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ABSTRACT

Our study aimed to compare the essential oil (EO) concentration and composition of several Apiaceae species
growing in the Northern region of Vietnam. The yields of EOs from materials ranged from 0.03% (root EO of
Angelica acutiloba and aerial parts EO of Heracleum bivittatum)−0.27% (leaf EO of Xyloselinum vietnamense).
Gas chromatography-mass spectrometry (GC-MS) allowed the identification of 74 components in the EOs of
six Apiaceae species, making up 94.4%–100.0% of the oils. In EO from Angelica acutiloba, (Z)-ligustilide
accounted for an extremely large proportion (94.9%). EO of Angelica pubescens was dominated by six character-
istic components including α-pinene (21.5%), β-phellandrene (18.1%), p-cymene (12.2%), 3-methylnonane
(8.7%), o-cymene (8.1%), and D-sylvestrene (6.2%). The EO from Cryptotaenia japonica was characterized by
high amounts of α-selinene (48.7%), β-selinene (23.7%), and trans-β-farnesene (5.4%). The EOs from leaves
and stems of Xyloselinum vietnamense were characterized by high concentrations of sabinene (69.8% and
33.8%), 4-terpineol (8.7% and 7.4%) and β-pinene (4.0% and 6.5%) while EOs from aerial parts and root of Xylo-
selinum leonidii comprise four characteristic monoterpenes including α-pinene (28.2% and 52.8%), β-pinene
(7.9% and 10.3%), β-phellandrene (7.6% and 15.3%), and sabinene (3.0% and 4.1%). Additionally, cryptone is also
one of the major components in the EO of Xyloselinum leonidii (13.2% in the aerial parts oil and 2. 8% in the root
oil). In the EOs isolated from the aerial parts and root of Heracleum bivittatum, α-pinene (22.5% and 70.2%) and
β-pinene (43.2% and 20.0%) were the predominant monoterpenes. Sabinene appeared in the EO from aerial parts
of Heracleum bivittatum with a relatively high concentration (13.5%) while bornyl acetate (5.1%) was also one of
the main components in the EO from its aerial parts but was not detected in other Apiaceae species in the present
study. These databases help identify and control the quality of plant material studied from the family Apiaceae
growing in Vietnam.
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1 Introduction

Family Apiaceae Lindl. consists of 3931 accepted species belonging to 448 genera [1]. These species are
widely distributed in the temperate zone of both hemispheres, mainly in the Eurasian continent, especially in
Central Asia [2]. Several studies have revealed the chemical composition of different Apiaceae species [3–5].
These species seem rich sources of phenolic compounds such as caffeic acid, chlorogenic acid, some
aglycone flavonoids, and their glucosides. Besides, many studies have investigated the chemical
composition of EOs from Apiaceae species worldwide [6–8].

In Vietnam, the family Apiaceae comprises numerous species containing bioactive components utilized
in treating several diseases in traditional medicine. Many species of the family were introduced to Vietnam
and cultivated as medicinal plants such as Angelica pubescens Maxim. and Angelica acutiloba (Siebold &
Zucc.) Kitag. On the other hand, there are some Apiaceae species that native to Vietnam such as Cryptotaenia
japonica Hassk., Heracleum bivittatum H.Boissieu (syn. Tetrataenium bivittatum (H.Boissieu) Manden.),
Xyloselinum leonidii Pimenov & Kljuykov. and Xyloselinum vietnamense Pimenov & Kljuykov. The roots
of H. bivittatum possessed hemostatic and tonic effects, while the leaves and stems of C. japonica were
used to treat scabies, toxic pimples, and skin and reduce inflammation [9].

Among the above-mentioned species, some species have previously been studied regarding EO
chemical composition. A. pubescens Maxim. EO with high concentrations of ostiole and eugenol, known
for their anti-inflammatory and antioxidant effects [10] while A. acutiloba (Siebold & Zucc.) Kitag.
possessed EO with the main components being (Z)-ligustilide and butylidene phthalide [11,12]. Besides,
many species of the family Apiaceae have not been studied in terms of EO composition such as H.
bivittatum H.Boissieu. The EO composition of leaves and stems of two Xyloselinum endemic in Vietnam
was investigated previously [13] but the EO composition of their root is still unclear.

Our study aimed to compare the EO composition of several Apiaceae species encompassing Angelica
acutiloba (Siebold & Zucc.) Kitag., Angelica pubescens Maxim., Cryptotaenia japonica Hassk.,
Heracleum bivittatum H.Boissieu., Xyloselinum leonidii Pimenov & Kljuykov, and Xyloselinum
vietnamense Pimenov & Kljuykov and find possible fingerprints to different species. To the best of our
knowledge, this is the first time the EO composition of Heracleum bivittatum and root of Xyloselinum
leonidii were investigated using GC-MS.

