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Abstract

The volatile components of fruits of Panax ginseng C.A. Meyer analyzed to interpret whether fruits color affect volatile
components. The volatile components in ginseng fruits cultured with 3 different clolors such as red fruits, yellow fruits and
orange fruits were isolated by head-space solid-phase microextraction fiber (polydimethylsiloxane 100 um) and identified by
gas chromatography mass spectrometry (GC-MS). Then, the volatile components compared by principal component analvsis
(PCA). As the results, the 23 voltile components were identified from 3 colors samples and consisted mainly of sesquiterpene
hydrocarbons. The differences among the different colors of the samples were obvious from the PC1 and PC2 scatter point
plot. As the conclusion, The volatile components of ginseng fruits are different from those of ginseng roots. the fruits colors

can affect to produce the volatile components of ginseng fruits.

Keywords: panax ginseng; fruits; volatile components; principal component analysis; head-space solid phase microextraction.

Practical Application: Ginseng fruit quality evaluation, development and breeding program of panax ginseng.

1 Introduction

The ginseng fruits are dry ripening fruits of Panax ginseng
Meyer (Araliaceae). The chemical compositions of ginseng fruits
contain ginsenosides, ginseng oil and carbohydrates and sugars,
amino acids and allaloids, vitamins and minerals, and certain
natural components (Shi et al., 2018; Tao et al., 2018). Among
these components, ginsennosides have been regarded as the
main active components responsible for the pharmacological
activities of ginseng. To date, 37 ginsenosides have been isolated
and identified from the fruits of P. ginseng. The pharmacological
effects of ginseng have been demonstrated on the cardiovascular,
endocrine, and immune systems. In addition, the constituents of
ginseng fruit have contributed to anti-neoplastic, anti-arrhythmic,
investigation of myocardial ischemia, cerebral ischemia,
hypoglycemic, the protective effect of reperfusion injury and
liver function (Shi et al., 2018).

Ginseng has a unique scent from its volatile components,
which are increasingly recognized to possess properties of
aromatic, anti-fugal, sedation, and anti-neoplastic. Volatile
components are widely used in the perfume, cosmetic, food
and pharmaceutical industries. Analysis of herbal volatiles
is a significant and growing area of research. The common
extraction methods are mainly based on steam distillation and
solvent extraction to isolate volatile oils (Turgumbayeva et al.
2018; Tuan et al. 2019), whose major drawbacks are inefficiency
and wasting abundant chemical reagents. In recent years, many
new extraction techniques, such as supercritical fluid extraction,
solid-phase microextraction, and direct sample injection, have
been developed (Abd El-Aty et al., 2010; Bajer et al., 2018;
Misharina et al., 2018; Mattje et al., 2019).
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As a new technique for sample pretreatment, head-space
solid phase microextraction especially fits for extraction and
concentration of tracing volatile components. Compared with
traditional extraction and purification methods, there are
many advantages such as high-efficiency (rapid extraction,
convenient), and solvent free. This method has been extensively
applied to many fields such as environment, food and medicine
(Jiang et al., 2018).

With fruit colors as the classification characteristic, panax
ginseng can be divided into yellow, red and orange fruit ginseng
that is one of the unique germplasm resources collected in China.
Actually, more than 1000 tons of fruit pulp is produced per year
in China by obtaining ginseng seeds. In the previous study, the
content of ginseng saponins in dried fruits is 4 times that of
ginseng root, which is of great significance to its development
and utilization. Hence, the purpose of this paper is to explore
the technique, HS-SPME coupled with GC-MS, to confirm the
volatile components in various colors ginseng fruits, which
would promote the development and utilization of ginseng fruits.

2 Materials and methods
2.1 Materials

The 3 ginseng cultivar (red, yellow and orange fruit) used in
the present study were 4-year-old dried fruits. P Ginseng were
cultivated from different cultivation areas in China (Fusong,
Jian) and then collected directly from ginseng germplasm
resource bases by Institute of Special Wild Economic Animal
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and Plant Science of Chinese Academy of Agricultural Sciences.
Chromatographic pure hexane (Fisher Scientific, China), and
organic microporous membrane (0.22 pm, Dikma Technologies
Beijing).

2.2 Head Space-Solid Phase Microextraction (HS-SPME)
procedure

Red, orange and yellow ginseng fruits with 5-year were
collected from Fusong County of Jilin Province in July. The dried
ginseng fruits powders in the present study were removed seeds,
then dried with hot air (40 °C), sieved through 200 mesh screen,
and powders were stored at room temperature until they were
analyzed.

