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Study on volatile and semi-volatile compounds of
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Abstract; A rapid analysis method was established to investigate volatile and semi-volatile compounds in
ginseng of Changbai Mountain by gas purge microsyringe extraction (GP-MSE) coupled with gas chromatog-
raphy mass spectrometry (GC-MS) technology. The results showed 45 compounds were determined from
Fuxing-Xueling ginseng, accounting for 87 % peak area of the total peak area. The major components are fu-
rans (30%), acids (30%), aldehydes and ketones (12%). The method was applied to compare composition
profiles of volatile and semi-volatile compounds of ginseng in different area of Changbai Mountain. Results of
ginseng in differenet area of Changbai Mountain showed similar volatile and semi-volatile profile, but with dif-
ferent in amount. The GP-MSE sample preparation method has a well prospect of analyzing volatile and semi-
volatile compounds in various plants and will facilitate the exploiting and utilizing precious medicinal plants of
Changbai Mountain.
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0 Introduction

Ginseng is one of the most precious tradi-
tional Chinese medicinal perennial herb belong-
ing to the genus Panax of Araliaceae family.
Research has shown that ginseng benefits human
health against various diseases, such as increas-

ing resistance to physical, chemical and biologi-
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st It has been reported that ginseng

cal stresse
contain properties like anti-aging, anti-diabetic,
anti-carcinogenic, analgesic, anti-pyretic, anti-
stress, anti-fatigue, has tranquilizing activities
and promote DNA, RNA and protein synthesis

as a traditional medicine,
[2-5]

activities. Besides,
ginseng was used in cancer patients

Typical ginseng contain, ginseng oils and
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sugars, organic acids, vitamins, amino acids and
peptides. Among them, the main active non-
volatile saponins. It is reported that plant vola-
tiles play important role in biological signaling
interaction. Ginseng also contains a wide range
of chemical compound classes, such as hydrocar-
bons, alcohols, aldehydes, ketones, acids, es-
ters and so on. Moreover, the semi-volatile
components of ginseng root have reported con-
taining a number of sequiterpenes'®, which
prove that study on volatile and semi-volatile
compounds in ginseng are vital. Ginseng matrix
is very complex, and in analysis of volatile com-
pounds, the isolation step is necessary before in-
strumental analysis. There are many sample prepa-
ration methods, such as Soxhlet extraction, micro-
wave-assisted extraction, ultrasound-assisted ex-
traction and supercritical extraction”’. Re-
cently, gas purge microsyringe extraction (GP-
MSE) was developed by Yang and co-workers,
the method is environmentally friendly and can
simultaneously analysis volatile and semi-volatile
compounds in various sample matrix within a

L9 In this study., a

short time (less than 5 min)
rapid analysis method was established to investigate
the volatile and semi-volatile compounds in Chang-
bai Mountain ginseng by gas purge microsyringe
extraction (GP-MSE) coupled with gas chromatog-

raphy mass spectrometry (GC-MS) technology.
1 Experimental

1.1 Chemical

Organic solvents (hexane) were HPLC grade
obtained from Caledon ( Georgetown, Ont. ,
Canada).
1.2 Experiment

Ginseng sample was collected in different
area of Changbai Mountain, namely Changbai,
Erdaobaihe and Fusong county. All of the three
ginseng samples were 4 years old. Ginseng samples
were dried by VirTis-Freezer dryer (4 KBTXL),
grinded and kept in —4 ‘C until analysis.

Extraction were done using GP-MSE. 5 mg

ginseng sample were used with GP-MSE extrac-

tion time of 4 min; extraction temperature of
250 C; gas flow rate and condensing temperature
were set to 2. 0 mL./min and —4 C, respectively.
1.3 GC-MS analysis

Volatile and semi-volatile chemicals were
analyzed using gas chromatography-mass spec-
trometry (GC/MS, GC-2010/QPMS-2010, Shi-
madzu) with DB-5MS capillary column (30 m,
0.25 mm ID, 0. 25 ym film thickness, ] & W
Scientific, USA). Helium (>>99. 999% pure)
was used as carrier gas with a flow rate of 1.0
mL ¢ min~'. The injector was set to 280 'C with
splitless mode and the interface temperature was
set to 280 C, the column temperature was main-
tained at 45 ‘C for 4 min and then programmed
from 45 to 250 C at 4 'C/min, 250 to 280 C at
6 C/min, then hold for 5 min. Qualitative and
quantitative data of volatile and semi-volatile
chemicals was obtained using scan mode, the