2 Materials and Methods

2.1 Plant Material
The plant materials used in the study could be wild-growing or cultivated species of the family Apiaceae.

The wild-growing plants of Cryptotaenia japonica (1.2 kg), Heracleum bivittatum (0.4 kg), Xyloselinum
leonidii (0.7 kg), Xyloselinum vietnamense (5.0 kg), and two cultivated species including Angelica
acutiloba (0.4 kg) and Angelica pubescens (0.3 kg) were collected (Table 1). The plant species were
identified by Dr. Nguyen Quang Hung, Department of Plant Resources, Institute of Ecology and
Biological Resources (IEBR), Vietnam Academy of Science and Technology (VAST) and MsC. Nghiem
Duc Trong, Department of Botany, Hanoi University of Pharmacy. The voucher specimens (Vs) were
deposited at the Department of Plant Resources, IEBR, VAST (Table 1). Based on the amount of
collected materials, each species could be divided into different plant parts or used whole aerial parts;
after that, they were dried in the shade until reaching the compatible humidity and then used to study
chemical composition.
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2.2 Chemical and Reagents
Chloroform and n-hexane used for the GC-MS analyses are of analytical grade and were obtained, as

well as the alkane standard solution C8–C20, from Merck (Darmstadt, Germany).

2.3 Essential Oil Isolation
All the air-dried materials were chopped into small pieces (5–10 mm) and submitted to the steam

distillation of EO using a Clevenger-type apparatus according to Vietnam Pharmacopoeia [14] without
adding an amount of organic solvent to the apparatus. The obtained oils were added sodium sulfate to
absorb small amounts of water in the oils.

2.4 Gas Chromatography–Mass Spectrometry Analysis of Essential Oils
The EOs from six species of the family Apiaceae were diluted to 0.1% (v/v) in n-hexane. GC-MS

analysis was performed using an In tuvo 9000 GC system equipped with a mass spectrometer detector
MSD 5977B (Agilent, Frederick, CO, USA) and a non-polar DB-5MS fused silica capillary column
(30 m × 0.25 mm × 0.25 μm). The oven temperature was set at 50°C, then ramped up to 200°C at a rate
of 5°C/min, further raised to 280°C at a rate of 8°C/min, and maintained for 10 min, with an inlet
temperature of 150°C and a split ratio of 300:1. Helium was used as the carrier gas with a flow rate of
1 ml/min. Ionization energy was set at 70 eV, and the scan range was from 45 to 450 amu.

The ratio of essential oil components relied on peak areas. Retention indices (RI) were determined by
analyzing an n-alkanes chain (C8–C20) under identical GC conditions. Volatile component identification was
based on comparison with mass spectra and RI-values from the NIST 08 mass spectral library, NIST
Chemistry WebBook, and Adams book [15].

Table 1: Samples of Apiaceae species studied

ID Scientific
name

Collecting location Voucher
specimen
code

Plant
parts

Essential oil extraction

Weight of
material (g)

Volume of
oil (mL)

Oil yield
(v/m)a

Aa Angelica
acutiloba

Lao Cai Prov.,
Sapa City

CSCL09.03/
23-24-SP03

Roots 350 0.11 0.03

Ap Angelica
pubescens

Lao Cai Prov.,
Sapa City

CSCL09.03/
23-24-SP04

Roots 250 0.33 0.13

Cj Cryptotaenia
japonica

Ha Giang Prov.,
Quan Ba District

CSCL09.03/
23-24-HG01

Aerial
parts

280 0.36 0.13

HbA Heracleum
bivittatum

Lao Cai Prov.,
Sapa City

CSCL09.03/
23-24-SP06

Aerial
parts

320 0.09 0.03

HbR Roots 35 0.02 0.06

XlA Xyloselinum
leonidii

Ha Giang Prov.,
Dong Van District

CSCL09.03/
23-24-HG03

Aerial
parts

250 0.3 0.12

XlR Roots 200 0.16 0.08

XvS Xyloselinum
vietnamense

Ha Giang Prov.,
Quan Ba District

CSCL09.03/
23-24-HG02

Stems 300 0.26 0.09

XvL Leaves 200 0.54 0.27
Note: acalculated on dry materials.

Phyton, 2024, vol.93, no.7 1679



2.5 Statistical Analysis
Multivariate analysis was employed to measure the distances between groups based on the composition

of the aforementioned Apiaceae EOs. The overall similarity among the units of measurement was assessed
using the Pearson distance in the UPGMA clustering method (Unweighted Pair Group Mean Association),
considering all identified components in the studied Apiaceae EOs. Statistical analyses were conducted using
R-Studio tools.