In the study, the SPME fibers were 100 um polydimethylsiloxane
(PDMS). the powder 1.0 g was sealed into 20 mL headspace (HS)
vial, the fiber was exposed to the HS at 70 °C for 60 min. SPME
desorption time into GC injector was 1min at the appropriate
temperature for each fiber in splitless.

2.3 GC-MS analysis

Gas chromatography-mass spectrometry (GC-MS) has the
characteristics of high separation efficiency, high sensitivity
(up to 10”°) and high selectivity, which identified multi-component
mixtures by total ion flow spectra and mass spectra, and
accurately quantified by peak matching method and selective ion
monitoring method. GC-MS had a widely use in life sciences,
environmental protection, materials, food, drug development and
other fields, particularly applicable to the analysis of volatile or
easily derived from compounds (Costa et al., 2018; Martins et al.,
2018; Coutinho et al., 2019; Silveira et al., 2019). The GC-MS
analysis were performed on an Agilent model 7890N GC
equipped with a 5975 electron impact (EI) mass spectral detector
(Agilent Technologies, USA). Components were separated on a
30 m x 0.25 mm x 0.25 um HP-1 (100% dimethylpolysiloxane)
capillary column. The injector and detector temperatures were
250 and 300 °C, respectively. The oven temperature was held at
60 °C for 3 min, subsequently increased to 250 °C at a rate of
5°C/min and was then held constant for 41 min. Injection was
performed using a splitless mode. Carrier gas was high-purity
helium (99.9999%), with a constant flow rate of 1 mL/min,
nominal init pressure of 8.13 psi. The EI-MS was analyzed at
an ionization energy of 70 eV at 250 °C. The detection was
performed in the scan mode between 20 and 650 amu.

2.4 Identification and quantative analysis

Identification of the Volatile components was based on
comparison of their mass spectra and retention index (RI).
Firstly, components were positvly identified with mass spectra
of reference components in the NIST mass spectral database
(2008 version; National Institute of Standards and Technology,
USA), and then the RI of the components were calculated using
n-alkanes from C7 to C30 asexternal references injected under
the same chromatographic conditions. Percentage peak areas
were calculated by dividing the ion counts for target components
(detected by MS) by the total ion counts (TIC) for the entire
chromatogram; The relative area percentage was quantified.
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2.5 Statistical analysis

Principal component analysis (PCA) was applied to relative
peak area values of volatiles obtained on the GC-MS total ion
chromatograms by using Multibase (version 2015, Chiyoda Tokyo
Japan). The plot for samples was averaged across replicates to
aid in interpreting the volatile components and samples.

3 Results and discussion
3.1 Volatile Composition of various color ginseng fruits

The total ion chromatograms of the samples by HS-SPME
method are shown in Figure 1. Table 1 lists the volatile components
of ginseng fruits according to fruits colors, with their peak
areas on the HP-1 coloum. A total of 23 volatiles components,
including 18 terpenes, 3 terpene alcohols and 2 alkanes, were
analyzed in dried ginseng fruits. Test results show that the
following sesquiterpenes are the main volatile components in
ginseng fruits: (E)-p-famesene, p-elemene, santalene, cedrene
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Figure 1. Typical GC-MS chromatograms of volatile flavor components
extracted by HS-SPME from (A) red, (B) orange and (C) yellow fruits.
(See Table 1 for peak identification).
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Table 1. Retention times (RT) and chromatographic area percentages of the volatile components extracted from red, orange and yellow ginseng

fruits using HS-SPME-GC-MS.

