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Abstract: The present study examined the volatile profiles of Panax ginseng (Korean ginseng) and
Panax quinquefolium (American ginseng) grown for different cultivation years by using HS-SPME/GC-
MS and determined the key discriminant volatile compounds by chemometric analysis including
principal component analysis (PCA), hierarchical cluster analysis (HCA), and partial least squares-
discrimination analysis (PLS-DA). Fifty-six compounds, including forty terpenes, eight alcohols, one
alkane, one ketone, and one furan, were identified in the ginseng roots. The chemometric results
identified two major clusters of American ginseng and Korean ginseng cultivars with distinct volatile
compositions. The volatile compounds in fresh white ginseng roots were affected by the species,
but the influence of different cultivation ages was ambiguous. The major volatile components of
ginseng roots are terpenes, including monoterpenes and sesquiterpenes. In particular, panaginsene,
ginsinsene, α-isocomene, and caryophyllene were predominant in Korean ginseng cultivars, whereas
β-farnesene levels were higher in American ginseng. The difference in volatile patterns between
Panax ginseng and Panax quinquefolium could be attributed to the composition of sesquiterpenes
such as β-panaginsene, ginsinsene, caryophyllene, and β-farnesene.

Keywords: Panax ginseng; Panax quinquefolium; volatile composition; HS-SPME/GC-MS; chemometric
analysis

1. Introduction

Ginseng root, a perennial semi-shade plant belonging to the genus Panax of the fam-
ily Araliaceae, is one of the most important medicinal crops in East Asia [1]. Ginseng is
usually cultivated under semi-shade conditions (approximately 30% sunlight) because of
its sensitivity to high temperatures. Long term cultivation (3–6 years) is required to grow
mature roots under optimal conditions [2]. Panax ginseng Meyer (Korean ginseng) and
Panax quinquifolium L. (American ginseng), which are major commercial ginseng varieties,
have been used as valuable resources for more than 2000 years [3]. Many studies have
reported numerous pharmaceutical effects of ginseng root, including anti-fatigue [4], im-
munomodulatory [5], antioxidant, and anti-diabetic activities [6], which could be attributed
to bioactive compounds such as ginsenosides, polysaccharides, and phytosterols [3].

Ginseng root is an ingredient in various salads, soups/stews, candy, tea, and other
beverages [7]. The unique aroma and flavor of ginseng root are favorable for health-
conscious consumers. The compounds responsible for the aroma and flavor characteristics
of ginseng root are mainly volatile. The volatile compositions, including sesquiterpenes,
monoterpenes, alcohols, and aldehydes, differ depending on the Panax species, cultivation
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age, and biological factors [8]. It has been reported that the characteristics and qualities
of various plant food materials could be derived from their volatile compounds [9,10].
However, there is a lack of information on whether the volatile composition of white
ginseng root is versatile for Panax species, cultivars, and cultivation years.

In previous studies, analytical methods based on solid-phase extraction techniques
have been used to isolate volatile compounds due to trace amounts of volatile compounds
in ginseng roots, which often results in drawbacks such as the possibility of sample contami-
nation and the low extraction yield of analytes during the extraction step [11,12]. Headspace
solid-phase microextraction (HS-SPME) is a rapid, simple, solvent-free technique. It is
considered an appropriate tool for sample preparation in volatile compound analysis of
numerous food samples [13]. Although a few reports determined volatile components
generated from ginseng fruits or red ginseng juice by analyzing HS-SPME coupled with
gas chromatography mass spectrometry (GC/MS) [14,15], the volatile profile of fresh white
ginseng roots by HS-SPME/GC-MS has not been investigated.

Therefore, the objectives of this study were to determine the volatile components of
four different white ginseng roots grown for 3–6 years, using HS-SPME/GC-MS, and to
examine the influence of species, cultivars, and cultivation year on the volatile composition
of white ginseng roots using chemometric analysis.

2. Materials and Methods
2.1. Chemicals

Methanol (≥99.9% purity, HPLC grade) was purchased from Honeywell (Charlotte,
NC, USA). α-Pinene, 2-pentyl furan, isoamyl butyrate, 1-hexanol, caryophyllene, methyl sal-
icylate, and caryophyllene oxide were purchased from ChemFaces (Wuhan, Hubei, China).
3-Decanone was obtained from Tokyo Chemical Industry (Tokyo, Japan). α-Guaiene and
β-sesquiphellandrene were purchased from Toronto Research Chemicals (North York, NY,
USA). β-farnesene and €-2-nonen-1-ol were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). β-Pinene, 1-undecene, octanal, 2-heptanol, 2-nonanone, 1-octanol,
viridiflorol, 2,3-butanediol, 2-methylbutyl 2-methylbutyrate, and a mixture of n-alkanes
(C7-C30) were obtained from Sigma-Aldrich (St. Louis, MO, USA).

2.2. White Ginseng Root Samples

P. ginseng and P. quinquifolium, which belong to the same family, Araliaceae, and are
closely related, were used in this study. These Panax species were grown in the fields of the
National Institute of Horticultural and Herbal Science of Rural Development Administra-
tion, Eumsung, Chungbuk Province, Republic of Korea, which is located at 36◦94′29′′ N,
127◦75′21′′ E. P. ginseng consisted of three commercially cultivated cultivars in Korea in-
cluding ‘Cheonryang’ [16], ‘Yunpoong’ [17], and ‘Gumpoong’ [18], and P. quinquifolium
was a local variety collected in Wisconsin, United States. In November 2013, 2014, and 2015,
the seeds of P. ginseng and P. quinquifolium were sown annually in the same field, and four-,
five-, and six-year-old ginseng roots were harvested simultaneously in October 2019. Each
biological replicate consisted of three randomly selected ginseng roots from each plot. After
harvest, the samples were washed with tap water, quenched by adding liquid nitrogen,
and then stored at −80 ◦C until further analysis.

2.3. Volatile Compound Analysis
2.3.1. HS-SPME Conditions

Fresh white ginseng roots were manually ground in liquid nitrogen using a mortar
and pestle to prepare ginseng pastes. Two grams of ginseng paste sample were placed
into a 20 mL headspace vial containing internal standard (2-methylbutyl 2-methylbutyrate,
the final concentration of 1 µg/mL in the vial) and 3 mL of distilled water. The stock
solutions of the internal standard were prepared by dissolving the pure chemical in
methanol to give a concentration of 10 mg/mL. An SPME fiber coated with divinylben-
zene/polydimethylsiloxane (DVB/PDMS, 65 µm film thickness, Supelco, Bellefonte, PA,
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USA) was used in combination with a PAL AOC-6000 Autosampler (Shimadzu, Columbia,
MD, USA). The SPME fiber was preconditioned at 250 ◦C for 10 min to remove contami-
nants. The sample vial was equilibrated at 50 ◦C for 40 min in a thermostatic autosampler
tray. After equilibration, the fiber was exposed for 20 min at 50 ◦C with agitation speed
of 250 rpm, and then thermally desorbed for 10 min into a splitless GC injection port at
240 ◦C.