3 Results and Discussion

The yields of EOs from materials shown in Table 1, ranging from 0.03% (root EO of A. acutiloba and
aerial parts EO of H. bivittatum)–0.27% (leaf EO of X. vietnamense).

The results of the GC-MS analysis are given in Table 2. 74 components were identified in the EOs of
6 Apiaceae species, making up 94.4%–100.0% of the oils.

Monoterpenes were predominant in the EOs of A. pubescens (70.2%), H. bivittatum (84.0% in aerial
parts oil, 97.2% in root oil), X. vietnamense (51.7% in stem oil, 87.1% in leaf oil) and X. leonidii (51.9%
in aerial parts oil, 88.1% in root oil), while sesquiterpenes were only dominant in EO of C. japonica (88.0%).

In EO from A. acutiloba, (Z)-ligustilide accounted for an extremely large proportion (94.9%), followed
by (Z)-butylidenephthalide (2.9%). Meanwhile, the remaining components constitute only a minute fraction,
each contributing less than 1.0% to the overall composition. (Z)-ligustilide is known for its antioxidant and
anti-inflammatory activities [16]. Additionally, it may offer potential benefits in cancer treatment [17].
However, the practical applications of (Z)-ligustilide are limited due to its physicochemical properties,
including poor water solubility, thermolability, and weak photostability [16]. One study indicated that the
growth and yield of A. acutiloba plants cultivated in Hokkaido varied with different nitrogen (N) levels.
The concentration of (Z)-ligustilide increased with increased nitrogen supply. Therefore, it is necessary to
use optimal nitrogen levels for the healthy growth of A. acutiloba in Hokkaido [18].

The EO of A. pubescens was dominated by monoterpenes (70.2%), with five characteristic components:
α-pinene (21.5%), β-phellandrene (18.1%), p-cymene (12.2%), o-cymene (8.1%), and D-sylvestrene (6.2%).
Additionally, some alkanes, such as 3-methylnonane (8.7%) and nonane (4.3%) also constituted a significant
portion of the EO of A. pubescens, which were exclusive to A. pubescens and not found in other species.
These results differ from previous studies, in which osthole was the predominant component in the EO of
A. pubescens (44.6%) [10,19]. This could lead to the conclusion that the biological effects of the EO of
A. pubescens cultivated in Vietnam may differ from those of A. pubescens cultivated in China.

The EO from C. japonica was characterized by high amounts of α-selinene (48.7%), β-selinene (23.7%)
and trans-β-farnesene (5.4%). The concentrations of the three above-stated components were quite similar to
the previous study in which α-selinene (13.2%–39.1%), β-selinene (4.8%–15.5%), and trans-β-farnesene
(9.0%–11.1%) were major constituents in the EO from three kinds of C. japonica used in Japan [20].
This means that there is not so much difference between the EO composition of C. japonica growing in
Vietnam and the three kinds of this species used in Japanese food.

The EOs from leaves and stems of X. vietnamense studied by us were quite similar to those in a previous
study [13], with sabinene (69.8% and 33.8%, respectively) as the commanding compound. However, 4-
terpineol was detected in relatively high concentration in both stem oil and leaf oil (7.4% and 8.7%,
respectively) in our study, while this compound only appeared in stem oil (10.3%) in the previous study
[13]. Besides, the EO from stems also had some components with high concentrations such as β-pinene
(6.5%), α-selinene (5.8%), γ-elemene (5.0%), daucene (4.4%), α-pinene (3.4%) and β-elemene (3.3%). In
previous study, these components possessed much lower concentrations (0%–0.8%) [13]. In contrast, cis-
β-ocimene accounted for quite a high amount of stem oil (9.7%) in a previous study [13] but was in low
concentration in X. vietnamense stem oil studied by us (1.4%). For the steam-distilled EO from the leaves
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of X. vietnamense, our study revealed that β-pinene (4.0%), γ-terpinene (3.7%) and β-elemene (3.1%) are
components present in relatively high proportions, slightly higher than in previous research (1.9%–2.5%)
[13]. On the other hand, santalon at a proportion of 5.1% was one of the main components in the EO
from the leaves of X. vietnamense in previous studies [13], but was not present in our study.