No. RT(min) RI Components Area (%)
Root Red fruit Orange fruit Yellow fruit
1 16.52 1318.8 B-elixene 0.6 - - -
2 16.722 1326.5 a-elixene - 0.92 - -
3 17.106 1341.2 cedrene-V6 1.68 0.44 - 0.42
4 17.831 1368.8 [B-panasinsene 5.21 1.16 - 1.15
5 18.158 1381.3 B-elemene 3.32 14.78 21.62 13.99
6 18.598 1398.1 n-tetradecane - 0.67 - -
7 18.662 1400.5 §-selinene 1.87 - - 0.61
8 18.812 1406.6 eudesma-3,7(11)-diene 1.64 - - -
9 18.82 1406.9 (-)-aristolene 1.37 - - -
10 18.9 1410.1 B-santalene 0.85 5.02 8.26 4.57
11 19.07 1416.9 a-maaliene - 0.56 - 0.57
12 19.15 1420.2 B-gurjunene 11.61 1.64 0.92 1.53
13 19.3 1426.2 a-bergamotene 0.91 1.26 1.87 1.22
14 19.57 1437.1 a-neoclovene 8.63 2.25 1.17 2.13
15 19.63 1439.5 a-caryophyllene 2.14 1.07 0.76 1.04
16 19.76 1444.7 (E)-B-famesene 10.77 48.19 40.97 47.57
17 19.89 1450.0 alloaromadendrene 7.72 - - -
18 19.98 1453.6 B-caryophellene 4.7 2.18 1.58 2.49
19 20.28 1463.7 cedrene - 3.99 5.93 4.16
20 20.42 1469.7 B-selinene 1.21 1.38 2.05 1.47
21 20.82 1486.7 a-farnesene - 0.94 1.13 1.05
22 21.01 1494.8 B-bisabolene - 1.6 1.54
23 21.06 1496.9 pentadecane 0.4 1.41 - -
24 21.31 1507.5 B-cadinene 0.48 1.5 0.77 1.43
25 21.72 1525.0 patchouli alcohol 0.39 - - -
26 22.401 1553.9 spathulenol 6.58 1.32 1.12
27 22.64 1564.1 globulol 0.48 - - -
28 23.07 15824 caryophyllene oxide 0.96 - - -
29 23.38 1595.5 hexadecane 0.27 - 1.14
30 23.49 1600.2 ginsenol 0.83 0.73 - -
31 24.09 1627.0 cadinol - - - 0.66
32 25.59 1694.0 n-heptadecane 0.12 - - -
33 27.69 1792.5 octadecane 0.04 - - -
Total content(%) 74.78 93.01 87.03 89.86

and a-neoclovene. In general, sesquiterpenes are strongly
associated with the flavor of plants (Gonzalez-Mas et al., 2019).
Most ginseng fruits examined in the present study exhibited a
large percentage of sesquiterpenes (86.94-88.90). Especially, the
levels of main sesquiterpenes (e.g., (E)-p-famesene, f-elemene,
santalene and cedrene) identified in the present study, are higher
in ginseng fruits than in ginseng roots,except for a-neoclovene.
On the other hand, the total levels of sesquiterpenes are the
highest in red fruits, followed by orange fruits. It is also notable
that cedrene and a-farnesene are dominant in ginseng fruits,
but aren’t detected in ginseng roots.

On the basis of previous studies, sesquiterpene hydrocarbons,
long chain saturated fatty acids and esters are major volatile
components of ginseng root. However, in this study, the
volatile components in dried fruits and roots confirmed by
HS-SPME coupled with GC-MS are significantly different that
of ginseng root. And volatile oil of the fresh ginseng fruits was
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investigated by steam distillation with GC-MS. In their study,
26 components were isolated, aliphatic components occupy a
high proportion (76.9) in the identified components, while the
terpenes percentage(ratio)is 15.4, linoleicacid ethyl ester (24.88)
and hexadecanoic acid ethyl ester (24.17) are high content in
aliphatic components of ginseng fruits. These disparate findings
might be attributable to the sample preparations, extraction
methods, and other factors differing between the studies.
In particular, the HS-SPME extraction method, which has been
applied widely, could conduce to extract more sesquiterpenes.

3.2 Comparision of the volatiles composition of fruits

Principal components analysis (PCA) is one of the most
important methods for dimensionality reduction, the central idea
of PCA is to reduce the dimensionality of a data set consisting
of a large number of interrelated variables, while retaining as
much as possible of the variation present in the data set. This is
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achieved by transforming to a new set of variables, the principal
components (PCs), which are uncorrelated, which are ordered
so that the first few retain most of the variation present in all
of the original variables, and which each principal component
can reflect most of the information of the original variables.
At present, principal component analysis is widely used in
the field of food, mainly for food flavor, food quality and food
authentication (Callao & Ruisanchez, 2018; Granato et al., 2018).
In this paper, PCA is performed using the relative percentage
of volatile components and the fruit color of different fruits as
data sources, the relationship between the ginseng fruits and
the volatile components is investigated by applying PCA to
the complex GC-MS data sets. In PCA, st factor or principal
component (PC) is extracted, which explains the largest amount
of variation among the ginseng fruits. The second PC is then
derived to account for the maximum variation in the remaining
unexplained variability. Each PC is a linear combination of the
original variables (volatiles). The relationship between the original
variables and the samples (fruits colors) can then be observed by
their projection on these few PCs. The 24 volatile compounds of
fruits were identified in HS-SPME analysis, the original data were
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pre-processed by averaging before PCA. PCA was applied to the
mean attribute score listed in Table 1 to simplify interpretation
of data from the volatile compounds measured from 6 products
from 3 different fruit colors. The correlation between fruits and
PC were shown in Figure 2A, instead of the table of loading scores
for the fruits. And the correlation between volatile compounds
and PC was shown in Table 2 and Figure 2B. In Figure 2A, the
fruits were obviously spreads on the PC 1 and 2 and it can be
grouped, according to colors in the score plots constructed by
combining PC1 (80.8%) with PC2 (19.2%). Orange fruits are
preferentially separated from red and yellow fruits by PC1 in
this score plot, whereas red and yellow fruits are separated from
each other by PC2. In Figure 2B, most of volatile compounds lie
on the positive and negative regions of PC1 and PC2.