2.3.2. GC-MS Analysis

GC-MS analysis was performed using a Shimadzu QP2020 GC-MS model (Shimadzu
Corporation, Kyoto, Japan) equipped with an HP-FFAP capillary column (50 m × 0.32 mm
i.d., 0.65 µm film thickness; Agilent Technologies, Wilmington, DE). The mass detector was
operated in electron impact mode at an ionization energy of 70 eV with a scanning mass
range of 30–500 m/z. The GC oven temperature program was started at 50 ◦C for 2 min,
50–80 ◦C at a rate of 5 ◦C/min, then 80–250 ◦C at a rate of 3 ◦C/min, and finally held at
250 ◦C for 5 min. Helium was used as the carrier gas at a constant flow rate of 1.0 mL/min.
The transfer line temperature was maintained at 230 ◦C. A series of n-alkane (C7-C30)
standards were employed to determine the linear retention index (RI) of each compound.
The volatile components of the sample were identified by matching the mass spectra from
the NIST library (ver.14) and the RIs of authentic standards. When authenticated standards
were unavailable, tentative identifications were based on the NIST library (ver.14) and a
comparison of RIs from the literature. The relative content of each volatile compound in
the samples was obtained by calculating peak area ratio between the analyte and internal
standard (2-methylbutyl 2-methylbutyrate) in each sample.

2.4. Statistical Analyses

The raw dataset was exported to the SIMCA-P-17.0 software package (Umetrics, Umea,
Sweden) for multivariate analysis, including PCA, HCA, and PLS-DA. The PLS-DA model
was validated with cross-model validation and permutations (n = 100) by describing R2Y
and Q2Y values. R2X and R2Y characterize the explanatory rate of the model for x (cultivars)
and y (volatile compounds) variables, respectively, and Q2 reflects the predictive ability
of the model. The differences between R2Y and Q2 should not be larger than 0.3, which
means that the established model does not overfit [19]. In addition, the Q2 and R2 values
on the permuted datasets should be lower than the values in the actual dataset [20,21]. The
variable importance in the projection (VIP) scores was employed to rank the importance
of volatile compounds in the prediction model and to point out those with the highest
discrimination ability (VIP score > 1.0) between different ginseng roots. The potential
discriminant compounds for the separation between groups were visualized as a heatmap
using an online server, MetaboAnalyst 5.0 (http://www.metaboanalyst.ca, accessed on
1 December 2022), based on the following criteria: fold changes (FC) >1.5 or <0.667, and
p < 0.05, Student’s t-test.

3. Results
3.1. Volatile Compounds of Four Different White Ginseng Roots Grown for 3–6 Years

The relative contents of volatile components in fresh white ginseng roots grown for
3–6 years were determined using HS-SPME/GC-MS, as shown in Table 1 and Figure 1.
Fifty-six compounds were identified in the samples, including forty terpenes, eight alco-
hols, one alkane, one ketone, and one furan. These compounds have been reported to be
major and typical volatile compounds in ginseng roots [8,11]. The volatile compounds
in ginseng roots varied depending on the Panax species, cultivars, and cultivation ages.
Although there were different volatile compound profiles between the two Panax species,
the variations in the volatile profiles according to different cultivation ages in the same
type were ambiguous. Among the Korean ginseng cultivars, “Gumpoong” and “Cheon-
ryang” had a higher abundance of alcohols such as methyl alcohol, ethanol, 1-hexanol, and
1-octanol compared to “Yunpoong”. Korean ginseng cultivars (“Yunpoong,”“Gumpoong,”

http://www.metaboanalyst.ca
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and “Cheonryang”) had relatively higher amounts of volatile compounds than American
ginseng. The largest group of ginseng-released volatile compounds was terpenes, mainly
composed of monoterpenes (e.g., α-pinene and β-pinene) and sesquiterpenes (e.g., ginsin-
sene, α-isocomene, β-panasinsene, β-elemene, calarene, β-farnesene, and α-neoclovene).
Among the sesquiterpene compounds, ginsinsene, β-panasinsene, calarene, α-neoclovene,
β-myrcene, and caryophyllene were higher in Korean ginseng cultivars than in American
ginseng. Panaxene, valerena-4,7(11)-diene, cedrene-V6, β-neoclovene, bicyclogermacrene,
δ-panasinsine, and ginsenol were only detected in the Korean ginseng groups. In contrast,
the concentration of β-farnesene was significantly higher in American ginseng than in
others. 3-Carene, α-bisabolene, β-bisabolene, and β-sesquiphellandrene were found only
in the American ginseng groups. Meanwhile, the amounts of several aldehydes, such as
octanal and 2-nonenal, were higher in American ginseng than in Korean ginseng cultivars.
The levels of alkanes, ketones, and furan were not significantly different between the
groups. It has been reported that plant-derived numerous sesquiterpenes, alcohols, and
derived metabolites are highly valued for their desirable odor and flavor characteristics [22].
Our results showed that the profiles of volatile compounds varied between Korean ginseng
cultivars and American ginseng, which may influence the perceived aroma and flavor
qualities of each white ginseng root.
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Table 1. Composition of volatile compounds in four different white ginseng roots grown for 3–6 years (µg/kg).