Monoterpenes dominated the EOs of X. leonidii, including aerial parts oil (51.9%) and the root oil
(88.1%). Both EOs comprise four characteristic monoterpenes: α-pinene (28.2% and 52.8%, respectively),
β-pinene (7.9% and 10.3%, respectively), β-phellandrene (7.6% and 15.3%, respectively), and sabinene
(3.0% and 4.1%, respectively). Additionally, cryptone is also one of the major components in the EOs of
X. leonidii (13.2% in the aerial parts oil and 2.8% in the root oil). Furthermore, the EO from aerial parts
contains a considerable amount of α-humulene (5.8%). Previously, the composition of the EO of the
aerial parts has been studied [13], and our results are quite similar. In previous studies, α-pinene (7.6%–

9.8%), sabinene (10.0%–29.3%), β-pinene (2.5%–13.7%), and β-phellandrene (9.5%–17.8%) were also
the main monoterpenes in the EO of the aerial parts. Additionally, there were β-myrcene (2.2%–12.9%),
(Z)-β-ocimene (2.5%–12.9%), and terpinen-4-ol (3.5%–4.1%) as characteristic components [13].

In the EO isolated from the aerial parts of H. bivittatum, α-pinene (22.5%) and β-pinene (43.2%) were
the predominant monoterpenes. These two components were also identified in the root oil, comprising 70.2%
and 20.0%, respectively. Sabinene, the main component in the EO of X. vietnamense, also appeared in the EO
from aerial parts of H. bivittatum with relatively high concentration (13.5%) but was absent in the root oil of
H. bivittatum. Bornyl acetate (5.1%) was also one of the main components in the EO from its aerial parts but
was not detected in other Apiaceae species in the present study. Besides, trans-β-ocimene accounted for a
high proportion in the root EO (5.0%), and a lower proportion in the aerial parts EO (1.3%), but it was
also absent in the EO of other Apiaceae species studied.

Through a cluster analysis utilizing the concentrations of all components, distinct groupings of EOs were
identified, as illustrated in Table 1. The chemical composition of the EO from the aerial parts of X. leonidii
and the EO of A. pubescens is quite similar, with α-pinene, β-phellandrene, and cryptone being the main
common components. Therefore, these two EOs form a distinct cluster. The aerial parts oil of H.
bivittatum is quite like the cluster of the two X. leonidii and A. pubescens EOs. The root oils of both H.
bivittatum and X. leonidii are also quite similar and form a cluster, with common main components such
as α-pinene, sabinene, and β-pinene. The cluster of these two root EOs forms a group with the cluster of
the three EOs mentioned above, forming a cluster of five EOs. On the other hand, the EOs from the
leaves and stems of X. vietnamense form a separate cluster due to sharing some main components such as
sabinene, 4-terpineol, β-pinene, and β-elemene. The composition of the EO of C. japonica is quite like
the cluster of the two parts of X. vietnamense, thus forming a cluster of three EOs. This cluster of three
EOs differs from the cluster of five EOs mentioned above. Finally, the EO of A. acutiloba is the most
different from the others, with the main component being (Z)-ligustilide.

Cluster analysis has helped us identify the diversity and similarity in the chemical composition of the
EOs among Apiaceae species. The oil clusters may reflect correlations between the chemical composition
and environmental factors such as climate conditions, geography, and habitat. Furthermore, cluster
analysis can aid in identifying oil groups with similar biological properties and effects. This helps in
understanding and fully optimizing the utilization of these natural resources. Utilizing the UPGMA
clustering method, it was observed that the studied EOs were divided into three distinct groups. A.
acutiloba has the most distinctive essential oil composition compared to the other species. A. pubescens
root EO, EOs from H. bivittatum aerial parts and roots, and EOs from aerial parts and roots of X. leonidii
form a distinct cluster, separate from another cluster comprising C. japonica aerial parts EO and EOs
from stem and leaves of X. vietnamense.

Phyton, 2024, vol.93, no.7 1681



T
ab

le
2:

E
ss
en
tia
l
oi
l
co
m
po
si
tio

n
(%

)
of

A
pi
ac
ea
e
sa
m
pl
es

st
ud
ie
d

R
T
(m

in
.)

