenborn and Proppert, 1991; Baek et al., 1996; Sohn
et al., 2000; Park et al., 2005). Therefore, the aim of this
work was to evaluate the suitability of a technique,
SFSI coupled with GC–MS, to determine the volatile
flavor compounds in Panax ginseng of various forms.
To the best of our knowledge, SFSI has not been
applied to the analysis and identification of the volatile
compounds emitted from fresh, white and red ginseng.

EXPERIMENTAL

Solvent-free solid injector vaporization procedure. Fresh,
white and red ginseng from 6-year roots was purchased from
a local ginseng market in Gwangju, Republic of Korea.
An SFSI manufactured by Han Jin Precision Co. (Gwangju,
Republic of Korea) was used for injection into a gas
chromatograph in our laboratory. A 1 mg sample weight was
dropped into a soft glass capillary tube (i.d., 1.1–1.2 mm; length,
75 mm, Chase Scientific Glass Inc., Rockwood, TN, USA);
both ends of the tube were sealed briefly in a flame, and the
tube was then placed in a solvent-free solid injector. The tube
was crushed by lowering the injector plunger, and the sample
analytes were then carried onto a GC column by a carrier gas
in a normal manner. The SFSI was held at the injection port
during the pre-heating phase until the injector plunger reached
the top of the injector septum, which allowed the carrier gas
to be maintained at a constant pressure during analysis.

GC-MS analysis. The GC-MS analyses were performed on
an Agilent model 6890N GC equipped with a 5973 mass-
selective detector (Agilent Technologies, Palo Alto, CA, USA).
Compounds were separated on a 30 m × 0.25 mm × 0.25 μm
HP-5MS (5% diphenyl–95% dimethylpolysiloxane) fused silica
column. The injector and detector temperatures were 250 and
300°C, respectively. The oven temperature was held at 40°C
for 5 min, subsequently increased to 300°C at a rate of 5°C/
min and was then held constant for 10 min. Injection was
performed using a split mode of 20:1. High-purity helium
(99.9999%) was employed as a carrier gas, with a constant
flow rate of 1 mL/min. An electron impact mass spectral
(EI-MS) analysis was carried out at an ionization energy of
70 eV at 250°C. The detection was performed in the scan
mode between 10 and 400 amu at 3.71 scans/s. The linear
retention indices were calculated against those of n-paraffins.

Qualitative analysis. Identification of the constituents was
based on comparison of the obtained MS with those of
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reference compounds in the Wiley 7N mass spectral database
(McLafferty and Stauffer, 1989). Additionally, a series of a
standard alkane-alkene mixture from C8 to C30 was injected
under the same chromatographic conditions in order to
obtain a retention index (RI) for each component (Van den
Dool and Kratz, 1963). Percentage peak areas were calculated
by dividing the ion counts for a particular peak (detected by
MS) by the total ion counts for the entire chromatogram; this
value was expressed a percentage.

RESULTS AND DISCUSSION

SFSI–GC–MS conditions

According to our experience using SFSI, a fresh sample
preheated for 10 min (preheating time) at 250°C
(injector temperature) was chosen as the most suitable
condition, in which the greatest number of compounds
were extracted (Kim et al., 2005, 2006, 2007; Li et al.,
2007). In order to provide an acceptable analysis time
with good extraction efficiency for overall analysis, a
sampling time of 65 min was selected. This is because
the sampling profile appeared to depend primarily on
the volatility of the studied compound (Hamm et al.,
2003). It has been reported that a higher temperature
might enhance the effect of peak tailing and induce
artifact formation as well (Augusto et al., 2004), and
this finding supported the findings of the present study.