Compound RT A RI B
American Ginseng Yunpoong Gumpoong Cheonryang Identification

C3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6

Alcohols

Methanol 14.14 918 0.07 ±
0.03

0.11 ±
0.10

0.09 ±
0.03

0.13 ±
0.07

0.20 ±
0.15

0.18 ±
0.08

0.10 ±
0.00

0.21 ±
0.09

0.34 ±
0.04

0.21 ±
0.09

0.12 ±
0.02

0.09 ±
0.00

0.27 ±
0.13

0.20 ±
0.10

0.23 ±
0.09

0.16 ±
0.03 MS, TI

Ethanol 14.95 950 nd D nd nd nd nd nd nd 0.02 ±
0.03

0.06 ±
0.04

0.02 ±
0.03

0.03 ±
0.04

0.21 ±
0.16

0.06 ±
0.05

0.20 ±
0.04

0.22 ±
0.27

0.03 ±
0.03 MS, TI

1-Hexanol 31.93 1372 nd nd nd 0.01 ±
0.03 nd nd 0.02 ±

0.02
0.03 ±

0.04
0.13 ±

0.04
0.06 ±

0.06
0.09 ±

0.03
0.05 ±

0.01
0.20 ±

0.06
0.14 ±

0.02
0.11 ±

0.05
0.05 ±

0.02 MS, TI, FI

1-Octanol 40.85 1577 nd nd nd 0.02 ±
0.03 nd nd 0.12 ±

0.03
0.17 ±

0.09
0.13 ±

0.02
0.21 ±

0.05
0.18 ±

0.10
0.16 ±

0.03
0.34 ±

0.03
0.22 ±

0.03
0.25 ±

0.20
0.14 ±

0.12 MS, TI, FI

2,3-Butanediol 42.10 1610 nd nd nd nd nd nd nd nd nd nd 0.02 ±
0.03

0.05 ±
0.03 nd nd nd nd MS, TI, FI

1-Nonen-3-ol 44.47 1668 nd nd nd nd 0.01 ±
0.02 nd 0.01 ±

0.02 nd 0.02 ±
0.03

0.01 ±
0.02

0.01 ±
0.02 nd 0.08 ±

0.03 nd nd 0.02 ±
0.03 MS, TI

2-Nonen-1-ol 47.13 1739 nd nd nd nd nd nd nd nd nd nd 0.02 ±
0.03 nd 0.03 ±

0.06
0.01 ±

0.01 nd 0.02 ±
0.04 MS, TI, FI

Spathulenol 62.23 2190 nd nd nd nd 0.13 ±
0.01

0.11 ±
0.01

0.05 ±
0.04

0.05 ±
0.09

0.03 ±
0.05

0.16 ±
0.07 nd 0.02 ±

0.03 nd nd nd nd MS, TI

Aldehydes

Hexanal 20.29 1111 nd nd nd nd 0.05 ±
0.01

0.01 ±
0.01 nd nd nd nd nd nd 0.02 ±

0.03 nd nd nd MS, TI

Octanal 29.60 1322 0.20 ±
0.03

0.15 ±
0.07

0.06 ±
0.08

0.16 ±
0.07

0.28 ±
0.03

0.20 ±
0.03

0.02 ±
0.03 nd 0.01 ±

0.02 nd nd nd 0.10 ±
0.17 nd nd nd MS, TI, FI

2-Nonenal 41.04 1584 0.15 ±
0.05

0.03 ±
0.05

0.07 ±
0.08

0.07 ±
0.12

0.07 ±
0.13

0.08 ±
0.14 nd nd nd nd nd nd 0.04 ±

0.07 nd nd nd MS, TI

(E,E)-2,4-
Decadienal 51.96 1872 nd nd nd nd nd nd 0.02 ±

0.02
0.02 ±

0.04
0.14 ±

0.05
0.13 ±

0.04
0.06 ±

0.05 nd 0.08 ±
0.14

0.07 ±
0.01

0.04 ±
0.08

0.04 ±
0.06 MS, TI, FI

(E)-4-Decenal 57.16 2028 nd nd nd nd nd nd nd nd nd nd nd 0.02 ±
0.04 nd 0.08 ±

0.07 nd nd MS, TI

Alkenes

1-Undecene 21.69 1144 nd nd nd nd nd nd 0.01 ±
0.02 nd 0.04 ±

0.01 nd nd 0.01 ±
0.01

0.02 ±
0.03 nd 0.04 ±

0.04 nd MS, TI, FI

Ketones

2-Nonanone 34.09 1421 nd nd nd nd nd nd nd nd nd nd nd nd 0.01 ±
0.01 nd 0.18 ±

0.13
0.02 ±

0.03 MS, TI, FI

Furnas

2-Pentyl furan 26.38 1251 nd nd nd nd nd nd nd nd 0.04 ±
0.01 nd 0.01 ±

0.02
0.01 ±

0.01
0.04 ±

0.04
0.04 ±

0.00 nd 0.01 ±
0.01 MS, TI, FI

Terpenes

α-Pinene 17.69 1038 0.39 ±
0.17

0.14 ±
0.07

0.43 ±
0.32

0.58 ±
0.14

0.74 ±
0.19

0.75 ±
0.06

0.43 ±
0.07

0.53 ±
0.06

0.40 ±
0.11

0.71 ±
0.12

0.29 ±
0.06

0.22 ±
0.11

0.82 ±
0.26

0.57 ±
0.07

0.45 ±
0.04

0.48 ±
0.15 MS, TI, FI

Camphene 19.46 1087 0.07 ±
0.05

0.02 ±
0.03

0.10 ±
0.08

0.15 ±
0.04

0.09 ±
0.03

0.16 ±
0.02

0.08 ±
0.02

0.10 ±
0.03

0.07 ±
0.04

0.19 ±
0.06

0.07 ±
0.02

0.06 ±
0.03

0.18 ±
0.11

0.11 ±
0.05

0.12 ±
0.01

0.11 ±
0.04 MS, TI

β-Pinene 21.19 1130 0.29 ±
0.26

0.06 ±
0.08

0.29 ±
0.19

0.13 ±
0.06

2.21 ±
0.77

1.55 ±
0.09

1.35 ±
0.07

1.85 ±
0.26

0.19 ±
0.05

0.26 ±
0.04

0.44 ±
0.22

0.12 ±
0.03

0.37 ±
0.12

0.17 ±
0.02

0.25 ±
0.06

0.28 ±
0.06 MS, TI, FI
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Table 1. Cont.