C
om

po
un
ds

F
or
m
ul
a

C
la
ss
ifi
ca
tio

n
R
Ia

R
Ib

A
.
ac
ut
ilo

ba
A
.p

ub
es
ce
ns

C
.
ja
po
ni
ca

H
.
bi
vi
tta

tu
m

X
.
vi
et
na
m
en
se

X
.
le
on
id
ii

R
oo
t

R
oo
t

A
er
ia
l
pa
rt
s

A
er
ia
l
pa
rt
s

R
oo
t

S
te
m

L
ea
f

A
er
ia
l
pa
rt
s

R
oo
t

4.
15

3,
5,
5-
tr
im

et
hy
l-
C
yc
lo
he
xe
ne

C
9
H
1
6

O
th
er

83
1

83
2

–
–

–
–

–
–

–
–

0.
9

4.
66

Is
on
on
an
e

C
9
H
2
0

A
lk
an
e

86
1

86
5

–
1.
4

–
–

–
–

–
–

–

4.
93

(2
Z
)-
H
ex
en
ol

C
6
H
1
2
O

O
th
er

87
6

86
7

–
–

–
–

–
–

–
–

0.
6

5.
35

N
on
an
e

C
9
H
2
0

A
lk
an
e

90
0

90
0

–
4.
3

–
–

–
–

–
–

–

5.
38

(2
E
,4
E
)-
H
ex
ad
ie
na
l

C
6
H
8
O

O
th
er

90
2

90
7

–
–

–
–

–
–

–
–

0.
8

5.
95

α-
T
hu
je
ne

C
1
0
H
1
6

M
H

92
6

92
9

–
–

–
–

–
0.
4

0.
8

–
–

6.
14

α-
P
in
en
e

C
1
0
H
1
6

M
H

93
3

93
7

–
21
.5

–
22
.5

70
.2

3.
4

1.
4

28
.1

52
.8

6.
41

4,
4-
D
im

et
hy
l-
2-
bu
te
no
lid

e
C
6
H
8
O
2

O
th
er

94
5

95
2

–
–

–
–

–
–

–
–

1.
1

6.
43

4-
M
et
hy
l
pe
nt
-2
-e
no
lid

e
C
6
H
1
2

O
th
er

94
6

94
5

–
0.
6

–
–

–
–

–
–

–

6.
53

C
am

ph
en
e

C
1
0
H
1
6

M
H

95
0

95
2

–
1.
4

–
0.
8

–
–

–
2.
0

1.
1

6.
97

3-
M
et
hy
ln
on
an
e

C
1
0
H
2
2

A
lk
an
e

96
9

97
1

–
8.
7

–
–

–
–

–
–

–

7.
06

S
ab
in
en
e

C
1
0
H
1
6

M
H

97
3

97
4

–
–

–
13
.5

–
33
.8

69
.8

3.
0

4.
1

7.
20

β-
P
in
en
e

C
1
0
H
1
6

M
H

97
9

97
9

–
1.
7

1.
7

43
.2

20
.0

6.
5

4.
0

7.
9

10
.3

7.
42

β-
M
yr
ce
ne

C
1
0
H
1
6

M
H

98
8

99
1

–
–

–
1.
7

1.
1

0.
8

1.
3

0.
7

0.
9

7.
77

O
ct
an
al

C
8
H
1
6
O

O
th
er

10
02

10
03

–
–

0.
6

–
0.
9

–
–

–
1.
0

7.
91

o-
C
ym

en
e

C
1
0
H
1
4

M
H

10
08

10
18

–
8.
1

–
–

–
–

–
–

–

7.
98

α-
Te
rp
in
en
e

C
1
0
H
1
6

M
H

10
10

10
17

–
–

–
–

–
–

–
–

1.
1

8.
18

m
-C
ym

en
e

C
1
0
H
1
4

M
H

10
17

10
23

–
–

–
–

–
0.
5

1.
4

–
–

8.
37

p-
C
ym

en
e

C
1
0
H
1
4

M
H

10
25

10
25

0.
6

12
.2

1.
1

–
–

1.
2

1.
1

0.
9

0.
8

8.
49

L
im

on
en
e

C
1
0
H
1
6

M
H

10
29

10
24

–
–

–
1.
0

0.
9

–
–

–
–

8.
50

D
-S
yl
ve
st
re
ne

C
1
0
H
1
6

M
H

10
29

10
27

–
6.
2

–
–

–
0.
5

0.
8

1.
7

1.
7

8.
56

β-
P
he
lla
nd
re
ne

C
1
0
H
1
6

M
H

10
31

10
31

–
18
.1

–
–

–
0.
6

2.
8

7.
6

15
.3

8.
63

ci
s-
β-
O
ci
m
en
e

C
1
0
H
1
6

M
H

10
34

10
38

–
–

–
–

–
1.
4

–
–

–

8.
90

tr
an
s-
β-
O
ci
m
en
e

C
1
0
H
1
6

M
H

10
44

10
44

–
–

–
1.
3

5.
0

–
–

–
–

9.
27

γ-
Te
rp
in
en
e

C
1
0
H
1
6

M
H

10
58

10
60

0.
9

1.
0

1.
0

–
–

1.
4

3.
7

–
–

9.
74

A
vl
ot
ha
ne

C
2
C
l 6

O
th
er

10
76

10
64

–
2.
8

–
–

–
–

–
–

1.
5

11
.1
1

p-
To

ly
l-
ac
et
al
de
hy
de

C
9
H
1
0
O

O
th
er

11
25

11
20

–
–

–
–

–
–

–
0.
8

–

11
.1
7

A
llo

-O
ci
m
en
e

C
1
0
H
1
6

M
H

11
27

11
31

–
–

–
–

–
1.
2

–
–

–

11
.5
9

4-
D
ec
an
on
e

C
1
0
H
2
0
O

O
th
er

11
43

11
37

–
–

–
–

–
–

–
–

0.
7

12
.2
1

(E
)-
no
n-
3-
en
-2
-o
ne

C
9
H
1
6
O

O
th
er

11
65

11
44

–
–

–
–

–
–

–
–

1.
0

12
.6
9

4-
Te
rp
in
eo
l

C
1
0
H
1
8
O

O
M

11
82

11
77

–
–

–
–

–
7.
4

8.
7

–
–

(C
on
tin

ue
d)

1682 Phyton, 2024, vol.93, no.7



T
ab

le
2
(c
on

ti
n
u
ed
)

R
T
(m

in
.)