Volatiles generated from various ginsengs. Identified
compounds and their relative percentages are listed
in Table 1 and the chromatographic profiles of fresh,
white, and red ginseng determined by SFSI-GC-MS are
shown in Fig. 1. In total, 47 volatile compounds were
detected, 13 of which were identified in fresh ginseng,
23 of which were found in white ginseng, and 26 of
which were identified in red ginseng. The primary com-
pounds (concentration >5.0%, calculated as percentage
peak area of GC–MS) detected in the SFSI samples of
fresh ginseng were: 3-acetyl-1-(3,4-dimethoxyphenyl)-5-
ethyl-4,5-dihydro-7,8-dimethoxy-4-methylene-3H-2,3-
benzodiazepine (64.24%) and 23,24-dinor-3-oxolean-
4,12-dien-28-oic acid (21.42%). 2-Furanmethanol (20.26%),
3-hydroxy-2-methyl-4H-pyran-4-one (17.59%), (23S)-
ethylcholest-5-en-3-beta-ol (11.72%), di(2-ethylhexyl)-
adipate (6.17%), 2-methyl furan, (5.82%), 1-(1H-pyrrol-2-
yl)-ethanone (5.72%) and 4,4′-(1-methylethylidene)bis-
phenol (5.26%) were the main compounds found
in white ginseng. 1,2-Benzenedicarboxylic acid dibutyl
ester (16.27%), 2-furanmethanol (13.82%), 1-(1H-pyrrol-
2-yl)-ethanone (10.5%), 24(Z)-methyl-25-homocholesterol
(9.10%), 2-methyl furan (7.40%), 4,4′-(1-methylethy-
lidene)bis-phenol (6.84%) and 2-hydroxy-3-methyl-2-
cyclopenten-1-one (5.15%) were the primary compounds
found in red ginseng. Using hydrodistillation (HD)
coupled with GC-MS, the volatile oil of the roots of

Panax ginseng C.A. Meyer was investigated by Richter
et al. (2005). In their study, they were able to isolate
21 compounds. Among the identified compounds, the
structural elucidation of bicyclic panaxene as well as of
tricyclic panaginsene and ginsinsene, was performed by
MS and NMR. Although HD is an exhaustive process,
the possibility of the occurrence of oxidation and
hydrolyzation increases with the increases in extraction
time during this procedure (Kim et al., 2006).

It has been reported that ginseng produces anxiolytic-
like effects, and that saponin fraction plays an impor-
tant role in the plus-maze model in mice (Cha et al.,
2005; Wei et al., 2007). Furthermore, the anxiolytic
potential of sun ginseng (SG) was reported to have
a stronger effect than that of red ginseng (RG) in the
elevated plus-maze model (Park et al., 2005). An inter-
esting finding of the current study is that fresh ginseng
might also have a sedative effect, which is derived
from the presence of 3-acetyl-1-(3,4-dimethoxyphenyl)-
5-ethyl-4,5-dihydro-7,8-dimethoxy-4-methylene-3H-2,3-
benzodiazepine in a high proportion (64.24%). The
compound benzodiazepines have been the most widely
used anxiolytics in general clinical practice for many
years, and are relatively safe for use in short-term
treatment of anxiety, despite the potential for drug-
dependence and side effects (Rang et al., 1995). Thus,
fresh ginseng can be used as a natural source of anxiolytic
drugs. Similar trends were reported for the root of
the Kava plant (Piper methysticum) from the tropical
Pacific island region (Rex et al., 2002), St. John’s wort
extract from Europe (Fride and Freudenstein, 2002),
and the essential oil fraction of Cymbopogan citratus
from South America (Heinrich and Gibbons, 2001).

White ginseng contains a high proportion of 3-hydroxy-
2-methyl-4H-pyran-4-one (17.59%) or maltol. This com-
pound has many applications, especially in bioinorganic
chemistry, where it serves as a chelator for many metal
ions. Its complexes with oxovanadium (IV) and iron (III)
ions can potentially be used for treatment of diabetes
(Thompson and Orvig, 2001) and iron-deficiency
anemia (Reffitt et al., 2000).

As red ginseng contains 10-demethylsqualene (3.36%),
a good source of industrial biodegradable material,
it could be exploited as a potential raw material in
various industries (Aliero et al., 2005).