Compound RT A RI B
American Ginseng Yunpoong Gumpoong Cheonryang Identification

C3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6

Sabinene 21.61 1142 nd nd nd nd 0.01 ±
0.01

0.01 ±
0.02

0.01 ±
0.02

0.02 ±
0.02 nd nd nd nd nd nd nd nd MS, TI

3-Carene 22.93 1174 0.35 ±
0.25

0.16 ±
0.06

0.12 ±
0.10

0.13 ±
0.03 nd nd nd nd nd nd nd nd nd nd nd nd MS, TI

β-Myrcene 23.14 1176 0.07 ±
0.07

0.01 ±
0.01

0.05
0.01

0.04 ±
0.01

0.36 ±
0.11

0.33 ±
0.02

0.29 ±
0.04

0.28 ±
0.04

0.04 ±
0.01

0.11 ±
0.02

0.10 ±
0.03

0.04 ±
0.00

0.08 ±
0.03

0.05 ±
0.01

0.05 ±
0.02

0.04 ±
0.00 MS, TI

D-Limonene 25.27 1224 0.08 ±
0.05 nd 0.09 ±

0.08
0.11 ±

0.02
0.12 ±

0.04
0.17 ±

0.01
0.05 ±

0.01
0.09 ±

0.01
0.09 ±

0.04
0.14 ±

0.03
0.01 ±

0.02
0.01 ±

0.02
0.18 ±

0.09
0.08 ±

0.07
0.06 ±

0.05
0.03 ±

0.05 MS, TI

Panaginsene 35.25 1445 0.06 ±
0.05 nd 0.04 ±

0.05
0.11 ±

0.02
0.55 ±

0.09
0.56 ±

0.01
0.49 ±

0.07
0.65 ±

0.12
0.43 ±

0.10
0.55 ±

0.14
0.40 ±

0.06
0.30 ±

0.10
1.01 ±

0.21
0.61 ±

0.03
0.78 ±

0.32
0.88 ±

0.28 MS, TI

Panaxene 36.02 1465 nd nd nd nd nd 0.18 ±
0.15

0.09 ±
0.16

0.26 ±
0.11

0.05 ±
0.08

0.05 ±
0.09

0.03 ±
0.06 nd 0.08 ±

0.14 nd 0.04 ±
0.07

0.15 ±
0.14 MS, TI

Ginsinsene 36.55 1475 0.22 ±
0.09

0.05 ±
0.05

0.09 ±
0.054

0.30 ±
0.03

1.26 ±
0.18

1.28 ±
0.04

1.10 ±
0.14

1.44 ±
0.26

1.02 ±
0.21

1.29 ±
0.29

0.94 ±
0.09

0.69 ±
0.18

2.28 ±
0.52

1.33 ±
0.05

1.78 ±
0.81

1.91 ±
0.53 MS, TI

Cedrene-V6 39.20 1538 nd nd nd nd 0.49 ±
0.10

0.51 ±
0.02

0.46 ±
0.04

0.59 ±
0.11

0.39 ±
0.11

0.51 ±
0.19

0.36 ±
0.06

0.28 ±
0.08

0.87 ±
0.22

0.51 ±
0.02

0.64 ±
0.36

0.74 ±
0.24 MS, TI

α-Isocomene 40.18 1561 0.21 ±
0.12

0.02 ±
0.03

0.08 ±
0.14

0.20 ±
0.03

1.63 ±
0.33

1.58 ±
0.05

1.40 ±
0.13

1.78 ±
0.37

1.20 ±
0.26

1.68 ±
0.61

1.08 ±
0.16

0.89 ±
0.22

2.51 ±
0.63

1.53 ±
0.09

1.94 ±
1.05

2.15 ±
0.60 MS, TI

β-Panasinsene 40.59 1571 0.57 ±
0.24

0.21 ±
0.04

0.22 ±
0.14

0.72 ±
0.09

3.52 ±
0.53

3.39 ±
0.19

2.67 ±
0.28

3.47 ±
0.66

2.37 ±
0.48

3.05 ±
0.76

2.25 ±
0.33

1.71 ±
0.44

5.41 ±
1.00

3.16 ±
0.19

4.31 ±
2.06

4.54 ±
1.22 MS, TI

Viridiflorol 41.04 1584 nd nd nd 0.05 ±
0.09 nd 0.20 ±

0.18 nd nd nd nd nd nd nd nd nd nd MS, TI, FI

β-Maaliene 41.09 1585 nd nd nd 0.01 ±
0.03 nd nd 0.16 ±

0.05
0.20 ±

0.03
0.21 ±

0.07
0.23 ±

0.08
0.09 ±

0.08
0.12 ±

0.02
0.17 ±

0.15
0.13 ±

0.06
0.08 ±

0.04
0.12 ±

0.06 MS, TI

δ-Panasinsine 41.80 1601 nd nd nd nd 0.14 ±
0.03

0.19 ±
0.03

0.09 ±
0.08

0.20 ±
0.07

0.12 ±
0.02

0.15 ±
0.06

0.07 ±
0.06

0.02 ±
0.04 nd 0.05 ±

0.09
0.09 ±

0.15
0.08 ±

0.14 MS, TI

α-Guaiene 42.26 1613 nd nd nd nd nd nd nd 0.13 ±
0.12 nd nd nd nd nd nd 0.05 ±

0.09
0.14 ±

0.07 MS, TI, FI

Aristolene 42.31 1614 nd 0.05 ±
0.05 nd 0.08 ±

0.07
0.18 ±

0.06
0.18 ±

0.01
0.15 ±

0.03
0.05 ±

0.09
0.13 ±

0.04
0.16 ±

0.06
0.09 ±

0.02
0.13 ±

0.07
0.16 ±

0.07
0.12 ±

0.01
0.08 ±

0.09 nd MS, TI

α-Bergamotene 42.33 1615 0.02 ±
0.04 nd 0.04 ±

0.04 nd nd nd nd nd nd nd nd nd nd nd nd nd MS, TI

β-Elemene 42.82 1626 0.09 ±
0.03

0.04 ±
0.03

0.02 ±
0.03

0.13
±0.01

1.19 ±
0.28

1.52 ±
0.10

1.10 ±
0.09

1.57 ±
0.41

0.72 ±
0.16

1.35 ±
0.66

0.71 ±
0.18

0.82 ±
0.25

1.07 ±
0.96

1.04 ±
0.16

1.43 ±
0.79

1.68 ±
0.47 MS, TI, FI

Calarene 43.34 1639 0.21 ±
0.22

0.38 ±
0.33

0.14 ±
0.16

0.67 ±
0.11

1.67 ±
0.49

1.40 ±
0.07

1.31 ±
0.21

1.36 ±
0.20

1.33 ±
0.29

1.59 ±
0.29

0.87 ±
0.10

0.94 ±
0.24

1.61 ±
0.59

1.19 ±
0.18

1.15 ±
0.53

1.15 ±
0.40 MS, TI

Valerena-4,7(11)-
dien 43.97 1656 nd nd nd nd 2.27 ±

0.107
1.49 ±

0.12
1.81 ±

0.38
1.59 ±

0.45
1.21 ±

0.30
2.73 ±

1.57
1.17 ±

0.19
1.16 ±

0.07
1.43 ±

0.60
0.90 ±

0.20
1.09 ±

0.58
1.16 ±

0.0 MS, TI

β-Farnesene 45.13 1683 7.20 ±
3.26

3.79 ±
1.27

4.97 ±
1.39

4.14 ±
0.62

2.43 ±
0.19

3.43 ±
0.26

1.91 ±
0.48

2.59 ±
1.01

0.39 ±
0.14

0.89 ±
0.30

0.86 ±
0.30

0.79 ±
0.04

0.60 ±
0.17

0.38 ±
0.04

0.42 ±
0.27

0.32 ±
0.09 MS, TI, FI

α-Panasinsene 45.55 1695 0.02 ±
0.04 nd 0.01 ±

0.02
0.12 ±

0.01
1.21 ±

0.33
0.68 ±

0.59
1.03 ±

0.09
1.15 ±

0.29
0.82 ±

0.17
1.32 ±

0.58
0.75 ±

0.13
0.62 ±

0.12
1.51 ±

0.44
0.90 ±

0.08
1.11 ±

0.60
1.26 ±

0.33 MS, TI
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Table 1. Cont.

Compound RT A RI B
American Ginseng Yunpoong Gumpoong Cheonryang Identification

C3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6

α-Neoclovene 45.78 1701 0.41 ±
0.19

0.12 ±
0.04

0.21 ±
0.02

0.61 ±
0.08

3.06 ±
0.48

3.27 ±
0.11

2.73 ±
0.34

3.56 ±
0.75

2.29 ±
0.52

3.00 ±
0.94

2.12 ±
0.35

1.65 ±
0.41

5.15 ±
1.24

2.93 ±
0.29

3.86 ±
1.965

4.39 ±
1.21 MS, TI, FI

Caryophyllene 46.80 1729 nd nd nd 0.04 ±
0.04

1.15 ±
0.33

1.43 ±
0.05

1.28 ±
0.11

1.48 ±
0.58

0.67 ±
0.19

1.11 ±
0.51

0.65 ±
0.20

0.64 ±
0.13

1.16 ±
0.51

0.93 ±
0.09

1.31 ±
0.66

1.61 ±
0.50 MS, TI, FI

α-Bisabolene 47.87 1760 0.23 ±
0.21

0.04 ±
0.07

0.24 ±
0.21 nd nd nd nd nd nd nd nd nd nd nd nd nd MS, TI

β-Bisabolene 47.91 1761 0.50 ±
0.86

1.07 ±
0.08

1.94 ±
0.72

2.09 ±
0.07 nd nd nd nd nd nd nd nd nd nd nd nd MS, TI

β-Neoclovene 47.95 1760 nd nd nd nd 0.86 ±
0.12

0.96 ±
0.04

0.72 ±
0.09

0.99 ±
0.24

0.59 ±
0.15

0.77 ±
0.27

0.54 ±
0.10

0.41 ±
0.10

1.38 ±
0.29

0.75 ±
0.07

0.92 ±
0.52

1.13 ±
0.32 MS, TI

α-Selinene 48.54 1778 nd nd nd nd nd nd nd nd nd 0.63 ±
0.32 nd nd nd nd nd nd MS, TI