C
om

po
un
ds

F
or
m
ul
a

C
la
ss
ifi
ca
tio

n
R
Ia

R
Ib

A
.
ac
ut
ilo

ba
A
.p

ub
es
ce
ns

C
.
ja
po
ni
ca

H
.
bi
vi
tta

tu
m

X
.
vi
et
na
m
en
se

X
.
le
on
id
ii

R
oo
t

R
oo
t

A
er
ia
l
pa
rt
s

A
er
ia
l
pa
rt
s

R
oo
t

S
te
m

L
ea
f

A
er
ia
l
pa
rt
s

R
oo
t

12
.8
7

C
ry
pt
on
e

C
9
H
1
4
O

O
th
er

11
89

11
84

–
3.
2

–
–

–
–

–
13

.2
2.
8

13
.1
1

M
yr
te
na
l

C
1
0
H
1
4
O

O
M

11
97

11
93

–
–

–
–

–
–

–
0.
8

–

13
.8
4

Is
ot
hy
m
ol

m
et
hy
l
et
he
r

C
11
H
1
6
O

O
M

12
24

12
30

–
0.
3

–
–

–
–

–
–

–

14
.1
2

T
hy
m
ol

m
et
hy
l
et
he
r

C
11
H
1
6
O

O
M

12
34

12
35

–
0.
8

–
–

–
1.
7

–
–

–

14
.3
9

C
um

in
al

C
1
0
H
1
2
O

O
M

12
44

12
39

–
–

–
–

–
–

–
2.
2

–

14
.6
5

ci
s-
M
yr
ta
no
l

C
1
0
H
1
8
O

O
M

12
54

12
50

–
–

–
–

–
–

–
0.
5

–

14
.9
8

tr
an
s-
C
ar
vo
ne

ox
id
e

C
1
0
H
1
4
O
2

O
M

12
66

12
73

–
–

–
–

–
–

–
0.
6

–

15
.4
7

B
or
ny
l
ac
et
at
e

C
1
2
H
2
0
O
2

O
M

12
82

12
85

–
–

–
5.
1

–
–

–
–

–

15
.5
3

Is
ob
or
ny
l
ac
et
at
e

C
1
2
H
2
0
O
2

O
M

12
86

12
86

–
1.
1

–
–

–
–

–
–

–

15
.6
5

S
af
ro
le

C
1
0
H
1
0
O
2

O
th
er

12
90

12
87

–
–

–
–

–
–

–
1.
1

0.
7

15
.7
2

T
hu
ja
no
l
ac
et
at
e

C
1
2
H
2
0
O
2

O
M

12
93

12
95

–
1.
7

–
–

–
–

–
–

–

15
.7
8

C
um

in
ol

C
1
0
H
1
4
O

O
M

12
95

12
89

–
–

–
–

–
–

–
1.
1

–

16
.7
4

δ-
E
le
m
en
e

C
1
5
H
2
4

S
H

13
31

13
35

–
1.
4

–
1.
1

–
–

–
–

–

16
.9
7

3-
ox
o-
ρ-
M
en
th
-1
-e
n-
7-
al

C
1
0
H
1
4
O
2

O
M

13
40

13
33

–
–

–
–

–
–

–
1.
0

–

17
.0
4

P
ip
er
ite
no
ne

C
1
0
H
1
4
O

O
M

13
41

13
40

0.
2

–
–

–
–

–
–

–
–

18
.0
6

D
au
ce
ne

C
1
5
H
2
4

S
H

13
79

13
81

–
–

–
–

–
4.
4

–
–

–

18
.3
0

β-
E
le
m
en
e

C
1
5
H
2
4

S
H

13
89

13
91

–
–

1.
6

3.
1

–
3.
3

3.
1

0.
8

–

19
.0
8

β-
Y
la
ng
en
e

C
1
5
H
2
4

S
H

14
19

14
19

–
–

–
–

–
2.
0

–
–

–

19
.1
2

tr
an
s-
C
ar
yo
ph
yl
le
ne

C
1
5
H
2
4

S
H

14
22

14
19

–
–

3.
3

–
–

–
–

2.
7

–

19
.3
5

γ-
E
le
m
en
e

C
1
5
H
2
4

S
H

14
29

14
33

–
–

0.
7

–
–

5.
0

–
–

–

19
.8
8

tr
an
s-
β-
F
ar
ne
se
ne

C
1
5
H
2
4

S
H

14
50

14
54

–
–

5.
4

0.
6

–
2.
1

–
–

–

20
.0
3

α-
H
um

ul
en
e

C
1
5
H
2
4

S
H

14
57

14
52

–
–

0.
9

–
–

1.
2

1.
1

5.
8

–

20
.4
0

A
co
ra
di
en

C
1
5
H
2
4

S
H

14
70

14
71

–
–

0.
5

–
–

–
–

–
–

20
.4
7

γ-
M
uu
ro
le
ne

C
1
5
H
2
4

S
H

14
74

14
77

–
–

–
–

–
1.
0

–
0.
7

–

20
.5
7

tr
an
s-
C
ad
in
a-
1(
6)
,4
-d
ie
ne

C
1
5
H
2
4

S
H

14
77

14
75

–
–

–
0.
8

–
–

–
–

–

20
.6
4

G
er
m
ac
re
ne

D
C
1
5
H
2
4

S
H

14
83

14
81

–
–

–
–

–
–

–
1.
8

–

20
.6
7

γ-
H
im

ac
ha
le
ne

C
1
5
H
2
4

S
H

14
81

14
77

–
–

–
–

–
5.
6

–
–

–

20
.8
9

β-
S
el
in
en
e

C
1
5
H
2
4

S
H

14
90

14
89

–
–

23
.7

–
–

1.
7

–
–

–

21
.0
8

α-
S
el
in
en
e

C
1
5
H
2
4

S
H

14
96

14
98

–
–

48
.7

1.
2

–
5.
8

–
–

–

21
.3
2

(R
)-
C
up
ar
en
e

C
1
5
H
2
2

S
H

15
06

15
05

–
–

–
–

–
1.
2

–
–

–

21
.3
3

Is
od
au
ce
ne

C
1
5
H
2
4

S
H

15
06

15
09

–
–

1.
6

–
–

–
–

–
–

(C
on
tin

ue
d)

Phyton, 2024, vol.93, no.7 1683



T
ab

le
2
(c
on

ti
n
u
ed
)

R
T
(m

in
.)