In correlation between fruits and volatile components,
B-elemene, B-santalene, a-bergamotene, cedrene and p-selinene
were correlated with orange fruits, which are higher positive values
in the PC1 loading plot. These results means that the area ratios
of B-elemene, B-santalene, a-bergamotene, cedrene, B-selinene
in orange fruits were higher than those in red and yellow fruits.
On the other hand, a-elixene, tetradecane and pentadecane,
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Figure2. Plot of PCA of peak area ratio of characteristic volatile compound extracted from ginseng fruits by using solid-phase microextraction
(SPME) method according to different gruits colors. PC1 compared to PC2 scatter plot of the main sources of variability (A) between the fruits

colors and (B) between the volatile components.

Table 2. PCA results of peak area ratio of characteristic volatile compound extracted from ginseng fruits by using HP-SPME method according

to different colors.

Compound name PC1 PC2 Compound name PC1 PC2
a-elixene -0.13 -0.4 (E)-p-famesene -0.23 -0.01
cedrene-V6 -0.23 0.01 (-caryophyllene -0.21 0.19
(-panasinsene -0.23 0.03 cedrene 0.23 0.01
beta-elemene 0.23 -0.08 -selinene 0.23 0.03
n-tetradecane -0.13 -0.4 a-farnesene 0.19 0.26
§-selinene -0.1 0.43 (-bisabolene -0.23 0.01
(-santalene 0.23 -0.08 pentadecane -0.13 -0.4
maaliene -0.23 0.04 (-cadinene -0.23 -0.01
B-gurjunene -0.23 -0.04 spathulenol -0.23 -0.04
a-bergamotene 0.23 -0.06 ginsenol -0.21 0.2
a-neoclovene -0.23 -0.02 cadinol -0.1 0.43
a-caryophyllene -0.23 -0.01
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B-gurjunene, a-neoclovene, a-caryophyllene, (E)-p-famesene,
B-cadinene and spathulenol, which indicate higher negative
values of PC2 and PC1, are clustered together in red fruits, these
compounds were present in a relatively higher concentration in
red fruits than in yellow fruits. whereas yellow fruits are found to
contain more §-selinene, cadinol, f-caryophyllene, a-farnesene,
and ginsenol, with higher positive values in the PC2 loading plot.
In this study, the separations among the different color fruits of
the samples from this PC1-PC2 scatter point plot are obvious.

4 Conclusion

Sesquiterpenes are predominantly volatile components
detected from ginseng fruits, which also bring the unique
flavor and aroma in ginseng. In the present work, two sample
extraction (HS-SPME) and analysis techniques (GC-MS) are
successfully combined and applied to extraction of ginseng volatile
components in ginseng fruits. Moreover, we establish the first
overview of ginseng volatile compounds profile, characteristic
for red fruit, yellow fruit and orange fruit ginseng. This method,
with a powerful technique, could analyze and characterize
ginseng volatile components rapidly, and it would be a simple,
inexpensive and rapid way. Moreover, PCA was useful for
grouping volatile components by fruits color. Orange fruits are
preferentially separated from red and yellow fruits by PC1 in this
score plot, whereas red and yellow fruits are discriminated from
each other by PC2. In summary, sesquiterpenes are the main
volatile components in ginseng fruits such as (E)-B-famesene,
B-elemene, santalene, cedrene and a-neoclovene, and the total
levels of sesquiterpenes are the highest in red fruits, followed
by orange and yellow fruits in the present study, which would
promote utilization, quality evaluation in ginseng fruits and
breeding program of panax ginseng.
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