β-Selinene 48.58 1777 nd nd nd nd 0.36 ±
0.33

0.48 ±
0.42 nd nd nd nd nd 0.33 ±

0.10
0.82 ±

0.24
0.54 ±

0.05
0.39 ±

0.50
0.85 ±

0.25 MS, TI

γ-Selinene 48.58 1779 nd nd nd 0.05 ±
0.04 nd nd 0.48 ±

0.06
0.73 ±

0.19
0.37 ±

0.08 nd 0.34 ±
0.08 nd nd nd nd nd MS, TI

Bicyclogermacrene 48.93 1786 nd nd nd nd 0.89 ±
0.55

0.59 ±
0.11

0.91 ±
0.31

0.55 ±
0.31

0.32 ±
0.12

1.07 ±
0.93

0.27 ±
0.09

0.44 ±
0.02

0.19 ±
0.13

0.21 ±
0.07

0.25 ±
0.07

0.29 ±
0.14 MS, TI

α-Amorphene 49.39 1797 0.02 ±
0.04

0.12 ±
0.22

0.19 ±
0.13

0.05 ±
0.02

0.05 ±
0.04 nd nd 0.06 ±

0.02 nd nd 0.01 ±
0.02

0.01 ±
0.03 nd nd nd 0.02 ±

0.03 MS, TI

β-
Sesquiphellandrene 49.70 1809 0.11 ±

0.19
0.22 ±

0.02
0.48 ±

0.24
0.30 ±

0.01 nd nd nd nd nd nd nd nd nd nd nd nd MS, TI, FI

Pacifigorgiol 56.17 1997 nd nd nd nd 0.05 ±
0.04 nd 0.01 ±

0.02
0.01 ±

0.01
0.01 ±

0.02
0.05 ±

0.06 nd 0.01 ±
0.01 nd nd nd nd MS, TI

Caryophyllene
oxide 58.46 2069 nd nd nd nd 0.17 ±

0.03
0.15 ±

0.01
0.04 ±

0.07
0.08 ±

0.08
0.05 ±

0.09
0.05 ±

0.08 nd nd 0.25 ±
0.06

0.08 ±
0.07

0.04 ±
0.07

0.05 ±
0.09 MS, TI, FI

Humulene oxide II 60.23 2125 nd nd nd nd nd nd nd 0.12 ±
0.21

0.11 ±
0.19

0.27 ±
0.23

0.29 ±
0.05

0.04 ±
0.07

0.27 ±
0.47

0.27 ±
0.24 nd nd MS, TI

Neointermedeol 62.65 2201 nd nd nd nd 0.12 ±
0.02

0.13 ±
0.00

0.09 ±
0.01

0.13 ±
0.07

0.05 ±
0.04

0.10 ±
0.04

0.02 ±
0.04 nd 0.15 ±

0.02
0.06 ±

0.01
0.08 ±

0.07
0.14 ±

0.05 MS, TI

Ginsenol 63.63 2234 nd nd nd nd 0.23 ±
0.05

0.25 ±
0.04

0.11 ±
0.03

0.16 ±
0.08

0.11 ±
0.05

0.18 ±
0.05

0.05 ±
0.04

0.02 ±
0.02

0.31 ±
0.06

0.11 ±
0.02

0.10 ±
0.09

0.19 ±
0.05 MS, TI

A Retention time on the HP-FFAP capillary column; B Retention indices were determined on HP-FFAP capillary column using n-alkanes (C7−C30) as external reference; C Identification
with FI (fully identified using authentic standard), MS (mass spectrum consistent with that from the NIST library), TI (tentatively identified based on the NIST library and the literature);
D Not detected.



Foods 2023, 12, 136 8 of 13
Foods 2023, 12, x FOR PEER REVIEW  9  of  14 
 

 

 

Figure 1. Profiles of volatile compounds present in the four different white ginseng roots grown for 

3–6 years. The concentrations of volatile compounds are relatively indicated as percentages based 

on  the  total peak area  (100)  in  the 3‐year‐old  ‘Cheonryang’ cultivar. Data are provided as mean 

values (n = 3 biological replicates). 

3.2. Chemometric Analysis 

Chemometric approaches, such as HCA, PCA, and PLS‐DA, enable metabolite pro‐

filing datasets obtained from various food samples to be classified according to their geo‐

graphical  origin  and  processing methods  [23–25].  In  the  present  study,  unsupervised 

PCA, HCA, and supervised PLS‐DA were conducted to elucidate the influence of species, 

cultivar, cultivars, and cultivation year based on the volatile composition of white ginseng 

roots. 

Unsupervised PCA and HCA were performed using the volatile profiling data of the 

ginseng roots to reveal the same sample clustering pattern, provide an overview of the 

trend, and determine putative outliers. Different color groups reflect each of the Korean 

ginseng  cultivars  and American ginseng, and  closer distances  indicate  similar volatile 

composition. As shown in Figure S1A, the PCA score plot showed well‐separated clusters 

among American ginseng, “Yunpoong,” and “Gumpoong”/“Cheonryang,” while the age 

differences in cultivation were not clear. It is clear that the American and Korean ginseng 

groups were clustered separately. The first two principal components (PCs) represented 

47.3% of the total variance (PC1 = 35.7% and PC2 = 11.6%). In addition, the influence of 

the Panax species and cultivars on each cultivation year based on volatile compound data 

was also analyzed by PCA and HCA (Figure 2) because the plot of all ginseng groups was 

ambiguous. The results indicated that four groups were clearly separated in the PCA score 

plot of 4‐ (PC1 = 46.9%, PC2 = 19.0%), 5‐ (PC1 = 41.6%, PC2 = 14.0%), and 6‐year‐old roots 

(PC1 = 42.4%, PC2 = 16.1%), except for 3‐year‐old roots (PC1 = 44.0, PC2 = 19.7%), with no 

significant  sample  outliers. Even  though  the  volatile  compositions  of  3‐year‐old  roots 

were well‐distinguished  between  the Korean  ginseng  and American  ginseng  groups, 

“Gumpoong” was not completely separated from “Cheonryang”. HCA was performed to 

elucidate the similarities and dissimilarities of the volatile profiles of different samples. 

The HCA dendrogram also indicated that the American ginseng group clustered with the 

Korean ginseng groups. These results reflect the dissimilarity between American ginseng 

and Korean ginseng cultivars. 

Figure 1. Profiles of volatile compounds present in the four different white ginseng roots grown for
3–6 years. The concentrations of volatile compounds are relatively indicated as percentages based on
the total peak area (100) in the 3-year-old ‘Cheonryang’ cultivar. Data are provided as mean values
(n = 3 biological replicates).

3.2. Chemometric Analysis

Chemometric approaches, such as HCA, PCA, and PLS-DA, enable metabolite pro-
filing datasets obtained from various food samples to be classified according to their
geographical origin and processing methods [23–25]. In the present study, unsupervised
PCA, HCA, and supervised PLS-DA were conducted to elucidate the influence of species,
cultivar, cultivars, and cultivation year based on the volatile composition of white ginseng
roots.

Unsupervised PCA and HCA were performed using the volatile profiling data of the
ginseng roots to reveal the same sample clustering pattern, provide an overview of the
trend, and determine putative outliers. Different color groups reflect each of the Korean
ginseng cultivars and American ginseng, and closer distances indicate similar volatile
composition. As shown in Figure S1A, the PCA score plot showed well-separated clusters
among American ginseng, “Yunpoong,” and “Gumpoong”/“Cheonryang,” while the age
differences in cultivation were not clear. It is clear that the American and Korean ginseng
groups were clustered separately. The first two principal components (PCs) represented
47.3% of the total variance (PC1 = 35.7% and PC2 = 11.6%). In addition, the influence of
the Panax species and cultivars on each cultivation year based on volatile compound data
was also analyzed by PCA and HCA (Figure 2) because the plot of all ginseng groups
was ambiguous. The results indicated that four groups were clearly separated in the PCA
score plot of 4- (PC1 = 46.9%, PC2 = 19.0%), 5- (PC1 = 41.6%, PC2 = 14.0%), and 6-year-old
roots (PC1 = 42.4%, PC2 = 16.1%), except for 3-year-old roots (PC1 = 44.0, PC2 = 19.7%),
with no significant sample outliers. Even though the volatile compositions of 3-year-old
roots were well-distinguished between the Korean ginseng and American ginseng groups,
“Gumpoong” was not completely separated from “Cheonryang”. HCA was performed
to elucidate the similarities and dissimilarities of the volatile profiles of different samples.
The HCA dendrogram also indicated that the American ginseng group clustered with the
Korean ginseng groups. However, the cultivation ages were not clustered on each ginseng
root in the PCA score plot, which means the volatile composition of the ginseng roots were
not affect by different cultivation ages (Figure S6). These results reflect the dissimilarity
between American ginseng and Korean ginseng cultivars.
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Figure 2. Discriminant analysis of four different white ginseng roots grown for 3–6 years based on
volatile compound data obtained from GC-MS. (A) PCA score plot and (B) HCA dendrogram.