scan range was m/z 45-450.
2 Results and conclusion

2.1 Volatile and semi-volatile constituents in ginseng
Based on the GP-MSE sample preparation
method coupled with GC-MS, each peak was
qualitative compared with mass spectrum data-
base NIST11 (National Institute of Standards
and Technology). Quantitative was evaluated by
relative area. The results showed 45 compounds
were determined from ginseng, accounting for
86 % of the total peak area. Table 1 listed major
volatile and semi-volatile compounds determined
from ginseng. The few most abundant compound
were 2-Furanmethanol (13.91%), Hexadecano-
ic acid (12. 42%), cis-Linoleic acid (9.24%),
and so on. In ginseng, the volatile and semi-vol-
atile chemical species cover furans (30%), acids
(30%), aldehydes and ketones (12%), esters
(6%), alcohols (3%), phenols (3%), and other
heterocyclic compounds (2%).
2.2 Comparison of volatile and semi-volatile
constituents in different Changbai area ginseng
Generally, ginsengs are cultivated under

shade for 4 to 6 years to yield high-quality gin-
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seng with medicinal effects™'®. With the differ-
ent cultivate area, the chemical constituents in
GP-MSE-GC-MS

method were applied to compare volatile and

ginseng could be different,

semi-volatile compounds of ginseng taken from
Changbai, Erdaobaihe and Fusong county.

The typical gas chromatographic-mass spec-

trum chromatograms obtained from three differ-
ent area ginsengs were shown in Fig. 1. Certain
similarities and differences of compounds can be
found from the chromatograms. Similarity of
volatile compounds is higher than this obtained

from semi-volatile compounds (shown in Fig. 1).

Table 1 Major volatile and semi-volatile compounds in ginseng
Name Formula Molecular Relative
weight area/ %
1 2-Furanmethanol C; H; O, 98 13.91
2 Hexadecanoic acid CisHs, O, 256 12.42
3 cis-Linoleic acid S1s Hap O 280 9.24
4 Artificial ant oil Cs;H, O, 96 6.47
5 1,2-Cyclopentanedione C; Hs O, 98 4.92
6 2-Furancarboxaldehyde Cs Hs O, 110 4. 88
7 cis-Oleic Acid CisH;, O, 282 3.47
8 9,19-Cyclolanost-23-ene-3, 25-diol, (3. beta. ,23E)- Cs0 H;0 O, 442 2. 60
9 beta. -Stigmasterol Cy Hyis O 412 2.19
(X107
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Fig. 1 Different volatile and semi-volatile compounds in ginseng from different Changbai Mountain area

Fig. 2 showed that there are significant
differences in 15 selected compound of volatile
and semi-volatile compound by comparing with
amount (peak area).

As shown in Fig. 1 and Fig. 2, most of com-
pounds are frequently found in different area of
ginseng, while their contents are significantly
different. Typical chemicals are Furfural, 2-
Furanmethanol, 3-Methyl-1, 2-cyclopentanedione,
3-Ethyl-2-hydroxy-2-cyclopenten-1-one, Creosol,
Palmitic acid, Linoleic acid and so on. Although
these compounds were all found in ginseng,
there are 2 to 3 times differences in amount. It
with the different

has involvement ginseng

growth environment, such as soil moisture,
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Fig.2 Comparison of volatile and semi-volatile compounds

in different Changbai Mount area (1. Furfural; 2. 2-
3-Methyl-1, 2-
cyclopentanedione; 5. Furyl hydroxymethyl ketone;

Furanmethanol; 3. Acetylfuran; 4.
6. 3-Ethyl-2-hydroxy-2-cyclopenten-1-one; 7. Creosol;
8. gamma-Muurolene; 9. n-Hexadecanoic acid meth-
yl ester; 10. Palmitic acid; 11. n-Nonadecanol-1;
12. Linoleic acid; 13. Ethyl octadec-9.12-dienoate;

14. Behenic alcohol; 15. Stigmasterol. )
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microorganism and so on. So, different growth
environments will induce different production
and accumulation mechanism of the chemicals in

plant.
3 Conclusion

The gas purge microsyringe extraction cou-
pled with GC/MS is a suitable analytical method
for determination of volatile and semi-volatile
chemicals in the ginseng. Results of the compar-
ison study are indicated that differences of dif-
ferent area of ginseng are mainly originated from
different content of the volatile and semi-volatile

chemicals.
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