Sitosterol (identified in fresh ginseng) and stigmas-
terol (identified in both fresh and red ginseng) have
been proven to have some important bioactivities, such
as cholesterol- reducing activity (Hendriks et al., 1999)
and anti-inflammatory properties (Jones et al., 2000).
According to the present study, they might also con-
tribute to the anti-cancer properties of the herb
(Villasenor et al., 2002; Bradford and Awad, 2007).

Acid was only identified in fresh ginseng (Table 2).
We suggest that acid could be an important odor com-
ponent, which might contribute to the fresh, herbaceous,
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mass spectrometry. On the basis of aroma intensity,
esters could be one of the most important aroma
classes in both red and white ginseng. These esters con-
tribute to its fragrance, as well as its sweet and roasted
flavor. Several ketones were detected by SFSI-GC-MS
in the red and white ginseng. These compounds could
be very important, and they may give floral odors. This
compound has also been found in wine (Rapp, 1998).

Table 1. Retention times and chromatographic area percentages of the volatile compounds extracted from fresh, white and red
ginseng using SFSI-GC-MS

Relative area (%)

No. Retention time Compound Fresh White Red

1 2.04 2-Methyl furan — 5.82 7.40
2 3.18 2,5-Dimethyl furan — — 0.55
3 4.17 Pyridine — 0.48 1.47
4 6.44 Methyl pyrazine — 2.19 —
5 6.81 Furfural — — 1.04
6 7.14 2-Methyl-H-pyrrole — 1.04 —
7 7.81 3-Furanmethanol — — 0.87
8 7.85 2-Furanmethanol 0.12 20.26 13.82
9 9.58 2-Methyl-2-cyclopenten-1-one — 0.34 1.02
10 9.77 1-(2-Furanyl)-ethanone — — 2.38
11 10.05 Dihydro-2(3H)-furanone — 1.96 0.01
12 11.73 5 Methyl furfural — — 2.05
13 11.74 5-Methyl-2-furancarboxaldehyde — 0.96 —
14 12.94 2-Furanmethanol, acetate — 4.62 1.38
15 13.75 N-acetyl-4(H)-pyridine — 1.49 —
16 14.04 2-Hydroxy-3-methyl-2-cyclopenten-1-one — 3.16 5.15
17 15.28 1-(1H-pyrrol-2-yl)-ethanone — 5.72 10.5
18 16.04 2-Methoxy phenol, 0.26 — —
19 16.05 1-(1-Cyclohexen-1-yl)-ethanone — 1.25 —
20 16.90 3-Hydroxy-2-methyl-4H-pyran-4-one — 17.59 —
21 17.10 3-Ethyl-2-hydroxy-2-cyclopenten-1-one — 2.39 —
22 19.11 6-Methyl-3-pyridinol — 1.18 4.55
23 21.76 7,7-Dimethylbicyclo[3.3.0]octan-2-one — — 0.65
24 22.70 2-Methoxy-4-vinylphenol 0.12 — —
25 23.72 2-Methyl-1,4-benzenediol — 0.29 —
26 24.99 1-(3-Hydroxyphenyl)-ethanone — — 1.12
27 26.26 2-Methoxy-4-(2-propenyl) phenol — — 0.77
28 30.82 N-N-Propyl-3-methylinodoline — 1.71 —
29 35.41 4-(1-Methyl-1-phenylethyl) phenol — — 2.26
30 37.45 1,2-Benzenedicarboxylic acid dibutyl ester — — 16.27
31 39.64 Cyclohexadecane 1.39 — 2.47
32 39.86 Methyl ester-9,12-octadecadienoic acid (Z,Z) 1.54 1.68 1.98
33 41.33 4,4′-(1-Methylethylidene)bis-phenol — 5.26 6.84
34 43.20 1-Octadecanol 3.48 — —
35 44.07 17-Octadecen-1-ol acetate 0.49 — —
36 45.06 Di(2-ethylhexyl)adipate — 6.17 —
37 45.07 Mono(2-ethylhexyl)ester hexanedioic acid — — 1.74
38 46.46 1-Pentadecene 0.36 — —
39 51.43 10-Demethylsqualene — — 3.36
40 55.43 Alpha-tocopherol D 0.40 — —
41 57.00 Stigmasterol 1.72 — 1.18
42 57.75 (23S)-Ethylcholest-5-en-3beta-ol — 11.72 —
43 57.76 Gamma-sitosterol 4.26 — —
44 57.77 24(Z)-Methyl-25-homocholesterol — — 9.10
45 59.67 4-Pregnen-20-&-ol-3-one — 2.72 —
46 60.67 23,24-Dinor-3-oxolean-4,12-dien-28-oic acid 21.42 — —
47 61.97 3-Acetyl-1-(3,4-dimethoxyphenyl)-5-ethyl-4,5- 64.24 — —