Supervised PLS-DA was conducted to calculate models that differentiate between
groups and select the specific marker compounds responsible for the different ginseng
group-dependent clustering based on VIP values above one. The PLS-DA score plot of
all ginseng groups based on volatile compounds showed a distinct separation between
Korean ginseng cultivars and American ginseng, although there was no clear clustering
among Korean ginseng cultivars (Figure S1B). In the PLS-DA score plot of the ginseng
samples for each cultivation year, the four different groups could be distinguished well
(Figure S2). The PLS-DA loading plot revealed that the American ginseng group in 3-, 4-,
5-, and 6-year-old roots was positioned on the right side of the plot and was characterized
by relatively high concentrations of 3-carene, β-farnesene, β-sesquiphellandrene, octanal,
and 2-nonenal (Figure 3). Monoterpenes such as β-pinene and β-myrcene appeared to be
linked to “Yunpoong” cultivar. Most of the discriminative compositions in “Cheonryang”
were characterized by the presence of 1-hexanol, 1-ocatanol and ethanol. Although the
clustering between “Gumpoong” and “Cheonryang” in 3- and 4-year-old roots was not
clear, “Gumpoong” had relatively high levels of 2-nonen-1-nol and (E)-4-decenal in 5-
and 6-year-old roots, respectively. Korean ginseng cultivars with 3-, 4-, 5, and 6-year-old
roots were relatively located on the left part of the loading plot, and were characterized
by the presence of panaginseng, β-panasinsene, ginsinsene, α-neoclevene, β-neoclevene,
α-isocomene, caryophllene, and cedrene-V6. To statistically validate these PLS-DA models,
permutation testing was performed (Figure S3). The R2 and Q2 values of the permutation
test with each PLS-DA revealed that the models did not overfit the data, thus contributing
to a valid model. The recommended values for good fitting of models have been described
as R2Y intercept <0.3 and Q2Y intercept <0.05 [26,27]. Differential volatile compounds were
selected according to the criteria of p < 0.05 and VIP score >1 from the PLS-DA model
(Figure S4). Heatmap cluster analysis was also performed based on the discriminant volatile
compounds between the Panax species and cultivars (Figure S5). Two major clusters of
American ginseng and Korean ginseng cultivars were identified with distinct patterns of
different volatile abundances.



Foods 2023, 12, 136 10 of 13Foods 2023, 12, x FOR PEER REVIEW  11  of  14 
 

 

 

Figure 3. Loading plot of partial least‐squares discriminant analysis for four different white ginseng 

roots based on volatile compound data obtained from GC‐MS. (A) 3−year−old, (B) 4−year−old, (C) 

5−year−old, and (D) 6−year−old ginseng roots. 

3.3. Major Discriminant Volatile Composition of Four Different White Ginseng Roots 

The profiles of key discriminant volatile compounds identified in the four different 

ginseng groups by chemometric data analysis methods are shown  in Figure 4. Korean 

ginseng  cultivars had higher  relative  concentrations of key discriminant volatile  com‐

pounds than American ginseng cultivars. The profiles of volatile compounds were similar 

in Korean ginseng cultivars, including “Yunpoong,”, “Gumpoong” and “Cheonryang,” 

whereas American ginseng released a different volatile pattern. Panaginsene, β‐panasin‐

sene, ginsinsene, α‐isocomene, and α‐neoclovene were predominant in Korean ginseng 

cultivars, but only a minor amount was present in American ginseng. Cedrene‐V6, β‐ne‐

oclovene, and caryophyllene were identified only in Korean ginseng cultivars. In addition, 

the level of β‐farnesene was higher in American ginseng than in Korean ginseng cultivars. 

Our data are consistent with a previous study that demonstrated higher concentrations of 

(E)‐caryophyllene and β‐neoclovene and lower levels of β‐farnesene in the dried roots of 

P. ginseng Meyer than in P. quinquifolium L. [11]. These findings imply that differences 

in volatile patterns between Korean ginseng cultivars and American ginseng were mainly 

determined by the composition of sesquiterpene hydrocarbons, such as β‐panaginsene, 

ginsinsene, caryophyllene, and β‐farnesene. A previous study reported that panaginsene, 

β‐panaginsene,  and  ginsinsene  are major  typical  sesquiterpene  hydrocarbons  isolated 

from the roots of P. ginseng Meyer [28]. In addition, it has been demonstrated that the 

hydrocarbon fraction of sesquiterpenes enhances the citrus, spicy, woody, and hay/straw 

aspects of a non‐aromatized reference beer flavor [29]. Although the odor and flavor ac‐

tivity values for the major discriminant volatile compounds of ginseng roots were not ex‐

amined  in  the current study, sesquiterpenes such as caryophyllene usually have a  low 

odor threshold, meaning that they would release enough odor and flavor at low concen‐

trations [30]. Therefore, the present study suggests that these sesquiterpene hydrocarbon 

profiles may influence the different aroma and flavor characteristics of Panax species and 

cultivars. 

Figure 3. Loading plot of partial least-squares discriminant analysis for four different white ginseng
roots based on volatile compound data obtained from GC-MS. (A) 3−year−old, (B) 4−year−old,
(C) 5−year−old, and (D) 6−year−old ginseng roots.

3.3. Major Discriminant Volatile Composition of Four Different White Ginseng Roots

The profiles of key discriminant volatile compounds identified in the four different
ginseng groups by chemometric data analysis methods are shown in Figure 4. Korean gin-
seng cultivars had higher relative concentrations of key discriminant volatile compounds
than American ginseng cultivars. The profiles of volatile compounds were similar in Ko-
rean ginseng cultivars, including “Yunpoong,”, “Gumpoong” and “Cheonryang,” whereas
American ginseng released a different volatile pattern. Panaginsene, β-panasinsene, ginsin-
sene, α-isocomene, and α-neoclovene were predominant in Korean ginseng cultivars, but
only a minor amount was present in American ginseng. Cedrene-V6, β-neoclovene, and
caryophyllene were identified only in Korean ginseng cultivars. In addition, the level
of β-farnesene was higher in American ginseng than in Korean ginseng cultivars. Our
data are consistent with a previous study that demonstrated higher concentrations of
(E)-caryophyllene and β-neoclovene and lower levels of β-farnesene in the dried roots of
P. ginseng Meyer than in P. quinquifolium L. [11]. These findings imply that differences in
volatile patterns between Korean ginseng cultivars and American ginseng were mainly
determined by the composition of sesquiterpene hydrocarbons, such as β-panaginsene,
ginsinsene, caryophyllene, and β-farnesene. A previous study reported that panaginsene,
β-panaginsene, and ginsinsene are major typical sesquiterpene hydrocarbons isolated from
the roots of P. ginseng Meyer [28]. In addition, it has been demonstrated that the hydrocar-
bon fraction of sesquiterpenes enhances the citrus, spicy, woody, and hay/straw aspects of
a non-aromatized reference beer flavor [29]. Although the odor and flavor activity values
for the major discriminant volatile compounds of ginseng roots were not examined in
the current study, sesquiterpenes such as caryophyllene usually have a low odor thresh-
old, meaning that they would release enough odor and flavor at low concentrations [30].
Therefore, the present study suggests that these sesquiterpene hydrocarbon profiles may
influence the different aroma and flavor characteristics of Panax species and cultivars.
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4. Conclusions