C
om

po
un
ds

F
or
m
ul
a

C
la
ss
ifi
ca
tio

n
R
Ia

R
Ib

A
.
ac
ut
ilo

ba
A
.p

ub
es
ce
ns

C
.
ja
po
ni
ca

H
.
bi
vi
tta

tu
m

X
.
vi
et
na
m
en
se

X
.
le
on
id
ii

R
oo
t

R
oo
t

A
er
ia
l
pa
rt
s

A
er
ia
l
pa
rt
s

R
oo
t

S
te
m

L
ea
f

A
er
ia
l
pa
rt
s

R
oo
t

21
.5
4

δ-
C
ad
in
en
e

C
1
5
H
2
4

S
H

15
20

15
24

–
–

–
–

–
–

–
0.
8

–

21
.5
8

β-
C
ad
in
en
e

C
1
5
H
2
4

S
H

15
17

15
18

–
–

1.
6

–
–

–
–

–
–

22
.7
1

N
er
ol
id
ol

C
1
5
H
2
6
O

O
S

15
68

15
64

–
–

–
–

–
–

–
1.
6

–

22
.8
4

β-
C
op
ae
n-
4α

-o
l

C
1
5
H
2
4
O

O
S

15
66

15
86

–
–

–
–

–
2.
8

–
–

–

23
.2
1

S
pa
th
ul
en
ol

C
1
5
H
2
4
O

O
S

15
84

15
77

–
–

3.
7

–
–

–
–

2.
3

–

23
.8
3

H
um

ul
en
e
ep
ox
id
e
II

C
1
5
H
2
4
O

O
th
er

16
13

16
06

–
–

–
–

–
–

–
3.
0

–

24
.2
9

M
uu
ro
la
-4
,1
0(
14
)-
di
en
-1
β-
ol

C
1
5
H
2
4
O

O
S

16
24

16
35

–
–

–
–

–
3.
1

–
–

–

24
.5
0

S
el
in
a-
3,
11
-d
ie
n-
6-
α-
ol

C
1
5
H
2
6
O

O
S

16
32

16
42

–
–

3.
9

–
–

–
–

–
–

24
.8
0

(-
)-
δ-
C
ad
in
ol

C
1
5
H
2
6
O

O
S

16
53

16
45

–
–

–
–

–
–

–
1.
7

–

25
.4
5

(Z
)-
B
ut
yl
id
en
ep
ht
ha
lid

e
C
1
2
H
1
2
O
2

P
ht
ha
lid

e
16
69

16
78

2.
9

–
–

–
–

–
–

–
–

28
.1
9

(Z
)-
L
ig
us
til
id
e

C
1
2
H
1
4
O
2

P
ht
ha
lid

e
17
66

17
40

94
.9

–
–

–
–

–
–

–
–

29
.3
0

α-
E
ud
es
m
ol

ac
et
at
e

C
1
7
H
2
8
O
2

O
S

18
03

17
94

–
–

–
–

1.
9

–
–

–
–

M
on
ot
er
pe
ne

hy
dr
oc
ar
bo
n
(M

H
)

1.
5

70
.2

3.
8

84
.0

97
.2

51
.7

87
.1

51
.9

88
.1

O
xy
ge
na
te
d
m
on
ot
er
pe
ne

(O
M
)

0.
2

3.
9

–
5.
1

–
9.
1

8.
7

6.
2

–

S
es
qu
ite
rp
en
e
hy
dr
oc
ar
bo
n
(S
H
)

–
1.
4

88
.0

6.
8

–
33
.3

4.
2

12
.6

–

O
xy
ge
na
te
d
se
sq
ui
te
rp
en
e
(O

S
)

–
–

7.
6

–
1.
9

5.
9

–
5.
6

–

A
lk
an
e

–
14
.4

–
–

–
–

–
–

–

P
ht
ha
lid

e
97
.8

–
–

–
–

–
–

–
–

O
th
er

–
6.
6

0.
6

–
0.
9

–
–

18
.1

11
.1

To
ta
l

99
.5

96
.5

10
0.
0

95
.9

10
0.
0

10
0.
00

10
0.
0

94
.4

99
.2

N
ot
e:

M
H
:
m
on
ot
er
pe
ne

hy
dr
oc
ar
bo
n,

O
M
:
ox
yg
en
at
ed

m
on
ot
er
pe
ne
,
S
H
:
se
sq
ui
te
rp
en
e
hy
dr
oc
ar
bo
n,

O
S
:
ox
yg
en
at
ed

se
sq
ui
te
rp
en
e.
R
Ia
:
re
te