dihydro-7,8-dimethoxy-4-methylene-3H-
2,3-benzodiazepine

earthy and floral odor of fresh ginseng being much
stronger than that of steamed ginseng. On the other hand,
the major functional groups identified in both white
and red ginseng were alcohol, ketone, ester and phenol
(Table 2). However, Iwabuch et al. (1989), Wee et al.
(1997) and Sohn et al. (1997) identified sesquiterpene
hydrocarbons and sesquiterpenyl alcohols as the major
volatile components in ginseng using gas chromatography–
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Figure 1. Typical GC–MS chromatograms of volatile flavor components extracted by SFSI
from (A) fresh, (B) white and (C) red ginseng. (See Table 1 for peak identification.)

Lipid peroxidation and DNA damage caused by re-
active oxygen species are associated with various dis-
eases, including cancer, cardiovascular diseases, cataracts,
atherosclerosis, diabetes, malaria, arthritis and aging
(Beckman and Ames, 1998; Huang et al., 1999). There-
fore, it is possible that the intake of antioxidants may
protect against the occurrence of these diseases. Anti-
oxidants such as α-tocopherols, vitamin C, carotenoids
and phenolic compounds, which are found in fruits and
vegetables, are known to inhibit the aforementioned
diseases (Packer et al., 1999). In the present study, phenols

were identified at a high proportion in red ginseng
compared to white ginseng. These phenolic compounds
were responsible for the increased free radical scavenging
activities of sun ginseng (SG) (Kang et al., 2006a,b).
Moreover, 2-furanmethanol or furfuryl alcohol could
contribute to the antioxidative activity of both white
ginseng and red ginseng (Fuster et al., 2000; Wei et al.,
2001). The antioxidative activity of 2-hydroxy-3-methyl-
2-cyclopenten-1-one is not known, but its anti-tumor
activity, which may be associated with antioxidative acti-
vity, has been reported previously (Piazo et al., 1998).
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Table 2. Relative content of functional groups in identified volatiles emitted from fresh, white and red ginseng

Functional Fresh White Red

group No. Area (%) No. Area (%) No. Area (%)

Acids 1 21.42 — — — —
Alcohols 5 9.98 5 38.07 6 30.9
Aldehydes — — 1 0.96 — —
Esters 2 2.03 2 7.85 3 19.99
Furans — — 1 5.82 2 7.95
Hydrocarbons 2 1.75 — — 2 5.83
Ketones — — 8 35.13 7 20.9
Phenols 2 0.38 1 5.26 3 9.87
Pyrazines — — 1 2.19 — —
Miscellaneous 1 64.24 4 4.72 3 4.56

No. = number of identified compounds.

CONCLUSION

These results suggest that fresh ginseng may produce
a sedative-like effect. Almost all of the characteristic
aroma components of fresh ginseng may disappear
during the steaming process, and some aroma com-
ponents may be newly produced from steamed ginseng
during the drying process. The coupling of SFSI gas
chromatography–mass spectrometry (GC-MS) was shown
to be a powerful technique for the rapid analysis and
characterization of volatile flavor compounds in Panax
ginseng of various forms.
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