In the present study, chemometric analysis of the volatile composition of fresh white
ginseng roots analyzed by HS-SPME/GC-MS was used to discriminate between Korean
ginseng cultivars and American ginseng. GC-MS data showed that the volatile compounds
in the ginseng roots varied depending on the species, cultivar, and cultivation age. Unsuper-
vised PCA and HCA showed that Korean ginseng cultivars and American ginseng could
be divided into two clusters, which were determined by the different volatile compositions
of each ginseng root. Moreover, the supervised PLS-DA model could be used to identify
several sesquiterpenes (e.g., β-panaginsene, ginsinsene, α-isocomene, caryophyllene, and
β-farnesene) as the key discriminant volatile compounds of different white ginseng roots.
Although further study is still needed on the influence of these compounds on the spe-
cific aroma and flavor characteristics of ginseng root, our current study suggests that the
sesquiterpene hydrocarbon profile of white ginseng root may play an important role in the
aroma and flavor qualities of Panax species and cultivars.
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(C) 5−year−old, and (D) 6-year-old ginseng roots; Figure S3: The VIP scores calculated from PLS-
DA analysis on volatile compounds of four different white ginseng roots. (A) 3−year−old, (B)
4−year−old, (C) 5−year−old, (D) 6−year−old ginseng roots; Figure S4: Heat map and HCA
clustering results of the discriminant volatile compounds identified in the four different white
ginseng roots grown for 3–6 years (VIP value >1 in PLS-DA); Figure S5: PLS-DA model validation of
volatile compounds present in the four different white ginseng roots grown for 3–6 years by using
permutation test. Figure S6: PCA score plot of different year white ginseng roots based on volatile
compound data obtained from GC–MS. (A) American ginseng, (B) Yunpoong, (C) Gumpoong, and
(D) Cheon-ryang.

Author Contributions: Data curation, Formal analysis, Methodology, Writing—original draft, Y.K.;
Writing—review and editing, Investigation, Methodology. I.-H.J.; Investigation, Methodology, Re-
source, J.-W.L.; Investigation, Methodology, Validation, Resource, N.K.; Investigation, Methodology,
Resource, D.K.; Conceptualization, Investigation, Methodology, J.-W.C.; K.-H.B.; Conceptualization,

https://www.mdpi.com/article/10.3390/foods12010136/s1
https://www.mdpi.com/article/10.3390/foods12010136/s1


Foods 2023, 12, 136 12 of 13

Project administration, Funding acquisition, K.-H.B.; Data curation, Writing—review and editing,
Supervision, J.S. All authors have read and agreed to the published version of the manuscript.

Funding: This work was carried out with the support of the Cooperative Research Program for
Agriculture Science and Technology Development (Project No. PJ01476003) of the Rural Development
Administration, Republic of Korea.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article or Supplementary Material.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Shin, B.K.; Kwon, S.W.; Park, J.H. Chemical diversity of ginseng saponins from Panax ginseng. J. Ginseng Res. 2015, 39, 287–298.

[CrossRef] [PubMed]
2. Liu, S.; Wang, S.; Liu, M.; Yang, F.; Zhang, H.; Liu, S.; Wang, Q.; Zhao, Y. De novo sequencing and analysis of the transcriptome of

Panax ginseng in the leaf-expansion period. Mol. Med. Rep. 2016, 14, 1404–1412. [CrossRef] [PubMed]
3. Kim, D.H. Chemical diversity of Panax ginseng, Panax quinquifolium, and Panax notoginseng. J. Ginseng Res. 2012, 36, 1. [CrossRef]

[PubMed]
4. Wang, J.; Li, S.; Fan, Y.; Chen, Y.; Liu, D.; Cheng, H.; Gao, X.; Zhou, Y. Anti-fatigue activity of the water-soluble polysaccharides

isolated from Panax ginseng CA Meyer. J. Ethnopharmacol. 2010, 130, 421–423. [CrossRef]
5. Scaglione, F.; Ferrara, F.; Dugnani, S.; Falchi, M.; Santoro, G.; Fraschini, F. Immunomodulatory effects of two extracts of Panax

ginseng CA Meyer. Drugs Under Exp. Clin. Res. 1990, 16, 537–542.
6. Shishtar, E.; Sievenpiper, J.L.; Djedovic, V.; Cozma, A.I.; Ha, V.; Jayalath, V.H.; Jenkins, D.J.A.; Meija, S.B.; Souza, R.J.; Jovanovski,

E.; et al. The effect of ginseng (the genus panax) on glycemic control: A systematic review and meta-analysis of randomized
controlled clinical trials. PLoS ONE 2014, 9, e107391. [CrossRef]

7. Sangsukiam, T.; Duangmal, K. A comparative study of physico-chemical properties and antioxidant activity of freeze-dried mung
bean (Vigna radiata) and adzuki bean (Vigna angularis) sprout hydrolysate powders. Int. J. Food Sci. Technol. 2017, 52, 1971–1982.
[CrossRef]

8. Cho, I.H. Volatile compounds of ginseng (Panax sp.): A review. J. Appl. Biol. Chem. 2015, 58, 67–75. [CrossRef]
9. Kalua, C.M.; Allen, M.S.; Bedgood, D.R., Jr.; Bishop, A.G.; Prenzler, P.D.; Robards, K. Olive oil volatile compounds, flavour

development and quality: A critical review. Food Chem. 2007, 100, 273–286. [CrossRef]
10. Yang, Z.; Baldermann, S.; Watanabe, N. Recent studies of the volatile compounds in tea. Food Res. Int. 2013, 3, 585–599. [CrossRef]
11. Cho, I.H.; Lee, H.J.; Kim, Y.S. Differences in the volatile compositions of ginseng species (Panax sp.). J. Agric. Food Chem. 2012, 60,

7616–7622. [CrossRef] [PubMed]
12. Qiu, Y.; Lu, X.; Pang, T.; Ma, C.; Li, X.; Xu, G. Determination of radix ginseng volatile oils at different ages by comprehensive

two-dimensional gas chromatography/time-of-flight mass spectrometry. J. Sep. Sci. 2008, 31, 3451–3457. [CrossRef] [PubMed]
13. Kataoka, H.; Lord, H.L.; Pawliszyn, J. Applications of solid-phase microextraction in food analysis. J. Chromatogr. A 2000, 880,

35–62. [CrossRef] [PubMed]
14. Cui, L.; Xu, J.; Feng, Z.; Yan, M.; Piao, X.; Yu, Y.; Hou, W.; Jin, Y.; Ying-Ping, W. Simultaneous determination and difference

evaluation of volatile components generated from ginseng fruit by HS-SPME Coupled with GC-MS according to fruit color.
LWT-Food Sci. Technol. 2020, 40, 532–536. [CrossRef]

15. Lee, J.; Shibamoto, T.; Ha, J.; Jang, H.W. Identification of volatile markers for the detection of adulterants in red ginseng (Panax
ginseng) juice using headspace stir-bar sorptive extraction coupled with gas chromatography and mass spectrometry. J. Sep. Sci.
2018, 41, 2903–2912. [CrossRef]

16. Kim, Y.; Kim, D.; Bang, K.; Kim, J.; Hyun, D.; Lee, S.; Kang, S.; Cha, S.; Kim, K.; Choi, J.; et al. high yielding and salt resistance
ginseng variety ‘Cheonryang’. Korean J. Breed. Sci. 2013, 45, 434–439. [CrossRef]

17. Kwon, W.S.; Lee, J.H.; Park, C.S.; Yang, D.C. Breeding Process and Characteristics of Gopoong, a New Variety of Panax ginseng
CA Meyer. J. Ginseng. Res. 2003, 27, 86–91.