nt
io
n
in
di
ce
s
of

co
m
po
ne
nt

ob
se
rv
ed

on
D
B
-5
M
S

co
lu
m
n.

R
Ib
:
re
te
nt
io
n
in
di
ce
s
fr
om

th
e
lib

ra
ry
.

1684 Phyton, 2024, vol.93, no.7



Research conducted on EOs and extracts from various Heracleum species has revealed a spectrum of
diverse biological properties. For instance, Heracleum sibiricum has been noted for its cytotoxic effects
[21], while H. nepalense has demonstrated antioxidant and antimicrobial activities [22]. Additionally, H.
maximum has immunostimulant properties [23], and H. persicum exhibits an anticonvulsant effect [24].
We synthesized and compared the differences in the main components of the EO of H. bivittatum with
the EOs of previously studied Heracleum species, including H. pastinacifolium C. Koch, H. persicum
Desf. Ex Fischer, H. rechingeri Manden, H. transcaucasicum Manden, H. sphondylium L. and H.
rawianum C.C.Towns.

We can observe that the composition of the EO of H. bivittatum differs significantly from that of other
Heracleum species. While α-pinene was the main component in the EO of H. bivittatum, this compound was
only present in the EO of H. sphondylium (3.8%) and absent in the other species. Similarly, β-pinene, the
other major component of H. bivittatum, was found only in H. pastinacifolium with an average
concentration of (3.1%). In contrast, the other species have very little or none of it. The remaining main
compounds, such as sabinene (13.5%), bornyl acetate (5.1%), trans-β-ocimene (5.0%), and β-elemene
(3.1%) are completely absent in other Heracleum species. This result confirmed that the chemical
composition of the EOs of genus Heracleum L. can vary depending on cultivar and species variation
[25–27].

4 Conclusion

The GC-MS methods were employed to analyze the essential oils extracted from six Apiaceae
species growing in the Northern region of Vietnam. 74 volatile components were identified, accounting
for 94.4%–100.0% of the total oils. The differences in the essential oil composition of the studied
Apiaceae species may aid in identifying plant materials of this family and the essential oils obtained from
them, and the products containing them.
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