18. Lee, J.H.; Lee, J.S.; Kwon, W.S.; Kang, J.Y.; Lee, D.Y.; In, J.G.; Kim, Y.S.; Seo, J.; In, H.B.; Chang, I.M.; et al. Characteristics of
Korean ginseng varieties of gumpoong, sunun, sunpoong, sunone, cheongsun, and sunhyang. J. Ginseng. Res. 2015, 39, 94–104.
[CrossRef]

19. Pu, Z.J.; Zhang, S.; Tang, Y.P.; Shi, X.Q.; Tao, H.J.; Yan, H.; Chen, J.Q.; Yue, S.J.; Chen, Y.Y.; Zhu, Z.H.; et al. Study on changes in
pigment composition during the blooming period of safflower based on plant metabolomics and semi-quantitative analysis. J.
Sep. Sci. 2021, 44, 4082–4091. [CrossRef]

20. Sung, J.; Suh, J.H.; Chambers, A.H.; Crane, J.; Wang, Y. Relationship between sensory attributes and chemical composition of
different mango cultivars. J. Agric. Food Chem. 2019, 67, 5177–5188. [CrossRef]

http://doi.org/10.1016/j.jgr.2014.12.005
http://www.ncbi.nlm.nih.gov/pubmed/26869820
http://doi.org/10.3892/mmr.2016.5376
http://www.ncbi.nlm.nih.gov/pubmed/27278773
http://doi.org/10.5142/jgr.2012.36.1.1
http://www.ncbi.nlm.nih.gov/pubmed/23717099
http://doi.org/10.1016/j.jep.2010.05.027
http://doi.org/10.1371/journal.pone.0107391
http://doi.org/10.1111/ijfs.13469
http://doi.org/10.1007/s13765-015-0007-0
http://doi.org/10.1016/j.foodchem.2005.09.059
http://doi.org/10.1016/j.foodres.2013.02.011
http://doi.org/10.1021/jf301835v
http://www.ncbi.nlm.nih.gov/pubmed/22804575
http://doi.org/10.1002/jssc.200800253
http://www.ncbi.nlm.nih.gov/pubmed/18803254
http://doi.org/10.1016/S0021-9673(00)00309-5
http://www.ncbi.nlm.nih.gov/pubmed/10890509
http://doi.org/10.1590/fst.26718
http://doi.org/10.1002/jssc.201800202
http://doi.org/10.9787/KJBS.2013.45.4.434
http://doi.org/10.1016/j.jgr.2014.06.007
http://doi.org/10.1002/jssc.202100439
http://doi.org/10.1021/acs.jafc.9b01018


Foods 2023, 12, 136 13 of 13

21. Zhu, Y.; Feng, Y.; Shen, L.; Xu, D.; Wang, B.; Ruan, K.; Cong, W. Effect of metformin on the urinary metabolites of diet-induced-
obese mice studied by ultra performance liquid chromatography coupled to time-of-flight mass spectrometry (UPLC-TOF/MS). J.
Chromatogr. B 2013, 925, 110–116. [CrossRef] [PubMed]

22. Gounaris, Y. Biotechnology for the production of essential oils, flavours and volatile isolates. A review. Flavour Fragr. J. 2010, 25,
367–386. [CrossRef]

23. Hurkova, K.; Uttl, L.; Rubert, J.; Navratilova, K.; Kocourek, V.; Stranska-Zachariasova, M.; Paprstein, F.; Hajslova, J. Cranberries
versus lingonberries: A challenging authentication of similar Vaccinium fruit. Food Chem. 2019, 284, 162–170. [CrossRef] [PubMed]

24. Kim, D.Y.; Kim, S.H.; Ahn, H.M.; Lim, S.R.; Oh, J.; Choi, S.; Lee, H.J.; Auh, J.H.; Choi, H.K. Differentiation of highbush blueberry
(Vaccinium corymbosum L.) fruit cultivars by GC–MS-based metabolic profiling. J. Appl. Biol. Chem. 2015, 58, 21–28. [CrossRef]

25. Yang, M.; Zhai, X.; Huang, X.; Li, Z.; Shi, J.; Li, Q.; Zou, X.; Battino, M. Rapid discrimination of beer based on quantitative aroma
determination using colorimetric sensor array. Food Chem. 2021, 363, 30297. [CrossRef]

26. Belmonte-Sánchez, J.R.; Romero-Gonzále, R.; Arrebol, F.J.; Vidal, J.L.M.; Garrido Frenich, A. An innovative metabolomic
approach for golden rum classification combining ultrahigh-performance liquid chromatography–orbitrap mass spectrometry
and chemometric strategies. J. Agric. Food Chem. 2019, 67, 1302–1311. [CrossRef]

27. Song, X.; Jing, S.; Zhu, L.; Ma, C.; Song, T.; Wu, J.; Zhao, Q.; Zheng, F.; Chen, F. Untargeted and targeted metabolomics strategy
for the classification of strong aroma-type baijiu (liquor) according to geographical origin using comprehensive two-dimensional
gas chromatography-time-of-flight mass spectrometry. Food Chem. 2020, 314, 126098. [CrossRef]

28. Richter, R.; Basar, S.; Koch, A.; König, W.A. Three sesquiterpene hydrocarbons from the roots of Panax ginseng CA Meyer
(Araliaceae). Phytochemistry 2005, 66, 2708–2713. [CrossRef]

29. Praet, T.; Van Opstaele, F.; Steenackers, B.; De Vos, D.; Aerts, G.; De Cooman, L. Flavor activity of sesquiterpene oxidation
products, formed upon lab-scale boiling of a hop essential oil–derived sesquiterpene hydrocarbon fraction (cv. Saaz). J. Am. Soc.
Brew. Chem. 2016, 74, 65–76. [CrossRef]

30. Campelo, P.H.; Alves Filho, E.G.; Silva, L.M.; de Brito, E.S.; Rodrigues, S.; Fernandes, F.A. Modulation of aroma and flavor using
dielectric barrier discharge plasma technology in a juice rich in terpenes and sesquiterpenes. LWT 2020, 130, 109644. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.jchromb.2013.02.040
http://www.ncbi.nlm.nih.gov/pubmed/23523884
http://doi.org/10.1002/ffj.1996
http://doi.org/10.1016/j.foodchem.2019.01.014
http://www.ncbi.nlm.nih.gov/pubmed/30744842
http://doi.org/10.3839/jabc.2015.005
http://doi.org/10.1016/j.foodchem.2021.130297
http://doi.org/10.1021/acs.jafc.8b05622
http://doi.org/10.1016/j.foodchem.2019.126098
http://doi.org/10.1016/j.phytochem.2005.09.012
http://doi.org/10.1094/ASBCJ-2016-1205-01
http://doi.org/10.1016/j.lwt.2020.109644

	Introduction 
	Materials and Methods 
	Chemicals 
	White Ginseng Root Samples 
	Volatile Compound Analysis 
	HS-SPME Conditions 
	GC-MS Analysis 

	Statistical Analyses 

	Results 
	Volatile Compounds of Four Different White Ginseng Roots Grown for 3–6 Years 
	Chemometric Analysis 
	Major Discriminant Volatile Composition of Four Different White Ginseng Roots 

	Conclusions 
	References

